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Abstract

Crohn’s disease and ulcerative colitis—inflammatory bowel diseases (IBD)—are
chronic conditions with an inadequately understood pathogenesis. Employing a set
of novel molecular markers in a gene expression assay (QPCR), we have used adult
zebrafish to investigate two acute inflammatory models, induced by the haptenizing
agents oxazolone and TNBS. In addition, goblet cell dynamics in the scales and intes-
tine and 5-HT (serotonin) in intestinal tissues were investigated through optical pro-
jection tomography. Gene expression studies revealed a distinct and significant up-
regulation of proinflammatory cytokines, acute-phase reactants and metalloprotease
9 in both chemical models, primarily after 72 hours. In comparison, transcription
factors and cytokines associated with Thl and Th17 (Crohn’s) and Th2 (ulcerative
colitis) were mainly not affected in this acute setting. However, elevated transcript
levels were detected in Foxp3, IL-10 and T-bet, which are linked with tolerance and
Tregs in mammals. Goblet cells in scales were depleted in both chemical models and
in the intestine of oxazolone-treated fish. A marked 5-HT signal was noted in intes-
tinal tissue of some chemically treated zebrafish. In conclusion, a distinct acute in-
flammatory reaction was induced in both chemical models. Further, oxazolone and
TNBS did not result in clear-cut Th2 and Th1/Th17 pathway signaling at this early
timepoint, but the applied molecular tools may provide further insight to the IBD
pathogenesis and translational value of the IBD zebrafish model.
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1. Introduction

Inflammatory bowel disease (IBD) is a chronic and debilitating disorder associated with
considerable morbidity and reduced quality of life. Factors important for the disease
include genetic susceptibility, the host immune system and various environmental fac-
tors, most notably the gut microbiota, but the condition exhibits great variety in devel-
opment and severity [1]. IBD is subdivided into two major clinical forms, Crohn’s dis-
ease (CD) and ulcerative colitis (UC), which differ in several aspects, e.g. affected tissue
in gastrointestinal tract, depth of mucosal inflammation and other micropathological
features. Further, in CD the predominant cytokines driving the disease are governed by
T-helper cell (Th) 1 and Th17 pathways, whereas ulcerative colitis is dominated by a
Th-2-like cytokine response [2]. However, these inflammatory conditions exhibit a
complex etiology and much basal pathogenesis still remains to be elucidated. For in-
stance, symptoms and pathology which cannot be assigned to CD or UC is referred to
as indeterminate colitis, a condition encountered most frequently in children and in
approximately 10% of patients with colitis [3] [4]. The zebrafish (Danio rerio) is an
emerging animal model in the field of human disease studies due to its many advanta-
geous traits [5]. The majority of immune molecules relevant to IBD pathogenesis are
also found in zebrafish and several colitis-studies have been performed using adult and
larval zebrafish [6]-[12]. From these studies it is known that an inflammatory state re-
levant to the human condition can be engineered in zebrafish, but the role of underly-
ing activators—e.g. transcription factors—has been inadequately studied in this model
organism. Using adult zebrafish, we are studying the basal disease development of IBD
and for the purpose we have developed a series of novel markers which can be used for
two hapten-mediated IBD-like models (using oxazolone and TNBS), with conditions
mimicking UC and CD, respectively. Similar approaches were previously applied for
mammalian models [13] but the present work on the two zebrafish models applies a
novel set of Tagman probe based qPCR assays, investigating a wide array of essential
immune genes, e.g. cytokines, transcription factors, acute-phase proteins, Toll-like re-
ceptors. Additionally, we have visualized the presence of serotonin in intestinal cells in
zebrafish using optical projection tomography, a bioimaging method based on the use
of specific antibodies that only recently have been implemented in fish immunology
studies [14] [15]. Serotonin (5-HT) is a ubiquitous and highly conserved neurotrans-
mitter that plays a pivotal role in a variety of behaviors (e.g. fear, aggressiveness), phy-
siological functions (pain, vascular function etc.), and 5-HT signaling was reported to
decrease in mucosal biopsies from human patients with UC whereas colitis-models in
rodents have reported an increase [16]. In zebrafish, 5-HT signalling has been detected

in a number of tissues, for example the brain and CNS as well as in the intestine [17]
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[18]. The 5-HT involvement in neutrophil invasion and extracellular traps (NETS) in
inflammatory tissues [19] suggest that 5-HT signalling may be worth investigating in
the zebrafish-colitis model. Finally, it has been reported recently that the skin of fish
displays many of the features found in mammalian mucosa associated lymphoid tissue,
including the gut [20]. Goblet cells are an important intestinal cell type that is routinely
evaluated in IBD-assessment. In human patients, depletion is seen in UC whereas a dif-
ferentiation of cells often, but not always, is observed in CD, features which can be re-
produced in both rodent and zebrafish models [13] [21] [22]. We have evaluated the
goblet cell population in the scales and intestine of our two colitis models in order to
assess whether a systemic factor is affecting goblet cell function. If so, this procedure
could be employed in future models as it is much less invasive compared to intestinal
studies. Overall, the objective of the current study was to investigate the underlying
disease mechanisms of IBD using a multifactorial approach including multiple tech-
nologies, several of which have not been employed earlier in zebrafish models. This
improved zebrafish model with associated methodologies may contribute to improved

understanding of IBD pathogenesis.

2. Materials and Methods
2.1. Ethics Statement

All experiments were approved by the Experimental Animal Inspectorate under the
Ministry of Food, Agriculture and Fisheries (license: 2013-15-2934-00867).

2.2. Housing Conditions

Adult wild-type zebrafish (Danio rerio) (0.5 g - 0.8 g) were kept at the experimental fish
facilities at University of Copenhagen, Frederiksberg. They were acclimatized in a 160 L
aquarium with freshwater (pH 7.4, conductance 550 uS) equipped with Eheimbiofilters
(Eldorado, Denmark) and aerated by oxygen stones for one week prior to experimenta-
tion. Fish were provided with commercial feed (ZM Ltd, UK) twice daily and main-
tained at a 14 h light and 10 h dark cycle in a thermostat controlled room (28.5°C +
0.5°C). Samples from randomly chosen fish did not reveal macroscopically or micro-
scopically visible pathogens when examined, according to standard parasitological ex-

amination protocols [23]. Further, no bleedings or organ abnormalities were observed.

2.3. Induction of Oxazolone- and TNBS-Colitis

Twenty-four hours before the experimental procedure, groups of sixfish were placed
inl Ltanksand feeding was stopped. For induction of colitis, 12 fish (2 x 6) were anaes-
thetized with 100 mg/L MS-222 (Tricainemethanesulfonate; cat. No. A5040, Sigma-Al-
drich, Denmark) whereupon either 0.6% oxazolone (4-ethoxymethylene-2-phenyl 2
oxazolin-5-one; cat. No. E0753, Sigma-Aldrich, Denmark) or 160 um TNBS (Picrylsul-
fonic acid solution; cat. No. 92822, Sigma-Aldrich, Denmark), dissolved in 50% and
30% ethanol, respectively, was rectally instilled with a 20 ul Hamilton syringe equipped
with a blunt-endneedle (cat. No. HAMI7768-01, VWR, Denmark) (total volume = 1.0
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ul per 100 mg body weight). All experiments were conducted in duplicate. For oxazo-
lone, this dosage was chosen based on pilot experiments which showed that 0.6% and
1.0% but not 0.2% oxazolone resulted in distinct goblet cell depletion when compared
to control fish (Supplementary Material Figure S1). The concentration of TNBS used
in the experiment was considered optimal based on the literature [10]. Control groups
received 50% ethanol (oxazolone solvent), 30% ethanol (TNBS solvent) or tap water.
Treated fish were returned to their tanks and observed every second hour. The water in
each tank was partly exchanged (50%) on a daily basis until euthanization. Fish which
were displaying continuously erratic behavior, exhibited distinct bleedings and/or suf-
fering from severe hyperventilation were considered moribund and euthanized as de-

scribed below. These fish were not included in the subsequent analysis.

2.4. Sampling

Surviving fish from each group was euthanized with an overdose of MS-222 (200 mg/L)
at6hpi and 72 hpi, the spinal cord was severed, and the intestine was isolated aseptical-
ly. For qPCR analysis, the intestine (n = 6 - 8, per group per time point)was imme-
diately placed in RNA/ater® (cat. no R0901, Sigma-Aldrich, Denmark) for 24 h at 4°C,
then stored at —20°C. For goblet cell studies, the zebrafish carcass and intestine (n = 8 -
10 and n = 2, respectively, per group per time point) was transferred to 10% neutral
buffered formalin (formaldehyde solution 4% “Lillie”, cat. No. 10.005.000, Hounisen-
Laboratorieudstyr A/S, Denmark) for 24 hours at room temperature, and then stored in
70% EtOH until further use (see below).

2.5. Design and Optimization of a Panel of TagMan Probe Based
qPCR Assays

No probe base qPCR assays for immune and IBD relevant genes were described when
the literature was scrutinized. Therefore 38 TagMan probe qPCR assays including 3
reference genes were evolved. Primers and probes were designed with the aid of the in-
ternet based source Primer3Plus [24]. Sequences of primers and probes, GenBank ac-
cession numbers, and product length can be found in Supplementary Table S1.

Forward and reverse primer combinations for the individual assays were assessed by
using Brilliant II SYBR Green QPCR Master Mix (cat. No. 600828; AH diagnostics,
Denmark) and melting curve analysis. The qPCR products were also assessed by 2%
ethidium bromide stained agarose gel electrophoresis. Thus only combinations having
a single product and no primer dimer formation were selected. Efficiencies of the final
assays were all within 100% + 5% according to dilution series of templates and analysis
of the cumulative fluorescence curves using the software LinRegPCR version 2014.6 [25].

Primers and probes (TAG Copenhagen A/S, Denmark) were designed to have an-
nealing temperatures close to 60°C and 67°C, respectively. Probes were labeled at the 5’
end with FAM and with Blackhole Quencher 1 at the 3’ end. The Brilliant II QPCR
MasterMix (cat. No. 600815; AH diagnostics, Denmark) was used during qPCR with
the FAM labeled probes.

In general the annotations in GenBank were used. The protein S100A8, a marker for
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presence of calprotectin associated with neutrophils in IBD [26] [27] has a homologue
(GenBank ass. No. BC163954) with high identity in D. rerio. This Genbank entry has
the annotation S100A10B, which is a gene encoding a calcium-binding protein involved
in plasma membrane transport [28]. However, when blasting the derived protein se-
quence at NCBI, highest homology was revealed towards SI00A1 both in mammals and
other fish species. Thus, the term S100A1 is used in this study for GenBank ass. No.
BC163954.

2.6. Quantitative Real-Time PCR (qPCR)

Tissues were homogenized using the Tissue Lyser II (Qiagen, Denmark), for 2 x 30 sec.
at 20 Hz. RNA isolation, RNA product assessment and cDNA synthesis was performed
as described by Haarder et al [29]. Gene expression levels were assessed using quantit-
ative real-time PCR for genes encoding cytokines ((IL-1p, IL-4/13, IL-6, IL-8 (Cxcl8),
IL-10, IL-12, IL-17, IL-22, IL-23, IEN-y, mmp9, TGF-g, TNF-a)), immunoglobulins
(IgM, IgZ), cellular receptors (CD4, CDS8), acute-phase proteins (C3, CRP, SAA),
toll-like receptors and adaptors (TLR-2, TLR-3, TICAM-1, MyD88), transcription fac-
tors (Foxp3, GATA-3, NF-«b, STAT-3, STAT-4, STAT-6, T-bet) and S100 calcium-
binding protein Al (S100A1), a protein involved in neurotransmitter signaling (for
primer sequences and additional information, see Table S1 in Supplementary Materi-
al ). The involvement of some of the investigated genes in the signaling pathways of the
different T-cell subsets is depicted in Figure 1. Three household genes were used as
comparative controls: RPL-13, ELF-1 and B-actin. The qPCR assays were carried out in
the Stratagene Mx3005P™ system (AH Diagnostics AS, Denmark) using the same con-

ditions as in Haarder et al. [29].

2.7. Goblet Cells

From each carcass, scales were randomly chosen from the lateral side of the fish and
removed using fine forceps. The scales were then rinsed in distilled water before stain-
ing for acid mucopolysaccharides in 1% Alcian blue (cat. No. A5268, Sigma-Aldrich,
Denmark) in 3% glacial acetic acid (cat. No. ARK2183, Sigma-aldrich, Denmark) for 1
hour, rinsed again in distilled water, and mounted on microscope slides in Aquatex®
(cat. No. 1.08562.0050, VWR, Denmark). Between 1 and 4 scales per fish were investi-
gated. For each scale, all stained goblet cells within the visual field were counted in two
different areas of 0.64 mm?, then pooled, at x200 magnification using an Olympus
CH30 microscope (Olympus, Denmark). Intestines were embedded in paraffin and pro-
cessed according to standard histological procedures. The obtained five micrometer
sections were stained with 1% Alcian blue in 3% glacial acetic acid for 30 minutes. The
number of goblet cells were counted and analyzed as described above for the scales.
However, only two intestines per group per time point were available, so the goblet cell
population was assessed in three “pooled” areas per intestine. Due to the low number of

intestinal samples (n = 2 per experimental group) no statistics were performed.
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T-cell Role
subset

Cell-mediated immunity
Th1  Intracellular Pathogens

Autoimmunity

Antibody-mediated immunity

Th2 Parasites
Allergy, Asthma

Host Defence

Th17 Extracellular Pathogens

Inflammation
Autoimmunity

Anti-inflammation
Homeostasis

Treg

Activators Inhibitors Transcription Secreted | Crohn's disease:
factors products Th1and Th 17 response
Ulcerative colitis:
IFNy Th2 like response
IFNy GATA3 TNFa
IL-12 TGFp I_—bzet Other genes studied:
g IL-8 TLR3
Mmp9 C3
ﬁA4T A3 TLR2 CcD4
IL-4 STAT6 \ IL-5 SAA CD8
IL-2 ‘ \ g CRP Myd88
NF«B T-oet \ IL-6 IgM 5100a10b
Ticam ATA IL-10 IgZ
IL-13
TNFa Reference genes:
ELF 1a
TGFp L-A7A B-Actin
IL-4 IL-17F
IL-6 RPL13a
L3 INFy IL-21
IL-22
In zebra fish:
4 \ IL-10 IL-4 and IL-13 exist as
g 2 isoforms of IL-4/13
o IL-6 IL-35
ox TGFp IL-17A and IL-17F exist as
3 isoforms of IL-17A/F

Figure 1. T-cell subset of mammalians and some of the involved genes. Genes in red colour are investigated in zebrafish in the present study.

2.8. Optical Projection Tomography (OPT)

In order to visualize 5-HT in intestinal tissue from zebrafish, TNBS or oxazolone was
instilled in experimental fish (3 fish per group, no duplicate) as described above; con-
trol fish were given 50% ethanol. The fish were euthanized 72 hpi (overdose of MS-222,
200 mg/L). A series of unchallenged zebrafish (n = 3) were euthanized and the brains
were used to optimize procedures, following a slightly modified protocol of Alantentalo
et al [30]. In both cases, tissue samples were fixed in freshly prepared 4% paraformal-
dehyde (PFA) for three hours at 4°C, washed in PBS for 30 minutes, then dehydrated
stepwise in methanol (MeOH; 33% —> 66% —> 100%) for 15 minutes/step. Subse-
quently, in order to quench autofluorescence, samples were incubated in methanol: di-
methyl sulfoxide (DMSO): 30% H,O, (2:1:3) overnight at room temperature, then
washed for 2 x 30 minutes in 100% methanol before being transferred to —80°C for 1 h
and then kept at room temperature for 1 h. This freeze/thaw cycle was repeated 5 times.
Tissues were subsequently rehydrated in increasing concentrations (33%, 66% and
100%) of TBST (50 mM Tris-HCI, 150 mM NacCl, 0.1% Triton X-100, pH 7.4) for 15
minutes per step. To minimize nonspecific signals, the samples were kept in blocking
solution (TBST with 10% goat serum and 0.01% NaN;) for 24 h at room temperature,
before being incubated with Protein-G purified anti-serotonin rabbit IgG (10 pg/ml,
diluted 5000 fold) (S5545, Sigma-Aldrich, Denmark)in blocking solution for 48 h at room
temperature. The samples were washed in TBST overnight, and then incubated with

1:1000 fold diluted secondary antibodies Alexa Flour® 594 conjugated goat anti-rabbit
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IgG (Thermo Fisher Scientific) for 48 h at room temperature. Following another wash-
ing step in TBST, the tissues were mounted in 1% Ultrapure™ Low Melting Point Aga-
rose (Invitrogen, Denmark). The agarose blocks were trimmed, dehydrated in 100%
methanol for 24 h and cleared in BABB (1:2 benzyl alcohol, benzyl benzoate) for 48 h in
the dark. The now transparent agarose blocks were glued onto a metal disc and photo-
graphed using a Bioptonic 3001M OPT scanner (Bioptonic, UK). A series of 800 images
was taken of each specimen during a 360 degrees rotation cycle. The Bioptonic 3001M
OPT scanner records both transmission and emission of light. We used the emitted
light to detect the auto-fluorescence of tissues or the Alexa Fluor 594 fluorophore. GFP
and TXR filters were used to detect auto-fluorescence and the Alexa Fluor 594 fluoro-
phore emission, respectively. Overlaying of the captured images was performed by
Adobe Photoshop CS6, and any possible artifacts were removed manually. The cap-
tured images were reconstructed with NRecon software (Bruker microCT, Belgium)
and then arranged as a 3D image with Bioptonic Viewer software (Bruker microCT);

Overlaying of the images was performed using Adobe Photoshop CS6.

2.9. Statistics

In general, replicate groups were tested with a two-tailed t-test (p < 0.05) and pooled if
they were not significantly different. Student’s t-test was used to compare the mean
densities of goblet cells in scales from the different experimental groups, and p-values <
0.05 were considered significant. The qPCR data was analysed using the 2724 method
[31]. Briefly, change in threshold cycle—AC,—was calculated as the difference between
the target gene and the reference gene for individual samples, and AAC; as the differ-
ence between the ACt of the control group and the ACt of the experimental groups.
Data are presented as the fold change of the ethanol group, oxazolone group and TNBS
group compared to control (water-exposed)fish; a two-fold change (or more) in expres-
sion with p-values < 0.05 was considered significant. Furthermore, data was tested for
normality using the Kolmogorov-Smirnov test for Gaussian distribution. The cases

failing the normality test was subjected to the nonparametric Mann-Whitney test.

3. Results

3.1. Induction of Colitis

Based on the humane endpoints defined in the Methods section, 2 fish from the TNBS
group as well as 4 fish from the oxazolone group (out of 12 fish, in both groups) were
euthanized before 6 hpi; fish were also euthanized in TNBS (n = 3) and oxazolone
groups (n = 3) before 72 hpi. No fish from the control groups were showing obvious

signs of distress and, accordingly, none were euthanized (Table 1).

3.2. Goblet Cells

Mucous cell densities in the epidermal part of zebra fish scales did not differ signifi-
cantly between the experimental groups at 6 hpi, whereas the density decreased signifi-

cantly in oxazolone and TNBS-treated groups after 72 hpi when compared with con-
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trols (Figure 2). In the intestine, there was no apparent difference in the number of
goblet cells in fish from TNBS-exposed group at both time points compared to unchal-
lenged controls. In contrast, a depletion tendency was noted in the oxazolone group at
6 and 72 hpi (Table 2).

3.3.qPCR

The expression level of 35 immune genes in zebrafish in response to TNBS and oxazo-
lone was investigated in this study. The gene expression levels for each gene compared
to controls are listed in Supplementary Material (Table S2). Significantly regulated
genes are depicted in Figures 3-5. The only gene exhibiting significant expression and a

—1Control XX Oxazolone XXITNBS

*

3501 d

300+ T

250+

Goblet cells/scale

P

200

L |
6 hpi 72 hpi
Figure 2. Mucous cell densities in zebrafish scales exposed
to 0.6% oxazolone or 160 um TNBS. Sampling took place at

6 and 72 hpi. 1 to 4 scales were investigated from 8 - 10 fish
per experimental group per time point. *indicates p < 0.05.

Table 1. Number of fish euthanized at 6 or 72 hours after treatment depending on experimental
group. Each group held 12 fish (2 x 6) at the start of the experiment.

Control Ethanol Oxazolone TNBS

6 hpi 72 hpi 6 hpi 72 hpi 6 hpi 72 hpi 6 hpi 72 hpi

No of fish Sampled 12 12 12 12 8 9 10 9

Table 2. Mucous cell densities in zebrafish intestines exposed to 0.6% oxazolone or 160 um
TNBS. Fish (n = 2, per group) was euthanized and sampled after 6 or 72 hours post experimental

treatment.
6 hpi 72 hpi
Treatment Control  0.6% oxazolone 160 mM Control  0.6% oxazolone 160 mM
o TNBS o TNBS
Mucous cell
density per 268 171 262 250 140 257

mm™
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non-Gaussian distribution was IL-15. However, the non-parametric Mann-Whitney

test on the IL-14 data showed significant differences in expression (p = 0.0256).

3.3.1. Cytokines, Acute-Phase Proteins and S100A1

IL-15, TNF-a and mmp9 were significantly up-regulated in TNBS and oxazolone after
6 and 72 hpi. The IL-10 gene was significantly up-regulated in the ethanol and TNBS
group-2.1 and 3.2 fold, respectively-72 hpi. TGF-f and all three genes encoding

Relative fold change Relative fold change Relative fold change

Relative fold change

3 water

A: T-bet

*

@ Ethanol

6 rl1pi
E: IL-4/13b

6 hpi

72 hpi

Relative fold change Relative fold change Relative fold change

Relative fold change

TNBS

Oxazolone

B: IFN
4n Y
3-
2_
"I
-1
_2 1 1
6 hpi 72 hpi
5. D:lL-4/13a
24 - T
1
[ [
-1
24
-3 4L
_4 . . *%k
6 hpi 72 hpi
F: Ti
5- Icam
4- *

T2l -l

6 hpi 72 hpi

Figure 3. Significant regulation of immune genes following exposure to oxazolone, TNBS or
ethanol. Gene expression values are compared against control (water) values. *indicates p < 0.05;
**indicates p < 0.01.
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1 water [ Ethanol TNBS Oxazolone
1 I: IL-17A/F 1 4 J:IL-22
() *
2 12- " 5 31 %
G 2
< - L
.g 9 _g 1 1|=| i
s 6 s
() [0
3-
: = g =
-3 T T -3 T T
6 hpi 72 hpi 6 hpi 72 hpi
K: IL-23 20 L: Foxp3
25 o} 101 T
) 201 T c T *
2 10+ = g 6
4] [&)
5 8- T 44
o 61 XS}
L 44 2 2-
2 2] S
5 2
@ -2 T 2 , =
4 . T 6 hpi 72 hpi
6 hpi 72 hpi
4 M: TGFB e

-1 = =
2

Relative fold change
- N
H
H

1 1
6 hpi 72 hpi
Figure 4. Significant regulation of immune genes following exposure to oxazolone, TNBS or

ethanol. Gene expression values are compared against control (water) values. *indicates p < 0.05;
**indicates p < 0.01.

acute-phase proteins exhibited significantly elevated expression levels in challenged
groups after 72 hpi. The gene encoding S100A1 was significantly up-regulated after 6
and 72 hpi in the TNBS group and after 6 and 72 hpi in the ethanol and oxazolone
group, respectively. The IL-4/13 and IL-17 genes exist in zebrafish as two and three
isoforms, respectively. The expression pattern was not identical in the different iso-
forms. Thus, the IL-4/13a gene was down-regulated at 72 hpi whereas the IL-4/13b gene
was up-regulated at the same time point

The genes encoding IL-6, IL-12 and IL-23 were expressed at low levels and no Cr
values were obtained from most of the samples. Further, significantly altered gene ex-
pression was not observed between challenge and control groups with regards to all
three genes. IL-8 was generally expressed at low levels, but a significant up-regulation
was seen in TNBS and oxazolone groups (4.8 and 13.8 fold, respectively) after 72 hpi.
IL-22 was significantly up-regulated in the TNBS group after 72 hpi. The gene expression
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Figure 5. Significant regulation of immune genes following exposure to oxazolone, TNBS or

ethanol. Gene expression values are compared against control (water) values. *indicates p < 0.05;
**indicates p < 0.01.

of IEN- ywas only significantly altered in the ethanol group after 6 hpi.

3.3.2. Immunoglobulins and Cellular Receptors

A slight, but significant, down-regulation was seen in the gene encoding IgM after 72

hpi in the ethanol group. The IgZ gene was not significantly regulated. CD4 and CD8

gene expression levels were not significantly affected by TNBS and oxazolone treatment
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at any time point.

3.3.3. Toll-Like Receptors and Adaptors (TLR-2, TLR-3, TICAM-1, MyD88)
The TLR-2 gene was significantly down-regulated (2.9 fold) in the oxazolone group af-
ter 72 hpi, whereas TICAM-1 gene expression was tripled after 6 hpi in the TNBS

group. No change was detected in the remaining genes.

3.3.4. Transcription Factors (Foxp3, GATA-3, NF-kb, STAT-3, STAT-4,
STAT-6, T-bet)

In addition to NF-xb and GATA-3, none of the three STAT-genes, were significantly
regulated when compared to controls. The gene encoding Foxp3 was significantly
up-regulated after 6 hpi in both TNBS and oxazolone groups (3.4 fold and 4.0 fold, re-
spectively), whereas T-bet gene expression was significantly up-regulated at both time

points in the ethanol group.

3.3.5. Visualization of 5-HT (Serotonin) in Zebrafish Brain and Intestine
by OPT

We detected 5-HT in zebrafish brain and intestine using optical projection tomography
(OPT). In the brain, strong signals were found especially in the cerebellum (Figure 6).
Distinct 5-HT signals were detected in intestinal tissue of one out of three zebrafishin
the groups which had received TNBS and oxazolone when compared to untreated con-
trols (Figure 7). In some control fish, false positive signals were seen with the intestinal
content, probably resulting from autofluorescence or the primary antibody reacting
with leftover food in the intestine (Figure 8).

4. Discussion

The present study has demonstrated a distinct inflammatory reaction, primarily innate-
driven, in two acute zebrafish colitis models. No major difference was seen in the im-

munological response invoked by the two haptenizing agents, oxazolone and TNBS.
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Figure 6. Detection of 5-HT in zebrafish brain by OPT. The brain structure is shown in blue
(autofluorescence) while the red areas depict 5-HT-specific staining, primarily in the cerebellum.
Right: sketch of structures in the zebrafish brain.

KD
+%%, Scientific Research Publishing 165



S. Haarder et al.

GFP/autofluorescence TXR/Serotonin Autofluorescence/Serotonin

Oxazolonc
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Figure 7. Detection of 5-HT in zebrafish intestine 72 hpi. Fish were exposed to either 0.6% oxa-
zolone or 160 um TNBS, control fish received water. Green is autofluorescence, depicting intes-
tinal structure, while red shows with specific 5-HT-stained areas.

Figure 8. Left: Intestine from control fish. Right: intestine from TNBS-treated fish. Green is de-
picting intestinal structure; red is showing 5-HT staining.

The models were investigated using a panel of novel transcriptional markers as well as

3D-based technologies and more traditional goblet cell countings. The results confirm
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the promising use of zebrafish as a model organism for human diseases.

Adult zebrafish treated with TNBS or oxazolone showed distinct morbidity and
mortality. However, the mortality observed in the TNBS-treated zebrafish in the
present study was slightly lower than previously reported by Geiger et al [10], studying
a comparable zebrafish model. Brugman et al [6] did not note reduced survival rates in
adult zebrafish exposed to a low concentration (0.2%) oxazolone which is lower that the
concentration (0.6%) used in this study.

A depletion of goblet cells in scales of both oxazolone and TNBS-treated fish were
observed after 72 hpi in the present study. In the intestine, an emptying of mucus from
goblet cells was also observed in the oxazolone group, after 6 and 72 hpi. The TNBS-
group showed no fluctuations in stained goblet cell numbers when compared to con-
trols. To our knowledge, this is the first study investigating the scale-based population
of this cell type in a zebrafish colitis model. Goblet cells are modified epithelial cells ca-
pable of synthetizing and secreting a number of biomolecules, and amongst these the
glycoprotein MUC2 is pivotal to maintaining mucosal stability in vertebrates [32]. Two
genes, Muc 2.1 and Muc 2.2, have been identified in zebrafish and they group with the
human and avian MUC2 mucin gene, but only Muc 2.2 has been found to be (weakly)
expressed in skin of juvenile zebrafish [33]. Depletion of these mucus-containing cells
and has been reported in intestines of patients with ulcerative colitis and in oxazo-
lone-exposed rodent models; in contrast, Crohn’s disease patients and the associated
animal models usually exhibit a differentiation of the goblet cell population [13] [21]
[32]. A distinct emptying of goblet cells in intestines of oxazolone-exposed adult zebra-
fish has been reported [6] whereas both an increase in goblet cell density [7] [11] and
an unaffected goblet cell population [9] [10] have been observed in models using TNBS
and larval/adult zebrafish. Goblet cells in fish have been shown to release mucins as a
response to environmental factors, such as formalin [34] and ectoparasites [35], but the
effect on skin goblet cells in the present study may be mediated by systemic factors such
as cytokines produced in intestinal cells. The depletion of goblet cells in both intestines
and scales of oxazolone-treated fish is interesting and warrants further study. From an
ethical point of view, anaesthetizing the fish and removing a few scales for analysis is
preferable to euthanizing the whole animal.

A number of the investigated immune genes were significantly regulated in oxazo-
lone and TNBS-treated zebrafish. Proinflammatory cytokines are recognized as key
players in the initiation and development of inflammatory bowel diseases (IBD), and
amongst the most important are IL-1/, IL-6 and TNF-a. These molecules are associated
with both major clinical forms of IBD-Crohn’s disease and ulcerative colitis- and are
not restricted to a specific T-helper cell subset [2] [36]. In this study, transcript levels of
IL-15 and TNF-a were significantly elevated in both colitis-groups. Previous zebra-
fish-based studies have reported an increase in gene expression of IL-18 and TNF-a in
adult fish few hours after they had been exposed to oxazolone [6] or TNBS [10]. Similar
increases have been reported using larval TNBS-models and qPCR/immunofluores-

cence techniques [7] [9] [11]. The role of IL-6 has not been scrutinized in colitis models
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using zebrafish until now. In other fish-based inflammation studies, IL-6 has been in-
volved in both amplification and dampening of the immune reaction in trout head
kidney macrophages [37] and was up-regulated in zebrafish skin as a response to IL-1/3
expression in a recent inflammation model [38]. Interestingly, the IL-6 gene showed no
alterations of expression level compared to controls in this study. Considering the mul-
tifaceted and central role of IL-6 in a number of inflammatory conditions, including
IBD [39], the results are not readily explained, but knowledge of IL-6 function and sig-
naling is considered to be inadequate in fish at present [40]. Confirming earlier zebra-
fish-inflammatory studies [8] [9] [10] [41], the neutrophil-activating chemokineCxCL8
(IL-8) was significantly up-regulated in the TNBS groups after 72 hpi. In the oxazo-
lone-exposed group, CxCL8 transcript levels were also elevated after 72 hpi, albeit at
noticeably higher level than in the TNBS group. Cxcl8 is pivotal in orchestrating neu-
trophil influx to the site of inflammation, and gene trancripts have been detected from
intestinal cells in larval zebrafish in a TNBS-model [8]. As noted by Brugman [22],
mice do not possess a Cxcl8 gene that is homologous to its human counterpart CXCLS,
in contrast to zebrafish. This may further support the use of zebrafish IBD-model when
studying neutrophil migration.

Matrix metalloproteinases (MMPs), a family of degradative enzymes, are crucial fac-
tors in inflammatory conditions in humans [42]. In relation to colitis, MMP-9 isconsi-
dered to be the most important protease and it is distinctly overexpressed in both forms
of IBD in humans and rodent models [43] [44] [45]. Recently, Oehlers et al [9] re-
ported a significant increase of MMP-9 in larval zebrafish exposed to TNBS and, using
adult fish; similar results have been obtained in this study. The acute-phase proteins C3,
CRP and SAA were investigated for the first time in a zebrafish-colitis model in the
present study, and significant up-regulations of the genes were detected in the intestine
of both treated groups after 72 hpi. In humans, CD patients have higher levels of C3
and CRP in serum when compared to UC, and SAA is also known to be highly up-re-
gulated in human and murine epithelial cells under inflammatory conditions [27] [46]
[47].

Induction of acute-phase proteins is mediated by innate Toll-like receptors (TLRs) in
mammals, which, upon stimulation by microbial factors or pathogens, release proin-
flammatory cytokines, facilitating the up-regulation of acute-phase proteins through
their specific transcription factors [36] [48]. TLRs also activate NF-«b, a central tran-
scription factor in inflammation, through activation of different adaptor proteins (e.g.
the MyD88-dependent pathway), ultimately resulting in an inflammatory reaction
dominated by a series of proinflammatory cytokines [49]. TLR orthologs as well as
MyD88 signalling and NF-xb activation have been described from larval zebrafish [50]
[51]. Recently, He et al [11] reported an increase of TLR-3, the signaling proteins
MyD88 and TICAM-1(TRIF) and NF-xb in TNBS-treated zebrafish larvae. This is in
contrast with the results obtained in the present study in which only TLR-2 and
TICAM-1 were significantly down- and up-regulated in the oxazolone group after 72 h
and in the TNBS group after 6 hpi, respectively; TLR-3, MYD88 and NF-xb were not
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significantly affected by the chemical treatment. However, He et al [11] used larval ze-
brafish as opposed to adult fish in this study. It can be speculated that TLR-signaling
and associated pathways are different in adult fish, which possess a fully functional
adaptive (T-cell based) immune system.

No significant regulation of genes encoding IgM, IgZ, CD4 or CD8 genes were noted,
except for a depression in IgM expression after 72 hpi in the ethanol control group. The
immunoglobulin IgZ was described in 2005 from zebrafish [52]. Later, Hu et al [53]
reported that another IgZ isotype (IgZ-2) exists in zebrafish that, in contrast to the
original IgZ, was expressed in intestine (and other immune-active tissues) upon LPS
provocation. Future studies should investigate expression of IgZ-2 in more detail using
the present model. Genes for CD4 and CD8, co-receptors associated with T cell recep-
tors, have been identified in zebrafish. CD4 occurs in three forms CD4-1, CD4-2 and
CD4-3, andCD4-1+ leucocyte cytokine expression has recently been shown to involve
central Thl and Th2 cytokines in antigen-stimulated head kidneys [54]. A less clear
differentiation occurred in the present study suggesting that cytokine-associated Th
pathways may differ according to type of stimulation.

In the present study, a collective up-regulation was not seen amongst the genes asso-
ciated with specific T cell subsets, except for Treg. Genes encoding transcription factors
for the Th-1 (STAT-4 and T-bet), Th2 (STAT-6, GATA-3) and Th17 (STAT-3) path-
ways in mammals did not exhibit altered transcript levels in the colitis groups in zebra-
fish. The key Th-1 cytokines IFN-y and IL-12 were not significantly regulated, whereas
IL-4/13A and IL-4/13b—hallmark cytokines of the Th2 pathway—were significantly up-
or down regulated, respectively, after 72 hpi in both treated groups. At the moment it is
not clear if the two paralogous IL4-/13-genes in zebrafish are functionally comparable
to their mammalian counterparts, but is has been suggested that IL-4/13Acorrespond to
IL-4 in zebrafish [55]. In two recent studies, IL-4/13b gene expression was elevated in
zebrafish and carp kidney cell lines exposed to antigens, whereas IL-4/13a expression
was unaffected [54] [56]. It may be speculated that the different expression observed in
the present study is associated with differential expression in different organs. IL-17A
and IL-17F are secreted by Th17 cells in mammals where they induce expression of a
range of important cytokines, e.g. IL-15, IL-6, CXCL8, and various metalloproteinases
under inflammatory conditions [36]. In zebrafish, three genes-IL-17A/F-1 to IL-17A/
F-3-have been identified which are considered to be homologous to IL-17A and IL-17F
in higher vertebrates [57]. The expression of all three genes have been detected in both
normal and LPS-stimulated intestinal tissue in zebrafish [57], and it is difficult to ex-
plain the inconsistent results obtained in this study with only IL-17A1 being signifi-
cantly up-regulated (oxazolone group, 6 hpi). However, the different IL-17 forms may
be associated with specific pathways. The cytokine IL-22, also released by Th17 cells in
mammals, has anti-inflammatory effects and stimulates wound healing [36]. In the
present study, gene expression was elevated in the TNBS group after 72 hpi. Two other
anti-inflammatory cytokines, IL-10 and TGF- S, were also significantly up-regulated in
the TNBS group, 72 hours after exposure; TGF-g also in the oxazolone group at the
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same time point. The anti-inflammatory effects have been documented in rodent mod-
els (reviewed in [36]) and IL-10 has also been studied in experimental zebrafish-colitis
[6] [10]. In these acute inflammation models, intestinal IL-10 gene expression was ele-
vated 5 hours after a single rectal exposure to oxazolone and TNBS, respectively, which
is earlier observed than in the present study. Finally, Foxp3 transcript levels were in-
creased after 6 hpi in both exposure-groups in the present study, and it is the only
transcription factor to be significantly regulated. Given that the Treg transcription fac-
tor and its two major associated cytokines, IL-10 and TGF-p, exhibit elevated gene ex-
pression levels suggest a key involvement in chemically induced colitis in adult zebra-
fish in response to inflammation.

A possible explanation for the lack of gene expression of T-bet, STAT-3,-4,-6 and
GATA-3 transcription factor and their associated cytokines as observed in the present
study may be found in a general low expression (too low to be detected) or simply that
sampling should be more frequent. The finding is perhaps not surprising, as a strong
T-cell response usually is not invoked already after a few days. However, fish signaling
pathways are, as noted above, not yet fully understood and it is possible that fish use al-
ternative pathways than in mammals. Hence, the confirmative data obtained in this
study is important in its own sense. In rodent models, the pathway signaling is more
clear-cut; however, a mixture of Th1/Th2 signaling has been reported in oxazolone-
treated mice [58]. In several genes (IFN-y, T-bet, IL-17AF-2) a significant up-regula-
tion was observed in the ethanol control groups only. It is important to remember that
ethanol is a mild irritant in itself [6] which should be considered when evaluating in-
flammatory responses induced by chemicals administered in ethanol solvent.

The gene encoding S100A1, acalcium-binding protein involved in plasma membrane
transport [28] was also studied experimentally. S100A1 is, in mammals, involved in
regulation of cardiac contractility by regulating transport of Ca2* [59]. As noted in the
Methods section, it is unclear what this gene is expressing specifically in zebrafish. This
gene and isoforms hereof in teleost might be evolutionary precursor genes of some of
the genes in S100A family such as S100A8/A9—also known as calprotectin—which is
used as a faecal biomarker for IBD [26] [27]. We have showed a distinct up-regulation
of S100A1 in our two colitis models in zebrafish in the present study. This finding in-
dicates an inflammatory affiliation of SI00A1 in teleosts, but it is difficult to conclude
anything based on current knowledge.

We saw an increase of 5-HT-signaling in zebrafish intestine, visualized by optical
projection tomography. The brain was included as a positive control as several 5-HT
signaling centers are located in this tissue [17]. Obtaining a detectable signal in brain
tissue encouraged further study of the intestine. The reaction in intestinal tissue varied
in strength and strong 5-HT signals was not seen in all chemically exposed fish, but,
more importantly, the reaction was detected in each treatment group, suggesting an
overall inflammatory response independent of colitis-inducing agent. Increased 5-HT
secretion has been linked with neutrophil activity in inflamed tissues [19], a plausible

scenario in our models based on the distinct up-regulation of inflammatory genes.
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Given the multifaceted role of 5-HT, it cannot be excluded that other factors such as
fish anxiety or pain could have influenced the results even though fish were treated as

gently as possible.

5. Conclusion

In conclusion, treatments with TNBS and oxazolone induced a distinct inflammatory
reaction in zebrafish intestinal tissues. Mucus-producing goblet cells in skin were dep-
leted and intestinal 5-HT (serotonin) activity increased in both chemically treated
groups. A number of important pro-inflammatory molecules (e.g. IL-15, TNF-a, acute-
phase proteins) were markedly up-regulated as were other central genes, such as the
anti-inflammatory cytokines IL-10 and TGF-S. TNBS and oxazolone treatments did not
lead to clear-cut Th1/Th17 and Th2-type response, indicating a CD and UC condition,
respectively. However, a significant regulation was seen in the gene expression of
Foxp3, the transcription factor associated with Treg, and IL-10 and TGF-p, which are
central Treg cytokines. The zebrafish is useful for studying inflammatory disorders, but
it cannot be excluded that different pathways are activated when compared to mamma-
lian models. A combination of the novel gene expression techniques developed for ze-
brafish may, together with OPT scanning, prove as valuable tools for further descrip-

tion of IBD pathogenesis.
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Figure S1. Number of Alcian-Blue stained goblet cells in scales of zebrafish
exposed to three different concentrations of oxazolone (0.2%, 0.6%, 1.0%).
Fish were euthanized 72 hpi. 3 scales were investigated from 3 fish per con-
centration group.
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Table S1. Primer and probe information for immune genes expressed in the zebrafish intestine in
the present study. The C3 assay is amplifying 3 isoforms (a, b and c).

Probe:

catcttgcccactggtgtgga

Length Accession
Gene name Primers and probes (5’- to -3°) gt
bp number
Forward primer: ccatccttcttgggtatgga
P-actin Reverse primer: acaggtccttacggatgtcg 91 BC154531
Probe: tgcggtatccacgagaccacc
Forward primer: tgctgttcttctctcctcage NM_131242
C3abc Reverse primer: wgakgaacccactctcagca 88 NM_131243
Probe: ctcacactgtgtgacccgctat NM_001037236
Forward primer: ccagactggagccaagagac
CD4 Reverse primer: cagtgcagctccacatcact 133 EF601915
Probe: cctgegcacagtcagggaaa
Forward primer: tcggaggttgtggacttttc
CD8a Reverse primer: taatggtggggacatcgtct 88 BC114236
Probe: cgttctgctgatcgcaacca
Forward primer: tcgatagggaggtcatcctg
CRP Reverse primer: gcagcagggtctttctgact 163 JE772178
Probe: gatgcagcgtttttccggcet
Forward primer: gaacgacccacccatggagg
ELFla Reverse primer: tgatgacctgagcgttgaag 158 AY422992
Probe: gaacgacccacccatggagg
Forward primer: gacttctgcaacctgcatca
FoxP3 Reverse primer: cgtatcatggaggcgtaggt 181 FM881778
Probe: gagagagcagcaactgaagcgc
Forward primer: tacgtgtcccgcttaaaacc
GATA-3 Reverse primer: tgaaggggcaatgaagaaag 81 BC162389
Probe: ggccttcactttcgectget
Forward primer: tgcagttctggttctgatgg
IgM Reverse primer: tgcacaaaatcgctcaaatc 122 AY643753
Probe: aatcaccctcggetgcttgg
Forward primer: attggatgtctggcctctga
IgZ Reverse primer: aatgctgggtgacgtttttc 91 AY643750
Probe: tgcacaaaatcgctcaaatc
Forward primer: cttgccaaaatccctttgaa
IL10 Reverse primer: atcaagctcccccatagett 92 BC163038
Probe: tgaaaagatgaaggaaaaggggg
Forward primer: agcaggacttgtttgctggt
IL12 Reverse primer: tccactgegctgaagttaga 145 AB183001
Probe: taactcgtcctgeteggece
Forward primer: gctttcttatggtgecttge
IL17AF1 Reverse primer: gccggtatgaatgatctget 123 AB195256
Probe: atcattcggtgctgagggeg
Forward primer: tcaatctgaggacggaaagg
IL17AF2 Reverse primer: gctccatctectgtttcage 215 NM_001020798

KD
+%%, Scientific Research Publishing

177



S. Haarder et al.

Continued

IL17AF3

L1

1L22

IL23

IL4/13A

1L4/13B

IL6

IL8

INFy

Mmp9

Mydss

NFxB

RP13a

S100A1

STAT3

Forward primer:

Reverse primer:
Probe:

Forward primer:

Reverse primer:
Probe:

Forward primer:

Reverse primer:
Probe:

Forward primer:

Reverse primer:
Probe:

Forward primer:

Reverse primer:
Probe:

Forward primer:

Reverse primer:
Probe:

Forward primer:

Reverse primer:
Probe:

Forward primer:

Reverse primer:
Probe:

Forward primer:

Reverse primer:
Probe:

Forward primer:

Reverse primer:
Probe:

Forward primer:

Reverse primer:
Probe:

Forward primer:

Reverse primer:
Probe:

Forward primer:

Reverse primer:
Probe:

Forward primer:

Reverse primer:
Probe:

Forward primer:

Reverse primer:
Probe:

ggctgcacatgtgttttacc
caatgtgattcgttttcaggct

cagcgcctatagaaataatcactccg

cgctecacatctcgtactca
atacgcggtgctgataaacc
gaaggagaccggcagctcca

ggattacgccaaaggtgaaa
cgagcacagcaaagcaataa

cgacatcgaggaacaacggtg

attaccgacctgccagtgac
ttcaggaggtggccagtaac
aaatgccgaacagatcgcca

gtcaggctgaggaggagatg
agcagcgtgactcctgatct
ctggectgtccggtgtcaaa

aactctctgccaagcaggaa
aaacgctgcagtttccagtc

gagacagctgaatgcttatgcagea

agaccgctgcectgtctaaaa
caacttctccagcgtgatga
tccgeatggactcgcaagac

gatctgtctggacccctctg
gggcattcatggttttctgt

ccatgggttaagaagatcattgatagg

tatgggcgatcaaggaaaac
ctttagcctgecgtctcttg
cgatcgtccagcgaaaggct

acagggagacgctcattttg
tgttccctcaaacaggaagg

cggtaatgctgagggtgcaatgtgt

tgatgatccacagggactga
gagatgaccaccaccatcct
cacatgcgtgtggaccatcg

caggatttggacaaygaggt
ccagttccctccaaggtaca

tgagcaagctgtgtggegattct

tcecagcetgctctcaagatt
acttccagccaacttcatgg
cacacgcaaatttgccctge

gcagaggggaactcatcaac
cccaccacaagagacacaaa

cagctgatggagaaagagctgge

agggaggaatcacattcacg
ggcgacactaggatgttggt

ccagattcagtcggttgaaccg

250

166

187

212

155

113

293

79

129

124

222

76

87

98

160

AB195260

BC098597

NM_001020792

FN869917

AB375404

AB375405

TNG98962

XM_001342570

AB158361

BC160656

NM_212814

BC122885

NM_212784

BC163954

NM_131479
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Continued
Forward primer: tatgagagcgatcccattce
STAT4 Reverse primer: cctgaccttggtggtgaact 174 NM_001004510
Probe: ttgtggtggagaagcageec
Forward primer: taaagagctggcgtcgaaat
STAT6 Reverse primer: tecctgttgtccacatcaaa 193 BC162530
Probe: gccagctggatagaggggoca
Forward primer: cttgctgtgctggtgatgtt
SAA Reverse primer: cttccaattggectctttca 129 BC081487
Probe: cgctggaggtgcaaaggaca
Forward primer: aaatccaggagcatggacag
T-bet Reverse primer: tgagactggatgtgggtttg 86 AM942761
Probe: tggttttcctattggaaggcgg
Forward primer: tgcgcaagctttacattgac
TGEp Reverse primer: aggaccccatgcagtagttg 93 AY178450
Probe: tggatccacaagcccaaggg
Forward primer: caaggatagcagggttggaa
Ticam1/TRIF  Reverse primer: ttgtcgcacaaactctcctg 162 BC134858
Probe: tcgcaagaattttcgecattttg
Forward primer: tgtctcccaccctgaaactc
TLR2 Reverse primer: gccactctcctatcccaaca 227 AY388399
Probe: cctccacgaccgatcaagec
Forward primer: aaagggctacgtttggtgtg
TLR3 Reverse primer: gttggtggagttcagccatt 119 BC107955
Probe: tcgcaagaattttcgecattttg
Forward primer: gegcttttctgaatectacg
TNF-a Reverse primer: aagtgctgtggtcgtgtctg 169 AY427649
Probe: tgcacgcaggagcctgaatc
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Table S2. Expression of immune genes in zebrafish intestine 6 and 72 hpi after exposure to
ethanol, TNBS or oxazolone. Data are presented as fold change with standard error (fold change
+ SE), compared to values from control fish. Differences are considered significant at p < 0.05
(*). p <0.01 (**). NA: signifies the failure to detect the expression of the genes at the designated
time points below.

Ethanol TNBS Oxazolone
6 hpi 72 hpi 6 hpi 72 hpi 6 hpi 72 hpi
IL-18 1.2+0.2 -12+02 7.2+155* 10.9 + 12.7** 2.9 £ 3.2* 9.1 £ 8.4**
IL-4/13a 1.5+0.3 -22+02% -19+0.6 -2.6 £ 0.3* -1.5+0.4 -3.1£0.1**
IL-4/13b 23+0.8 1.1+0.3 -1.2+0.2 2.0 £ 0.3* -1.0+0.5 4.0 £ 1.5*%*
IL-6 NA NA NA NA NA NA
IL-8 -1.4+0.2 1.2+£0.7 1.2+£0.9 4.4 + 3.8* 1.3+1.2 13.8 £ 27.7**
IL-10 14+04 2.1 £0.7* 1.5+ 0.6 3.3 £ 0.7** 2.3+09 1.7 £0.9
IL-12 1.8+0.4 1.7+ 1.1 1.4+2.0 1.2+0.5 1.2+0.6 1.1+0.8
IL-17A1 1.3+0.3 -1.3+0.1 -14+0.2 1.7+ 0.3 2.4+ 0.7%* —3.6 £ 0.1**
IL-17A2 1.7+2.0 4.0 £ 13.6* -1.1+143 -1.5+0.3 -6.2+0.3 3.6+9.7
IL-17A3 1.1+0.3 1.1+£0.6 -6.6 + 0.2% 1.3+04 1.1+£0.7 -1.4+0.7
IL-22 2.0+ 0.2 1.0+ 0.5 1.7+1.2 2.7 £ 0.8** -1.4+0.8 1.3+1.3
IL-23 NA NA NA NA NA NA
IFN-g 2.4+ 0.8* 1.1+0.2 1.5+0.8 1.8+0.4 -1.4+0.1 1.8+0.7
TNF-a 1.7+ 0.6 -1.2+04 2.1+£0.7* 2.3 £ 1.0* 2.6 £1.1* 4.8 + 8.8*
TGF-8 -1.2+0.1 -1.2+0.1 1.2+0.4 2.3 £ 0.3** 1.2+0.1 2.4+ 0.4**
mmp9 -1.4+0.5 -1.4+0.2 3.3+ 1.5* 19.8 + 40.0** 3.2+ 0.4**  29.2 + 46.2*%*
IgM 1.3+04 -2.8+0.5*% -14+03 -1.6 £ 0.5 1.2+04 1.2+0.3
IgZ 2.0+04 1.2+£0.5 25+1.0 24+0.7 4.1+0.4 -1.9+0.7
CD4 1.9+04 1.0+ 0.2 -1.3+0.2 -1.6£0.3 1.4+0.2 -1.3+0.2
CD8 -3.7+0.6 -33=*15 -3.0+0.4 -3.0+0.9 -1.0+1.7 -1.4+0.7
C3 -1.3+0.2 -12+02 -2.41+0.2*% 6.4 +2.2%* -24+02 34+1.3*
CRP -1.3+£3.2 -1.3+04 2.9 +10.0 37.6 + 22.0** -2.6+0.6 25.8 £ 9.8**
SAA 1.2+04 1.4+0.5 43+61.3 142.0 + 182.8** 1.7+2.1 175.9 £ 415.5**
TLR-2 1.9+ 0.6 -1.4+0.2 -1.9+0.3 1.2+0.5 -1.0+0.5 -2.9 £ 0.1**
TLR-3 1.5+0.5 -1.2+0.1 -1.6 £0.2 1.4+0.2 -1.9+0.1 -1.6+0.2
TICAM-1 -1.3+0.4 1.6+ 1.2 3.0 £ 0.6* 1.3+1.2 22+0.8 1.6+ 1.0
MyD88 1.1+0.3 -1.1+0.1 -1.2+0.2 1.3+0.3 1.7+ 0.3 1.8+ 0.5
Foxp3 2.4+0.7 1.4+0.5 3.4+24* -1.2+0.3 4.0 + 12.4% 1.6 £ 0.5
GATA-3 1.1+0.3 -1.5+0.2 -1.4+0.2 -1.1+0.1 1.5+0.4 -1.5+0.2
NEF-kb 1.0+ 0.2 -1.1+0.1 -1.3+£0.2 1.3+£0.2 -1.8+£0.2 1.2+£0.3
STAT-3 1.1+0.2 -1.4+0.1 -1.1+£0.2 1.4+ 0.6 1.1+£0.5 1.7+£0.3
STAT-4 1.4+0.1 1.1+0.1 -1.3+0.3 1.1+0.3 -1.3+0.1 1.1+0.2
STAT-6 1.3+0.2 -1.6+0.1 -1.0+0.1 1.3+0.3 1.1+0.1 -1.0+0.2
T-bet 3.6 £ 0.6* -2.1+£0.1* -1.0+0.3 -1.0+0.1 2.1+0.6 -2.1+03
S100A1 2.1 £0.3* -12+02 3.5+ 1.4* 3.7 £ 0.8** 1.9+0.3 4.2 + 0.6**
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