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Inhibition of the interleukin-23/interleukin-17 pathway by
anti-interleukin-23p19 monoclonal antibody attenuates
2.4.,6-trinitrobenzene sulfonic acid-induced
Crohn's disease in rats
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Abstract. The interleukin (IL)-23/IL-17 pathway is considered
to be important in the pathogenesis of Crohn's disease (CD).
The present study aimed to evaluate the effects of targeting
the IL-23/IL-17 pathway using the anti-IL-23p19 monoclonal
antibody (mAb) on 2,4,6-trinitrobenzene sulfonic acid
(TNBS)-induced CD rats. A total of 60 Sprague-Dawley rats
were randomly divided into a control group, model group and
an anti-IL-23p19 mAb treatment group (administered intra-
muscularly every week at a dose of 1 ml/mg). Disease activity
index (DAI), colon macroscopic damage index (CMDI) and
tissue damage index (TDI) were then evaluated. The mRNA
expression of 1L-23p19, p40 (IL-23/12), retinoic acid-related
orphan receptor-yt (ROR-vt) and IL-17 in colonic tissues were
detected by reverse transcription-polymerase chain reaction
and levels of serum IL-23p19, p40, ROR-yt and IL-17 were
measured using an enzyme-linked immunosorbent assay.
Anti-IL-23p19 mAb was found to effectively attenuate colonic
inflammation demonstrated by reduced DAI, CMDI and TDI
scores, improvement in pathological evaluation and down-
regulation of expression levels of IL-23p19, p40 (IL-23/12),
ROR-yt and the downstream proinflammatory cytokine, IL-17.
Anti-IL-23p19 mAbD attenuated TNBS-induced CD in model
rats. The possible underlying mechanisms may be associated
with inhibition of the IL-23/IL-17 pathway by inhibiting the
expression of IL-23p19 and downregulating the downstream
proinflammatory cytokine IL-17. Targeting the IL-23/IL-17
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disease,

pathway may be a relevant and realistic therapeutic approach
for the development of additive and alternative treatments to
the biologics currently available in the treatment of CD.

Introduction

Crohn's disease (CD) is a chronic relapsing inflammatory
disorder of the gastrointestinal tract. Although the mechanisms
underlying the pathogenesis of CD are not fully understood,
humoral and cellular immunity are known to be involved (1).

A new member of the interleukin (IL)-12 cytokine family,
produced mainly by dendritic cells and activated macrophages,
was termed IL-23 in 2000 (2). It consists of two subunits: p40,
which is shared by IL-12, and p19, which is specific to IL-23.
Numerous pathological defects found in animal models of
autoimmunity were initially associated with IL-12, but are
now understood to be caused by IL-23 (3,4). For example,
inactivation of the IL-23pl9 gene imparts resistance to
experimental allergic encephalomyelitis and collagen-induced
arthritis in rats, whereas rats deficient in IL-12p35 are sensi-
tized to these diseases (5). Furthermore, IL-23 was found to be
overexpressed in the intestine of patients with CD, indicating
a correlation between disease activity and the levels of 1L-23
in CD (6).

IL-23 was demonstrated to induce the differentiation of
naive T CD4 lymphocytes into T helper 17 (Th17) cells, causing
overexpression of the transcription factor retinoic acid-related
orphan receptor-yt (ROR-vyt) and production of IL-17, and was
negatively regulated by TNF-y (7-9). The proinflammatory
cytokine IL-17 resulted in the production of other cytokines
and created a positive feedback loop for Th17 inflammation.
The IL-23/IL-17 pathway is considered to be important in the
pathogenesis of CD (10,11).

Over the last decade, the use of cytokine antagonists,
including monoclonal antibodies and soluble receptors, has
become a clinical standard for the treatment of autoimmune
disease, as illustrated by the use of anti-TNF-a antagonists in
CD (12,13). In light of the suspected effect of IL-23 on the
development of CD, the present study evaluated the efficacy of
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an immunization specifically targeting the IL-23p19 subunit
in a CD rat model induced by 2.4,6-trinitrobenzene sulfonic
acid (TNBS).

Materials and methods

Ethics statement. All experiments were performed in confor-
mity with the National Institute of Health (NTH) guidelines
(NTH Pub. no. 85-23, revised 1996) and the Animal Research
Reporting In Vivo Experiments guidelines (14) and approved
by the Animal Care and Use Committee of Sun Yat-Sen
University (Gangzhou, China; no. 20131652101). All surgical
and experimental procedures were performed according to the
guidelines for the care and use of animals approved by the Sun
Yat-Sen University and in accordance with the code of Ethics
of the EU Directive 2010/63/EU for animal experiments. All
efforts were made to minimize animal suffering and to reduce
the number of animals used.

Animals. A total of 60 specific pathogen-free male Sprague
Dawley rats (6-weeks-old, weighing ~180-220 g), were
obtained from the Animal Experiment Center of the Sun
Yat-Sen University. Animals were housed in 12 cages with
five rats each and were maintained in a 12:12 h artificial
light-dark cycle. All experiments were performed in the city
of Guangzhou, China.

Method. After 1 week habituation, 60 Sprague Dawley rats
were randomly divided into three groups of 20 rats each:
control group, CD model group and anti-IL-23p19 mAb
treatment group. The CD rat models were induced by rectal
administration of TNBS (Sigma, St. Louis, MO, USA;
no. 068K5001)/ethanol (TNBS 100 mg/kg + 0.25 ml 50%
ethanol), performed four times at 10 day intervals (days O,
10, 20 and 30) (15). Anti-IL-23p19 mAb (RayBiotech, Inc.,
Norcross, GA, USA; no: PAB1106) was administered intra-
muscularly (1 mg/kg) every week at days 0, 7, 14, 21, 28 and
35. Rats in the control group and in the model group received
rectal administration of 0.9% sodium chloride solution
(0.1 mg/kg).

Necropsy. At the end of the experiment (day 40), rats were
anesthetized and blood samples were collected into tubes by
cardiac puncture for enzyme-linked immunosorbent assay
(ELISA). Colon tissue specimens were assessed macroscopi-
cally prior to being excised and fixed in 10% formaldehyde
saline solution for histological analysis. The remaining tissue
was snap-frozen in liquid nitrogen and stored at -80°C for
reverse transcription polymerase chain reaction (RT-PCR)
detection.

Disease activity index (DAI) of rats. Symptomatic parameters
were observed and recorded daily during the experimental
period. Stools were assessed for occult blood using the colloidal
gold method and a fecal occult blood test kit (Shanghai Sunred
Biological Technology Co., Ltd., Shanghai, China). DAI was
determined in a blinded manner by scoring the extent of body
weight loss, stool consistency and stool occult blood positivity
or gross bleeding in accordance with the method described by
Murthy ef al (16). The results are shown in Table I.
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Table I. Criteria for scoring disease activity index.

Weight Stool Occult blood or
Score loss (%) consistency gross bleeding
0 None Normal Negative
1 1-5 Loose Negative
2 5-10 Loose Hemoccult positive
3 10-15 Diarrhea Hemoccult positive
4 >15 Diarrhea Gross bleeding

Disease activity index = (combined score of weight loss + stool con-
sistency + bleeding) / 3. Normal stools, well-formed pellets; loose
stool, pasty stools that do not stick to the anus; diarrhea, liquid stools
that stick to the anus.

Colon macroscopic damage index (CMDI) of rats. The distal
8 cm portion of the colon was excised, opened longitudinally
and thoroughly washed in ice-cold phosphate-buffered
saline (PBS; Qiagen, Valencia, CA, USA). The CMDI was
determined according to the scoring system of Wallace and
Keenan (17,18). The criteria for assessing macroscopic damage
and the numerical rating score were as follows: 0, no ulcer or
inflammation; 1, local hyperemia without ulcers; 2, ulceration
without hyperemia; 3, ulceration and inflammation at one
site only; 4, two or more sites of ulceration and inflammation
extending >1 cm and 5, ulceration extending >2 cm (19).

Tissue damage index (TDI) of rats. The specimens of colon
tissue were stained with hematoxylin and eosin for evaluation
of liver histology. The TDI of the stained samples was evalu-
ated in a blinded manner according to the previously described
criteria (20,21) between 0 and 4 (0, no signs of inflammation;
1, low level of leukocyte infiltration; 2, moderate level of
leukocyte infiltration; 3, high level of leukocyte infiltration,
high vascular density, thickening of the colon wall; 4, on the
basis of score 3, the lesions exceed 50% of the specimens;
5, transmural infiltration, loss of goblet cells, high vascular
density, thickening of the colon wall; 6, on the basis of score
5, the lesions exceed 50% of the specimens).

Isolation of total RNA and RT-PCR analysis. All rats in
each group were sampled for RT-PCR analysis. Total RNA
was extracted from the colon tissue using TRIzol (Qiagen)
according to the manufacturer's instructions. Total RNA
(500 ng) was used for cDNA synthesis and 1 pl of each
reverse transcription product was added to 9 ul Master mix
[containing buffer, SYGB, Hotstart Taq polymerase and
deoxyribonucleotide triphosphates (ANTPs), purchased from
Qiagen], 0.2 u1 25 mM dNTPs, 0.5 ul 25 uM corresponding
primers and 9.3 ul ddH,O (Qiagen) for PCR amplification.
The number of cycles, annealing temperature for each primer
pair and primer sequences used are listed in Table II. The
relative levels of target mRNA were normalized to the
corresponding levels of GAPDH mRNA in the same cDNA
sample using the standard curve method recommended in
the LightCycler Software, version 3.5 (Roche Molecular
Diagnostics Systems, Meylan, France).
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Table II. Primers and product size for each target gene.
Length Annealing
Gene Primer (bp) Cycles temp (°C)
IL-23p19 Forward: 5'-GAATCTGGTGGCTGTGGA-3' 230 35 52
Reverse: 5'-CCCTGAAAGGCTTGGTCT-3'
p40 (IL-23/12) Forward: 5'-GATTATGTGGAGTCTGGA-3' 278 35 52
Reverse: 5'-CTAAGACACCTCAGACCT-3'
ROR-vyt Forward: 5'-CGTATTACGGATAACCGACG-3' 266 38 52
Reverse: 5'-GCATAATGCCTATTGGCTGC-3'
Th17 Forward: 5'-CATCAGCTACATGCATTCC-3' 253 35 52
Reverse: 5'-GTAGTCGATGTACGTAAGG-3'
IL-17 Forward: 5'-GCAATGGCCTATACGCCATC-3' 233 33 52
Reverse: 5'-CGTTACCGGATATGCGGTAG-3'
GAPDH Forward: 5'-GAATCTGGTGGCTGTGGA-3' 207 35 52
Reverse: 5'-CCCTGAAAGGCTTGGTCT-3'
IL, interleukin; ROR-vt, retinoic acid-related orphan receptor-yt; TH17, T helper 17; temp, temperature.
p<0.001  p=0.023
ELISA analysis of levels of cytokines in the serum. The levels g 5 T 11 !
of cytokines IL-23p19, p40 (IL-23/12), ROR-yt and IL-17 in 5 p=0.002
the serum were measured using ELISA kits (R&D Systems, g 4
Minneapolis, MN, USA) according to the manufacturer's 2 3
instructions. A standard curve was generated with each assay 2
with the limits of detection as follows: IL-23p19, 12 pg/ml; p40 % 2
(IL-23/12),15 pg/ml; ROR-yt = 6.1 pg/ml and IL-17 =3.0 pg/ml. & 1_
Each sample was performed in triplicate. §
(%]
2 0-
[=]
Statistical analysis. Data are expressed as the mean + standard %?'SHSI yf%%%l Tma‘ment

deviation. Data were analyzed by one-way analysis of variance
(ANOVA), followed by the Bonferroni multiple comparisons
test. The statistical significance of the expression analysis
was also assessed by ANOVA and the differences identified
were assessed using the unpaired Student's t-test. P<0.05 was
considered to indicate a statistically significant difference. All
statistical analyses were performed using SPSS version 13.0
(SPSS, Inc., Chicago, IL, USA).

Results

DAI scores of rats in each group. DAI, representing symptom-
atic parameters, including diarrhea and loss of body weight,
was investigated. Rats in the normal control group gained body
weight and defecated normally. As shown in Fig. 1, following
induction of CD by administration of TNBS, pasty to liquid,
gross blood stools and weight loss were observed with higher
DALI scores in CD model rats (P<0.001, vs. control group).
However, the DAI scores markedly decreased following treat-
ment with anti-IL-23p19 mAb (P<0.005, vs. model group).

Pathological alterations in rat colon tissue in each group.
The colon tissue from the CD model rats induced by TNBS
was characterized by epithelial hyperplasia and infiltration of
the lamina propria with inflammatory cells, including a large
number of neutrophils (Fig. 2B). Epithelioid granuloma (Arrow,

Figure 1. Disease activity index scores of rats in each group (analysis of vari-
ance followed by Bonferroni multiple comparisons test). Data are expressed
as the mean =+ standard deviation.

Fig. 2B) and crypt abscesses (Arrows, Fig. 2E) were also
frequently observed. Following treatment with anti-IL-23p19
mADbD, the inflammation present within the colon tissue typi-
cally involved the mucosa only, with little to no inflammation
present in the submucosa, demonstrating a marked improve-
ment in inflammation (Fig. 2C and F).

CMDI and TDI were used to assess the degree of colonic
inflammation. The CMDI and TDI were significantly higher
in the model group compared with the control group (P<0.01).
The anti-IL-23p19 mAb treatment group demonstrated a
marked reduction in CMDI and TDI scores compared with
the model group (P<0.05), indicating that the macroscopical
and microscopical lesions reduced following drug intervention

(Fig. 3).

Expression of cytokines in colon tissue detected by RT-PCR. A
significant increase in all cytokines [IL-23p19, p40 (IL-23/12),
ROR-vyt and IL-17] was observed in the CD model group
induced by TNBS (P<0.001). The expression of IL-23p19
(P=0.002) and IL-17 (P=0.003) was inhibited following
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Figure 2. Pathological alterations in the rat colon stained with hematoxylin and eosin in each group. (A and B) Low magnification, x40. (C-E) High magnifica-
tion, x100. (F) High magnification, x400. (A and D) Colonic tissues in the control group with integrated architecture demonstrating mild or no inflammation.
(B and E) Colonic tissues in the Crohn's disease model group induced by 2.4,6-trinitrobenzene sulfonic acid demonstrating a thickened bowel wall, marked
inflammatory cell infiltration and epithelioid granulomas. Typical crypt abscesses indicated by arrows. (C and F) Colonic tissues in the treatment group
exhibiting improvement in inflammation with reduced inflammatory cell infiltration.
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Figure 3. Evaluation of CMDI and TDI scores in each group (analysis of
variance test followed by Bonferroni multiple comparisons test). Data are
expressed as the mean + standard deviation. CDMI, colon mucosal damage
index; TDI, tissue damage index.

administration of anti-IL-23p19 mAb as a targeted therapy.
There was also a decrease in the expression of p40 (IL23/12)
and ROR-vt in the treatment group compared with the model
group, however, this was not statistically significant (Fig. 4).

Serum cytokines in each group detected by ELISA. The
concentration of secreted serum cytokines of rats in each
group was measured using ELISA. A significant increase
in 1L-23p19, P40 (IL-23/12), ROR-yt and IL-17 content was
observed in the model group compared with the control group.
A significant decrease in the concentration of IL-23p19 and
IL-17 was observed in the treatment group (Fig. 5).

Discussion

The TNBS model of experimental CD is a well established
model of chronic colonic inflammation and ulceration in rats,
which is characterized by transmural inflammation associ-
ated with severe diarrhea and histopathological features that
resemble the immune characteristics of CD in humans (22,23).

It has been used extensively in the evaluation of new therapeutic
strategies for human cases of CD since Morris' preliminary
description in 1989 (15). The present study successfully estab-
lished CD rat models induced by TNBS. This was confirmed
by the observation of pathological changes, including extensive
transmural infiltration of inflammatory cells, thickening of the
colon wall and formation of typical epithelioid granulomas and
crypt abscesses. Furthermore, the model rats demonstrated a
marked increase in CMDI, TDI and DAI scores, indicating
the presence of severe colonic damage at the macroscopic
and microscopic levels and clinical symptoms. Disorders in
the expression of cytokines in the IL-23/IL-17 pathway were
also observed in the model rats, revealing the importance of
cytokines in the pathogenesis of CD.

Currently, an effective therapy for patients with CD is
lacking. Aminosalicylates, corticosteroids and immunomodu-
lating drugs have multiple adverse effects and a high relapse
percentage (24,25). Biological agents, including anti-TNF-a
mAb may induce the alleviation of inflammatory bowel
disease (26), but at a high cost and with an increased risk to
patients in developing treatment-associated cancer (27,28).
The ultimate alternative is often surgical resection of the colon
and ileostomy (29). Therefore, there is a continuing interest
in novel therapeutic approaches for controlling CD, thus the
present study focused on targeted therapy using anti-IL-23p19
mAb. The present study demonstrated that the administration
of anti-IL-23p19 mAb effectively attenuated colonic inflamma-
tion induced by TNBS in rats and significantly reduced DAI,
CMDI and TDI scores. Pathological evaluation of colon tissue
demonstrated improvements in inflammation with a reduction
in inflammatory cell infiltration. The above revealed a favor-
able efficacy of anti-IL-23p19 mAb in curing TNBS-induced
CD in rats.

The results from the present study demonstrated a marked
increase in the expression of IL-23p19, p40 (IL-23/12), ROR-yt
and the downstream cytokine IL-17 in CD rats, indicating
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Figure 4. Relative expression of cytokines in each group. Relative expression of each cytokine was analyzed in the colon samples obtained from rats in each
group by reverse transcription polymerase chain reaction and normalized to GAPDH. Data are presented as individual cytokine values in single biopsies and
horizontal bars represent the median value. IL, interleukin; ROR-yt, retinoic acid-related orphan receptor-vyt.
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Figure 5. Concentration of cytokines in each group detected by enzyme-linked
immunosorbent assay. Data are expressed as the mean + standard deviation
(n=20)."P<0.05, vs. model group. IL, interleukin; ROR-yt, retinoic acid-related
orphan receptor-yt.

that the IL-23/IL-17 pathway was important in the patho-
genesis of CD. The present study focused on the efficacy of
targeted therapy by inhibition of the IL-23/IL-17 pathway
using anti-IL-23p19 mAb. As expected, anti-IL-23p19 mAb
effectively inhibited the expression of IL-23p19 and the proin-
flammatory cytokine IL-17, however, no significant effect on
the expression of p40, the common subunit shared by IL-23
and IL-12, was observed. The results of the present study
verified the hypothesis that IL-23, not IL-12, is associated
with autoimmune disease. The expression of serum cytokines
detected by ELISA demonstrated similar results. Notably,
regulation of the expression of ROR-vyt, considered to be a

key transcription factor in the differentiation of Th17 cells
and regulation of IL-17 expression in vivo and in vitro, was
not affected by anti-IL-23p19 mAb. ROR-yt knockout mice
demonstrated a reduction in Th17 cells and in the incidence
of autoimmune diseases (30,31). In the present study, interven-
tion by anti-IL-23p19 mAb was associated with a decrease in
ROR-vt, although this was not considered to be statistically
significant. This indicated that anti-IL-23p19 mAb may inhibit
the differentiation of Th17 through the mediator ROR-yt. The
detailed and specific pathway of anti-IL-23p19 mAb in treating
CD model rats therefore requires further investigation.

IL-12 and IL-23 are members of a heterodimeric cytokine
family, which share a common IL-12p40 subunit (2,32,33).
IL-12 is the driving force behind Thl inflammation, while
IL-23 maintains the effector function of Th17 cells (34,35). In
2009, a biological drug termed ustekinumab, which targets the
p40 subunit of IL-12 and IL-23, was developed and approved
by the US FDA and the European Medicines Agency for the
treatment of moderate to severe psoriasis. However, the high
incidence of adverse events (51.6-57.6%) restricted its appli-
cation in CD patients (36,37). The present study focused on
another targeted therapy using anti-IL-23p19 mAbD. In the rats
administered with anti-IL-23p19 mAb, a reduction in colon
pathology and improved clinical symptoms were observed
compared with the model rats. In addition, no mortality or
serious adverse reactions were observed in the rats treated
with anti-IL-23p19 mAb. However, as the prevention of CD
was incomplete, the results suggested that there may have been
a dosing and/or timing issue associated with the therapeutic
effectiveness of anti-IL-23p19 mAb treatment.
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In conclusion, the present study demonstrated that

anti-IL-23p19 mAb attenuated TNBS-induced CD in rats. The
possible mechanisms may be associated with inhibition of the
IL-23/IL-17 pathway by inhibiting the expression of IL-23p19
and downregulating the downstream proinflammatory cyto-
kine IL-17. Anti-IL-23p19 mAb as a new targeted therapy may
provide a novel therapeutic approach for patients with CD,
however, this requires further investigation.
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