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Blockade of IL-6 signal exacerbates acute
inflammatory bowel disease via inhibiting IL-17
producing in activated CD4+ Th17 population
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Abstract. — BACKGROUND: Inflammatory
bowel disease (IBD) is a common disease in hu-
man resulted from a various of factors including
genetic background, immune system and envi-
ronment factors.

OBJECTIVES: Recent studies suggest pro-in-
flammatory cytokine IL-17 producing cell subset
was involved in the disease development and the
maintenance of IBD. And the differentiated and
activation of IL-17 producing cells were mostly
dependent on the cytokines profile secreted by
innate cells in intestinal tissues. In this study, we
examined the functions of IL-6 signal in regultory
of IL-17 production in acute IBD model.

MATERIALS AND METHODS: Wildtype mice
were treated with anti-IL-6 neutralizing antibodies
to block IL-6 signal And then treated with DSS to
induce acute IBD.

RESULTS: Mice treated with anti-IL-6 neutraliz-
ing antibodies show severe colitis and high level
of pro-inflammatory cytokine IL-17 production in
DSS-induced acute IBD model when conpared
with control group. Our research suggested
blockade of IL-6 signal pathways in acute colitus
model resulted in specifical activation of IL-17
producing cell population. Furthermore, CD44+
activated Th17 cell popualtion and CD44- IL-17
producing T cells exhibited different susceptibili-
ty to IL-6 signal in our model.

CONCLUSIONS: Blockade of IL-6 signal in
DSS-induced acuted IBD model increased IL-17
production level specifically in CD44- T cells and
reduced CD44+ Th17 cell population.
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Introduction

Inflammatory bowel disease (IBD) including
Crohn’s disease (CD) and ulcerative colitis (UC)
is a increasing public health problem which af-
fects 1/1,000 individuals in human. The symp-
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toms of IBD include diarrhea, abdominal pain,
weight loss and result in death in some extreme
cases and the development of IBD is considered
resulted form a complex interplay among genet-
ic, immunological and environmental factors. In
general, CD4+ T cell subsets are extremely im-
portant in IBD via regulation of pro/anti-inflam-
matory cytokines producing according to recent
works!2. The balance state of protective immuni-
ty and self-tolerance of self-antigens and com-
mensal bacteria in intestine is maintained by
Treg/Th17 cells. Moreover, Tfh cells are critical
to the mature of antibodies producing B cells and
IgA secretion in gut mucosa’*.

However, there is growing evidence that Th17
cells are linked form the disease development in
IBD. It was reported that cytokines IL-17 and
Th17 cells population was increased in murine
IBD model>®. Cytokines IL-17 IL-17F, IL-21 and
IL-23 which were mostly secreted by Th17 cells
or regulated by Th17 cells are now considered cru-
cial factors in murine inflammatory colitis’®. Stud-
ies in transgenic mice model suggested IL-17RA
deficient mice who lacked of Th17 cells shown
higher susceptibility to 2,4,6-trinitrobenzene sul-
fonic acid (TNBS)-induced acute gut inflamma-
tion'>"" which was consisted with these mice
treated with anti-IL-17 neutralizing antibodies.
Similar results were also observed in IL-17/IL-17f
deficient mice model!?. By contrast, adoptive
transfer of T cells from IL-17a, IL-17f or IL-22
deficient mice into RAG-1 [V(D)J recombination
activation gene RAG-1] deficient mice induced se-
vere colitis while comparing these cells form wild-
type mice'®. Similarly, induced intestinal colitis in
IL-17 deficient mice shown no difference from
that in wildtype mice'*. Notable, blockade of IL-
17 signal pathway with anti-IL-17 neutralizing an-
tibodies reduced colitis in TNBS-induce murine
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acute IBD model but not in the dextran sodium
sulphate (DSS)-induced IBD model. The reason
why these studies provided us with different re-
sults is still unknown. One possible reason is that
Th17 cells play multiple roles in the regulation of
intestinal colitis and its roles is the disease devel-
opment dependent on the co-factors such cy-
tokines as IFN-gama, IL-10 and TGF-beta, in the
local tissues which was produced by other cells'.
However, to clarify the importance of Th17 cells
in IBD, further data are needed.

Recent data suggest the fundamental role of IL-
6 signal pathways in the development and mainte-
nance of IBD and IL-6 also contributes to Th17
differentiation both in vivo and in vitro'"". Molec-
ular mechanism studies show that IL-6-SATA3
pathway results in T cells accumulation and toler-
ant against apoptosis and promote Th17 cell devel-
opment, however, the source of IL-6 and its target
cell subset was still unclear. In this study, we treat-
ed mice with anti-IL-6 neutralizing antibodies to
remove soluble IL-6 and block IL-6 signal in DSS-
induced acute IDB model. This model provides a
clear background to study T subsets differentiation
and their roles in the colitis development.

Materials and Methods

Treatment with Anti-IL-6 Neutralizing
Antibodies

For blocking of IL-6 signal in vivo, mice were
treated with 500 ug anti-IL-6 monoclonal anti-
bodies (clone MP4-20F3, eBioscience, San
Diego, CA, USA) or isotype control purified IgG
with same amount. Abs were injected i.p. In a
volume of 200 ul PBS 1 day after DSS treatment.

DSSs Induction of Colitis

For the DSS-induced colitis, 4%(weight/vol-
ume) DSS (Sigma Aldrich Co, St Louis, MO,
USA) was administered in the drinking water for
5 days as previously described!® to female B6
wildtype mice aged 6-8 weeks. To assess the ex-
tent to which colitis was induced, the mice were
examined daily for body weight, stool consisten-
¢y, and blood in the stool.

RNA Isolation and Quantitative
Real-Time RT-PCR (qRT-PCR)

Total RNA was extracted with TRIzol reagent
(Invitrogen Co, Carlsbad, CA, USA) according to
the manufacturer’s protocol. Reverse transcription
(RT) was performed with a High Capacity cDNA

Reverse Transcription Kit (Applied Biosystems,
Tokyo, Japan) according to the manufacturer’s in-
structions. Quantitative real-time PCR was per-
formed with SYBR Green PCR Master Mix (Ap-
plied Biosystems) according to the manufacturer’s
protocol. The reaction conditions involved 40 cy-
cles of two-stage PCR consisting of denaturation at
95°C for 15 s and annealing at 60°C for 1 min after
an initial denaturation step of 95°C for 10 min. The
primer sequences were as follows: IFN-gamma, 5'-
ACTGGCAAAAGGATGGTGA-3" and 5'-GCT-
GTTGCTGAAGAAGGTAG-3’; mouse IL-17A,
5'-ATCAGGACGCGCAAACAT G-3" and 5'-
TGATCGCTGCTGCCTTCAC-3’; and mouse [3-
actin, 5'-AGAGGGAAATCGTGCGTGAC-3" and
5'-CAATAGTGATGACCTGGCCGT-3". To allow
comparisons of mRNA expression levels, the real-
time PCR data were analyzed with the AACt
method and normalized to the amount of B-actin
cDNA as an endogenous control.

Flow Cytometry Analysis

Intracellular expression of IL-17 producing T
cells was analyzed using a Cytofix/Cytoperm Kit
Plus (with GolgiStop; BD Biosciences, San Diego,
CA, USA), according to the manufacturer’s in-
structions. In brief, lymphocytes obtained from
mLNs were incubated with 50 ng/ml PMA (Sig-
ma), 5 M calcium ionophore A23187 (Sigma), and
GolgiStop at 37°C for 4 h. Surface staining was
performed with anti-TCR-beta-FITC, anti-CD44-
APC, anti-CD4-PerCP-Cy5.5 (BioLegend, San
Diego, CA, USA) for 20 min at 4°C, the cells were
permeabilized with Cytofix/Cytoperm solution for
20 min at 4°C, and intracellular cytokine staining
was performed with anti-IL-17A-Alexa Fluor 647
(BD Biosciences).

Statistics Analysis

Results were expressed as means + SD. The
statistical significance of the data was evaluated
by Student’s #-test. Data analysis was performed
using the SPSS v10.0 (SPSS Inc., Chicago, IL,
USA). A value of p < 0.05 was regarded as sig-
nificant.

Results

Treatment with anti-IL-6 Neutralizing
Antibodies Exacerbates DSS-Induced
IBD in Mice

To studies Th17 cell population and their roles
in colitis, we generated DSS-induced acute IBD
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model in female B6 wildtype mice. These mice
were treated with 4% DSS in daily water for 5
days and began to show classic symptom of IBD
such as body weight loss and changes of feces 10
days after DSS treatment. These mice also shown
some changes in numbers of lymphocytes, per-
centages of T cell subsets, cytokines profiles and
size of spleen.(data no shown) In this model,
mice started to dead from acute IBD 2 weeks af-
ter DSS treatment and all the mice dead 4~5
weeks after DSS treatment if they were not treat-
ed by drugs to help defense against this disease.

To investigate the role of IL-6 in IBD disease
model, these mice were treated with anti-IL-6 neu-
tralizing antibodies 1 day after DSS treatment to
block soluble IL-6. In our observation, mice treat-
ed with anti-IL-6 neutralizing antibodies had lost
more body weight than PBS control group. We
next analyzed the intestinal tissues from mice
treated with DSS for 2 weeks and found that these
mice from anti-IL-6 neutralizing antibodies treat-
ment group had shorter colon than the control
group (data not shown), which suggested these
mice suffered a more severe IBD than the control
group. The survival rate analysis also suggest sim-
ilar results that anti-IL-6 neutralizing antibodies
treated mice began to dead on day 10 and they
could not survival for more than 4 weeks. Howev-
er, the control group still had more than 25% alive
4 weeks after DSS treatment (Figure 1).

Treatment with Anti-IL-6 Neutralizing
Antibodies Increases IL-17a
Producing Level

We next studied the cytokines producing levels
of mRNA in intestinal tissues of mice after 10 day
treatment of DSS, who show classic IBD symp-

tom. As recent researches reported, IL.-17a is the
major regulatory factor in IBD development and
maintenance. However, Thl type cytokines such
as IFN-gamma is mostly respond to tissue dam-
ages in disease development. We focused on these
2 cytokines producing in colon tissues and found
that the expression of IFN-gamma was similar in
both anti-IL-6 neutralizing antibodies treatment
group and control group. However, the Il-17a pro-
ducing levels in treatment group was significant
higher than the control group (Figure 2).

Considering the fact that IL-17a is produced
by many cell types including T cells and innate
immune cells like gamma-delta T cells and NK
cells, and the percentage of T cells in intestinal
tissues is very low (less that 0.5% of total cells),
it is possible that these IL-17a was mostly pro-
duced by non-T cells in intestinal tissues. To in-
vestigate the IL-17a producing levels in T cells,
we analyzed IL-17 producing via FACS (Flow
Cytometry) intercellular staining.

Treatment with Anti-IL-6 Neutralizing
Antibodies Reduces CD44+ Th17 Cells

We firstly stained IL-17a producing cell via
FACS intercellular staining in T cells and non-T
cells, and found that non-T cells produced more
IL-17a than T cells did. However, anti-IL-6 neu-
tralizing antibodies treated seemed to have no ef-
fect on these cells population for that the IL-17a
positive cells group in non-T cells did not change
in antibodies treatment or control group (data not
shown).

We next distinguished T cells into CD44+ acti-
vated group and CD44- group and examined the
IL-17a producing in these two group. The results
shown that anti-IL-6 antibodies treatment signifi-
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Figure 1. Body weight loss and survival rate in DSS-induced acute IBD mice. Treatment with anti-IL-6 neutralizing antibod-

ies led to more severe symptom of IBD (n=20).
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Figure 2. mRNA levels of IFN-gamma and IL-17a in in-
testinal tissues of IBD mice. Treatment with anti-IL-6 neu-
tralizing antibodies had almost no effect on IFN-gamma ex-
pression but significant induced IL-17a expression level in
intestinal tissues (n=6).

cantly reduced IL-17a producing in the activated
T cells group when compared with the control
group. Furthermore, we were interesting to found
that the IL-17a producing level in CD44- cells
group was increased in antibodies treated group,
and these mice had a higher total IL-17a that the
control group. The reasons why IL-6 has differ-
ent effect on activated and non-activated T cells
is still unclear. One possible reason is that IL-6 is
important in activated T cells survival from apop-
tosis signals and blockade of IL-6 signal leads to
the clearance of IL-17a producing activated T
cells in the antibodies treated mice (Figure 3).

Discussion

We generated acute IBD model in female B6
wildtype mice with DSS treatment and treated

these mice with anti-IL-6 neutralizing antibod-
ies 1 day after, which efficiently blocked IL-6
signal pathways as reported!’. These mice treat-
ed with anti-IL-6 neutralizing antibodies shown
higher susceptibility to DSS treatment and
shown severe IBD symptom such as body
weight loss, changes in feces. As recent works
reported, Th17 cells were crucial to IBD devel-
opment and IL-6 was the key factor in Th17 cell
differentiation, we focused on IL-17a producing
in small intestinal tissues in these mice with
IBD, and found that mRNA level of ILL17a was
increased in anti-IL-6 neutralizing antibodies
treatment mice. However, whether these in-
creasing IL-17a is directly linked with aggrava-
tion of IBD or not is still unclear and more ex-
perimental data are needed.

Furthermore, cytokine IL-17a is a multi-func-
tional pro-inflammatory factor and produced by
many cells types including T cells and innate
cells in intestine tissues, we next investigated II-
17a producing in T cells and non T cells and
found that IL-17a was mostly producing by T
cells, and anti-IL-6 neutralizing antibodies treat-
ment had no detected effect on IL-17a producing
non-T cells. Furthermore, we also found that
blockade of IL-6 in IBD mice specifically re-
duced IL-17a producing levels in activated
CD44+ Th17 cells and promoted IL-17a secre-
tion in CD44- Th17 cells population via FACS
data, which was firstly reported.

Blockade of IL-6 signal did not reduce IL-17a
producing in DSS-induced acute IBD model al-
though IL-6 is the key factor in Th17 cells differ-
entiation. One posssible reason is that Th17 cells
differentiation rare occurred in acute inflammato-
ry and these cytokines are mostly produced by
pro-exist primary Th17 cells.
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Figure 3. Percentage of IL-17a producing T cells in CD4+ T cells and CD4+ CD44+ double positive cells (cells were gated

on TCRbeta+ CD4+ or TCRbeta+ CD4+ CD44+).
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Conclusions

In our system, we observed that IL-6 had differ-
ent effects on CD44+ activated Th17 cells and
CD44- Th17 group, which suggested these two
cells populations played different roles in colitis
development and maintenance. For details, activat-
ed Th17 cells were involved in inflammatory con-
trol and host defense against colitis. On the other
side, IL-17a produced by non-T cells and non-ac-
tivated T cells was respond to host recognition of
infection and local inflammation. However, more
experimental data are needed fot us to identify
Th17 cell population and their roles in IBD.

Acknowledgements

This study was supported by The Youth Innovation Fund of
the First Affiliated Hospital of Zhengzhou University.

Conflict of Interest

The Authors declare that there are no conflicts of interest.

References

1) MarnarRD CL, WEAVER CT. Intestinal effector T cells
in health and disease. Immunity 2009; 31: 389-
400.

2) STtROBER W, Fuss LJ. Proinflammatory cytokines in
the pathogenesis of inflammatory bowel diseases.
Gastroenterology 2011; 140: 1756-1767.

3) DUCHMANN R, KAISER I, HERMANN E, MAYET W, EwE K,
MEYER zUM BuscHENFELDE KH. Tolerance exists to-
wards resident intestinal flora but is broken in ac-
tive inflammatory bowel disease (IBD). Clin Exp
Immunol 1995; 102: 448-455.

4) CHENG X, Yu X, DING YJ, Fu QQ, XE JJ, TANG TT,
YAao R, CHEN Y, Liao YH. The Th17/Treg imbalance
in patients with acute coronary syndrome. Clin
Immunol 2008; 127: 89-97.

5) FwiNno S, ANDOH A, BAMBA S, OGAWA A, HATA K, ARA-
ki Y, BamBAa T, Fuivama Y. Increased expression of
interleukin 17 in inflammatory bowel disease. Gut
2003; 52: 65-70.

6) NIELSEN OH, KIRMAN |, RUDIGER N, HENDEL J, VAINER
B. Upregulation of interleukin-12 and -17 in active
inflammatory bowel disease. Scand J Gastroen-
terol 2003; 38: 180-185.

7) FINA D, SARRA M, FANTINI MC, Rizzo A, CARUSO R,
CaprioLl F, StoLrl C, CARDOLINI |, DoTTORI M, BOIRI-
VANT M, PALLONE F MACDONALD TT, MONTELEONE G.
Regulation of gut inflammation and th17 cell re-
sponse by interleukin-21. Gastroenterology 2008;
134:1038-1048.

8) McGovern D, Powrie F. The IL23 axis plays a key
role in the pathogenesis of IBD. Gut 2007; 56:
1333-1336.

9) ZHou L, Ivanov I, SpoLski R, MIN R, SHENDEROV K,
EGawa T, Levy DE, LEoNARD WJ, LiTtmAN DR. IL-6
programs T(H)-17 cell differentiation by promoting
sequential engagement of the IL-21 and IL-23
pathways. Nat Immunol 2007; 8: 967-974.

10) ZHANG Z, ZHENG M, BINDAS J, SCHWARZENBERGER P
KoLLs JK. Critical role of IL-17 receptor signaling in
acute TNBS-induced colitis. Inflamm Bowel Dis
2006; 12: 382-388.

11) YANG XO, CHANG SH, Park H, NURIEVA R, SHAH B,
ACERO L, WANG YH, ScHLUNS KS, BROADDUS RR, ZHU
Z, DonG C. Regulation of inflammatory responses
by IL-17F. J Exp Med 2008; 205: 1063-1075.

12) MoseLey TA, HAUDENsSCHILD DR, Rose L, Reppi AH.
Interleukin-17 family and IL-17 receptors. Cy-
tokine Growth Factor Rev 2003; 14: 155-174.

13) AGGARWAL S, GHILARDI N, XiE MH, DE SAUVAGE FJ,
GURNEY AL. Interleukin-23 promotes a distinct CD4
T cell activation state characterized by the pro-
duction of interleukin-17. J Biol Chem 2003; 278:
1910-1914.

14) LANGRISH CL, CHEN Y, BLUMENSCHEIN WM, MATTSON J,
BasHAM B, SEDGwick JD, MCcCLANAHAN T, KASTELEIN
RA, Cua DJ. IL-23 drives a pathogenic T cell popu-
lation that induces autoimmune inflammation. J
Exp Med 2005; 201: 23-40.

15) OuvanGg W, Kouts JK, ZHENG Y. The biological func-
tions of T helper 17 cell effector cytokines in in-
flammation. Immunity 2008; 28: 454-467.

16) MupTER J, NEURATH MF. II-6 signaling in inflamma-
tory bowel disease: pathophysiological role and
clinical relevance. Inflamm Bowel Dis 2007; 13:
1016-1023.

17) RoOSE-JOHN S, MiTSUYAMA K, MATSUMOTO S, THAISS
WM, ScHELLER J. Interleukin-6 trans-signaling and
colonic cancer associated with inflammatory bow-
el disease. Curr Pharm Des 2009; 15: 2095-2103.

18) Oxavasu I, HATAKEYAMA S, NAKAYA R. A novel method
in the induction of reliable experimental acute and
chronic ulcerative colitis in mice. Gastroenterolo-
gy 1990; 98: 694-702.

19) JupimH H, IsABELL Y, HANS-W/iLLI H. IL-6 controls the
innate immune response against listeria monocy-
togenes via classical IL-6 signaling. J Immunol
2013; 15: 703-711.

3295



