
 ORIGINAL ARTICLE

Expression of interleukin 6 in brain and colon of rats with 
TNBS-induced colitis 

Kai Wang, Chuan-Ping Yuan, Wei Wang, Zhan-Qing Yang, Wei Cui, Lian-Zhi Mu, Zhan-Peng Yue, Xiu-Ling Yin, 
Zhong-Ming Hu, Ju-Xiong Liu

Kai Wang, Chuan-Ping Yuan, Wei Wang, Zhan-Qing Yang, 
Wei Cui, Lian-Zhi Mu, Zhan-Peng Yue, Ju-Xiong Liu, Jilin 
Provincial Key Laboratory of Animal Embryo Engineering, 
College of Animal Science and Veterinary Medicine, Jilin Uni-
versity, Changchun 130062, Jilin Province, China 
Xiu-Ling Yin, Department of Veterinary Medicine, University 
of Hebei Northern, Zhangjiakou 075029, Hebei Province, China 
Kai Wang, Zhong-Ming Hu, The Academy of Military Medi-
cal Sciences, Beijing 100071, China 
Author contributions: Wang K and Yuan CP performed the ma-
jority of experiments; Wang W, Yang ZQ and Yue ZP provided 
vital reagents and analytical tools and were also involved in editing 
the manuscript; Cui W, Yin XL, Mu LZ and Yuan CP co-ordinated 
and established the model of IBD; Wang K, Yuan CP and Wang 
W collected all the materials and completed the analyses of IL-6 
through real-time RT-PCR and immunohistochemistry; Wang W, 
Hu ZM and Liu JX designed the study and wrote the manuscript. 
Supported by The grant from the National Natural Science 
Foundation of China, No. 30871840; No. 30901057
Correspondence to: Dr. Ju-Xiong Liu, Jilin Provincial Key 
Laboratory of Animal Embryo Engineering, College of Animal 
Science and Veterinary Medicine, Jilin University, 5333 Xi’an 
Avenue, Changchun 130062, Jilin Province, 
China. juxiongliu@sina.com 
Telephone: +86-431-87836163  Fax: +86-431-87836163
Received: November 24, 2009   Revised: January 11, 2010
Accepted: January 18, 2010
Published online: May 14, 2010 

Abstract
AIM: To characterise expression of interleukin 6 (IL-6), 
a potent proinflammatory cytokine, in the occurrence 
and development of inflammatory bowel disease (IBD) 
and investigate its effect on neuroimmunomodulation 
and immune homeostasis regulation. 

METHODS: In this study, rats with colitis induced by 
trinitrobenzene sulfonic acid (TNBS) were sacrificed on 
days 3, 7, 14, 21 and 28 after induction. In the controls, 
the TNBS was just replaced by equivalent amount of 

phosphate buffered solution (PBS, 0.01 mol/L). IL-6 
mRNA expression in brain and colon tissues in each 
phase was evaluated by real-time reverse transcription-
polymerase chain reaction, and cellular localisation and 
protein level of IL-6 was determined by immunohisto-
chemistry. 

RESULTS: At day 7, mRNA expression of IL-6 was signifi-
cantly higher in the colon and brain of IBD rats than that 
of the controls. The protein level was also significantly 
higher in colon, hypothalamus and cerebral cortex of IBD 
rats compared with the controls. So there are similar tem-
poral trends in IL-6 mRNA expression and protein levels in 
all positions with a persistent increase to a peak at day 7, 
followed by a decline and gradual return to normal levels. 

CONCLUSION: These results revealed that changes 
in IL-6 expression in brain and colon tissues occur in 
different phases of IBD. Therefore, we propose that 
the nerve centre regulates and controls the occurrence 
and development of IBD via  IL-6. 
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INTRODUCTION
Inflammatory bowel disease (IBD) includes two chronic 
pathologies characterised by alternating phases of  ac-
tive inflammation and quiescence: ulcerative colitis (UC) 
and Crohn’s disease (CD)[1]. Although the pathogenesis 
of  IBD has not been well established, it has been sug-
gested that some frequently observed clinical manifesta-
tions such as abdominal pain, nausea, vomiting, ileus, or 
diarrhoea, can be attributed to deranged gastrointestinal 
motility associated with inflammation[2]. The hypothesis 
that immune abnormalities induced by Th1/Th2 imbal-
ances play a core role in the pathogenesis of  IBD has 
been widely accepted[3,4]. Th1 cells predominantly secrete 
interferon-γ (IFN-γ), interleukin 2 (IL-2) and tumor 
necrosis factor α (TNF-α), while Th2 cells secrete inter-
leukins 4, 5 and 10 (IL-4, IL-5, IL-10). Cytokines can be 
divided into pro-inflammatory and anti-inflammatory cy-
tokines and growth factors. Pro-inflammatory cytokines 
such as IL-1, IL-2, IL-8, IL-12, TNF-α, TNF-β and 
IFN-γ are produced by monocytes and macrophages and 
are involved in cell-mediated immune responses. Anti-
inflammatory cytokines such as IL-4, IL-5, IL-10 and 
IL-13 are produced mainly by T cells and are involved in 
the humoral immune response. 

Communication between the periphery and the brain 
takes place via neural and humoral pathways. Cytokines 
released by activated immune cells are mediators of  inter- 
and intra-cellular communication[5-11] and are part of  a 
chemical signalling system that regulates development, 
tissue repair, haemopoiesis, inflammation and specific and 
nonspecific immune responses. Potent cytokine polypep-
tides (such as interleukins 1, 6, 8 and TNF-α) have pleio-
tropic activities and functional redundancy and exist in a 
complex, intermingled network in which one cytokine can 
influence the production of  and response to many other 
cytokines[12]. Of  note, modulation of  cytokines and their 
antagonists also exhibits therapeutic potential in several 
chronic and acute diseases[10,11]. The immune system is reg-
ulated in part by the central nervous system (CNS), acting 
principally via the hypothalamic-pituitary-adrenal (HPA) 
axis and the sympathetic nervous system (SNS)[13-15]. IL-6 
is a pleiotropic cytokine whose expression in physiological 
conditions is important for host responses to a number 
of  infections; in addition, it exerts antigen-specific im-
mune responses and has both pro- and anti-inflammatory 
effects[16,17]. In CD, IL-6 is present at high levels in both 
serum and intestinal tissues[18]. Increased levels of  IL-6 re-
ceptor (IL-6R) and gp130 expression have been also dem-
onstrated in peripheral lymphocytes of  Crohn’s patients, 
along with increased serum soluble IL-6R[19]. 

To explore the role of  IL-6 in the initiation and devel-
opment of  IBD with respect to the neuroimmunomodu-
lation and regulation of  immunological homeostasis at the 
organismic level, we used real-time reverse transcription 
polymerase chain reaction (RT-PCR) and immunohisto-
chemistry (IHC) to evaluate the mRNA expression and 
cellular localisation of  IL-6 in brain and colon tissues 
in the inflammatory and quiescent phases of  IBD in an 

animal model with trinitrobenzene sulfonic acid (TNBS)-
induced IBD. 

MATERIALS AND METHODS
Reagents 
All chemicals were purchased from Sigma Chemical, un-
less otherwise stated. 

Animals 
Eighty female Wistar rats (Laboratory Animal Service 
of  Jilin University, Changchun, China), 8-10 wk old and 
weighing 180-200 g, were maintained under specific 
pathogen-free conditions according to our institutional 
guidelines for animal care. This study was carried out in 
accordance with guidelines established by a consensus 
statement entitled the Protection of  Vertebrate Animals 
Used for Experimental and Other Scientific Purposes. 

Experimental model 
After a seven-day acclimation period, 80 rats were di-
vided randomly into 8 cages (one cage for 10) and fed 
in the same condition. Among them, 4 cages were ex-
perimental group and the others were controls. Rats 
were fasted overnight, and colitis was induced in the 
TNBS group by the method originally described by 
Morris et al[20], with some modifications made by our 
group. Briefly, rats were anaesthetised with ethylether 
and given a 5% TNBS (Sigma, R&D, USA) and etha-
nol mixture (2:1) at a dose of  0.3 mL/100 g inserted 
through the anus to a distance of  8 cm. Rats from the 
non-colitis group were given an intracolonic dose of   
0.25 mL phosphate buffered saline (PBS) instead of  
TNBS. Animals were maintained in a vertical position 
for 30 s and returned to their cages. 

Assessment of experimental model 
Macroscopic scoring: At 3, 7, 14, 21, and 28 d after 
induction of  colitis, rats were exsanguinated under ether 
anaesthesia, and the small and large intestines and the 
brain were excised. Samples of  the descending colon 
were obtained for paraffin section and measurement of  
myeloperoxidase activity (see below). The remaining de-
scending colon, sigmoid colon, and rectum were opened 
longitudinally and fixed onto a board with pins, and 
the macroscopic appearance was scored by two blinded 
investigators on a 0-4 scale similar to the original scor-
ing system of  Morris and colleagues[20]; briefly, 0 = no 
evidence of  inflammation, 1 = erythema only, 2 = ery-
thema with slight oedema and small erosions, 3 = two 
or more bleeding ulcers and/or inflammation and/or 
moderate adhesions, and 4 = severe ulceration and/or 
stenosis with prestenotic dilations with or without severe 
adhesions. 

Determination of  myeloperoxidase activity: Colonic 
myeloperoxidase activity was measured as previously de-
scribed by Grisham et al[21] and Suzuki et al[22]. Briefly, tissue 
was homogenised in approximately 10 mL 50 mmol/L 
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KPO4 at pH 7.4 and centrifuged for 20 min at 20 000 g. 
The pellet was homogenised in 10 mL 50 mmol/L KPO4, 
and 10 mmol/L EDTA at pH 6.0 with 0.5% hexadecyl-
trimethylammonium bromide (wt/vol). After one freeze-
thaw cycle, the homogenate was sonicated, and myelo-
peroxidase activity was determined by measuring H2O2-
dependent oxidation of  3,3’,5,5’-tetramethylbenzidine and 
expressed as units per gram of  tissue. 

Microscopic scoring: Specimens were fixed in PBS 
containing 4% formaldehyde and embedded in paraffin. 
Multiple sections (5 μm thick) were stained with haema-
toxylin and eosin using standard techniques. The degree 
of  inflammation was assessed by two blinded investiga-
tors using the 0-4 scoring system described by Neurath 
et al[23] (0 = no signs of  inflammation, 1 = low levels of  
leucocyte infiltration, 2 = moderate levels of  leucocyte 
infiltration, 3 = high levels of  leucocyte infiltration, 
high vascular density, thickening of  bowel wall, and 4 = 
transmural infiltrations, loss of  goblet cells, high vascular 
density, significant bowel wall thickening). 

Isolation of mRNA and analysis of mRNA expression by 
real-time RT-PCR  
A total of  80 rats (normal and IBD model) were used 
for real-time RT-PCR analysis. The proximal part of  
the colon (the area with macroscopically visible mucosal 
folds) and the brain were stored in RNAlater (Ambion, 
Austin, TX) at -80℃ for use in RNA extraction. RNA 
was extracted using the Trizol reagent (Invitrogen) ac-
cording to the manufacturer’s protocol. The integrity and 
quality of  the isolated RNA was examined by quantifying 
the A260/280 ratio (BioPhotometer, Eppendorf, Ham-
burg, Germany) and resolving the RNA on a 1% agarose 
gel. The cDNA was prepared from 1.0 μg RNA (OD = 
1.9-2.0) in the presence of  2.5 μmol/L oligo (dT) primer 
and 200 U Moloney murine leukemia virus reverse tran-
scriptase (M-MLV; Promega, Madison, WI) in a total 
volume of  20 μL. The reaction mixture was incubated 
for 1 h at 42℃ and stopped by heating at 90℃ for 5 min. 
The primers and FAM-labelled probes were designed 
with Primer Express v1.5 software (Applied Biosystems). 
For IL-6, the forward primer was 5'-GCCCTTCAG-
GAACAGCTATGA-3', the reverse was 5'-TGTCAA-
CAACATCAGTCCCAAGA-3', and the probe was 
5'-CTCTCCGCAAGAGACTTCCAGCCAGTT-3'. For 
the housekeeping gene beta-actin, the forward primer was 
5'-GTCAGGTCATCACTATCGGCAAT-3', the reverse 
was 5'- AGAGGTCTTTACGGATGTCAACGT-3', 
and the probe was 5'-CCTTCCTTCCTGGGTATG-
GAATCCTGTG-3'. All the primers and probes were 
obtained from Applied Biosystems. PCR was performed 
in the ABI PRISM 7000 Sequence Detection operated by 
Sequence Detector v1.3 software (Applied Biosystems), 
using TaqMan Real-time PCR Master Mix (Toyobo, Ja-
pan). A threshold was set at the linear part of  the amplifi-
cation curve, and the number of  cycles needed to reach it 
were calculated. Relative mRNA levels were determined 
by using a standard curve and by further normalisation 

to the housekeeping gene beta-actin. The annealing tem-
peratures were both set to 60℃. 

Immunohistochemistry 
IHC for detection of  IL-6 was performed on paraffin sec-
tions of  rat brain and colon samples; female rats were per-
fused under chloral hydrate anaesthesia via the abdominal 
aorta. After a 30 s rinse with physiological saline, a fixa-
tive containing 4% freshly prepared paraformaldehyde in  
0.01 mol/L PBS buffer (pH 6.0) was perfused for 5 min. 
The brains and colons were cut into 1-2 mm frontal or 
sagittal slices and were embedded in paraffin using an auto-
mated vacuum tissue processor (Leica ASP300, Germany).  
For experiments, 4 μm sections were cut and mounted 
on specific slides. For antigen retrieval, the protocol re-
cently described by Pizarro et al[24] and Strober et al[25] was 
used. Briefly, the deparaffinised and rehydrated sections 
were subjected to a 5 min digestion with 0.01% trypsin 
(Sigma) in PBS and an additional microwave treatment in 
10 mmol/L citrate buffer (pH 6.0) for 15 min at 720 W, 
followed by a 20 min cooling period in the same buffer. 
After pretreatment, sections were treated for 15 min with 
3% hydrogen peroxidase to block endogenous peroxidase 
activity and were blocked with 0.5% blocking reagent for 
30 min to reduce non-specific reactions. The sections 
were incubated for 36 h at 4℃ with rabbit anti-rat-IL-6 
IgG (Biozol, Eching, Germany; diluted 1:400) in block-
ing buffer. Sections were washed in PBS, and biotinylated 
linking antibody solution (Biozol, Eching, Germany) was 
applied (100 μL/section) for 20 min at 37℃. Sections 
were then washed in PBS before application of  HRP 
conjugated streptavidin (100 μL/section, 15 min) at 37℃. 
Slides were stained with DAB (IBL, Germany) after being 
washed in PBS for 5 min, washed in PBS and DAB (BIOS) 
for 5 min and counterstained with hematoxylin. For nega-
tive controls, the primary antibody was replaced with the 
corresponding affinity-purified preimmune IgG. 

Statistical analysis
Data are expressed as mean ± SE. Statistical analysis was 
performed using SPSS 17.0. Differences were considered 
to be statistically significant when P < 0.05 by analysis of  
variance (ANOVA). 

RESULTS
Effects of TNBS-induced colitis on clinical and 
macroscopic appearance
After administration of  TNBS, we found that Wistar rats 
regularly developed colitis with severe diarrhoea, losing 
15% of  their body weight and suffering rectal prolapse 
and extensive wasting. Gross blood adhesion to the anus 
was noted in some rats. Macroscopically, colitis was char-
acterised by bowel wall thickening, adhesions and necrotic 
foci (Figure 1). As these severe inflammatory changes 
covered 2-4 cm of  the distal colonic mucosa, this resulted 
in a higher median macroscopic damage score in TNBS-
treated rats compared to controls (Figure 2A, P < 0.01), 
especially by day 7. 
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Effects of TNBS-induced colitis on colonic 
myeloperoxidase activity 
Myeloperoxidase (MPO) activity was determined by us-
ing accumulation of  polymorphonuclear leucocytes as an 
indicator. Compared with the control rats, MPO activity 
increased gradually, peaked by day 7, and decreased to 
nearly the baseline value (Figure 2B). 

Effects of TNBS-induced colitis on colonic histology 
The degree of  inflammation was assessed using the scoring 
system at 3, 7, 14, 21, and 28 d after TNBS induction. The 
score reached a peak at day 7, and then decreased gradu-
ally to nearly the normal value (Figure 2C). Microscopic 
evaluation of  colons from control rats showed normal co-
lonic histological features (Figure 3A). Histological evalu-
ation of  the colon at each period after TNBS induction 
is shown in Figure 3B-F. TNBS caused the inflammatory 
features typical of  colitis in the rats’ colonic architecture: 
severe oedema and haemorrhage at the muscular layer of  
the mucosa, ulceration, goblet cell depletion, and a mixed 
cell infiltration that was mainly composed of  mononuclear 
cells such as macrophages, lymphocytes and plasmocytes. 

Analysis of IL-6 mRNA expression 
We used real-time RT-PCR to measure expression of  IL-6 
mRNA in the brain and colon at various time points after 
induction of  colitis. Our results demonstrated a remark-
able difference (P < 0.01) in colon and brain tissues in the 
experimental vs the control group. IL-6 mRNA expression 
levels increased by day 3 and returned to near baseline lev-
els by day 28, reaching their highest point at day 7. Thus, 
there is similarity on the increasing trend (Figure 4A). 

IHC 
IHC was performed to determine IL-6 localisation in the 
colon, cerebral cortex and hypothalamus. The distribution, 
cellular localisation, and intensity of  staining were assessed 
using light microscopy. The distribution and relative abun-
dance of  IL-6 in the parts of  the colon, cerebral cortex 
and hypothalamus examined in this study are presented in 
Figure 4B; representative sections are shown in Figure 5.  
Control sections immunolabeled with the preimmune serum 
were devoid of  immunolabeling for IL-6. We found that 

immunostaining was clearly increased in the colon, cerebral 
cortex and hypothalamus after induction of  colitis, reaching 
a peak at day 7 and decreasing thereafter. Morphologically, 
analyses showed that the number of  IL-6 immunopositive 
cells was significantly increased (P < 0.01) in the colon, cere-
bral cortex and hypothalamus after induction compared to 
control animals. 

DISCUSSION
Over the past several years, a variety of  IBD animal mod-
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Figure 1  The macroscopic appearance of colon tissue in trinitrobenzene 
sulfonic acid (TNBS)-treated vs control rats. A: The colon of control rats, 
with macroscopic damage score = 0; B-D depict colonic tissue of TNBS-treated 
rats: B: Significant swelling and distension, with macroscopic damage score = 5; 
C: Extensive adhesions around the colon, with macroscopic damage score = 7; 
D: Necrotic foci in colon, with macroscopic damage score = 8.5. 

A B C D
12

10

8

6

4

2

0

M
ac

ro
sc

op
ic

 d
am

ag
e 

sc
or

e

       0	   3            7	         14	      21	  28

	      Time after treatment (d)

Macroscopic parameters

The experimental group 
induced by TNBS

The control group 
induced by PBS

A

1.2

1.0

0.8

0.6

0.4

0.2

0.0

U
ni

ts
/t

is
su

e 
(g

)

       0	   3            7	         14	      21	  28

	      Time after treatment (d)

Myeloperoxidase activity

The experimental group 
induced by TNBS

The control group 
induced by PBS

B

8

6

4

2

0

H
is

to
lo

gy
 d

am
ag

e 
co

un
t 

sc
or

e

       0	   3            7	         14	      21	  28

	      Time after treatment (d)

Macroscopic parameters

The experimental group 
induced by TNBS

The control group 
induced by PBS

C

Figure 2  Assessment of TNBS-induced colitis rats by time points. As 
these severe inflammatory changes covered 2-4 cm of the distal colonic 
mucosa, this resulted in a higher median macroscopic damage score in TNBS-
treated rats compared to controls (A, P < 0.01), especially by day 7; compared 
with the control rats, MPO activity increased gradually, peaked by day 7, and 
decreased to nearly the baseline value (B); The score reached a peak at day 7, 
and decreased gradually to nearly the normal value (C). 
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els have been developed and investigated, with the ultimate 
goal of  understanding the causes of  CD and UC[24,25]. To 
study the inflammatory pathways and pathogenesis of  
IBD, we have established models of  colitis after chemical 
induction (TNBS) of  hapten-induced gut inflammation; 
with this model, we have detected mRNA expression and 
cellular localisation of  IL-6 using RT-PCR and IHC in 

brain and colonic tissues. 
Our IHC and RT-PCR analysis of  the colon demon

strate an important role for IL-6 in the development of  
IBD. The induction-related changes in IL-6 described here 
are not limited to our animal models and are seen in hu-
man IBD as well[26,27]. Although the pathogenesis of  IBD 
is unclear, many earlier experiments have proved that IL-6 
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Figure 3  Light photomicrograph of colon tissues from TNBS-induced colitis rats. In control rats, normal histological colon morphology is evident (A, × 4). At day 
3, oedema and haemorrhage at the mucosa with goblet cell depletion were seen (B, × 20). At day 7, severe transmural infiltration of the colon wall developed, with 
submucosal oedema and haemorrhage, lymphocytic and neutrophilic infiltration (M) and coagulative necrosis (C, × 10). At day 14, goblet cell regeneration (N), oedema 
and haemorrhage regressed by degrees (D, × 20). At day 21, abundant goblet cells and crypts developed (E, × 10). At day 28, oedema and haemorrhage had almost 
entirely disappeared, the structure of the muscular layer became compact and the intestinal glands developed highly (F, × 4). 
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plays an important role in the course of  colitis[28,29]. IL-6 
is one of  several inflammatory mediators that induce le-
sions in the intestinal mucosa; however, if  a small amount 
is generated, the organism’s immune function may be 
enhanced (particularly anti-viral, anti-infectious and anti-
tumour activities), while excessive production of  IL-6 may 
induce septic shock and pyosepticaemia. IL-6 expression 
in CD and UC has been found to be increased[30]. Using 
RT-PCR, Ishiguro et al[31] found enhanced mRNA expres-
sion of  IL-1β, IL-6, IL-8 and TNF-α in CD and UC, as 
well as a positive correlation of  IL-6 expression levels with 
severity of  inflammation. These results showed that when 

pathological changes in intestinal canal were increased, 
IL-6 expression in colonic tissues was gradually enhanced; 
with the alleviation of  pathological changes in the intesti-
nal canal, colonic IL-6 expression gradually declined and 
tended towards normal. It should be noted that inflamma-
tory cells secreting IL-6 were present in intestinal inflam-
mation sites, and their number was closely related to the 
severity of  inflammation. 

There is increased evidence to support the hypothesis 
of  bidirectional circuits between the immune system, CNS 
and endocrine system[12]. Neuroimmunomodulation is one 
of  the fastest-growing fields of  study in current biomedi-
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Figure 5  Immunohistochemical localisation of IL-6 proteins in colon (A-D), cerebral cortex (E-H) and hypothalamus (I-L) from TNBS-induced colitis (× 100). 
C, G, K: Day 7; D, H, L: Day 28; B, F, J: Day 0; A, E, I: Negative control (the primary antibody was replaced with the corresponding affinity-purified preimmune IgG).
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cal science. There is also abundant evidence suggesting 
that the CNS is not an immune-privileged area and that T 
lymphocytes are present in the CNS. Microglial cells and 
astrocytes in the CNS that are equivalent to macrophages in 
other tissues are the primary cells responsible for an inflam-
matory reaction. In normal cerebral tissues, these glial cells 
are quiescent, but they are highly reactive and can secrete 
cytokines rapidly; this is followed by changes in internal cel-
lular environments and in cell-surface antigens. Cytokines 
produced by the CNS, including interleukins 1-24, TNF 
and TGF, can reduce the production of  proinflammatory 
cytokines, lowering the occurrence of  some pathological 
behaviours regulated by the CNS[32,33]. Thus, cytokines may 
not only play an important role in the immune system, 
but may also show wide-ranging central regulatory effects. 
Together with neuromediators and endocrine hormones, 
cytokines act as the intercellular signalling molecules in 
organisms and are involved in immune activation and 
information transmission using neurotransmitters and hor-
mones; thus they are closely related to psychological reac-
tions and mental disorders. In-depth studies on cytokines 
will contribute to our understanding of  IBD pathogenesis 
and potential therapeutic options. Because neural cells pro-
duce IL-6 and have IL-6 receptors, several studies have sug-
gested that IL-6 plays a role in regulating their response to 
stress. Moreover, IL-6 may be an essential neurotrophic fac-
tor in the midbrain after long-term stress[34]. Loss of  IL-6 
in the CNS does not lead to an improvement in memory 
function, but instead to memory impairment[35]. Moreover, 
IL-6 trans-signalling may be of  paramount importance in 
the pathogenesis of  several immune-mediated disorders, as 
well as diseases of  the CNS[36,37]. IL-6 is an important CNS-
related cytokine and is involved in disease occurrence and 
course, by direct or indirect regulation of  neuronal excit-
ability and neurotransmitter release after receptor binding. 
IL-6 also plays a significant role in glial cell differentiation 
and proliferation and reduces antigen presentation by glial 
cells in the CNS[38]. It is currently recognised that neurons 
and glial cells can also secrete and express cytokines, and 
cytokines are active during nerve growth and in the adult 
nervous system under normal and pathological conditions. 
This evidence speaks for a potential and crucial role for 
IL-6 in regulating the interaction of  the immune system, 
CNS and endocrine system. We have confirmed this con-
clusion through the detection of  IL-6 expression in the 
brains of  IBD rats, using IHC and RT-PCR. 

Over the course of  IBD, we found that expression of  
IL-6 in cerebral cortex and hypothalamus increased when 
IBD was exacerbated and gradually declined with disease 
alleviation. Neither cytokines in cerebral tissues nor those 
in peripheral blood can cross the blood-brain barrier[39], 
and there are no reports of  an association between cere-
bral IL-6 expression and colonic cytokines or of  what their 
relationship might be in IBD. The CNS is a central link in 
the nerve-endocrine-immune regulation network and plays 
a leading role in the maintenance of  the nerve-endocrine-
immune network homeostasis. Therefore, by exploring 
the role of  IL-6 in IBD rats from the perspective of  the 
nerve-endocrine-immune network and homeostatic regu-

lation, we have explored the general role of  the nerve-
endocrine-immune network over the course of  IBD. Our 
results show that pathological changes were most obvious 
and severe at day 7 after induction of  colitis, with necrosis 
and exfoliation of  the intestinal epithelial cells and severe 
oedema and haemorrhage in the mucosa and muscularis 
layers, as well as increased expression of  IL-6 in the cere-
bral tissues. Conversely, with the resolution of  enteropathy 
and alleviation of  symptoms, IL-6 expression in cerebral 
tissues began to decline and gradually trended towards 
levels in normal rats. Therefore, there may be a correlation 
between IL-6 expression in cerebral and colonic tissues. 
We propose that cerebral tissues may regulate and control 
the occurrence and development of  IBD via IL-6. 

This experiment provides new evidence concerning 
IBD pathogenesis, as well as an experimental model for 
further enriching and improving the nerve-endocrine-
immune network theory. Future studies that explore signal 
transduction of  IL-6, e.g. in IBD rats, may help to further 
elucidate its role in neuroimmunomodulation. 

COMMENTS
Background
Since inflammatory bowel disease (IBD) appeared in Northern Europe and 
North America, the incidence has been rising in these areas. Currently the 
incidence of IBD is increasing rapidly in Asian countries especially in the last 
two decades. Although considerable progress has been made, a major gap in 
knowledge of the pathogenesis of IBD remains and has precluded the discov-
ery of lasting, effective forms of therapy.
Research frontiers
It has become increasingly evident that interactions between the nervous sys-
tem and the immune system play an important role in the pathophysiology of 
IBD. However, how neuroimmunomodulation plays its role in the occurrence 
and development of IBD is unknown. In this study, the authors demonstrate that 
interleukin-6 (IL-6) could play a potential role in the course of colitis.
Innovations and breakthroughs
Recent reports have highlighted the importance of cytokines, including pro- and 
anti-inflammatory cytokines, in the development of IBD. In particular, the imbal-
ance of the cytokines can lead to improper immune responses and initiation of 
the inflammatory process. So the authors demonstrated similar trends of IL-6 in 
the brain and in the colon of the experimental IBD model. 
Applications 
By understanding the role of IL-6 in the development of IBD, this study may 
open a new strategy for research into the pathogenesis, prevention and treat-
ment of the autoimmune colitis.
Peer review
This is simple and solid work with some new and interesting results. 

REFERENCES
1	 Fiocchi C. Inflammatory bowel disease: etiology and patho

genesis. Gastroenterology 1998; 115: 182-205 
2	 Collins SM. The immunomodulation of enteric neuromu

scular function: implications for motility and inflammatory 
disorders. Gastroenterology 1996; 111: 1683-1699

3	 Strober W, Fuss IJ, Blumberg RS. The immunology of mucosal 
models of inflammation. Annu Rev Immunol 2002; 20: 495-549

4	 Bouma G, Strober W. The immunological and genetic basis of 
inflammatory bowel disease. Nat Rev Immunol 2003; 3: 521-533

5	 Rouveix B. Clinical pharmacology of cytokines. Eur Cyto-
kine Netw 1997; 8: 291-293

6	 Saadé NE, Abou Jaoude PG, Saadeh FA, Hamoui S, Safieh-
Garabedian B, Kanaan SA, Atweh SF, Jabbur SJ. Fos-like 

2258 May 14, 2010|Volume 16|Issue 18|WJG|www.wjgnet.com

 COMMENTS

Wang K et al.  IL-6 and colitis



immunoreactivity induced by intraplantar injection of endo
toxin and its reduction by morphine. Brain Res 1997; 769: 57-65

7	 Boraschi D, Cifone MG, Falk W, Flad HD, Tagliabue A, Mar-
tin MU. Cytokines in inflammation. Joint Workshop of the 
Deutsche Gesellschaft für Immunologie (DGfI) and the Grup-
po di Cooperazione in Immunologia (GCI) Assergi (L'Aquila, 
Italy), February 8-11, 1998. Eur Cytokine Netw 1998; 9: 205-912  

8	 Opal SM, DePalo VA. Anti-inflammatory cytokines. Chest 
2000; 117: 1162-1172

9	 Haddad JJ. Glutathione depletion is associated with aug-
menting a proinflammatory signal: evidence for an antioxi-
dant/pro-oxidant mechanism regulating cytokines in the 
alveolar epithelium. Cytokines Cell Mol Ther 2000; 6: 177-187

10	 Horohov DW. Equine cytokines: past, present and future. J 
Equine Vet Sci 2003; 23: 331-332 

11	 Holloway AF, Rao S, Shannon MF. Regulation of cytokine 
gene transcription in the immune system. Mol Immunol 
2002; 38: 567-580

12	 Haddad JJ, Saadé NE, Safieh-Garabedian B. Cytokines and 
neuro-immune-endocrine interactions: a role for the hypotha-
lamic-pituitary-adrenal revolving axis. J Neuroimmunol 2002; 
133: 1-19

13	 Safieh-Garabedian B, Jalakhian RH, Saadé NE, Haddad 
JJ, Jabbur SJ, Kanaan SA. Thymulin reduces hyperalgesia 
induced by peripheral endotoxin injection in rats and mice. 
Brain Res 1996; 717: 179-183

14	 Haddad JJ, Fahlman CS. Redox- and oxidant-mediated regu-
lation of interleukin-10: an anti-inflammatory, antioxidant 
cytokine? Biochem Biophys Res Commun 2002; 297: 163-176

15	 Haddad JJ. The involvement of L-gamma-glutamyl-L-cyst
einyl-glycine (glutathione/GSH) in the mechanism of redox 
signaling mediating MAPK(p38)-dependent regulation of 
pro-inflammatory cytokine production. Biochem Pharmacol 
2002; 63: 305-320

16	 Alonzi T, Fattori E, Lazzaro D, Costa P, Probert L, Kollias G, 
De Benedetti F, Poli V, Ciliberto G. Interleukin 6 is required 
for the development of collagen-induced arthritis. J Exp Med 
1998; 187: 461-468

17	 Tilg H, Dinarello CA, Mier JW. IL-6 and APPs: anti-inflam
matory and immunosuppressive mediators. Immunol Today 
1997; 18: 428-432

18	 Gross V, Andus T, Caesar I, Roth M, Schölmerich J. Evidence 
for continuous stimulation of interleukin-6 production in 
Crohn’s disease. Gastroenterology 1992; 102: 514-519

19	 Mitsuyama K, Toyonaga A, Sasaki E, Ishida O, Ikeda H, 
Tsuruta O, Harada K, Tateishi H, Nishiyama T, Tanikawa K. 
Soluble interleukin-6 receptors in inflammatory bowel dis-
ease: relation to circulating interleukin-6. Gut 1995; 36: 45-49

20	 Morris GP, Beck PL, Herridge MS, Depew WT, Szewczuk 
MR, Wallace JL. Hapten-induced model of chronic inflam
mation and ulceration in the rat colon. Gastroenterology 1989; 
96: 795-803

21	 Grisham MB, Benoit JN, Granger DN. Assessment of leuko-
cyte involvement during ischemia and reperfusion of intes-
tine. Methods Enzymol 1990; 186: 729-742

22	 Suzuki K, Ota H, Sasagawa S, Sakatani T, Fujikura T. Assay 
method for myeloperoxidase in human polymorphonuclear 
leukocytes. Anal Biochem 1983; 132: 345-352

23	 Neurath MF, Fuss I, Kelsall BL, Stüber E, Strober W. Anti
bodies to interleukin 12 abrogate established experimental 
colitis in mice. J Exp Med 1995; 182: 1281-1290

24	 Pizarro TT, Arseneau KO, Bamias G, Cominelli F. Mouse 
models for the study of Crohn’s disease. Trends Mol Med 2003; 9: 
218-222

25	 Strober W, Fuss IJ, Blumberg RS. The immunology of mu-
cosal models of inflammation. Annu Rev Immunol 2002; 20: 
495-549

26	 Doherty GM, Lange JR, Langstein HN, Alexander HR, Bu-
resh CM, Norton JA. Evidence for IFN-gamma as a mediator 
of the lethality of endotoxin and tumor necrosis factor-alpha. J 
Immunol 1992; 149: 1666-1670

27	 Hill AT, Bayley DL, Campbell EJ, Hill SL, Stockley RA. 
Airways inflammation in chronic bronchitis: the effects of 
smoking and alpha1-antitrypsin deficiency. Eur Respir J 
2000; 15: 886-890

28	 Carey R, Jurickova I, Ballard E, Bonkowski E, Han X, Xu H, 
Denson LA. Activation of an IL-6:STAT3-dependent tran-
scriptome in pediatric-onset inflammatory bowel disease. 
Inflamm Bowel Dis 2008; 14: 446-457

29	 Yamamoto M, Yoshizaki K, Kishimoto T, Ito H. IL-6 is re-
quired for the development of Th1 cell-mediated murine 
colitis. J Immunol 2000; 164: 4878-4882

30	 Funakoshi K, Sugimura K, Anezaki K, Bannai H, Ishizuka K, 
Asakura H. Spectrum of cytokine gene expression in intesti-
nal mucosal lesions of Crohn’s disease and ulcerative colitis. 
Digestion 1998; 59: 73-78

31	 Ishiguro Y. Mucosal proinflammatory cytokine production 
correlates with endoscopic activity of ulcerative colitis. J 
Gastroenterol 1999; 34: 66-74

32	 Kronfol Z, Remick DG. Cytokines and the brain: implications 
for clinical psychiatry. Am J Psychiatry 2000; 157: 683-694

33	 Layé S, Gheusi G, Cremona S, Combe C, Kelley K, Dantzer 
R, Parnet P. Endogenous brain IL-1 mediates LPS-induced 
anorexia and hypothalamic cytokine expression. Am J Physiol 
Regul Integr Comp Physiol 2000; 279: R93-R98

34	 Shizuya K, Komori T, Fujiwara R, Miyahara S, Ohmori M, 
Nomura J. The expressions of mRNAs for interleukin-6 (IL-6) 
and the IL-6 receptor (IL-6R) in the rat hypothalamus and 
midbrain during restraint stress. Life Sci 1998; 62: 2315-2320

35	 Baier PC, May U, Scheller J, Rose-John S, Schiffelholz T. Im-
paired hippocampus-dependent and -independent learning 
in IL-6 deficient mice. Behav Brain Res 2009; 200: 192-196

36	 Kallen KJ. The role of transsignalling via the agonistic soluble 
IL-6 receptor in human diseases. Biochim Biophys Acta 2002; 
1592: 323-343

37	 Sun Y, März P, Otten U, Ge J, Rose-John S. The effect of gp130 
stimulation on glutamate-induced excitotoxicity in primary 
hippocampal neurons. Biochem Biophys Res Commun 2002; 295: 
532-539

38	 Zocchia C, Spiga G, Rabin SJ, Grekova M, Richert J, Chern
yshev O, Colton C, Mocchetti I. Biological activity of inter
leukin-10 in the central nervous system. Neurochem Int 1997; 
30: 433-439

39	 Frei K, Lins H, Fontana A. Production and function of IL-10 
in the central nervous system. Schweiz Arch Neurol Psychiatr 
1994; 145: 30-31

S- Editor  Wang YR    L- Editor  O’Neill M    E- Editor  Ma WH

2259 May 14, 2010|Volume 16|Issue 18|WJG|www.wjgnet.com

Wang K et al.  IL-6 and colitis


