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Abstract. The etiology and pathogenesis of inflammatory
bowel disease (IBD) is complex and remains to be completely
elucidated. Numerous cytokines are associated with the initia-
tion and development of IBD. Fibrinogen-like protein 2 (FGL2),
an immunosuppressive cytokine expressed by regulatory cluster
of differentiation (CD)4* T (Treg) cells, has been identified to be
important for immunomodulatory activity in the inflammatory
state. Therefore, the present study investigated the expression
of FGL2 and interleukin (IL)-17 in trinitro-benzene-sulfonic
acid (TNBS)-induced colitis mice to identify the function
of FGL2, based on the effector CD4* T helper (Th)17/Treg
balance, in IBD. Compared with control mice, TNBS-induced
mice exhibited marked alterations in clinical manifesta-
tion, including macroscopic and histopathological damage.
Intestinal and peripheral expression of FGL2 was upregulated
in TNBS-induced mice, while the level of FGL2 in the spleen
was decreased. Expression of IL-17 in the plasma, colon and
spleen was increased in TNBS-induced mice. The percentage
of Treg cells was markedly decreased, although Th17 cells were
increased following TNBS induction. The results of the present
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study indicated that, in the colitis model, FGL2 was associated
with the immunopathogenesis of IBD.

Introduction

Inflammatory bowel disease (IBD) is the term for chronic
and relapsing-remitting inflammatory disorders of the gastro-
intestinal tract, including Crohn's disease and ulcerative
colitis (1,2). While the incidence and prevalence of IBD are
increasing, the etiology and pathogenesis are complex and
remain unclear (3,4). Various factors, including immunity,
heredity, the intestinal environment (defective epithelial
barrier and increased intestinal permeability) and bacterial
infection, appear to be associated with the pathogenesis of
IBD, particularly immunological factors (1,5).

The hypothesis that dysfunction of the immune system
and disproportionality of pro- and anti-inflammatory media-
tors serve important roles in the pathogenesis of IBD has
been widely accepted (6,7). Naive cluster of differentiation
(CD)4" T cells generally divide into different lineages, which
encompass effector CD4* T helper (Th) cells and regulatory
CD4* T (Treg) cells, and vary in cytokine production and
function (8,9). Apart from classical Thl and Th2 cells, Th17
lymphocytes are a novel subpopulation of effector Th cells
that have been demonstrated to be an important pathogenic
element in IBD (5). In addition, Th17 cells are characterized
by the production of a large amount of interleukin (IL)-17A,
IL-17F, IL-21,IL-22 and IL-23, and have been observed in the
mucosa and lamina propria of patients with IBD (1,10-12). By
contrast, Treg cells produce a number of anti-inflammatory
cytokines which suppress the activation and effector func-
tions of T cells. It has been reported that Treg cells inhibit
abnormal inflammatory responses against the commensal
flora or dietary antigens, and are involved in the maintenance
of intestinal homeostasis (1,13). Therefore, the quantity and
function of Treg cells may be associated with the initiation
and progression of IBD (14). A previous study demonstrated
that breakdown of the Th17/Treg balance may promote inflam-
mation and autoimmune disease, including IBD (15).

IL-17, an important pro-inflammatory cytokine secreted
by Thl7, is associated with a number of chronic inflamma-
tory disorders (15,16). It has been observed that IL-17 is
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overexpressed in patients with IBD (1). Additionally, fibrino-
gen-like protein 2 (FGL2) is one of the immunosuppressive
cytokines expressed by Treg cells and has been identified to
be an important effector molecule by which Treg cells exerts
their immunosuppressive effects (17-20). FGL2 has been
demonstrated to inhibit the proliferation of T cells and the
maturation of bone marrow-derived cells. Previous studies
have demonstrated that subsets of Treg cells with increased
levels of FGL2 are more suppressive and that Treg cells from
FGL2" mice have been observed exhibit decreased suppressive
activity (17,20,21). It was previously identified that the expres-
sion of FGL2 in intestinal mucosal biopsies and peripheral
blood was increased in patients with active disease, and
decreased in inactive disease. Additionally, FGL2 levels were
significantly positively correlated with clinical disease activity
index, erythrocyte sedimentation rate and C-reactive protein
levels (22). Therefore, it was hypothesized that the increased
levels of FGL2 may be associated with a mass of Treg cells
recruited to regions of inflammation to counter inappropri-
ately activated effector T cells. In addition, Dothel ez al (2)
demonstrated that acute inflammation in animal models of
trinitro-benzene-sulfonic acid (TNBS)-induced colitis is
characterized by a Th1/Th17-oriented response, with increased
levels of tumor necrosis factor (TNF)-a, IL-1p, IL-12, IL-17,
IL-18 and IL-6. It has been additionally suggested that Crohn's
disease is oriented to a Thl and Thl7 immune response
and, in order to mimic the chronic inflammation typical of
Crohn's disease, models have been developed via multiple
TNBS administrations. Therefore, the TNBS-induced model
presented in the present study is a model of the acute phase of
Crohn's disease (2,23).

The present study investigated alterations in FGL2 and
IL-17 expression in the TNBS-induced colitis model, in order
to identify whether the balance between Th17 and Treg was
disrupted and whether the imbalance may be involved in the
immunopathogenesis of IBD. Therefore, the purpose of the
present study was to demonstrate variation in FGL2 and IL-17
expression in an animal model of IBD and to examine their
involvement in the immunopathogenesis of IBD.

Materials and methods

Animals. A total of 22 BALB/c mice of 6-8 weeks of
age (male, ~20 g) were purchased from Shanghai SLAC
Laboratory Animal Co., Ltd [Shanghai, China; license
no. SCXK (Shanghai) 2012-0002]. Animals were housed in
standard cages (5 mice/cage) under specific pathogen-free
conditions in the Laboratory Animal Research Center of
Wenzhou Medical University (Wenzhou, China). Mice were
given free access to autoclaved tap water and to a standard
diet, maintained under controlled conditions of light (12-h
light/dark cycle), temperature (22-24°C) and humidity
(45-55%). All procedures were conducted ethically according
to the Guide for the Care and Use of the Administration
Committee of Experimental Animals of Wenzhou Medical
University (permit no. wydw2015-0123).

TNBS-induced colitis. Mice were skin sensitized with a
mixture of acetone, olive oil and TNBS (Sigma-Aldrich;
Merck KGaA, Darmstadt, Germany; 64:16:20 v/v/v), prior to
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Table I. Primers used for the reverse transcription-quantitative
polymerase chain reaction.

Gene Primer sequence
GAPDH sense: 5-GGTTGTCTCCTGCGACTTCA-3'
antisense:5-TGGTCCAGGGTTTCTTACTCC-3'
TNF-a sense: 5'-ACGGCATGGATCTCAAAGAC-3'
antisense:5-GTGGGTGAGGAGCACGTAGT-3'
ROR-yt  sense: 5-GAACCAGAACAGGGTCCAGA-3'
antisense:5'-TCGGAAGGACTTGCAGACAT-3'
Foxp3 sense: 5'-ACTCGCATGTTCGCCTACTT-3'
antisense:5'-GTCCACACTGCTCCCTTCTC-3'
FGL2 sense: 5'-ATTAGATGTTGAACTGGCTGTGA-3'
antisense:5-TGGCAAATCTAACCGTTGTGG-3'
1L-17 sense: 5'-TCCCTCTGTGATCTGGGAAG-3'

antisense:5'-CTCGACCCTGAAAGTGAAGG-3'

TNF-a, tumor necrosis factor-o; ROR-yt, retinoic acid related orphan
receptor-yt; Foxp3, forkhead box protein 3; FGL2, fibrinogen-like
protein 2; IL-17, interleukin-17.

TNBS administration. A total of 7 days subsequently, mice
were weighed and anesthetized by intraperitoneal injection of
ketamine/xylazine solution (80 ml/10 g body weight). TNBS
was dissolved in anhydrous ethanol (50:50 v/v). A total of
100 1 TNBS solution (100 mg/kg body weight) was adminis-
tered intrarectally (via 3.5 F catheter) to mice maintained for
60 sec in a vertical position. The catheter was inserted into the
colon 4 cm proximal to the anus. Control mice received 100 pl
0.9% saline intrarectally (24). The sample size in each group
was 8.

Clinical and macroscopic analysis of colitis. The clinical
analysis of colitis was performed by daily monitoring of body
weight, diarrhea and hemafecia (25). Loss of body weight was
calculated as the percentage difference relative to initial body
weight. Diarrhea was scored as follows: 0, Normal; 2, loose
stools; and 4, diarrhea that remained adhesive to the anus.
Bleeding was scored as follows: 0, Negative hemoccult test;
2, positive hemoccult test; and 4, apparent bleeding (23). Mice
were euthanized by cervical dislocation 3 days subsequent
to TNBS administration, when the inflammation was most
severe. The colon was removed and opened longitudinally. The
macroscopic damage was assessed by a blinded observer with
the following score system (5,26): 0, Normal; 1, hyperemia,
edema, no ulcer; 2, hyperemia, edema, small linear ulcers
or petechiae; 3, hyperemia, edema, wide ulcers, necrosis or
adhesions; and 4, hyperemia, edema, megacolon, stenosis or
perforation.

Histology. For histological analysis, the colonic fragments
(0.5 cm) were fixed in 4% paraformaldehyde at 4°C for 48 h,
dehydrated, embedded in paraffin, sectioned (4-um thickness),
and stained with hematoxylin and eosin. The pathological
slices were observed under a light microscope at a magnifica-
tion of x200 by two blinded pathologists and the microscopic
damage was scored as follows (27): 0, No evidence of
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Figure 1. Clinical characteristics of TNBS-induced inflammatory bowel disease model mice. Mice were treated with TNBS (100 mg/kg), and observed and
weighed every day until euthanized. (A) Body weight alterations (percentage of original body weight); (B) bleeding score; (C) diarrhea score; and (D) represen-
tative macroscopic images of different colons at 3 days post-TNBS administration. The macroscopic damage was scored. “P<0.001 vs. NC. n=8 mice/group.

TNBS, trinitro-benzene-sulfonic acid; NC, normal control.

inflammation; 1, low level of inflammation with scattered
infiltrating mononuclear cells (1-2 foci); 2, moderate inflam-
mation with multiple foci; 3, high level of inflammation with
increased vascular density and marked wall thickening; and 4,
maximal severity of inflammation with transmural leukocyte
infiltration and loss of goblet cells.

Immunohistochemistry. The colon specimens were fixed
with 4% paraformaldehyde at 4°C for 48 h, embedded with
paraffin, and sectioned (4-um thickness) for immunohisto-
chemical staining of FGL2, IL-17 and TNF-a. Following
incubation with xylene and descending concentrations of
ethanol, antigens were retrieved using citrate buffer for
15 min at 100°C. Endogenous peroxidases were removed
in 3% hydrogen peroxidase for 15 min at room temperature
(RT) followed by 5% goat serum (Beijing Solarbio Science
& Technology Co., Ltd., Beijing, China) for 1 h at 37°C for
blocking. Sections were incubated with antibodies [FGL2
(cat. no. ab198029; 1:100), TNF-a (cat. no. ab6671; 1:250) and
IL-17 (cat. no. ab79056; 1:300) (all Abcam, Cambridge, UK)]
overnight at 4°C, and subsequently incubated with horseradish
peroxidase-conjugated secondary antibody (PV.6001; 1:100;
Zhongshan Golden Bridge Biotechnology, Beijing, China) for
30 min at 37°C. Antibody bindings were counterstained with
10% hematoxylin at room temperature for 2 sec, dehydrated
with ascending concentrations of ethanol, cleared with xylene
and mounted. A negative control was performed according to

the same procedure. Images were captured using a biological
imaging microscope at a magnification of x200 or x400
(BX53; Olympus Corporation, Tokyo, Japan).

Western blot analysis. Total proteins of colon specimens were
extracted in radioimmunoprecipitation lysis buffer (Beijing
Solarbio Science & Technology Co., Ltd.) and phenylmethylsul-
fonyl fluoride. The protein concentration was analyzed by a BCA
kit (Tiangen Biotechnology, Beijing, China). Equal amounts of
proteins (40 ug) were separated using SDS-PAGE on a 12% gel
and transferred onto polyvinylidene fluoride membrane (EMD
Millipore, Billerica, MA, USA). Following blocking in 5%
non-fat milk for 90 min at room temperature, the membranes
were incubated overnight at 4°C with anti-FGL2 (polyclonal;
rabbit anti-mouse; ab198029; 1:1,000), anti-TNF-a (polyclonal;
rabbit anti-mouse; ab667; 1:1,000), anti-IL-17 (polyclonal; rabbit
anti-mouse; ab79056; 1:1,000) (all Abcam) and anti-GAPDH
(polyclonal; rabbit anti-mouse; BS60630; 1:5,000; Bioworld
Technology, Inc., St. Louis Park, MN, USA), and washed three
times in TBS with Tween-20. The membranes were subsequently
incubated with secondary antibodies conjugated to horse-
radish peroxidase (7074; 1:5,000; Cell Signaling Technology,
Inc., Danvers, MA, USA) for 1 h at RT, followed by washing
three times. Immunoreactive bands were visualized using an
enhanced chemiluminescence kit (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA). Image Lab software version 4.1 (Bio-Rad
Laboratories, Inc.) was used for densitometric analysis.
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Figure 2. Histological analysis. Representative hematoxylin and eosin-stained colon sections are presented (original magnification, x200). (A) Colon sections
from the control group. (B) Colon sections from the TNBS-induced group. (C) Histological scores for colons. “"P<0.001 vs. NC. n=8 mice/group. TNBS,

trinitro-benzene-sulfonic acid; NC, normal control.

Reverse transcription-quantitative polymerase chain reac-
tion (RT-gPCR). Total RNA was extracted from the colon
tissue and spleen mononuclear cells using TRIzol reagent
(Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA,
USA), according to the manufacturer's protocol. A total of
1 ug total RNA was reverse-transcribed into cDNA using
the RevertAid First Strand cDNA Synthesis kit (K1622;
Thermo Fisher Scientific, Inc.). The mRNA expression of a
number of genes was quantified using SYBR Green Real-time
PCR Master Mix Plus (Applied Biosystems; Thermo Fisher
Scientific, Inc.) on an ABI 7500 Sequence-Detection System
(Applied Biosystems; Thermo Fisher Scientific, Inc.). The
PCR cycling conditions were as follows: An initial dena-
turation and activation at 95°C for 10 min, followed by 40
amplification cycles of 95°C for 15 sec and 60°C for 60 sec.
The primer sequences are listed in Table I. GAPDH was used
as reference gene. Relative gene expression levels were calcu-
lated using the 2% method (28).

ELISA analysis. Peripheral blood from the mice was drawn
into EDTA-anticoagulant tubes, and centrifuged for 15 min
(3,000 x g) at 4°C. The plasma was collected and stored at
-80°C until tested. ELISA Kkits were used to assess the plasma

concentrations of FGL2 (BPE10791R; Shanghai Boyun Biotech
Co., Ltd., Shanghai China), IL-17 (BPE10871R; Shanghai
Boyun Biotechnology Co., Ltd.) and TNF-a (BPE10912R;
Shanghai Boyun Biotechnology Co., Ltd.), according to the
manufacturer's protocol.

Flow cytometric analysis. The spleen was removed from
mice 3 days subsequent to TNBS administration and prepared
into spleen mononuclear cells The spleen was milled into a
homogenate and gradiently centrifuged for 20 min (716 x g)
at room temperature with lymphocyte separation solution
(Tianjin Haoyang Biotechnology Co., Ltd., Tianjin China)
leaving the spleen mononuclear cells in the middle of the
centrifugal layer. For analysis of Th17 cells, cells were stimu-
lated with phorbol 12-myristate 13-acetate (PMA; 50 ng/ml)
and ionomycin (1 pg/ml) in the presence of brefeldin A
(10 pg/ml) and monensin (1.4 pg/ml), at 37°C with 5% CO,
for 4 h. Cells were washed with PBS and surface-labeled
with fluorescein isothiocyanate-(FITC-) conjugated anti-CD4
(1:200; 85-11-0041-81; eBioscience, San Diego, CA, USA) for
40 min at 4°C. Following fixing and permeabilizing using a
fixation/permeabilization buffer (BD Biosciences, San Jose,
CA, USA), cells were labeled with phycoerythrin-(PE-)
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Figure 3. Analysis of microscopic damage to the colons of TNBS-treated mice. Representative hematoxylin and eosin-stained colon sections at different time
points are presented. The decrease in goblet cells, loss of crypts, damage to crypts, infiltration by inflammatory cells and destruction of the mucosal layer was
observed at (A) day 1 post-TNBS administration, and was observed to be more severe at (B) day 3. The inflammatory damage was observed to be repaired
gradually at (C) day 7 and at (D) 3 weeks post-TNBS administration. Scale bar, 50 gm. TNBS, trinitro-benzene-sulfonic acid.

conjugated anti-IL-17 (1:100; 85-12-7177-81; eBioscience)
for 40 min at 4°C. For analysis of Treg cells, without PMA
and ionomycin stimulation, surface staining was performed
with FITC-conjugated anti-CD4 (1:200; 85-11-0041-81;
eBioscience) and allophycocyanin-conjugated anti-CD25
(1:67; 85-17-0390-82; eBioscience) for 40 min at 4°C.
Subsequently, cells were fixed and permeabilized, and
intracellular staining was performed with PE-conjugated
anti-forkhead box protein 3 (Foxp3; 1:80; 85-12-5773-82;
eBioscience) for 40 min at 4°C. Appropriate isotype controls
were used in the experiments. The stained cells were assessed
using a FACSCalibur flow cytometer (BD Biosciences) and
the data were analyzed using FlowJo software (version 7.6.1;
Tree Star, Inc., Ashland, OR, USA).

Statistical analysis. Statistical analysis was performed using
SPSS software version 16.0 (SPSS Inc., Chicago, IL, USA).
Data were analyzed using the Student's t-test for two-group
comparisons. Results are presented as the mean + standard
error of the mean and P<0.05 was considered to indicate a
statistically significant difference.

Ethical considerations. In accordance with the Association for
the Assessment and Accreditation of Laboratory Animal Care
International (Frederick, MD, USA), mice were maintained
under specific pathogen-free conditions and studied according
to protocols approved by the Wenzhou Medical University
Animal Care and Use Committee.

Results

TNBS-induced mice develop severe clinical manifestations and
gross morphological alterations. The clinical symptoms and
macroscopic scores in TNBS-induced colitis were evaluated. The
mice exhibited a disease phenotype characterized by body weight
loss, diarrhea, defecate occult blood or hemafecia following
TNBS administration (Fig. 1A-C). In addition, 40% mortality
was observed relative to the saline control (P<0.05). Body weight
loss began immediately in the TNBS-induced mice. By contrast,
the control group did not develop colitis or succumb to the treat-
ment. Subsequently, the colonic samples were observed and
scored by a blinded observer (Fig. 1D).

Histological alterations and inflammation score. In
accordance with the macroscopic test, it was observed that
the colon of the IBD model animals exhibited hyperemia,
edema, ulcers, necrosis and adhesion. Histological examina-
tion demonstrated alterations in the TNBS-induced mice,
including a decrease in goblet cells, loss of crypts, damage
to crypts, infiltration by inflammatory cells and extensive
destruction of the mucosal layer (Fig. 2A and B). Histological
scoring was performed as described above. The results of the
present study demonstrated that the histological scores of the
TNBS-induced mice were markedly increased, compared
with the control group (Fig. 2C). The inflammation was most
severe 3 days subsequent to TNBS administration, compared
with other time points (days 1 and 7, and 3 weeks; Fig. 3).
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Figure 4. Immunohistochemical analysis. Immunohistochemical staining of colon slices for FGL2 in the (A) NC and (B) TNBS groups (magnification, x200);
IL-17 in the (C) NC and (D) TNBS groups (magnification, x400); and TNF-a in the (E) NC and (F) TNBS groups (magnification, x400). The NC group
exhibited little or no positive expression. The TNBS-induced exhibited marked expression. (G) Western blot analysis of the protein expression of FGL2, IL-17
and TNF-a in the colon was performed and quantified. “P<0.05 vs. NC. n=8 mice/group. TNBS, trinitro-benzene-sulfonic acid; NC, normal control; TNF-a,

tumor necrosis factor-a; FGL2, fibrinogen-like protein 2; IL-17, interleukin-17.

FGL2 expression is increased in the colon tissue from
TNBS-induced mice, accompanied by elevated pro-inflam-
matory cytokine expression. Compared with the control
group, pro-inflammatory cytokine expression in the colon
tissue, including IL-17 and TNF-a, was significantly increased
on day 3 following TNBS administration. The expression of
FGL?2 exhibited the same trend as IL-17 and TNF-a, which
was consistent with a previous study in patients with IBD (22).
The results of the immunohistochemistry and western blotting
of FGL2, IL-17 and TNF-a in the present study demonstrated
upregulated expression in colonic sections from TNBS-induced
colitis mice, compared with the control group (Fig. 4).

MRNA levels of Thl7 and Treg transcription factors and
associated cytokines are modulated in the colonic tissue of
IBD mice. Previous studies have demonstrated a decrease in
Treg cell count and an increase in Th17 (29). Therefore, the
present study investigated the mRNA expression of signature
transcription factors of Th17 and Treg cells, and associated

cytokines, in the colonic tissue. RT-qPCR analysis demon-
strated that the mRNA expression of IL-17, retinoic acid related
orphan receptor-yt (ROR-vt), TNF-a, Foxp3, and FGL2 in the
TNBS group were markedly increased compared with the
control group (Fig. 5).

Levels of FGL2 are increased in plasma from TNBS-induced
mice in addition to elevated pro-inflammatory cytokine
expression. In order to determine whether the expression
of FGL2 and IL-17 was altered in the peripheral blood of
TNBS-induced mice, the plasma expression of FGL2, IL-17
and TNF-a was analyzed. As presented in Fig. 6, significantly
increased FGL2 secretion and increased production of IL-17
and TNF-a in plasma, were detected in the TNBS group
compared with the control group.

Distinct frequencies of splenic Treg/Thl7 cells in
TNBS-induced mice. It has been hypothesized that an
imbalance of Treg and Th17 cells may be associated with the
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Figure 5. Altered gene expression in the colon of TNBS-induced inflammatory bowel disease mice. Reverse transcription-quantitative polymerase chain
reaction analysis was performed of the mRNA expression of (A) TNF-a, (B) IL-17, (C) ROR-yt, (D) Foxp3 and (E) FGL2 in colonic tissue. "P<0.05 vs. NC.
n=8 mice/group. TNBS, trinitro-benzene-sulfonic acid; NC, normal control; TNF-a, tumor necrosis factor-a; FGL2, fibrinogen-like protein 2; IL-17, inter-
leukin-17; ROR-vt, retinoic acid related orphan receptor-yt; Foxp3, forkhead box protein 3.

pathogenesis of IBD (29,30). The aim of the present study
was to further investigate the polarization of CD4* T cells in
spleens from TNBS-induced mice (Fig. 7). Flow cytometric
analysis demonstrated that CD4*CD25*Foxp3* (Treg) cells
were markedly decreased, while CD4*IL-17* (Th17) cells
were significantly increased following TNBS challenge
(Fig. 7E). In parallel, the expression of Th17- and Treg-specific
transcription factors and associated cytokines in the splenic
lymphocytes were analyzed using RT-qPCR. The results of the
present study indicated that the mRNA expression of IL-17 and
ROR-yt in the TNBS group was markedly increased compared
with the control group, while Foxp3 and FGL2 mRNA were
significantly downregulated (Fig. 7A-D).

Discussion

The etiopathogenesis of IBD is complex, involving defects
in the mucosal barrier and immune system. In the digestive
system, in the context of IBD, destruction of immune tolerance
results in pathological inflammation. An excessive inflamma-
tory milieu, and insufficient functioning or quantity of cellular
constituents that downregulate the immune response, may
be the principal causes for the imbalance of the intestinal
immune system. Previous studies have demonstrated that a
lack of equilibrium between Treg and Th17 cells serves a role
in inflammation in IBD (31,32).

Th17 cells and associated pro-inflammatory mediators,
including IL-17,1L-12,1L-23 and IL-26, have been identified to
be novel factors implicated in the pathogenesis of autoimmune
disease. As the receptors for the above cytokines are expressed
by intestinal epithelial cells, Th17 cells exert an important
impact on the development and progression of IBD. Among

several cytokines, IL-17 response is thought to act as the initial
trigger of colitis (11,30,33-35). While Th17 cells facilitate
intestinal inflammation in IBD, Treg cells exhibit effective
anti-inflammatory properties by inhibiting the cell prolifera-
tion and cytokine secretion of Thl and Th2 cells (30,32,36).
Previous studies have indicated that Treg cells serve an
important role in the maintenance of mucosal tolerance and
are able to cure experimentally-induced colitis. In addition,
the transcription factor of functional Treg cells, Foxp3, is
associated with their regulatory effect (32,37,38). Certain
studies have demonstrated that important mediators of Treg
cells, including transforming growth factor-f3 (TGF-p), IL-35
and IL-10, serve an important role in the anti-inflammatory
effect (39,40); however, a number of studies have demonstrated
that inhibitors of these molecules are unable to block the
inhibitory effect of Treg cells (39,40). It has been previously
demonstrated that FGL2, secreted by T cells, is involved in
the immunomodulatory activity of Treg cells (39,41). One
hypothesis is that FGL2 indirectly inhibits T cell proliferation
and immune activity by suppressing the nuclear factor-kB
signaling pathway, to inhibit the maturity of dendritic cells.
FGL2 directly decreases B cell immune responses through the
induction of B cell apoptosis (42). Th17 are able to regulate
the development of Treg cells, and vice versa, to maintain
immune homeostasis and accomplish pathogen clearance (43).
TGF-f has been proposed to be the essential common factor
for the proliferation of Th17 and Treg cells, and not only an
anti-inflammatory cytokine produced by Treg cells. It has
been reported that TGF-f promotes the differentiation of Treg
cells by inducing Foxp3 expression, whereas it promotes the
differentiation of Th17 cells with concurrent administration of
IL-6 and TGF-f (43).
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Figure 6. ELISA analysis of plasma from TNBS-induced inflammatory bowel disease mice. ELISA analysis of (A) FGL2, (B) IL-17 and (C) TNF-a in plasma
from each group is presented. “P<0.001 vs. NC. n=8 mice/group. TNBS, trinitro-benzene-sulfonic acid; NC, normal control; TNF-a, tumor necrosis factor-a;

FGL2, fibrinogen-like protein 2; IL-17, interleukin-17.
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Figure 7. Analysis of gene expression in splenic lymphocytes of TNBS-induced inflammatory bowel disease mice. Reverse transcription-quantitative poly-
merase chain reaction analysis was performed to assess the mRNA expression of (A) FGL2, (B) Foxp3, (C) IL-17 and (D) ROR-vt in splenic lymphocytes.
(E) Flow cytometric analysis of regulatory T and T helper 17 cells was performed and quantified. "P<0.05, “P<0.001 vs. NC. n=8 mice/group. TNBS,
trinitro-benzene-sulfonic acid; NC, normal control; TNF-a, tumor necrosis factor-a; FGL2, fibrinogen-like protein 2; IL-17, interleukin-17; ROR-vt, retinoic

acid related orphan receptor-yt; Foxp3, forkhead box protein 3.

In a previous study, the expression of FGL2 was detected in
peripheral blood samples and intestinal tissue from patients with
IBD, and the results demonstrated that the level of FGL2 was
markedly increased in the active period of IBD and positively
correlated to the disease activity index (22). Based on the above
previous results, it may be hypothesized that the immunological

activity of FGL2 may contribute to the pathogenesis of IBD
by maintaining the balance between Treg and Thl17 cells. In
the present study, the expression of FGL2 and other cytokines,
which are secreted by Treg and Thl17 cells, was measured in
the TNBS-induced colitis model. The clinical manifestation,
macroscopic scoring and histological examination in the



animal model indicated that the TNBS-induced experimental
animals conformed to the features of IBD. The experimental
group was observed to exhibit an increased expression of
TNF-a, which serves an explicit pathogenic role in IBD. The
elevated expression of FGL2 and IL-17 was observed in the
colon tissue of IBD mice compared with the control group.
Similar to the lesion tissue in the colon, an increase in FGL2
and IL-17 was additionally observed in the serum of IBD mice.
In addition, the proportion of Treg and Th17 cells was detected
in the IBD mice and control group. The results of the present
study exhibited an elevated frequency of Th17 cells, in addition
to a decreased frequency of Treg cells. This result is consis-
tent with other previous studies (29,33,44). The results of the
present study demonstrated that the mRNA level of ROR-vt,
the transcription factor which guides Th17 differentiation, was
increased in the colon tissue and splenic lymphocytes of IBD
mice. However, Foxp3 mRNA was minimally expressed in
splenic lymphocytes, although it was highly expressed in the
colon tissue, suggesting that Treg cells may be recruited to the
intestinal lesion area in order to repress the pro-inflammatory
response (22). Consistent with Foxp3, increased expression of
FGL2 mRNA was demonstrated in the colon of IBD mice;
however, levels in the splenic lymphocytes were decreased. The
alteration in levels of FGL2 was hypothesized to reflect their
accumulation in the inflamed region of the intestinal tract (22).
Therefore, upregulation of FGL2 in the peripheral blood and
intestinal lesions of IBD mice may counter the pro-inflam-
matory role of the effecter T cells, so as to regain balance in
the intestinal immune system. However, the increased level of
FGL2 appears to be an insufficient counter regulation, which
fails to inhibit the progression of IBD.

In conclusion, it was observed that the intestinal and
peripheral expression of FGL2 and IL-17 in TNBS-induced
colitis mice was significantly increased compared with healthy
mice, and that the balance between Th17 and Treg cells was
disrupted in the spleen of the model animals. The present study
demonstrated that FGL2 was associated with the immuno-
pathogenesis of IBD and with Th17/Treg balance. The present
results suggested that the increased level of Treg-expressed
FGL2 may be a potential biomarker for the assessment of IBD
and may lead to a novel therapeutic strategy, although this
hypothesis requires further investigation. Therefore, future
studies will aim to gain an insight into the feasible mechanisms
underlying the immunosuppressive effect of FGL2 in IBD.
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