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Abstract

Background Fibrinogen-like protein 2 (FGL2), a new

member of the fibrinogen-like family, has recently been

identified as a novel immunosuppressive molecule.

Aim The purpose of this work was to investigate intesti-

nal and peripheral expression of FGL2 in patients with

inflammatory bowel disease (IBD), mainly ulcerative

colitis (UC) and Crohn’s disease (CD).

Methods FGL2 expression in mucosal biopsies from

three groups (UC group (n = 61), CD group (n = 54), and

controls group (n = 35)) was detected by immunohisto-

chemistry. Concentrations of FGL2 in plasma from 50 UC

patients, 45 CD patients, and 30 controls were analyzed by

enzyme-linked immunosorbent assay. Western blot of

FGL2 protein and real-time fluorescent quantitative PCR of

FGL2 mRNA expression by peripheral mononuclear cells

was performed. Correlations of FGL2 expression with

disease type, activity, and location, and with measured

laboratory data, including C-reactive protein (CRP) and

erythrocyte sedimentation rate (ESR), were examined.

Results Intestinal and peripheral FGL2 protein data

showed that FGL2 expression was significantly up-regu-

lated in both UC and CD patients compared with controls

(P \ 0.001). Expression of FGL2 was higher in UC and

CD patients with active disease than in those with inactive

disease (P \ 0.001). Moreover, FGL2 mRNA expression

was significantly higher in patients with active disease than

in those with inactive disease (P \ 0.050). Expression of

FGL2 protein was correlated with disease activity indices,

CRP levels, and ESR levels.

Conclusion Expression of FGL2 was up-regulated in IBD

patients with active disease. Measurement of FGL2 may be

used as a helpful biomarker for understanding immuno-

pathogenesis and for assessment of IBD.
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Introduction

Inflammatory bowel disease (IBD) is a chronic relapsing

and remitting inflammatory condition of the gastrointesti-

nal (GI) tract that mainly includes two clinical entities,

ulcerative colitis (UC) and Crohn’s disease (CD). Both are

frequently associated with systemic manifestations and

with increased risk of colon cancer. In recent decades there

has been a continuing trend of greater incidence and

prevalence of IBD throughout the world, particularly in

East Asia [1], so more attention must be paid to effective

diagnosis and treatment of IBD.

Although the exact causes and mechanisms of IBD have

not been completely elucidated, the prevailing hypothesis

of IBD pathogenesis is that the disease occurs in geneti-

cally susceptible individuals as the result of a complex

interaction among environmental factors, microbial factors,

and the intestinal immune system [2–4]. Furthermore,

accumulated evidence indicates that an inappropriate and
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persistent immune response is central to the development

of both major types of IBD [5–8]. An excess of inflam-

matory stimuli and mediators, and an inadequately low

function or number of regulatory components that down-

regulate the mucosal immune response can lead to a

chronic, progressive inflammatory condition, and eventu-

ally to intestinal tissue damage [9, 10].

Fibrinogen-like protein 2 (FGL2), also known as fibro-

leukin, was first cloned from cytotoxic T lymphocytes and

was classified as a member of fibrinogen superfamily

because of its homology (36 %) with fibrinogen b and c
chains [11, 12]. Originally described as an immune coag-

ulant with the ability to generate thrombin directly, FGL2

has been implicated in the pathogenesis of several

inflammatory disorders, including viral hepatitis and

experimental arthritis [13, 14]. It has recently been dem-

onstrated that FGL2 is an effector molecule on regulatory T

cells (Treg cells) [15–18]. FGL2 may bind to Fc gamma

receptors (FccR), which are expressed on antigen-pre-

senting cells (APC), and then inhibits maturation of den-

dritic cells (DC) and induces apoptosis of B cells,

eventually resulting in reduced ability to induce alloreac-

tive T cell proliferation [16, 19]. All these findings col-

lectively indicate FGL2 has potent immunosuppressant

properties.

Because there has been no suggestion FGL2 is involved

in the immunopathogenesis of IBD, we felt it was neces-

sary to investigate expression of FGL2 in patients with IBD

and discuss its involvement.

Materials and Methods

Mucosal Biopsy Specimens

The study was performed at the Department of Gastroen-

terology and Hepatology of the First Affiliated Hospital of

Wenzhou Medical University from December 2006 to

December 2012. Mucosal biopsy specimens were obtained

from macroscopically inflamed areas of patients with UC

(n = 61) or CD (n = 54), and from normal controls (NC,

n = 35), i.e. from the normal areas of healthy subjects or

patients with colonic polyp (Table 1).

Peripheral Blood

Matched peripheral blood was available from patients with

UC (n = 50) or CD (n = 45) at Department of Gastroen-

terology and Hepatology of First Affiliated Hospital of

Wenzhou Medical University who were enrolled from

January 2012 to April 2013 (Table 2). These were com-

pared with samples from 30 normal controls, who were

recruited from healthy blood donors, visitors of hospital

wards, and normal hospital personnel.

Inclusion and Assessment of Patients

Diagnosis of UC and CD was based on standard criteria

[20]. UC and CD patients with active disease enrolled in

our study had not received any immunomodulatory medi-

cations for their disease. Most UC patients with inactive

disease were undergoing maintenance treatment with low-

dose 5-aminosalicylic acid; others had stopped all drugs.

CD patients with inactive disease were undergoing main-

tenance treatment with low-dose azathioprine, or low-dose

azathioprine and methylprednisolone. Disease activity in

UC patients was evaluated by use of the Truelove–Witts

criteria [21], For statistical purposes, the classification was

Table 1 Clinical details of the subjects included in the study

(mucosal biopsy specimens)

Characteristics Normal

controls

Ulcerative

colitis

Crohn’s

disease

Number 35 61 54

Gender

Male 19 31 33

Female 16 30 21

Mean age (years) 40.8 44.2 37.2

Active 44 38

Inactive 17 16

Disease localization

Proctitis (UC)/ileum (CD) 28 10

Left sided colitis (UC)/colon (CD) 14 22

Total colitis (UC)/

ileum ? colon (CD)

19 22

Table 2 Clinical details of the subjects included in the study

(peripheral blood)

Characteristics Normal

controls

Ulcerative

colitis

Crohn’s

disease

Number 30 50 45

Gender

Male 17 28 26

Female 13 22 19

Mean age (years) 40.2 44.6 40.0

Active 35 30

Inactive 15 15

Disease localization

Proctitis (UC)/ileum (CD) 21 11

Left sided colitis (UC)/colon (CD) 15 13

Total colitis (UC)/

ileum ? colon (CD)

14 21
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quantitatively modified [22]. Active disease was defined as

score [3 and inactive disease as score B3. For patients

with CD, the severity of the disease was classified in

accordance with the CDAI score [23]. Active disease was

defined as CDAI score C150 and inactive disease as CDAI

score \150. Disease activity was evaluated at the time of

sample collection.

Laboratory Studies

Standard laboratory data, including red and white blood

cell count, hemoglobin, hematocrit, platelet count, eryth-

rocyte sedimentation rate (Alifax Test1; Italy) and

C-reactive protein (Beckman Coulter detection kit; Japan)

were routinely measured for all patients with UC and

CD.

Preparation of Sections and Immunohistochemistry

Staining

Mucosal biopsy specimens were fixed with 4 % paraform,

processed into paraffin, and sectioned for immunohisto-

chemical staining of FGL2. The sections were initially

deparaffinated in xylene and rehydrated through ethanol to

water. Nonspecific binding was blocked by sequential

incubation of the sections in citrate buffer for 4 min at

100 �C and 16 min at 20 �C, then in 3 % hydrogen per-

oxidase solution for 15 min followed by 5 % normal goat

serum in PBS at 37 �C for 30 min. Thereafter sections

were incubated with mouse anti-human FGL2 monoclonal

antibody (Abnova, Taiwan) at a dilution of 1:500 in PBS at

4 �C for 16 h. After washing with PBS, sections were

incubated with immunoperoxidase-conjugated rabbit IgG

fraction to mouse IgG Fc (Zhongshan, Beijing, China) at

37 �C for 30 min, followed by three washes in PBS.

Finally, the sections were incubated with 3,30-diam-

inobenzidine chromagen and counterstained with hema-

toxylin. A negative control was used in the experiment. For

evaluation of FGL2 expression, ten random fields across

each section were selected for semi-quantitative analysis of

mean absorbance at a magnification of 2009.

Plasma Preparation and Enzyme-Linked

Immunosorbent Assay

All blood samples were drawn between 6 and 9 am, after

fasting. After a resting period of 20 min, non-traumatic

venipuncture was performed in a standardized manner by

trained operators. Blood (2.7 mL) was drawn into test

tubes with 0.3 mL citrate. Within 2 h of sample collec-

tion, the samples were centrifuged for 15 min (3,0009g)

at 4 �C and stored at -80 �C in plastic tubes. Before

serial analysis, the plasma was thawed immediately in a

water bath at 37 �C for 5 min. In accordance with the

manufacturer’s instructions, plasma concentrations of

FGL2 were measured by use of a commercially available

enzyme-linked immunosorbent assay (ELISA; BioLegend,

USA).

Protein Preparation and Western Blot Analysis

Peripheral blood was obtained and peripheral blood

mononuclear cells (PBMC) were isolated by use of Ficoll

density gradients (Solarbio, Shanghai, China) for Western

blot analysis. Lysate protein (40 lg) extracted from PBMC

was loaded on to 10 % SDS–polyacrylamide gels. After

separation, the proteins were transferred to a nitrocellulose

(NC) membrane. The membrane was blocked and probed

with a monoclonal antibody against FGL2 (Abnova, Tai-

wan) at a dilution of 1:500 in 5 % milk in TBST. After

washing with TBST, the blot was incubated with secondary

antibodies conjugated to horseradish peroxidase (Biosharp,

Hefei, China). Immunoreactive bands were detected with

the enhanced chemiluminescence (ECL) reagent (Pierce

Biotechnology, Shanghai, China). Protein levels, normal-

ized against GAPDH, were determined by densitometric

analysis using Quantity One Version 4.

RNA Preparation and Real-Time Fluorescent

Quantitative PCR

Total RNA was isolated from PBMC by use of TRIzol

reagent (Invitrogen, Shanghai, China) in accordance with

the manufacturer’s procedure. The concentration and purity

of RNA were determined by measurement of absorbance at

260 and 280 nm. Subsequently, the cDNAs were synthe-

sized (TaiGen Biotechnology, China). The nucleotide

sequences of the primers for PCR amplification of the

169 bp fragment of FGL2 were: sense primer, 50-ACTGT

GACATGGAGACCATG-30, and antisense primer, 50-TCC

TTACTCTTGGTCAGAAG-30. The amplified 145 bp

fragment of GAPDH was used as an internal control to

ensure equal loading with forward primer, 50-TCCCAT

CACCATCTTCCAGG-30 and reverse primer, 50-GATGA

CCCTTTTGGCTCCC-30 (Life Technologies, Shanghai,

China). In the PCR reaction the cDNA was denatured at

95 �C for 3 min, and amplified over 40 cycles of 95 �C

(15 s), 64 �C (1 min). The real-time PCR reactions were

performed in SYBR Green Real-time PCR Master Mix

Plus (Toyobo, Japan) by use of an ABI 7500 Sequence-

Detection System (Applied Biosystems, Carlsbad, CA,

USA). The specificity of the PCR reaction was verified

by dissociation-curve analysis. FGL2 mRNA relative

quantification was calculated by use of the 2�DDCt

method.
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Ethical Considerations

The protocol of this study was approved by the clinical

research ethics committee of the First Affiliated Hospital

of Wenzhou Medical University. All the subjects enrolled

in our study had been informed and had given written

consent.

Statistical Analysis

All results were expressed as mean ± SD. Statistical analysis

was conducted with SPSS 16.0 software. Continuous mea-

surements among the three diagnostic groups were compared

by one-way ANOVA. Post-hoc multiple comparisons were

performed by use of Dunn’s test. The same tests were used for

comparisons of disease activity or disease location among the

different groups. The association between FGL2 expression

and disease activity indices or other laboratory data, including

CRP levels and ESR levels, was examined by non-parametric

correlation (Spearman’s r). A level of P \ 0.050 was con-

sidered to be statistically significant.

Results

FGL2 Expression Was Higher in Mucosal Biopsy

Tissue from Patients with IBD

Compared with normal controls, FGL2 expression was sig-

nificantly up-regulated in inflamed mucosal biopsy tissues

from patients with UC and CD (both UC vs NC and CD vs NC,

P \ 0.001) (Figs. 1a–l, 2a). Expression of FGL2 was signif-

icantly higher in UC and CD patients with active disease than

in those with inactive disease (P \ 0.001) (Figs. 1e–p, 2b, c).

FGL2 expression in patients with inactive disease was, how-

ever, still higher than that in controls (both inactive UC vs NC,

inactive CD vs NC, P \ 0.001) (Figs. 1e–p, 2b, c). Disease

location in UC and CD patients was no different. There was an

association between FGL2 expression and clinical indices of

activity—Truelove–Witts for UC and CDAI for CD

(r = 0.528, P \ 0.001; r = 0.331, P = 0.015, respectively).

Moreover, our results suggested that enhanced FGL2

expression was correlated with ESR levels in both UC and CD

patients (r = 0.491, P \ 0.001; r = 0.357, P = 0.008,

respectively) but not with levels of CRP.

Level of FGL2 Was Elevated in Plasma from Patients

with IBD

Mean plasma FGL2 levels were 9.373 ± 4.482 ng/mL

(95 % CI 7.700–11.047) for normal controls, 27.068 ±

13.542 ng/mL (95 % CI 23.220–30.916) for UC patients, and

29.974 ± 17.074 ng/mL (95 % CI 24.844–35.104) for CD

patients. The differences between the groups were statistically

significant (P \ 0.001). Multiple comparisons tests showed

that FGL2 levels were significantly higher in both UC and CD

patients than in controls (P \ 0.001), but there was no differ-

ence between UC and CD patients (Fig. 3a). Mean plasma

FGL2 levels were 32.132 ± 12.828 ng/mL (95 % CI 27.726–

36.539) for active UC patients, 15.251 ± 5.3344 ng/mL

(95 % CI 12.2974–18.205) for inactive UC patients, 36.172 ±

17.592 ng/mL (95 % CI 29.603–42.741) for active CD

patients, and 15.579 ± 5.314 ng/mL (95 % CI 14.636–

20.522) for inactive CD patients. FGL2 levels were signifi-

cantly higher for patients with active UC or CD than for those

with inactive disease (P \ 0.001), and FGL2 levels were sig-

nificantly higher for patients with inactive disease than for

controls (both inactive UC vs NC, inactive CD vs NC,

P \ 0.001) (Fig. 3b, c). Disease location in UC and CD

patients was no different. There was an association between

FGL2 levels and clinical indices of activity—Truelove–Witts

for UC and CDAI for CD (r = 0.791, P \ 0.001; r = 0.561,

P \ 0.001, respectively). Furthermore, the enhanced FGL2

levels were correlated with CRP levels for both UC and CD

patients (r = 0.284, P = 0.046; r = 0.352, P = 0.018,

respectively), and with levels of ESR (r = 0.440, P \ 0.001;

r = 0.400, P \ 0.001, respectively).

In addition, two CD patients with active disease, both of

whom underwent anti-tumor necrosis factor a (TNF-a) and

azathioprine therapy, were followed-up regularly in our

study. The levels of FGL2 in one patient were 84.200,

54.000, 49.750, 31.200, 21.050, and 9.700 ng/mL during

the period of treatment on the 0th, the 2nd, the 6th, the

14th, the 22nd and the 30th week respectively. The FGL2

levels of another patient were 58.800 ng/mL before the

treatment, 34.60 ng/mL on the 6th week, 25.200 ng/mL on

the 22nd week, 26.100 ng/mL on the 30th week of treat-

ment. The decreased FGL2 levels were in parallel with the

clinical cut-down CDAI scores (Fig. 3d).

FGL2 Protein Was Up-Regulated in PBMC from IBD

Patients with Active Disease

Western blot analysis revealed that FGL2 protein expres-

sion, normalized against GAPDH, in PBMC was

0.738 ± 0.386 (95 % CI 0.593–0.882) for patients with

UC, and 0.907 ± 0.3686 (95 % CI 0.767–1.0469) for

patients with CD, compared with 0.662 ± 0.311 (95 % CI

0.546–0.778) for controls. It was markedly elevated in

patients with CD in comparison with normal controls

(P = 0.023), and there was no statistically significant dif-

ference between patients with UC and controls (Fig. 5a).

FGL2 protein expression was 0.926 ± 0.395 (95 % CI

0.716–1.136) and 1.107 ± 0.289 (95 % CI 0.958–1.255),

respectively, in UC and CD patients with active disease,
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A B C

Fig. 2 FGL2 expression in mucosal biopsy tissues. a Column

diagrams represent expression of FGL2 in the normal controls group

(NC group, n = 35), ulcerative colitis group (UC group, n = 61), and

Crohn’s disease group (CD group, n = 54). b Expression of FGL2 in

the NC group (n = 35), the active UC group (n = 44), and the

inactive UC group (n = 17). c Expression of FGL2 in the NC group

(n = 35), the active CD group (n = 38), and the inactive CD group

(n = 16). The clinical details of the subjects are listed in Table 1.

Data are presented as mean ± SD. UC (A) active UC, UC (I) inactive

UC, CD (A) active CD, CD (I) inactive CD. *Significance compared

with NC (P \ 0.001); §significance compared with patients with

inactive disease (P \ 0.001)

Fig. 1 Representative photographs of hematoxylin–eosin (HE) stain-

ing and immunohistochemical staining of FGL2 in mucosal biopsy

tissues. a–d HE staining of tissues from patients with UC and CD; a

large number of monocytes and neutrophils infiltrating the intestinal

tissues were observed (a UC 9200, b UC 9400, c CD 9200, d CD

9400). e, f Negative controls showed no positive expression of FGL2

(e 9200, f 9400). g, h Normal controls showed little or no FGL2

expression (g 9200, h 9400). i–l FGL2 was strongly expressed in

inflammatory infiltrating cells and endothelial cells (black arrows) of

tissues from patients with active UC or CD (i active UC 9200,

j active UC 9400, k active CD 9200, l active CD 9400). m–

p Expression of FGL2 was less in patients with inactive UC or CD

(m inactive UC 9200, n inactive UC 9400, o inactive CD 9200,

p inactive CD 9400)
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and 0.738 ± 0.386 (95 % CI 0.382–0.662) and 0.624 ±

0.272 (95 % CI 0.451–0.797), respectively, in UC and CD

patients with inactive disease. Expression of FGL2 protein

was higher in UC and CD patients with active disease than

in those with inactive disease (P \ 0.001). However,

expression of FGL2 was no higher in patients with inactive

disease than in controls (Figs. 4, 5b, c).

FGL2 mRNA Was Up-Regulated in PBMC from IBD

Patients with Active Disease

Relative expression of FGL2 mRNA in PBMC, normalized

against 1 for controls, was 1.286 ± 0.926 (95 % CI

0.919–1.652) for patients with UC and 1.299 ± 0.818

(95 % CI 0.981–1.616) for patients with CD. Differences

between the three groups were not statistically significant

(Fig. 6a). Relative expression of FGL2 mRNA was

1.686 ± 0.994 (95 % CI 1.156–2.215) and 1.698 ± 0.738

(95 % CI 1.331–2.065), respectively, for UC and CD

patients with active disease, and 0.704 ± 0.350 (95 % CI

0.469–0.939) and 0.580 ± 0.294 (95 % CI 0.370–0.791),

respectively, for UC and CD patients with inactive disease.

FGL2 mRNA expression was significantly higher for UC

and CD patients with active disease than for those with

inactive disease (P \ 0.050) (Fig. 6b, c). However, FGL2

mRNA expression was lower for patients with inactive

disease than for controls (both inactive UC vs NC, inactive

CD vs NC, P \ 0.050) (Fig. 6b, c).

Discussion

The intestinal lumen is home to more than 500 strains of

bacteria, so the GI mucosal immune system must strike a

delicate homeostatic balance between maintaining toler-

ance toward the commensal microflora and remaining

poised to mount an aggressive immune response against

invading pathogens. Under normal conditions, the epi-

thelial barrier continually samples antigen from the

A B

C D

Fig. 3 FGL2 levels in plasma. Each individual patient or control is

shown as a circle, and bold lines are the mean values. a Levels of

FGL2 in the NC group (n = 30), UC group (n = 50), and CD group

(n = 45). b Levels of FGL2 in the NC group (n = 30), active UC

group (n = 35), and inactive UC group (n = 15). c FGL2 levels in

the NC group (n = 30), active CD group (n = 30), and inactive CD

group (n = 15). The clinical details of the subjects are listed in

Table 2. d Two CD patients with active disease, in both of whom the

ileum and colon were involved, were both undergoing anti-TNF-a
and azathioprine therapy. The line graphs labeled a and b represent

the FGL2 levels of a 20-year-old female patient and a 24-year-old

male patient, respectively, during the period of treatment. Each time

is shown as a circle. UC (A) active UC, UC (I) inactive UC, CD

(A) active CD, CD (I) inactive CD. *Significance compared with NC

(P \ 0.001); §significance compared with patients with inactive

disease (P \ 0.001)

Fig. 4 Representative photographs of Western blot analysis of FGL2

protein expression. The molecular mass of FGL2 is 64 kDa, and that

of GAPDH is 37 kDa. NC normal controls, UC (A) active UC, UC

(I) inactive UC, CD (A) active CD, CD (I) inactive CD
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lumen and presents it to lymphocytes in the Peyer’s

patches to promote tolerance. When it encounters inva-

sion of pathogens, APCs in the mucosa, including mac-

rophages, DC, and intestinal epithelial cells, phagocytose

the invading pathogens and present their components to

naive CD4? T cells. The T cells then undergo activation

and differentiation to an effector phenotype (i.e., Th1,

Th2, or Th17) or a regulatory phenotype (i.e., Th3 or

Treg) [9]. While effector T-helper cells mount specific

immune responses by expression of unique cytokines to

combat the invading pathogens, Treg cells suppress

inflammation and restore homeostasis to the mucosal

tissues by expression of regulatory cytokines, for example

interleukin-10 (IL-10) and transforming growth factor

(TGF-b).

However, there is an inherent defect in the mucosal

immune system of IBD patients [6]. Although the exact

nature of this defect has not been identified, mounting

evidence indicates that IBD occurs in the presence of

dubious antigens, most likely normal resident luminal

bacterial and/or food-derived, which initiate a dysregulated

immune response within the intestinal mucosa and the

eventual development of chronic intestinal inflammation

[8]. Furthermore, there has been sustained interest in the

importance of Treg cells in IBD. It seems that fewer cir-

culating Treg cells are present in patients with active IBD,

A B C

Fig. 5 FGL2 protein expression in peripheral blood mononuclear

cells (PBMC). a Column diagrams represent expression of FGL2 in

the NC group, UC group, and CD group. The NC group (n = 30)

contained 18 males and 12 females; the mean age was 40.5 years. The

UC group (n = 30) contained 17 males and 13 females; the mean age

was 44.3 years. The CD group (n = 29) contained 17 males and 12

females; the mean age was 35.4 years. b Expression of FGL2 in the

NC group, active UC group, and inactive UC group. The active UC

group (n = 16) contained 9 males and 7 females; the mean age was

48.3 years. The inactive UC group (n = 14) contained 8 males and 6

females; the mean age was 40.3 years. c Expression of FGL2 in the

NC group, active CD group, and inactive CD group. The active CD

group (n = 17) included 10 males and 7 females; the mean age was

38.9 years. The inactive CD group (n = 12) contained 7 males and 5

females; the mean age was 32.0 years. Data are presented as

mean ± SD. UC (A) active UC, UC (I) inactive UC, CD (A) active

CD, CD (I) inactive CD. *Significance compared with NC

(P \ 0.001); §significance compared with patients with inactive

disease (P \ 0.001)

A B C

Fig. 6 FGL2 mRNA expression in peripheral blood mononuclear

cells (PBMC). a Column diagrams represent expression of FGL2 in

the NC group, the UC group, and the CD group. The NC group

(n = 24) contained 14 males and 10 females; the mean age was

40.3 years. The UC group (n = 27) contained 14 males and 13

females; the mean age was 46.1 years. The CD group (n = 28)

contained 16 males and 12 females; the mean age was 36.9 years.

b Expression of FGL2 mRNA in the NC group, the active UC group,

and the inactive UC group. The active UC group (n = 16) contained 9

males and 7 females; the mean age was 50.8 years. The inactive UC

group (n = 11) contained 5 males and 6 females; the mean age was

41.4 years. c Expression of FGL2 mRNA in the NC group, the active

CD group, and the inactive CD group. The active CD group (n = 18)

contained 10 males and 8 females; the mean age was 42.5 years. The

inactive CD group (n = 10) contained 6 males and 4 females; the

mean age was 31.3 years. Data are presented as mean ± SD. UC

(A) active UC, UC (I), inactive UC, CD (A) active CD, CD (I) inactive

CD. *Significance compared with NC (P \ 0.050); §significance

compared with patients with inactive disease (P \ 0.050)
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but insufficiently increased in the intestinal mucosa [24].

Subsequent research suggested the increased apoptosis of

Treg cells in IBD can be reversed by anti-TNF-a therapy,

and this would be a critical factor in the recurrence of

disease [25, 26]. Nevertheless, the clearly core mechanism

of Treg-mediated suppression is still controversial.

Although IL-10, TGF-b and some other molecules have

been reported to account for the regulatory activity of Treg

cells, antibodies to these molecules in some cases had no

effect or only minimally inhibited Treg cells activity

in vitro [27–29]. Recent findings have revealed the possible

importance of the contribution of FGL2 to the suppressive

activity of Treg cells [18, 30, 31].

FGL2, consists of 432 aa and contains a C-terminal

fibrinogen-related domain (FRED), which is a highly

conserved region and is characteristic of proteins within the

fibrinogen superfamily [11]. These functionally diverse

proteins, including fibrinogen, tenascin, angiopoietin, and

ficolin, have been shown to have immunoregulatory

activity [32, 33]. Similarly, much research has recently

revealed that FGL2, secreted by T cells, also has immu-

nomodulatory activity [17]. FGL2 mRNA increased in

CD4?CD25?Foxp3? Treg cells, along with mRNA for

several known Treg suppression effector molecules [15,

34]. Furthermore, Shalev et al. [18] reported that the sup-

pressive activity of FGL2-/- Treg cells was significantly

impaired in FGL2-/- mice, and antibody to FGL2 com-

pletely inhibited the activity of FGL2?/? Treg cells

in vitro. Consistent with the contribution of FGL2 to the

activity of Treg cells, targeted deletion of the FGL2 gene

led to an increase in immune reactivity of DC, T cells, and

B cells, and the development of autoimmune glomerulo-

nephritis in aged FGL2-/- mice. The regulatory activity

of FGL2 also contributes to inhibition of allograft rejection

and the pathogenesis of experimental and human viral

infections, including HIV, severe acute respiratory syn-

drome (SARS), hepatitis B virus, and hepatitis C virus [18,

30, 31, 35]. All this evidence strongly supports the

hypothesis that FGL2 is an effector molecule of Treg cells.

The mechanism whereby FGL2 exerts its immunomodu-

latory activity has been demonstrated by Liu et al. [19].

FGL2 may bind to FccRIIB, which is expressed on APCs,

and then inhibit DC maturation and induce B cells apop-

tosis, eventually resulting in reduced ability to induce al-

loreactive T cell proliferation.

Given that IBD shares immunologic features with auto-

immune diseases to some extent, it is logical to hypothesize

that the immunomodulatory activity of FGL2 may also be

involved in the immunopathogenesis of IBD. However, our

study demonstrated that intestinal and peripheral expression

of FGL2 was significantly higher in UC and CD patients with

active disease, and decreased in inactive disease. Moreover,

expression of FGL2 was positive correlated with disease

activity indices, CRP levels, and ESR levels. Up-regulation

of FGL2 in both UC and CD patients with active disease may

be an insufficient compensation secreted by Treg cells which

fails to counter chronically activated effector T cells, and

which leads to inappropriate immune responses in IBD.

Reduced FGL2 expression in patients with inactive disease

may be because successful treatment, including immune

modifiers, anti-TNF-a therapy, and other anti-inflammatory

treatment, made up for the deficiency of Treg cells, or

reversed the deficiency to exert sufficient suppression

against other subsets of T lymphocytes through multiple

other suppression molecules. This assumption is in agree-

ment with the results of Maul et al. [24], which reported a

decrease of peripheral Treg cells and an insufficient increase

in intestinal lesions, and also consistent with therapeutic

strategies in which immune modifiers [1] or anti-TNF-a
therapy [25] are used.

In conclusion, the results of our study of FGL2

expression in IBD have important theoretical implications

for our understanding the immunopathogenesis of IBD, and

practical implications for its therapy. FGL2 may be a

helpful biomarker of the pathogenesis of IBD and for

assessment of the disease. To confirm this, we have now

initiated further investigation of the involvement of FGL2

among patients with IBD.
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