
Introduction
The major histocompatibility complex (MHC) class I gene HLA-
B27 has a striking association with a group of human inflammato-
ry disorders that affect the bowel, the joints and the axial skeleton,
known as spondyloarthritis (SpA). Extensive endoscopic and

histological studies have demonstrated that 5–10% of patients
with ankylosing spondylitis (AS, the prototype of these disorders)
have inflammatory bowel disease (IBD). Moreover, about two-
thirds of SpA patients have microscopic signs of gut inflammation
without clinical symptoms, but about 6–13% of them develop IBD
during the disease course [1, 2].

In an attempt to create an animal model of B27-associated dis-
ease, inbred rats expressing both HLA-B27 and its associated light
chain human �2-microglobulin (HLA-B27/h�2m) were developed
[3]. HLA-B27 transgenic rats (B27TR) on LEW background as well
as commercially available B27TR on Fisher F344 background
(33–3 line), with high expression of HLA-B27, develop a multi-
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low. Anti-TNF� treatment increased Fas-L expression, whereas Fas increased only with the early treatment. TNF� blockade is
effective in preventing inflammation in early phase of IBD, maintaining the homeostatic balance of apoptosis.
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systemic inflammatory disease resembling human SpA [4, 5],
including colitis and arthritis [3, 6]. A progressive chronic gas-
trointestinal inflammation spontaneously develops in these rats,
showing a predominant Th1 inflammatory cytokine pattern [7].
B27TR are well recognized as an animal model of IBD [7].

The susceptibility to disease and the level of expression of the
HLA-B27 allele (but not h�2m) are strictly associated, and a
threshold of HLA-B27 transgene copies exists, above which dis-
ease predictably arises [6, 8].

In B27TR, both CD4+ T cells and antigen-presenting cells
(APCs) expressing high levels of HLA-B27 seem to be of critical
importance in the pathogenesis of the disease [6, 9]. APCs have
relatively poor efficacy in stimulating T cells [10], and this could
result in loss of tolerance toward self-antigens. Alternatively (or
additionally), impaired T-cell stimulation could result in altered
control of gut bacteria, thereby sustaining stimulation of immune
defence by macrophages [9]. Indeed, IBD and arthritis symptoms
can be prevented in ‘germ-free’ conditions, while bacterial flora
reconstitution fosters disease development [11].

Several mediators of inflammation were detected in B27TR
colonic mucosa [9, 11, 12]. An increase of IFN� and IL-2 was
found in the early phase, suggesting a predominantly Th1-mediat-
ed response, while in advanced disease IL-1 and TNF� are
expressed [9, 11, 12]. TNF� stimulates the development of the so-
called ‘semi-mature’ dendritic cells (DCs), which are critical for
tolerance induction [13]. Administration of recombinant murine
IL-10, which down-regulates TNF�, to B27TR with established dis-
ease, despite the inhibition of the production of this cytokine in the
gut mucosa, had no effect on the disease course arguing a critical
role of TNF� in initiating the process [14].

Anti-TNF� therapies are interesting because of TNF�’s role in
sustaining chronic mucosal inflammation. Various anti-TNF� trials
suggest that although infliximab, etanercept and adalimumab are
similarly effective for the symptoms related to the spine, joints and
skin of AS patients, infliximab appears to be effective in treating
concomitant IBD. In contrast, the patients treated with etanercept
and adalimumab had more flares and even some new onset of IBD
[1, 15]. TNF� is thought to play a central and polymodal role in the
host response to infections. Its action is mediated by two function-
ally distinct receptors, TNF� receptor 1 and receptor 2 (TNF-R1
and TNF-R2, respectively), which are co-expressed on the surface
of most cell types, in particular neutrophils, monocytes and T
 lymphocytes [16].

TNF� plays an essential role in regulating intestinal epithelial
cell (IEC) apoptosis and/or survival during chronic inflammation
[17, 18]. Fas/CD95/APO-1 is a death receptor of the TNF� recep-
tor family, and engagement of its ligand (Fas-L) initiates a series
of intracellular events leading to programmed cell death [17,
19–21]. Activated T cells, which produce TNF�, can trigger the
expression of Fas-L on non-lymphoid tissue, such as IEC, and this
in turn can induce apoptosis in the T cells [17, 19–21]. This model
is an example of ‘inducible immune privilege’ proposed to con-
tribute to limiting the extent of infiltration by activated T cells into
certain peripheral tissues [17]. TNF-R1, which is constitutively
expressed by the IEC, mediates this mechanism.

The aim of our work was to study the effect of TNF� blockade on
IBD in HLA-B27 transgenic rats. The study was designed to target
two different phases of the disease, early and late, in order to eval-
uate the role of TNF� in initiating and sustaining gut inflammation.

Materials and methods

Experimental design

Male HLA-B27/h�2m transgenic rats (B27TR, n = 24) and male non-trans-
genic control rats (Fisher F344, n = 16) of the same breed were purchased
from Taconic Farms (Taconic Farms, Inc., Germantown, WI, USA). All rats
were bred and housed under conventional conditions. Study procedures
were approved by the animal care committee of the local government.

Twelve B27TR at the age of 9 weeks, which is prior to the onset of 
colitis, were randomly assigned to treatment with a mouse anti-rat TNF�

monoclonal antibody (mAb), which neutralizes rat TNF� in vivo, or an 
isotype-matched negative control immunoglobulin IgG2a,k (n = 6 each
group), both kindly supplied by Centocor (Centocor, Inc., Malvern, PA,
USA). Each rat weekly received an intraperitoneal injection of anti-TNF� or
isotype IgG2a,k (15 mg/kg) up to the age of 18 weeks.

Twelve B27TR were monitored up to the age of 18 weeks and then ran-
domly assigned to treatment with anti-TNF� mAb (n = 6) or with isotypic
IgG2a,k (n = 6) up to the age of 27 weeks. Non-transgenic F344 littermates
were used as control (n = 4 in each protocol arm).

Each rat was weighted weekly and monitored for clinical manifestation
of gastrointestinal inflammation, assigning numerical scores to the stool
character (normal stool = 1, soft stool = 2, watery stool = 3).

Sample collection

At the end of the experiments, the animals were killed by ether anaesthe-
sia. Blood samples were collected and aliquots of serum were stored at
–70°C until assayed.

The dissected colon was prepared for routine histology or snap-frozen
in liquid nitrogen for biomolecular analysis.

Paraffin sections of the colon (5-�m thick) were cut across the longi-
tudinal axis, and stained with haematoxylin-eosin. The sections were
scored blindly by two investigators for histological evidence of inflamma-
tion and structural damage, in accordance with a previously defined 
scoring scheme [22, 23]. In brief, the severity of the colonic lesions was
evaluated for degree of inflammation (none = 0, mild = 1, moderate = 2,
severe = 3), ulcer size (none = 0, small = 1, large = 2), elongation and or
distortion of crypts (none = 0, mild = 1, severe = 2), reduction in goblet cell
number (none = 0, moderate = 1, severe = 2), depth of lesions (none = 0,
epithelial = 1, lamina propria = 2, submucosa = 3). The total histological
score for the colon specimens ranged from 0 to 12.

Immunohistochemistry

The sections were de-waxed and heated in 10 mM citrate buffer (pH 6.0) for
antigen retrieval. After blocking endogenous peroxidase activity, immuno-
histochemistry was performed using the Ultravision Detection System (Lab
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Vision Corporation, Fremont, CA, USA), according to the manufacturer’s
protocol, using rabbit polyclonal antibodies raised against rat (see Table 1).
The immunopositive products were detected using 3,3�-diaminobenzidine
tetrahydrochloride substrate (DAB kit; Vector Laboratories, Burlingame, CA,
USA) or 3-amino-9-ethylcarbazole substrate (AEC kit; Vector Laboratories).
The sections were counterstained with haematoxylin, observed under a light
microscope and photographed with a digital camera. Negative controls were
obtained by omitting the primary antibodies.

For in situ detection of apoptosis in the colon mucosa, we used the ter-
minal deoxynucleotidyl transferase-mediated triphosphate end-labeling
(TUNEL) method (Klenow FragEL DNA Fragmentation Detection kit;
Calbiochem, Nottingham, UK).

Evaluation of Fas/Fas-L-positive 
and apoptotic cells

Quantitative analysis on tissue sections (400� magnification) was per-
formed, considering as positive, for Fas/Fas-L, any epithelial and lamina
propria cells exhibiting identifiable reactivity distinct from background.
Morphologically preserved TUNEL-positive cells were referred to as apop-
totic cells. For each animal, 10 random fields, with fully longitudinally sec-
tioned crypts, from 2 sections of 4 different slides of the colon were
examined, for a total of 80 fields and at least 1000 cells/section
(immunoreactive and non-immunoreactive cells) counted. The apoptotic
index (AI) was defined as the ratio of TUNEL-positive to total nuclei count-
ed multiplied by 100.

Semiquantitative reverse-transcription polymerase
chain reaction (RT-PCR) analysis

For RT-PCR analysis, total RNA was isolated from the colon of the rats
using the PureLink Micro-to-Midi Total RNA Purification system
(Invitrogen, Carlsbad, CA, USA) according to the manufacturer’s instruc-
tions. One microgram of total RNA was reverse transcribed and amplified
using the SuperScrip III One-Step RT-PCR System with Platinum Taq DNA
Polymerase (Invitrogen). TNF-R1 and TNF-R2 primer sequences were
designed on the basis of the published gene sequences (see Table 2). The

amounts of RT-PCR products were determined by densitometric analysis
using NIH image analysis software. Within the linear range of amplification,
at least three values of each amplification product were normalized to the
starting mRNA volume and compared to the corresponding GAPDH values
(P �0.05, ANOVA and Tukey’s w test).

Serum cytokine levels

Serum levels of IL-1 and IL-2 were measured by ELISA assay (R&D Systems,
Minneapolis, MN, USA) according to the manufacturer’s instructions.

Statistical analysis

Data obtained from individual rats in the different experimental groups
were summarized by calculating group means and standard deviation
(S.D.), or standard error (S.E.M.). Statistical differences among the exper-
imental groups were evaluated by ANOVA. The level of significance was set
at P � 0.05.

Results

Clinical evaluation

There were no significant differences in body weight gain between
anti-TNF�-treated and IgG2a,k-treated B27TR during the experi-
mental period. At 11 weeks of age, both IgG2a,k-treated and
untreated B27TR developed clinical signs of bowel inflammation
(diarrhoea). In contrast, B27TR early-treated with anti-TNF� mAb
manifested no signs of inflammation and the stool character
remained normal for the duration of the experiment (Fig. 1A).

In the late-treated group, clinical signs of inflammation
improved after the first week of anti-TNF� mAb treatment, and
stool score decreased and then normalized (Fig. 1B and C).

Histological analysis

During necropsy, the colon was first visually examined.
Numerous IgG2a,k-treated B27TR showed macroscopic signs of
colon inflammation, such as oedematous and hyperemic colonic
wall with a prominent vascular network. Representative histolog-
ical pictures for this group of rats are shown in Fig. 2B, C and E.
The mucosal folds were not preserved, and enlarged tubular
glands displaying loss of mucus-containing cells and a loss of
epithelial cells were observed. In the lamina propria, a prominent
inflammatory infiltration was detectable between the glands and
around the glandular crypts, as well as a relevant oedema and
perivascular infiltrate in the submucosa (Fig. 2B and C). At 27
weeks of age, IgG2a,k-treated rats showed more severe damage
than at 18 weeks (Fig. 2E).

Table 1 Details of antibodies used for immunohistochemistry

Antibodies Source Dilution

TNF-R1 Abcam Ltd.,
Cambridge, UK

1:100

TNF-R2 Abcam Ltd.,
Cambridge, UK

1:50

Fas Santa Cruz
Biotechnology, Santa
Cruz, CA, USA

1:100

Fas-L Santa Cruz
Biotechnology, Santa
Cruz, CA, USA

1:100 No antigen
retrieval
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Early treatment with anti-TNF� mAb prevented the extensive
inflammatory infiltrate within the mucosa and submucosa, as well
as the architectural damage of the colon observed in the IgG2a,
k-treated rats (Fig. 2D). The mucosal folds and mucus-containing
cells were preserved, showing closely packed straight tubular
glands; epithelial cells lining the surface were well preserved, and
a slight inflammatory infiltrate was observed in the lamina propria
under the crypts. The submucosa was spared and no signs of
inflammatory infiltrate were detectable (Fig. 2D).

The late treatment with anti-TNF� antibody did not induce a
significant remission of the pathological signs of inflammation,
despite clear clinical improvement (Fig. 2F).

The histological score of colonic inflammation is reported 
in Fig. 2G.

Expression of TNF� receptors

Immunohistochemistry
Colonic IEC of F344 rats showed a strong immunopositivity for
TNF-R1 (Fig. 3A). Specimens of IgG2a,k-treated B27TR were
weakly stained or negative for TNF-R1 (Fig. 3B). IEC of B27TR
early-treated with anti-TNF� mAb showed a strong immunoposi-
tivity for TNF-R1, as F344 specimens (Fig. 3C).

At 27 weeks of age, the colon of IgG2a,k-treated B27TR dis-
played negative immunostaining for TNF-R1 (Fig. 3D). In the IEC,
the late treatment increased the expression of TNF-R1 to levels
similar to controls (Fig. 3E).

TNF-R2 positivity was absent from the colon of F344 rats (Fig.
4A), whereas a strong positivity was observed in the IgG2a,k-
treated B27TR, both at 18 and 27 weeks of age (Fig. 4B and C). In
particular, some cells of the inflammatory infiltrate were strongly
positive (Fig. 4B). In the specimens from anti-TNF�-treated
B27TR, no staining for TNF-R2 was observed, both in early- and
late-treated rats (Fig. 4D).

Semiquantitative RT-PCR
There was a significant down-regulation of TNF-R1 mRNA levels
in the colon of IgG2a,k-treated B27TR compared to F344 rats,

both at 18 and 27 weeks of age. Early treatment with anti-TNF�

antibody maintained the levels of TNF-R1 mRNA similar to control
rats, while the late treatment restored TNF-R1 mRNA to normal
levels (Fig. 3F and G).

TNF-R2 mRNA was expressed at a low level in the colon of
F344 rats, while it was up-regulated in IgG2a,k-treated B27TR,
both at 18 and 27 weeks of age. The early anti-TNF�-treatment
maintained mRNA levels of TNF-R2 similar to controls. The late
treatment significantly down-regulated the expression of TNF-R2
(Fig. 4E and F).

Fas and Fas-L expression

Immunohistochemistry
IEC and cells of the lamina propria showed immunopositivity for
both Fas and Fas-L. In F344 rats, Fas was mainly expressed by
cells of the lamina propria and Fas-L mainly by IEC (Fig. 5A and D).
In IgG2a,k-treated B27TR, the number of Fas-positive cells in the
lamina propria was significantly decreased, while the number of
Fas-L-positive cells increased (Fig. 5B and E and Table 3). In par-
ticular, a higher number of positive cells were observed around the
crypts close to the muscularis mucosae. In IEC, Fas expression
increased, while positivity for Fas-L decreased (Fig. 5B and E and
Table 3). The same pattern was observed at 18 and 27 weeks of
age, with a slight decrease in both Fas and Fas-L positivity of IEC
at the later time. The treatment with anti-TNF� mAb significantly
increased the number of Fas-positive cells in the lamina propria at
18 and 27 weeks of age. IEC Fas-positivity decreased significantly
with anti-TNF� treatment (Fig. 5C and Table 3). Anti-TNF� treat-
ment did not affect Fas-L expression in the lamina propria at weeks
18 and 27. In IEC, the treatment caused a slight decrease at 18
weeks, but a slight increase at 27 weeks (Fig. 5F and Table 3).

TUNEL assay

Apoptotic cells were rare and limited to the surface epithelium in
F344 rats. B27TR showed a significantly increased AI within the

Table 2 Primers used for semiquantitative RT-PCR

Gene name Primer sequences Product size GenBank accession number

TNF-R1 Forward 5�-ACCAAGTGCCACAAAGGAAC-3� 249 bp NM_013091

Reverse 5�-CTGGAAATGCGTCTCACTCA-3�

TNF-R2 Forward 5�-AAATGCAAGCACAGATGCAG-3� 244 bp NM_130426

Reverse 5�-CAGCAGACCCAGAGTTGTCA-3�

GAPDH Forward 5�-AGACAGCCGCATCTTCTTGT-3� 300 bp NM_017008

Reverse 5�-CTTGCCGTGGGTAGAGTCAT-3�
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epithelium and in the lamina propria. In IgG2a,k-treated rats, a
greater number of apoptotic cells was identified in IEC at 18 and 27
weeks, whereas anti-TNF� treatment induced apoptosis in the cells of
the lamina propria (Fig. 6 and Table 4).

Serum cytokine levels

IL-1 levels were higher in IgG2a,k-treated B27TR, at 18 and 27
weeks of age, compared to F344 rats. The early anti-TNF� treat-
ment inhibited the increase of IL-1, while the late treatment was
not able to reduce the serum levels of IL-1 (Table 5). IL-2 was sig-
nificantly higher in B27TR compared to F344, and anti-TNF� treat-
ment did not affect the cytokine levels (Table 5).

Discussion

Our data clearly show that TNF� blockade, used before the devel-
opment of any clinical IBD manifestations, markedly inhibits the
onset of colon inflammation in disease-prone HLA-B27 transgenic
rats (B27TR). In contrast, when the disease symptoms are estab-
lished, the treatment is significantly less efficacious, improving
only clinical signs but not significantly reducing the pathological
features.

The intestinal epithelium, which is part of the innate immune
system, plays an active role in the maintenance of mucosal home-
ostasis [24]. Aberrant secretion of proinflammatory chemokines
and cytokines, such as TNF�, IL-1 and IL-6, by epithelial cells is
an integral part of the dysregulated immune response that initiates
or perpetuates intestinal inflammation [24].

B27TR is an experimental model of colitis, which has been used
for several years to evaluate the activity and mechanisms of actions
of anti-inflammatory molecules [22, 23–26]. Our study was
focused on the effect of TNF� blockade on intestinal inflammation,
both as preventive and rescue treatment. When used early, TNF�

blockade significantly prevented the onset of clinical manifesta-
tions and pathological manifestations while, in the advanced phase
of IBD, it was able to ameliorate but not resolve the symptoms. The
histopathological damage observed at 18 weeks was effectively
prevented by TNF� blockade. Several experimental models suggest
that the aetiology of IBD is not only related to immune abnormali-
ties but also to a defect of the epithelial cell layer [27], which forms
a physiological barrier against antigens and potential pathogenic
microorganism in the gut lumen [28, 29].

The protective effect shown by the integrity of the epithelial cell
layer in the specimens of the early-treated rats is an important
finding, corroborating the positive effect of anti-TNF� on the
course of mucosal inflammation. The striking efficacy of the early
treatment might be also due to a relatively low or absent inflam-
mation in the animals at the beginning of the experiment, consid-
ering the absence of clinical signs. After 18 weeks, the observed
pathological modifications are features of a chronic inflammatory

Fig. 1 Effect of anti-TNF� mAb treatment on diarrhoea in HLA-B27
transgenic rats. (A) Early-treated group; (B) late-treated group;
(C) follow-up of the late-treated group. Stool score was determined
weekly (normal stool = 1, soft stool = 2, watery stool = 3). (A) At
11 weeks of age, both IgG2a,k-treated and untreated B27TR reached
the stool score of 3 at the 13th week. (B, C) Stool character
decreased from 3 to 2, after the first week of anti-TNF� mAb treat-
ment, and then normalized in the following weeks. Data are shown as
means ± S.E.M. Filled squares, anti-TNF� treated group; open
squares, IgG2a,k-treated group.
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Fig. 2 Representative histological sec-
tions of colon. (A) Normal non-trans-
genic F344 rats. (B, C) 18-week-old
IgG2a,k-treated B27TR. (D) Early treat-
ment with anti-TNF� mAb. (E) 27-week-
old IgG2a,k-treated B27TR. (F) Late
treatment with mAb anti-TNF�.
Haematoxylin-eosin staining. Original
magnification �20. (G) Histological
score of colonic inflammation (range
0–12). (*P � 0.05 anti-TNF�-treated
B27TR versus IgG2a,k-treated B27TR).
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Fig. 3 Detection of TNF� receptor 1 
(TNF-R1) in colonic mucosal tissue. (A)
Positive colonic intestinal epithelial cells
(IEC) for TNF-R1 in non-transgenic F344
rats (arrow). (B) IgG2a,k-treated B27TR
colon with weakly stained (arrow) or neg-
ative (arrowhead) IEC. (C) The early treat-
ment with anti-TNF� mAb preserves the
expression of TNF-R1 in IEC (arrows).
(D) 27-week-old IgG2a,k-treated B27TR
showed negative immunoreactivity for
TNF-R1 in IEC. (E) The late treatment with
anti-TNF� mAb restored the expression
of TNF-R1 in IEC (arrows). Brown colour:
DAB immunohistochemical developing;
Red colour: AEC immunohistochemical
developing; Blue colour: haematoxylin
counterstain. Original magnification �40.
(F, G) RT-PCR results for TNF-R1 are
shown. TNF-R1 was well expressed in
non-transgenic F344 rats, whereas it was
down-regulated in IgG2a,k-treated
B27TR, both at 18 and 27 weeks. Early
treatment with anti-TNF� mAb main-
tained the expression of TNF-R1 mRNA at
control levels. The late treatment
increased the mRNA to control levels.
Data are representative of at least three
separate experiments. *P � 0.05
IgG2a,k-treated B27TR versus F344 and
anti-TNF�-treated B27TR. ET: early treat-
ment; LT: late treatment.
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Fig. 4 Detection of TNF� receptor 2
(TNF-R2) in colonic mucosal tissue. (A)
Immunoreactivity for TNF-R2 was
absent in the colon of non-transgenic
F344. (B, C) Strong immunopositivity in
the colon of IgG2a,k-treated B27TR,
both at 18 and 27 weeks of age.
Macrophages and mast cells (arrows)
and intestinal epithelial cells (arrow-
head) were strongly positive. (D) The
treatment with anti-TNF� mAb prevent-
ed the increased positivity for TNF-R2.
Brown colour: DAB immunohistochemi-
cal developing; Red colour: AEC
immunohistochemical developing; Blue
colour: haematoxylin counterstain.
Original magnification A, B �40; C, D
�20. (E, F) RT-PCR results for TNF-R2.
Low TNF-R2 mRNA expression was
detected in F344 colon specimens, while
up-regulation was observed in IgG2a,k-
treated B27TR, both at 18 and 27 weeks.
Both early and late anti-TNF�-treated rats
showed low levels of TNF-R2 mRNA.
Data are representative of at least three
separate experiments. *P � 0.05
IgG2a,k-treated B27TR versus F344 and
anti-TNF�-treated B27TR.
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Fig. 5 Immunohistochemistry for Fas and Fas-ligand (Fas-L) on colonic mucosal tissue. (A–C) Fas expression. (A) Fas-positive cells (arrow) in the
lamina propria of non-transgenic F344 rats. (B) In IgG2a,k-treated B27TR, Fas-positive cells of the lamina propria significantly decreased, whereas 
positive intestinal epithelial cells (IEC) increased (arrowheads). (C) Anti-TNF� treatment increased significantly the number of Fas positive cells in the
lamina propria (arrow), while the positive IEC decreased (arrowhead). (D, E) Fas-L expression. (D) In control non-transgenic F344 rats, Fas-L was
expressed mainly by the IEC (arrowhead). (E) IgG2a,k-treated B27TR showed a higher number of positive cells in the lamina propria (arrows). 
(F) Anti-TNF� treatment had no effect on Fas-L expression in the lamina propria (arrow) compared to IgG2a,k treatment. Red colour: AEC immuno-
histochemical developing; Blue colour: haematoxylin counterstain. Original magnification A, B, C, E �20; D, F �40.
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Table 3 Statistical analysis for Fas and Fas-L positive cells 

F344 HLA-B27 HLA-B27 HLA-B27 HLA-B27

+ IgG 18ws + Ab 18ws + IgG 27ws + Ab 27ws

Fas IEC 9.14 ± 5.06 18.01 ± 0.54* 5.30 ± 2.43§ 15.69 ± 5.72* 5.64 ± 1.28§

LP 33.87 ± 7.59 19.85 ± 2.25* 26.07 ± 3.05§ 21.33 ± 2.3* 27.57 ± 6.9

Fas-L IEC 12.21 ± 3.49 5.59 ± 3.46* 3.77 ± 3.64* 3.94 ± 2.74* 7.31 ± 4.93*

LP 5.23 ± 1.36 13.48 ± 1.86** 14.2 ± 2.8 11.39 ± 2.14** 11.87 ± 2.23

Data are shown as means ± S.D. IEC = intestinal epithelial cells, LP = lamina propria. *P < 0.05, **P < 0.01 versus F344; §P < 0.05 versus IgG-treated
HLA-B27 transgenic rats.

Fig. 6 TUNEL assay. (A) TUNEL-positive cells were found in the surface epithelium and crypts (arrows) of the colon in IgG2a,k-treated HLA-B27 trans-
genic rats. (B) In anti-TNF�-treated HLA-B27 transgenic rats, apoptotic cells are found mainly in the lamina propria (arrow) of the colon. Brown colour:
DAB developing; Green colour: Fast Green counterstain. Original magnification �20.

Table 4 Statistical analysis for TUNEL-positive cells

Data are shown as means ± S.D. IEC = intestinal epithelial cells, LP = lamina propria. *P < 0.05, **P < 0.01 versus F344; §§P < 0.01 versus IgG-treat-
ed HLA-B27 transgenic rats.

F344 HLA-B27 HLA-B27 HLA-B27 HLA-B27

+ IgG 18ws + Ab 18ws + IgG 27ws + Ab 27ws

IEC 0.36 ± 0.26 68 ± 10.9** 35.4 ± 7.2**§§ 56.8 ± 13.2** 47 ± 7.9**

LP 0.14 ± 0.2 6.3 ± 1.5** 42.2 ± 4.1**§§ 4.7 ± 2.7* 38.3 ± 7.3**§§
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state, and starting TNF� blockade later, in the advanced phase,
seems not to be effective in obtaining healing of the colonic
mucosa. This was in contrast with a recent study on a murine
model of chronic colitis [30], where a delayed anti-TNF� treatment
significantly improved the clinical signs and histological features.
In B27TR, beside TNF�, other cytokines are probably involved and
it is likely that a dysregulated cellular immune mechanism fosters
and sustains the inflammatory state. The high levels of IL-1 and
IL-2 found in 27-week-old treated or untreated B27TR may partial-
ly account for the inefficacy of the late treatment.

The effect obtained by the preventive treatment may be useful
in those AS patients who show microscopic intestinal injuries but
subclinical signs of gut inflammation. The efficacy of infliximab
therapy in IBD concomitant to AS and the inhibition of flares and
new onset of IBD [15] may be partially due to the preservation of
the integrity of the intestinal mucosa.

The chronic inflammation in B27TR is considered to be the
result of HLA-B27 transgene expression-induced alterations in
antigen processing and subsequent immune responses to the
microbial environment in the lumen of gastrointestinal tract [31,
32]. Many animal models of experimental colitis support the con-
cept that IBD are caused by an aggressive immune response to
commensal non-pathogenic bacteria in a genetically susceptible
host [27]. In this context, the role of TNF� and its receptors is
somewhat controversial and polymodal, depending on the tissue
type and cell target [17, 33–36].

In IEC, TNF-R1 seems to be involved in immune privilege, a
mechanism that may limit the extent of lymphocyte infiltration tol-
erated within tissues, such as the colon [17, 19, 33, 34]. In
IgG2a,k-treated B27TR, the significant reduction in the expression
of TNF-R1 by IEC may be involved in the loss of this mechanism,
favouring dysregulated proliferation and infiltration by inflamma-
tory cells. This hypothesis seems to be supported by the
decreased expression of Fas-L in IEC as well as by the decreased
number of Fas-positive cells in the lamina propria. The infiltrating
cells, which are responsive to this defence mechanism, are
reduced in IgG2a,k-treated rats, and this reduction seems to be
prevented by anti-TNF� treatment. Vice versa, IgG2a,k-treated rats
showed increased Fas-L expression in the infiltrating cells, while
IEC expressed more Fas than control and anti-TNF�-treated rats.

This suggests a higher sensitivity of IEC to pro-apoptotic stimuli
that may account for the increased epithelial cell loss observed in
IgG2a,k-treated rats. Fas-L is expressed on the surface of activat-
ed lymphocytes, targeting apoptosis on cells expressing Fas, such
as the colon’s epithelial cells [37]. In human ulcerative colitis (UC),
extensive infiltration by activated lymphocytes has been associat-
ed, through Fas-L expression, to mucosal damage [37]. In B27TR,
TNF� blockade increased the number of Fas-positive cells in the
lamina propria and significantly decreased Fas-positive IEC, but
had no effect on Fas-L expressing cells except for a slight increase
of Fas-L-positive IEC at 27 weeks of age. Other cytokines may be
responsible for the increased Fas-L expression by these cells. IL-
2-induced T-cell activation and proliferation may increase T-cell
expression of Fas-L [38]; we observed high levels of IL-2 in
B27TR, and this may partially account for the increased Fas-L
expression. Our results confirm previous data on TNF� neutraliza-
tion in SAMP/Yitc ileitis mice, where the authors showed a protec-
tion of the IEC apoptosis and induction of programmed cell death
of the mononuclear cells in the lamina propria. In contrast with
our data, they did not find a Fas-mediated mechanism [35].

In the colonic mucosa, the TUNEL assay showed an increase of
the apoptotic cells in B27TR compared with normal colon. The
increase was higher in areas corresponding to those with high
number of Fas-positive cells. In particular, in IgG2a,k-treated rats,
apoptosis increased in the superficial epithelial layer, suggesting a
Fas-induced mechanism of IEC depletion. Moreover, few apoptot-
ic cells were found in the lamina propria favouring the massive
infiltrate observed in the colon of these rats. Indeed, rats treated
with anti-TNF� antibody showed a significant increase of TUNEL-
positive cells in the lamina propria, thus indicating the activation
and/or maintenance of defence mechanism against a massive
infiltrate.

Thus, TNF� blockade in B27TR contributes, through the Fas-
FasL axis and controlled apoptosis, to the maintenance of mucos-
al integrity and functionality. These results confirm and support
the mechanism hypothesized for the anti-TNF� blocker infliximab
in Crohn’s Disease (CD), which reverses the inappropriate T-cell
accumulation by inducing apoptosis [39].

A role for TNF-R2 in this scenario cannot be clearly found and
explained. TNF-R2 is not constitutively expressed and has no

Table 5 Serum levels of IL-1 and IL-2 by ELISA

Data are shown as means (pg/ml) ± S.E.M. IL-1 = Interleukin 1, IL-2 = Interleukin 2.

F344 HLA-B27 HLA-B27 HLA-B27 HLA-B27

+ IgG 18ws + Ab 18ws + IgG 27ws + Ab 27ws

IL-1 26.8 ± 4.29 48.46 ± 13.78 21.77 ± 6.95 39.25 ± 15.51 38.83 ± 7.8

IL-2 141.48 ± 10.1 159.89 ± 1.46 162.9 ± 2.83 163.23 ± 2.87 158.8 ± 2.39
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effect in normal conditions, but plays an important role in abnor-
mal conditions such as CD and UC, as well as in animal models of
colitis [40]. Our results seem to confirm previous data showing an
up-regulation of TNF-R2 expression in several forms of intestinal
inflammation [40]. Therefore, TNF-R2 up-regulation may be
involved in the perpetuation of colonic inflammation and in altered
epithelial cell function.

In conclusion, these data indicate that TNF� blockade plays a
pivotal tool in the prevention of the spreading of inflammation into
intestinal mucosa, maintaining the homeostatic balance of cell

apoptosis. Studies are needed to further elucidate the roles of the
various cells of the immune system involved and the mechanisms
of action of TNF� in colonic inflammation.
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