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ABSTRACT
A major invo l vement of the immu n e
system and of microbial flora in the
HLA-B27 tra n s genic rat model of spon -
dylarthropathy was demonstrated. The
role of inflammatory pathways, such as
cytokines and inducible nitric oxide syn -
thase (iNOS) was investigated. Treat -
ment with IL-10 failed to improve esta -
blished disease, wh e reas such im -
provement was achieved with IL-11. In
contrast, aggravation was observed af -
ter treatment with selective inhibitor of
iNOS.

Introduction
The strong association of ankylosing
spondylitis (AS) with HLA-B27 still
remains enigmatic. Other closely relat-
ed infl a m m at o ry rheumatic diseases
that are characterized by extraarticular
manifestations, such as psoriasis, and
inflammatory bowel disease (IBD), or
by the triggering upon bacterial infec-
tion (i.e. “ re a c t ive art h ri t i s ” ) , a l s o
share association with HLA-B27. Alto-
ge t h e r, these disord e rs have been
grouped as the spondyloarthropathies
(SpA). HLA-B27 tra n s genic ro d e n t
models have provided new opportuni-
ties to investigate the pathogenesis of
SpA. 
S eve ral lines of rats tra n s genic fo r
HLA-B27 and human b2m i c rog l o bu-
l i n , d evelop a spontaneous mu l t i s y s-
temic infl a m m at o ry disorder that re-
produces the characteristic features of
SpA. This SpA in rat combines gut
i n fl a m m ation re s e m bling ulcerat ive
colitis with peripheral sterile arthritis
in the hind limbs, and with inflamma-
t o ry lesions of interve rt eb ral disks,
reminiscent of AS. Lesions of the skin
and nails, h i s t o l ogi c a l ly re s e m bl i n g
psoriasis, are also present (1).
Rats transgenic for the HLA-B7 gene
have remained healthy (2). This con-
firms the specificity of the inflammato-
ry disease, here referred to as rat-SpA,
for the HLA-B27 allele. However, only
some HLA-B27 transgenic rat lines are
affected. In fact, a correlation has been

established between the susceptibility
to disease and the level of expression
of HLA-B27 wh i ch is itself dire c t ly
determined by the number of copies of
the B27 transgene integrated in the rat
genome (2). 
I n b red rats from disease-prone B27
transgenic lines uniformly develop rat-
SpA, whereas in humans, only a small
proportion of HLA-B27 carriers ever
s u ffer from this disease. A dd i t i o n a l
genes and env i ronmental fa c t o rs are
l i ke ly to be invo l ved in the human
SpA. This assumption holds true also
in rats, as shown by breeding experi-
ments. Several of the rat backgrounds
tested (Lewis, Fisher, PVG) are per-
missive to disease expression, whereas
one of them (Dark Agouti) confers dis-
ease resistance by a mechanism that is
independent from MHC (2). 

The role of the immune system
The immu n o l ogical basis of the rat
SpA has been established. All major
fe at u res of the spontaneous rat - S p A
(gut inflammation, arthritis, psoriasis)
could be transferred to B27 transgenic
rats of a healthy line as well as to non-
transgenic recipients by bone marrow
engraftment of immature hematopoiet-
ic stem cells from disease-prone lines
but not by mature lymphocytes. There-
fore, expression of B27 in epithelial
cells of target organs is not important
for disease induction, wh e reas bone
marrow-derived cell, such as a mono-
cyte or dendritic cell, expressing a high
level of B27 is critical for disease in-
duction. Depletion of CD8αβ+ T cells
t h rough thy m e c t o my and short - t e rm
t re atment with an antibody aga i n s t
CD8 did not reduce arthritis (3). How-
eve r, d epletion of all CD8+ cells,
i n cluding a population of CD8α α+
cells, different of thymus-derived con-
ventional CD8+ T cells signifi c a n t ly
attenuated arthritis (4). T lymphocytes
are also necessary however, the princi-
pal effector T cells belonging to the
CD4+ population. Hence, it has been
proposed that a mechanism of periph-
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e ral interaction between T cells and
HLA-B27+ antigen presenting cells
leads to the rat SpA (5).

The role of microbial flora
Gut and joint inflammation are sup-
pressed in B27 transgenic rats raised in
germfree isolators, whereas exposure
of these germfree rats to a normal flora
is sufficient to induce gut inflammation
and arthritis. Anaerobic bacteria, espe-
c i a l ly B. vulgat u s, p l ay a pro m i n e n t
role in the triggering of colitis in the
germfree B27 transgenic rats. Accord-
i n g ly, m e t ro n i d a zole administrat i o n
p revented colitis during ex p o s u re of
germfree B27 transgenic rats to a con-
ventional flora (6, 7).

The role of proinflammatory 
mediators
Colonic mucosa ap p e a rs as an early
site of infl a m m ation in HLA-B27
transgenic rats, where an increase of
IFN-γ and IL-2 is suggestive of a pre-
dominantly Th1-mediated response. In
e s t ablished disease, I L - 1α, I L - 1β,
TNF-α, and macrophage inflammatory
protein 2, are expressed (2). Elevated
plasma levels of nitrite/nitrate are con-
sistent with an increased production of
n i t ric oxide (NO) and the inducibl e
nitric oxide synthase isoform (iNOS)
was detected both in the colonic epi-
thelium and in the hip cartilage, where
it could play a pathogenic role (8, 9).
The ability of IL-10 to inhibit IFN-γ
and IL-2 release by Th1 cells and to
down-regulate TNF-α and IL-1, pro-
duced by activated macrophages was
used to examine the role of these cyto-
kines in the HLA-B27 rat model. Ad-
m i n i s t ration of recombinant mu ri n e

IL-10 to B27 transgenic rats with es-
tablished disease had no influence on
the disease course, albeit the produc-
tion of IFN-γ, TNF-α, and IL-1β in the
gut mucosa was inhibited, arguing for
a dispensable role of this set of pro-
inflammatory cytokines in perpetuat-
ing the disease process. It is likely that
other mediators are critically involved
in the sustained colonic inflammation
of HLA-B27 (10). By contrast, treat-
ment with recombinant human IL-11,
which also down-regulated expression
of IFN-γ, TNF-α, and IL-1β, presum-
ably by inhibiting NF-kB, efficiently
reduced colitis in B27 transgenic rats
(11).
The role played by iNOS in the HLA-
B27 transgenic rat model was tested by
a d m i n i s t e ring dex a m e t h a s o n e, wh i ch
may prevent the expression of iNOS,
and by administering the iNOS in-
hibitor L-N6-(1-iminoethyl)lysine (L-
NIL) (10). Dexamethasone tre at m e n t
had no effect on iNOS expression and
was not associated with an inhibition
of inflammation. L-NIL-treatment was
associated with aggravation of arthri-
tis, and colitis. NO from iNOS may
contribute to tissue destruction through
the generation of peroxynitrite, when
produced by macrophages and neutro-
phils in combination with oxygen free
radicals. This consequence is less like-
ly to happen if NO production takes
place in epithelial cells, s u ch as in
chronic colitis of HLA-B27 transgenic
rat. Local production of NO in the epi-
thelium may rather display antibac-
terial effects that could be beneficial.
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