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Abstract
Background—A new subline of the senes-
cence accelerated mouse (SAM) P1/Yit
strain has been established which shows
spontaneous enteric inflammation under
specific pathogen free (SPF) conditions.
Aims—To elucidate the pathogenesis of
enteric inflammation in this new subline.
Methods—The SPF and germ free (GF)
SAMP1/Yit strains were used. Histologi-
cal, immunological, and microbiological
characterisation of the mice with enteric
inflammation was performed.
Results—Histologically, enteritic inflam-
mation developed as a discontinuous
lesion in the terminal ileum and caecum
with the infiltration of many inflamma-
tory cells after 10 weeks of age. The
activity of myeloperoxidase, and both
immunolocalisation and mRNA expres-
sion of inducible nitric oxide synthase
increased in the lesion. CD3-å positive T
cells, neutrophils, and macrophages were
more numerous in the inflamedmucosa of
the SAMP1/Yit strain. The GF SAMP1/Yit
strain did not show any inflammation in
the intestinal wall, by the age of 30 weeks,
and the enteritis and caecitis developed 10
weeks after the conventionalisation of the
GF SAMP1/Yit strain.
Conclusion—Enteric inflammation in the
ileum and caecum developed in the
SAMP1/Yit strain. The pathophysiological
characteristics of the disease in this
mouse have some similarities to those of
human inflammatory bowel disease
(IBD). This mouse strain should be a use-
ful model system for elucidating the inter-
action between the pathogenesis of IBD
and the gut microflora.
(Gut 1998;43:71–78)
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Inflammatory bowel disease (IBD) is a non-
infectious, chronic intestinal inflammation
which is comprised of ulcerative colitis and
Crohn’s disease. IBD is a complex intestinal
disorder and its pathogenesis is not well under-
stood. A recent study indicated that mice with
gene targeted disruption of interleukin 2
(IL-2), IL-10, class II MHC, or T cell receptor
á or â developed chronic intestinal inflamma-
tory disease.1–3 Powrie et al showed that after
injection of CD45RBhigh CD4 T cells, scid

mutant mice developed the same disease, and
that the disease could be prevented by coinjec-
tion of the CD45RBlow CD4 T cell subset.4

Immunosuppressive agents, such as cy-
closporin A, have a beneficial eVect on human
IBD.5 These results suggest that the collapse of
gut immune homoeostasis is the major cause of
the chronic intestinal inflammatory disease in
animal models and human IBD patients. One
hypothesis for the pathogenesis of IBD is that
the disease is due to an abnormal response of
the gut immune system to normal gut luminal
contents such as the intestinal microflora or
food antigens. To determine which gut luminal
contents are responsible for the progression of
chronic intestinal inflammation, it is desirable
to establish animal models which naturally
develop IBD-like intestinal inflammation.
However, a spontaneously occurring IBD-like
model is rare in mice.6 Experiments have
therefore been conducted with drug induced
models, such as the dextran sodium sulphate
and hapten induced models.7–9 Drug induced
models are not suitable for studies on the
pathogenesis of IBD, owing to complex inter-
actions between genetic and environmental
factors, because the enteric inflammation
occurs through non-specific mechanisms.
Senescence accelerated mice (SAM) were

derived from AKR/J mice established by
Takeda et al.10 The SAMP1 strain is one of the
series of senescence prone strains established
by breeding 24 generations of siblings from a
litter of AKR/J mice derived from the Jackson
Laboratory (Bar Harbor, Maine, USA).
SAMP1 mice have a short life span (approxi-
mately nine months) and show early signs of
senescence such as spontaneous amyloidosis,
alopecia, and osteoporosis.11–13 It has been
reported that SAMP1 mice show impaired
immune functions with age, such as in the T
dependent antibody response due to a decrease
in helper T cell function.14 15 Our subline of the
SAMP1 strain, named the SAMP1/Yit strain,
showed enteric inflammation. In this study, we
studied the pathological features of gut inflam-
mation of the SAMP1/Yit strain and the eVect
of gut microflora on pathogenesis of the enteric
inflammatory disease.

Materials and methods
ANIMALS

The SAMP1 strain was kindly provided by Dr T
Takeda, Kyoto University, Kyoto, Japan. For the
establishment of the new subline, SAMP1 strain
mice showing spontaneous skin ulceration were
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selected and mated. Mice showing skin lesions
were selected in the F1 generation of this strain
and brother-sister mating performed over 20
times so as to establish the SAMP1/Yit strain.
This strain showed no amyloidosis and no
shortened life span, unlike the original
SAMP1.11 In addition, inflammatory disease in
the ileum was observed in this new subline.
Inflammation of the gut in this new subline was
associated with the presence of the skin lesions.
No diVerences were detected in the standard
genetic markers between the Yit strain and the
original strain in the chromosomes tested: Chr 1
(Idh 1, Pep 3, Akp 1, Apo a2), Chr 2 (Hc), Chr
3 (Car 2), Chr 4 (Mup 1, Gpd 1), Chr 5 (Pgm
1),Chr 6 (Ldr 1),Chr 7 (Gpi 1,Hbb),Chr 8 (Es
1, Es 2), Chr 9 (Thy 1, Trf), Chr 11 (Es 3), and
Chr 17 (H 2K, H 2D).
The mice were maintained under specific

pathogen free (SPF) conditions using the bar-
rier system and fed a sterilised pelleted diet and
water. The germ free (GF) SAMP1/Yit strain
was generated in our institute and kept in steri-
lised vinyl isolators. The GF condition was
checked monthly according to requirements of
the Japan Experimental Animal Research
Association.16 Control AKR/J mice were pur-

chased from Seiwa Experimental Animals Ltd
(Fukuoka, Japan).

PATHOGEN ANALYSIS

Serological tests were negative for Helicobactor
hepaticus, Corynebacterium kutscheri, Myco-
plasma pulmonis, ectromelia virus, mouse ad-
enovirus, mouse hepatitis virus, Sendai virus,
and Salmonella typhimurium. Faecal cultures
were negative for Escherichia coli 0115, Pseu-
domonas aeruginosa, and Salmonella spp. Lung
cultures were negative for Pasteurella pneumo-
tropica. Direct smears of the colonic contents
were negative for Giardia muris, Spironucleus
muris, and Syphacia spp.

HISTOLOGICAL EXAMINATION

Tissue sections (5 µm) of the duodenum, jeju-
num, ileum, caecum, colon (proximal and dis-
tal colon), and rectum of 5–30 week old
SAMP1/Yit strain mice were prepared with a
cryotome in the standard manner. In addition,
sections from skin, salivary glands, lung,
pancreas, stomach, liver, and kidney of 20–30
week old SAMP1/Yit mice were made in the
same manner. The sections were stained with
toluidine blue. For immunohistochemical

Figure 1 Histology of the duodenum (A), ileum (B),
caecum (C), proximal colon (D), and distal colon (E) in a
20 week old SAMP1/Yit mouse. Intestinal architecture was
normal in the duodenum and colon (A,D,E).
Morphological changes such as villous atrophy and crypt
hyperplasia were pronounced in the ileum (B). In the
caecum, crypt hyperplasia, characterised by crypt
elongation and increased mitotic figures, could be detected
(C). Toluidine blue stain. Original magnification, ×100.
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analysis, the sections were fixed with ice cold
acetone (−20°C) and then incubated with the
optimal dilution of monoclonal antibodies
ER-TR-23 (BMA Biomedicals, Rheinstrasse,
Switzerland), Gr-1 (Pharmingen, San Diego,
California, USA), or 500-A2 (Pharmingen)
which react with tissue macrophages, granulo-
cytes, and CD3-å, respectively. For the detec-
tion of inducible nitric oxide synthase (iNOS),
polyclonal rabbit IgG against mouse iNOS
(UBI, Lake Placid, New York, USA) was used.
Finally, the tissue sections were stained with a
3',3-diaminobenzidine solution. Endogenous
peroxidase was blocked with 1% sodium perio-
date.

ONTOGENIC STUDY

To investigate the eVect of aging on the devel-
opment of intestinal lesions in SAMP1/Yit
strain mice, we examined the presence of
enteric inflammation in the SPF SAMP1/Yit
strain from age 5 to 30 weeks. A 10 cm length
of the proximal part of the small intestine and
ileum was excised from 5, 10, 15, 20, 25, and
30 week old SAMP1/Yit mice (n=6), or from
15, 20, and 25 week old control AKR/J mice
(n=6). The intestinal contents were flushed out
with ice cold 10 mM PBS (pH 7.2) with a
syringe and then the remaining PBS was

removed with filter paper (Toyo Roshi Kaisha
Ltd, Japan). The intestinal segments were
weighed and histological examination per-
formed.

REVERSE TRANSCRIPTION-POLYMERASE CHAIN

REACTION ANALYSIS

Total RNA was extracted from the ileal
segments from 5–30 week old SPF SAMP1/Yit
strain mice with TRI-sol (Gibco BRL, Gaith-
ersburg, Maryland, USA). Glyceraldehyde
3-phosphate dehydrogenase (G3PDH) and
iNOS mRNA were detected by reverse
transcription-polymerase chain reaction (RT-
PCR). Specific primers for murine G3PDH
and iNOS were purchased from Clonetech
Laboratories Inc. (Palo Alto, California, USA).
Reverse transcription was performed at 42°C
for 30 minutes. cDNA was amplified for 32
cycles. The PCR conditions were denaturation
at 72°C for one minute, annealing at 60°C for
45 seconds, and extension at 40°C for 45 sec-
onds. The PCR products were then analysed
by electrophoresis in a 1.5% agarose gel.

MEASUREMENT OF TISSUE MYELOPEROXIDASE

Tissue myeloperoxidase (MPO) activity was
measured as described by Krawisz et al.17 In
brief, ileal tissue from 20 week old SAMP1/Yit

Figure 2 Histological analysis of the ileum of a SAMP1/Yit mouse at 20 weeks of age. (A) Low magnification photograph of inflammatory bowel disease
in the ileum of a 20 week old SAMP1/Yit mouse. The intestinal walls were thickened due to the inflammation. (B) High power view of A showing severe
mucosal inflammation. Crypt hyperplasia with crypt elongation, and villous atrophy were pronounced in the lesion. Inflammatory infiltrate could be
observed in the LP and submucosa. (C) Enlargement of the lymphatic vessels could be seen in the LP. (D) Higher magnification of B showing crypt
undergoing necrosis (arrow) with intraluminal neutrophils.Mixed inflammatory cell infiltrate in the LP predominantly consisted of macrophages,
neutrophils, and lymphocytes. (E) Crypt loss (arrow) is associated with necrotic debris in crypts. Toluidine blue stain, original magnification: A, ×40;
B, ×100; C, ×200;D,E ×400.
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and age matched AKR/J (n=3) mice was
homogenised with a polytoron homogeniser in
hexadecyltrimethylammonium bromide (Sigma
Chemical Co., St Louis, Missouri, USA) buVer.
The suspension was sonicated on ice and centri-
fuged at 15 000 rpm for 30 minutes. The super-
natant was mixed with enzyme substrate buVer
containing O-dianisidine hydrochloride (Sigma)
0.167 mg/ml and 0.0005% hydrogen peroxide.
The changes in the absorbance at 455 nm were
measured.

EFFECTS OF ENTERIC BACTERIA ON THE

DEVELOPMENT OF IBD IN THE SAMP1/Yit STRAIN
To determine the eVect of enteric bacteria
on the development of gut inflammation in
the SAMP1/Yit strain, GF SAMP1/Yit strain
mice were conventionalised as described
previously.18 In brief, after removal of GF
SAMP1 (at five weeks of age) from the vinyl
isolator, a faecal suspension from SPF SAMP1/
Yit mice was orally administered through a
gastric tube into GF SAMP1/Yit strain mice.

Fifteen weeks after conventionalisation, the
mice were sacrificed and examined for the
presence of intestinal inflammation.

STATISTICS

The results of each experiment were analysed
by the two tailed Student’s t test.

Results
CHRONIC INTESTINAL INFLAMMATORY DISEASE

We observed 50 littermates of 20 week old SPF
SAMP1/Yit mice and detected thickening of
the intestinal wall of the terminal ileum. The
discontinuous lesion was maximal in the
terminal ileum and gradually decreased as it
reached the upper part of the small intestine
(data not shown). Histological examination
revealed that the intestinal inflammation was
restricted to the distal part of the small
intestine (distal part of the jejunum and ileum)
and caecum (fig 1). The proximal parts of the
small intestine (duodenum and proximal part
of the jejunum), colon, and rectum had

Figure 3 Immunohistochemical staining of the ileal mucosa.A cryostat section from IBD SAMP1/Yit and age matched
control AKR/J mice was stained with monoclonal antibodies 500-A2,ER-MP-23, and Gr-1 that recognise CD3-å, tissue
macrophages, and granulocytes, respectively.CD3-å positive cells, tissue macrophages, and granulocyes were more abundant in
the IBD lesion in SAMP1/Yit (B,D,F) than in age matched control AKR/J mice (A,C,E).Original magnification, ×100.
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histologically normal features (fig 1; data for
rectum not shown). Histologically, the lesions
in the ileum were characterised by thickening
of the intestinal wall due to inflammation and
epithelial cell hyperplasia (fig 2A). Inflamma-
tory cells had infiltrated the lamina propria

(LP) and submucosa (fig 2B). In the lesions in
the ileum, villous atrophy and crypt hyperplasia
characterised by crypt elongation and in-
creased mitotic figures were usually seen (fig
2B,C). In the LP, enlargement of the lymphatic
vessels was detected (fig 2B). Inflammatory
infiltrates in the LP consisted of macrophages,
neutrophils, and lymphocytes (fig 2D) and
intraluminal neutrophils could be seen in the
necrotic crypts (fig 2D). Crypt microabscesses
in the ileum could be seen after 30 weeks (fig
2E).
An immunohistochemical study showed that

many of the cells infiltrating the lesions were
immunoreactive with monoclonal antibodies
500-A2, ER-MP23, and Gr-1 that recognise
CD3-å, tissue macrophages, and granulocytes
respectively (fig 3B,D,F). The numbers of
these inflammatory cells were quite low in age
matched control AKR/J mice or non-inflamed
intestinal mucosa of SAMP1/Yit mice (fig
3A,C,E). The lesions in the caecum were char-
acterised by hyperplasia of the crypt epithelial
cells and cellular infiltration in the LP (fig 4).
However, the intestinal inflammation in the
caecum was less severe than that in the ileum.
By immunohistochemical analysis, the inflam-
matory infiltrates in the caecum consisted of
macrophages, lymphocytes, and a few neu-
trophils (data not shown). Crypt elongation
with increased mitotic activity and the loss of
goblet cells was pronounced in the epithelial
layer (fig 4B). Caecal inflammation was
observed mainly in the region around the
ileocaecal junction, and inflammation of other
caecal regions was mild or not detected (data
not shown).

Figure 4 Histological analysis of the caecum of the
SAMP1/Yit strain at 20 weeks of age. (A) Mild epithelial
hyperplasia resulting in crypt elongation and increased
mononuclear cell infiltrate in the LP. (B) Higher
magnification of the caecal epithelial lesion in the
SAMP1/Yit strain at age 20 weeks. Epithelial hyperplasia
with increased mitotic figures could be seen.Note that there
is goblet cell depletion. Toluidine blue stain. Original
magnification: A, ×200; B, ×400.

Figure 5 Histological analysis of the skin and liver. (A) Pathology of the dorsal skin in the SPF SAMP1/Yit strain at 20 weeks of age. Loss of the
epidermis can be seen in the right side of the photograph. (B) High power view of A. Inflammatory infiltrates can be seen in the dermis. (C) Higher
magnification of A. A large number of neutrophils covered the epidermal ulceration. (D) Histopathology of the liver in SPF SAMP1/Yit mice at 30 weeks
of age. A focal mononuclear cell infiltrate could be detected throughout the hepatic acini. Toluidine blue stain. Original magnification: A, ×40; B, ×100;
C, ×200;D, ×400.
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HISTOLOGICAL ANALYSIS OF THE SKIN AND

OTHER ORGANS

Intestinal inflammation was correlated with the
presence of skin lesions in SPF SAMP1/Yit
mice. Ninety per cent (45/50) of the SPF
SAMP1/Yit mice had skin lesions in the dorsal
part of the skin and eyelid (table 1). The lesion
in the skin showed loss of the epidermis and
infiltration of inflammatory cells into the
dermis (fig 5A,B). A large number of neu-
trophils covered the lesion (fig 5C). Histologi-

cal analysis of the other organs such as lung,
salivary gland, kidney, stomach, and pancreas
were normal (table 1). However, cellular
infiltration could be detected in the liver in
SAMP1/Yit mice. Focal clusters of lym-
phocytes were scattered throughout the hepatic
acini (fig 5D).

ONTOGENIC STUDY OF INFLAMMATORY DISEASE

Next we examined the eVect of aging on the
development of the intestinal lesions. The
tissue weight of the proximal part of the small
intestine remained unchanged from age 5 to 30
weeks (fig 6). However, the weight of the distal
part of the small intestine increased at age 15
weeks. The tissue weight of the distal part of
the small intestine did not change from age 15
to 25 weeks in the SAMP1/Yit strain (fig 6).
The weight of the intestine in control AKR/J
mice did not change from 15 to 30 weeks. His-
tological analysis revealed that the intestinal
lesions did not develop until age 10 weeks (data
not shown).

EXPRESSION OF INFLAMMATORY MEDIATORS

The expression of iNOS was observed in the
ileal epithelial cells in both SAMP1/Yit and age
matched AKR/J mice. However, iNOS positive
LP cells were more numerous in 20 week old
SAMP1/Yit mice than in age matched AKR/J
mice (fig 7A). In RT-PCR analysis, the mRNA
of iNOS in the ileum increased as the disease

Figure 6 Ontogenic study of the inflammatory disease.
Values are means (SD). *Significantly diVerent (p<0.05)
from the initial tissue weight.
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Figure 7 Expression of inflammatory mediators. (A) Immunostaining of iNOS in the SAMP1/Yit strain. The expression of iNOS on the epithelial cells
could be seen in both SPF SAMP1/Yit and control AKR/J mice at 20 weeks of age (arrow).However, there were more iNOS expressing cells in the LP in
the 20 week old SAMP1/Yit strain than in the age matched AKR/J strain (arrowhead). Original magnification ×100. (B) RT-PCR analysis of iNOS
mRNA.The mRNA of iNOS increased in the ileum during disease development. (C) Analysis of tissue MPO activity. Tissue MPO activity in ileum was
higher in the 20 week old SAMP1/Yit strain than in the age matched AKR/J strain. There were three mice per group. Similar results were obtained from
two independent experiments. Values are means (SD). **Values significantly diVerent (p<0.01) from control.

Table 1 Incidence of
histological inflammatory
lesions in SPF SAMP1/Yit
mice

Tissue Incidence

Stomach 0/45
Duodenum 0/50
Jejunum 50/50
Ileum 50/50
Caecum 48/50
Proximal colon 0/50
Distal colon 0/50
Rectum 0/50
Salivary gland 0/30
Pancreas 0/47
Liver 22/50
Lung 0/30
Kidney 0/30
Skin 45/50
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progressed (fig 7B). The ileal tissue MPO
activity was higher in 20 week old SAMP1/Yit
mice than in age matched AKR/J mice and 10
week old SAMP1/Yit (fig 7C).

EFFECTS OF INTESTINAL MICROFLORA ON

DEVELOPMENT OF THE DISEASE

In GF mice, the intestinal inflammatory
disease that was seen under the SPF conditions
could not be detected by the age of 30 weeks
(fig 8A). Intestinal architecture in the GF
littermates was quite normal, as in other strains
of GF mice. Next we orally inoculated five
week old GF SAMP1/Yit mice with a faecal
suspension from SPF AKR/J mice. After 15
weeks the tissue weight of the distal part of the
small intestine was greater than that of the
control age matched AKR/J and the GF
SAMP1/Yit mice (fig 8B). However, there was
some diVerence in intestinal tissue weight
between SPF SAMP1 (269.80 (56.29) mg)
and SPF flora associated SAMP1 (194.33
(13.30) mg). There was no diVerence in intes-
tinal tissue weight between GF SAMP1 and
SPF AKR/J mice (p=0.4953). Histological
analysis showed that mild gut inflammation
was present in conventionalised SAMP1/Yit
mice (data not shown).

Discussion
The SAMP1/Yit strain, a new SAMP1 subline,
develops IBD in the terminal ileum and
caecum. However, the large intestine (the

proximal or distal colon) does not show the
inflammatory disease by the age of 30 weeks.
Data obtained in this study showed that all SPF
SAMP1/Yit mice developed chronic intestinal
inflammation until 10 weeks of age. This
subline did not have the short life span or
spontaneous amyloidosis that was seen in the
original SAMP1 strain.11–13 The intestinal
disease consisted of a discontinuous lesion,
beginning in the terminal ileum. The severity
of the intestinal inflammation in the caecum
was less than that in the ileum. The ileal lesion
contained a large number of CD3+ T cells,
macrophages, and neutrophils. Mucosal MPO
activity and NO expression in the ileum were
increased in this strain of mice. These patho-
physiological characteristics shown in SAMP1/
Yit mice have some similarities to other murine
IBD models.19 20

The mechanism underlying the chronic
intestinal inflammation in the SAMP1/Yit
strain is unclear. The original SAMP1 strain
showed age related immune dysfunction, espe-
cially in the T cell dependent antibody
response.14 Hosokawa et al showed that this
deficient antibody response was due to a
decrease in the T helper cell function.15 Recent
reports indicated that injection of the Th1-like
CD45RBhigh CD4 subset into scid mice in-
duced colitis, which was prevented by coinjec-
tion of the Th2-like CD45RBlow CD4 subset or
IL-10 treatment.21 22 Injection of the self
reactive Th1 CD4 subset led to the develop-
ment of diabetes in NOD mice, and was
prevented by coinjection of the Th2 CD4
subset.23 We have found that transfer of the
sorted CD4 subset from the SAMP1/Yit strain
to scid mice induced intestinal inflammatory
disease (manuscript in preparation). These
studies suggest that an immune imbalance in
the target organ may be the major cause of
development of the organ specific inflamma-
tory disease.
With respect to the pathogenesis of IBD, we

hypothesise that the disease is due to an abnor-
mal response to gut luminal contents. Our pre-
vious studies have shown that the gut micro-
flora is closely related to the establishment of
the host mucosal immune systems.17 24–26 In this
study, we observed that the GF SAMP1/Yit
strain did not develop the intestinal inflamma-
tory disease, and that conventionalisation of
the GF SAMP1/Yit strain induced gut inflam-
mation. Sadlack et al showed that disruption of
the IL-2 gene led to the development of colitis
under SPF conditions but not in the GF state.1

We could not detect any murine pathogens
such as H hepaticus in our animal colonies
which induce intestinal inflammation in im-
mune deficient strains.27 These results suggest
that the IBD-like enteritis and caecitis ob-
served in these mice result from a response to
the normal non-pathogenic microflora. The
identity of the indigenous bacteria which cause
the intestinal inflammation in our model
system is being investigated. We observed that
the gut inflammation in the conventionalised
SAMP1/Yit mice was less severe than that in
age matched SPF SAMP1/Yit mice. The
mechanism underlying this phenomenon is

Figure 8 EVect of intestinal microflora on development of the disease. (A) In the GF
SAMP1/Yit strain, the intestinal inflammatory disease that was seen under SPF conditions
could not be detected, at least until 30 weeks of age. The intestinal architecture in GF
littermates was quite normal, as in other strains of GF mice. (B) After contamination of 5
week old GF SAMP1/Yit mice with a faecal suspension from SPF AKR/J mice, the weight
of the distal part of the small intestine was increased compared with that of age matched
GF SAMP1/Yit mice (n=5) after 15 weeks. There was no diVerence in the intestinal tissue
weight between GF SAMP1 and SPF AKR/J mice (p=0.4953). Values are means (SD).
Values significantly diVerent (*p<0.05; **p<0.01) from tissue weight of the GF
SAMP1/Yit strain.
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unknown. It is possible that the time of bacte-
rial colonisation may be important for the pro-
gression of disease in this model.
The enteritis and caecitis in the SAMP1/Yit

strain described here may become a model sys-
tem of human IBD. This strain should be use-
ful for investigating the incidence and progres-
sion of IBD from the viewpoint of the
interaction between intestinal microflora and
the host immune system.

The authors wish to thank Drs H Amasaki (Nippon Veterinary
and Animal Science University), and T Osawa, T Watanabe,
and T Takahashi (Yakult Central Institute) for their advice
regarding the manuscript.
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