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Chronic inflammation developed spontaneously in
the large intestine ofCB-1 7 scidmice restored with
the CD45RBlfigh subset of CD4+ T ceUls obtained
from normal BALB/c mice. The inflammnation,
which extended diffusely from the cecum to the
rectum, was localized to the lamina propria of
mildly affected mice but became transmural in se-
verely affected mice. Immunohistochemical and
flow cytometric analyses showed that the inflam-
matory infltrate contained numerous macro-
phages accompanied by moderate numbers of ac-
tivated CD4+ lymphocytes. Some mice also had
scattered multinucleated giant ceUls. Mucin deple-
tion and epithelial hyperplasia resulting inglandu-
lar elongation and mucosal thickening were also
consistently seen. Less frequentfindings included
ulceration with fibrosis, crypt abscesses, crypt
loss, and granulomatous inflammation. Immuno-
fluorescent analysis of inflamed large intestinal
sections demonstrated increased epithelial expres-
sion of major histocompatibility class H antigens.
The changes in the large intestine ofthese mice are
similar to those seen in patients with idiopathic
inflammatory bowel disease (Crohn's disease and
ulcerative colitis). This murine model may be use-
fulfor studying mucosal immunoregulation as it
relates to the pathogenesis and treatment of
chronic inflammatoty bowel diseases in the large
intestine of human patients. (Am J Pathol 1996,
14&1503-1515)

A number of chronic gastrointestinal inflammatory
diseases exist in human beings. Some of the most

enigmatic are the idiopathic inflammatory bowel
diseases (IBDs), which encompass at least two
forms of intestinal inflammation, namely, Crohn's
disease (CD) and ulcerative colitis (UC).' In CD,
and to a lesser extent in UC, there is compelling
evidence that T-cell-mediated immune reactions
play a major role in the disease processes.29
However, the exact role of the immune system in
the initiation, perpetuation, and resolution of the
inflammatory processes in CD and UC remains
unclear.
To better understand IBD and to develop appro-

priate therapies, a number of animal models of in-
testinal inflammation have been investigated. How-
ever, none have proven to be entirely representative
of either CD or UC. Many models have relied on
administration of bacteria or chemical irritants to nor-
mal animals to induce intestinal inflammation.10-13
The inflammatory responses in these models may
therefore be considered to represent the appropriate
immune responses of normal animals to the inciting
noxious stimuli. Thus, although these investigations
have provided important information about the
mechanisms of intestinal damage and repair, they
have provided little information about the possible
cause(s) of the uncontrolled chronic inflammation
characteristic of IBD. As current evidence suggests
that a dysregulated immune reaction to normal flora
may be important in the pathogenesis of IBD, exam-
ination of animals with spontaneously occurring
chronic intestinal inflammation might provide a
model with pathogenetic similarities to human
IBD.214 Such a model of a dysregulated inflamma-
tory response should increase our understanding of
how the inflammatory process in IBD is initiated and
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how it might be controlled by endogenous cells or
pharmacological intervention.

During lymphocyte transfer experiments in genet-
ically immunodeficient mice, we and others noted
that chronic large intestinal inflammation spontane-
ously developed after transfer of CD45RBhigh CD4+
T cells from BALB/c or C.B-17 mice to C.B-17 scid
mice.15-17 Previous reports of this model have only
briefly characterized the pathological findings in the
large intestine.15-17 The purpose of the present re-
port is to characterize the morphological features,
immunohistological changes, and major histocom-
patibility complex (MHC) class 11 expression seen in
this model and discuss the relevance of this model to
human IBD.

Materials and Methods

Animals

Female BALB/c and C.B-17 (scidlscid) mice (Simon-
sen Laboratories, Gilroy, CA) were maintained in
microisolator cages or contained in laminar flow
hoods under specific-pathogen-free conditions.
Sentinel mice were also maintained in the colony
under identical conditions. Mice were 8 to 12 weeks
of age at the initiation of experiments.

Cell Purification and Reconstitution of
C.B- 1 7 scid Mice
Lymphocyte purification and reconstitution were per-
formed exactly as described.16 " Briefly, CD4+
CD45RB6'i9 and CD45RBIOW populations were puri-
fied from spleen cells from BALB/c mice by two-color
sorting on a FACStar Plus (Becton Dickinson, Sunny-
vale, CA). The CD45RBhigh population was defined
as the brightest staining 40 to 50% of CD4+ cells.
The CD45RBhigh CD4+ T cell subpopulation was at
least 98% pure on reanalysis. C.B-1 7 scid mice were
injected intravenously with 1 x 105 to 5 x 105 sorted
CD45RBhigh CD4+ T cells suspended in 100 ,tl of
phosphate-buffered saline (PBS).

Histopathology
Between 4 and 12 weeks after intravenous injection
of the CD45RBhigh CD4+ T cells, scid mice were
sacrificed by cervical dislocation and tissues were
collected, fixed in 10% neutral buffered formalin,
routinely processed, and stained with hematoxylin
and eosin (H&E) for light microscopic examination.
One sample from each of the following digestive

tract tissues was examined: tongue, esophagus,
stomach, duodenum, jejunum, ileum, cecum, as-
cending colon, transverse colon, descending colon,
and rectum. Stomachs were sectioned to include
nonglandular, fundic, and pyloric regions. Tongue,
esophageal, and intestinal samples (except rectum)
were sectioned transversely. Rectal samples were
sectioned longitudinally. Other tissues examined in-
cluded liver, pancreas, mandibular salivary gland,
kidney, urinary bladder, thymus, lung, trachea, thy-
roid gland, and heart. Lymph nodes were not spe-
cifically collected but were in some cases present in
the samples examined microscopically.

Tissues were evaluated by routine microscopic
examination by one observer (M. W. Leach). The
data represent the results from 16 separate experi-
ments in which mice were injected with the
CD45RBhigh subset of CD4+ T cells. Normal female
BALB/c mice were used as controls. The large intes-
tinal samples were graded semiquantitatively as 0
(no change) to 4 (most severe) for the following
inflammatory lesions: severity of chronic inflamma-
tion, crypt abscesses, and granulomatous inflamma-
tion; and for the following epithelial lesions: hyper-
plasia, mucin depletion, ulceration, and crypt loss.
Results are expressed as the mean of the grades +
standard deviation of affected mice. In addition, the
depth of the inflammatory process into the large
intestinal wall was categorized as extending into the
mucosa, the submucosa, or the tunica muscularis or
as being transmural (extending to the serosa).

Immunohistochemistry
Immunohistochemical staining of frozen sections of
transverse colon was performed by a peroxidase
technique, using the Vectastain Elite ABC kit (Vector
Laboratories, Burlingame, CA) and diaminobenzi-
dine substrate kit (Vector), according to the manu-
facturer's instructions. The following monoclonal an-
tibodies were used: M1/70, anti-mouse Mac-1
(ATCC TIB128); and RM4-4 and RM4-5, anti-
mouse CD4 (PharMingen, San Diego, CA). Substitu-
tion of an irrelevant monoclonal antibody of the same
isotype was used as a control. The immunohisto-
chemical analysis was performed on four mice per
experiment and was repeated in three separate ex-
periments.

Flow Cytometric Analysis of Lamina Propria
Lymphocytes
Lamina propria lymphocytes were purified from the
transverse colon of normal BALB/c mice or mice
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receiving the CD45RBhigh subset of CD4+ T cells, as
previously described.17 Briefly, lamina propria cells
were isolated from pieces of transverse colon mea-
suring 0.5 to 1 cm in length. Lamina propria cells
were then layered on a Percoll (Pharmacia LKB,
Upsala, Sweden) gradient (bottom layer, 2 ml of 75%
Percoll; middle layer, 3 ml of 40% Percoll; top layer,
2 ml of 30% Percoll) and spun at 600 x g for 20
minutes at room temperature. Lymphoid cells were
isolated from the 75% and 40% interface. The follow-
ing monoclonal antibodies were used for fluores-
cence-activated cell sorting analysis: fluorescein iso-
thiocyanate (FITC)-conjugated 1 6A, anti-mouse
CD45RB (PharMingen); phycoerythrin-conjugated
anti-mouse CD4 (Caltag, South San Francisco, CA),
and FITC- and PE-conjugated isotype control mono-
clonal antibodies (PharMingen). Samples were ana-
lyzed on a FACScan using CellQuest software (Bec-
ton Dickinson). Data were pooled from four mice per
experiment and represent the percentage of cells
within the lymphoid gate, determined on forward and
side-scatter analysis. The flow cytometric analysis
was repeated in three separate experiments.

Immunofluorescence
Transverse colon samples from mice receiving the
CD45RBhigh subset of CD4+ T cells were examined.
Transverse colon samples from normal BALB/c mice
and C.B-17 scid mice reconstituted with unsepa-
rated T cells (which do not develop disease16)
served as controls. Five samples from each of two
separate experiments were examined from each
treatment group. Colons were removed, trimmed of
excess fat, and washed extensively in PBS. The tis-
sue was then immersed in Tissue-Tek embedding
compound (Miles Scientific, Elkhart, IN) and snap
frozen in liquid nitrogen. Four-micron-thick sections
were cut and immediately air dried onto glass micro-
scope slides.

Rat anti-mouse MTS6 (monoclonal anti-l-A and
anti-l-E, undiluted; a kind gift from Dr. R. L. Boyd)
was used to reveal MHC class 11 expression,
whereas a rabbit wide-spectrum anti-cytokeratin
(whole rabbit serum, 1:100 dilution; Dako, Santa Bar-
bara, CA) was used to identify epithelial cells. Tissue
sections were simultaneously stained with MTS6 and
anti-cytokeratin using a two-step protocol. Sections
were first rinsed in 1% (v/v) fetal calf serum in PBS
and then incubated with 30 ,ul of MTS6 and rabbit
anti-cytokeratin in a humidified staining box for 20
minutes at room temperature. Sections were then
washed three times for five minutes each by immer-
sion in PBS. Next, sections were incubated in a

mixture of FITC-conjugated goat anti-rat IgG (H+L, 8
,ug/ml; Caltag) and tetramethyl-rhodamine-isothio-
cyanate-conjugated goat anti-rabbit IgM and IgG
(H+L, 25 ,ug/ml; Southern Biotechnology Associ-
ates, Birmingham, AL) for an additional 20 minutes,
and washed again as described above. Sections
were mounted in Vectashield mounting medium
(Vector) under glass coverslips. FITC labeling was
detected using a Zeiss Axioskop fluorescent micro-
scope set on narrow-band blue excitation (440 to
500 nm), whereas tetramethyl-rhodamine-isothiocya-
nate labeling was visualized using narrow-band
green excitation (510 to 565 nm). Photomicrographs
were taken using Kodak 1600 ASA professional film.

Detection of Pathogens
Live mice, both experimental and sentinel animals,
were sent to the Research Animal Diagnostic and
Investigative Laboratory, College of Veterinary Med-
icine, University of Missouri, for sacrifice and com-
plete necropsy examination. Cultures from the naso-
pharynx, cecum, peritoneum, and liver were
performed, including culture for Citrobacter freundii.
Parasitological examination of the cecal contents
and perianal area were performed. Routine serolog-
ical tests for murine viral and bacterial pathogens
were also performed. Sequential sections from mul-
tiple organs, including the large intestine, were
stained for infectious agents using Brown and Brenn,
acid fast, Steiner silver, Grocott methenamine silver,
Gomori's methenamine silver, or periodic acid-Schiff
stains by the diagnostic laboratory and/or by the
authors.

Results

Clinical Findings
C.B-1 7 scid mice developed progressive weight loss
that began 3 to 5 weeks after injection of the
CD45RBhigh subset of CD4+ T cells.16 Mice had soft
stools with increased mucus but did not have diar-
rhea or visible blood in the stool.

Histopathology
Tissues from 79 mice were examined. The number of
each specific tissue examined is shown in Tables 1
and 4. Lesions were seen with the greatest incidence
and severity in the large intestine and were broadly
divided into inflammatory and epithelial lesions. All
mice receiving the CD45RBhigh subset of CD4+ T
cells developed inflammatory and/or epithelial le-
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Figure 1. Representative low magnification photomicrograph of in-
flammatory bowel disease in the colon ofscid mice reconstituted with
the CD45RBbRhi subset ofCD4+ Tcells. The entire circumference ofthe
mucosa is thickrened due to inflammation and epithelial byperplasia.
Note the uilcer at the bottom of the photomicrograph. H&E; magnifica-
tion, X20.

sions in at least one of the five large intestinal sam-

ples (cecum, ascending colon, transverse colon, de-
scending colon, and rectum) examined (data not
shown). Furthermore, inflammatory and/or epithelial
lesions were seen in every sample from 77% of the
60 mice from which all large intestinal samples were

available, demonstrating the diffuse nature of the
disease process in most animals.

At low magnification, the colon was enlarged and
had a greatly thickened wall due to inflammation and
epithelial hyperplasia, which involved the entire cir-
cumference of the bowel wall (Figure 1). Inflamma-
tory lesions in the large intestine consisted of chronic
inflammation, crypt abscesses, and granulomatous
inflammation, as shown in Figure 2, and the inci-
dence and severity of these changes are presented
in Table 1. The chronic inflammation usually con-

sisted of infiltrates of macrophages and lymphocytes
accompanied by small numbers of neutrophils and
eosinophils (Figure 2A), although in a few areas neu-

trophils predominated (Figure 2B). Initial lesions
were characterized by a slight multifocal or diffuse
increase in inflammatory cells in the lamina propria.

As the severity of inflammation increased, intraepi-
thelial lymphocytes (Figure 2A), neutrophils (Figure
2B), and crypt abscesses (Figure 2A) were seen.

Additionally, inflammatory cells separated colonic
glands (Figure 2, A and B), and occasional multinu-
cleated giant cells with peripheral nuclei were ob-
served (Figures 2A and 3A). Infrequently, the inflam-

mation was granulomatous in small focal areas
(Table 1), characterized by aggregates of epithelioid
macrophages accompanied by fewer lymphocytes
and neutrophils (Figure 2C). Granulomatous inflam-
mation was often associated with lymphangitis and
was usually in the mesentery attached to the large
intestine but occasionally was observed in the sub-
mucosa or tunica muscularis. Multinucleated giant
cells were not associated with these clusters of ep-
ithelioid macrophages. Other mesenteric inflamma-
tory changes consisted of infiltration by lympho-
cytes, macrophages, and neutrophils.

Characteristic epithelial lesions (hyperplasia, mu-
cin depletion, ulceration, and crypt loss) are shown
in Figure 3, and the incidence and severity of these
changes are presented in Table 2. The most striking
epithelial lesion was hyperplasia, characterized by
marked crypt elongation (crypt hypertrophy) (Figure
3A), villous transformation (Figure 3B), slight gland
branching and gland tortuosity (Figure 3C), in-
creased height of the epithelium lining glands (Fig-
ure 3D), increased mitotic figures (Figure 3D), in-
creased epithelial basophilia, and cellular crowding
(Figure 3D). Despite the extensive epithelial hyper-
plasia, morphological features suggesting neoplasia
were not seen. Additional epithelial lesions consisted
of mucin depletion (Figure 3A), ulceration (Figure
3C), and crypt loss (Figure 3E). Ulcers sometimes
appeared to overly depleted foci of lymphoid tissue,
although identification of lymphoid tissue in the in-
testinal tract of these scid mice was difficult. Ulcers
were often associated with overlying neutrophils,
forming a mountain peak appearance (Figure 3C),
whereas underlying tissues contained numerous in-
flammatory cells and mild fibrosis. Other large intes-
tinal lesions included luminal sloughed epithelial
cells, luminal neutrophils (Figure 2B), individually ne-
crotic cells within the epithelium in the deeper areas
of the crypts (Figure 3D), submucosal edema seen
primarily in the cecum (Figure 2C), and lymphangi-
ectasia (Figure 2C).
As transmural inflammation is a feature of CD, the

depth of inflammation in the intestinal wall was eval-
uated and is summarized in Table 3. Transmural
inflammation developed most frequently in the trans-
verse colon, was usually associated with more
severe mucosal inflammation, and was often
associated with overlying ulceration (Figure 3C).
Transmural lesions were multifocal and did not in-
volve the entire circumference of the intestinal wall.

Inflammatory lesions were also seen in other di-
gestive tract tissues (Table 4). The stomach was
most frequently affected with infiltrates of lympho-
cytes, neutrophils, and eosinophils located just
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above the muscularis mucosa. A few mice had more

severe gastritis associated with replacement of pa-
rietal and chief cells with less differentiated baso-
philic epithelial cells. Duodenitis was occasionally
seen, consisting of a minimal to mild infiltrate of
lymphocytes in the lamina propria and mild epithelial
hyperplasia. Although cecal lesions were very com-

Figure 2. Representative inflammatory lesions in the large intestine
of scid mice reconstituted with the CD45RB&isb subset ojf GCD4 7
cells. A: The inflammatory infiltrate consists of macrophages and
lymphocytes, accompanied by small numbers of neutropbils and
eosinophbils. A multinucleated giant cell (arrowhead) is adjacent to
a crypt abscess (arrow). H&E; magnification. X 250. B: Occasion-
ally neutrophils predominate in the inflammatory infiltrate. Intra-
epithelial (arrowheads) and inltralauminii'al neutrophils are also
present. H&E, X 230. C: Grantulomnatoins hifian7mation adjacent to
a dilated lpnphatic (asterisk) in the edematous submucosa. IIE-L;
x250.

mon, no changes were noted in the ileum. Esophagi-
tis was seen rarely and consisted of a mild epithelial
and subepithelial infiltrate of lymphocytes, neutro-
phils, and eosinophils.

Inflammatory lesions were also seen outside of the
digestive tract, most commonly in the liver (Table 4).
Inflammation in the liver consisted of small numbers
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Table 1. Mean Severity and Incidence of Inflammatory Lesions in the Large Intestine of C.B-I 7 scid Mice Receiving
CD4+ CD45RB^igh T Lymphocytes

Tissue

Cecum
Ascending colon
Transverse colon
Descending colon
Rectum

n Chronic inflammation

76
75
62
75
74

1.7 ± 0.8 (83%)*
2.1 + 0.8 (93%)
2.5 ± 0.8 (92%)
2.3 ± 0.8 (85%)
2.5 ± 0.8 (91%)

Crypt abscesses

0.0 + 0.0 (0%)
1.0 ± 0.0 (4%)
1.0 ± 0.0 (11%)
1.1 + 0.3 (24%)
1.1 ± 0.4(41%)

Granulomatous inflammation

1.3 ± 0.5 (16%)
1.6 ± 0.5 (11%)
1.3 ± 0.6 (5%)
1.8 + 0.8 (7%)
1.6 + 0.5 (9%)

Results are presented as mean severity -- SD of affected mice, with percentage of mice affected in parentheses.

of periportal lymphocytes and neutrophils, which
only rarely involved bile ducts, and focal clusters of
macrophages and lymphocytes randomly scattered
throughout hepatic acini. The lung had minimal or
mild perivascular accumulations of lymphoid cells,
or multifocal clusters of macrophages and occa-
sional multinucleated giant cells in alveoli. Inflamma-
tory lesions in other organs were typically composed
of infiltrates of lymphocytes and macrophages.
Some infiltrates in the thyroid gland were particularly
severe, resulting in unilateral destruction of the
gland. Lymph nodes lacked corticomedullary dis-
tinction and follicles and were populated by a mix-
ture of small (lymphocytic) and large mononuclear
cells. Some mesenteric lymph nodes had prominent
fibrosis.

Extramedullary hematopoiesis was seen in the liv-
ers of most mice and occasionally in lymph nodes,
the mesentery, and the wall of the large intestine. The
extramedullary hematopoiesis primarily involved my-
eloid elements.

Immunohistochemistry

To further characterize the inflammatory infiltrate, im-
munohistochemical staining of the colon from mice
with colitis was performed (Figure 4). The results
from three separate experiments were similar and
demonstrated numerous Mac-i-immunoreactive
cells and moderate numbers of CD4-immunoreac-
tive cells present diffusely in the lamina propria.
Mac-1 is a marker for macrophages and granulo-
cytes.18 19 As mononuclear cells were the primary
cell type observed in the lamina propria, the colonic
infiltrates were considered to contain numerous
macrophages and moderate numbers of CD4+ lym-
phocytes.

Flow Cytometry
Additional analysis of lamina propria lymphocytes
isolated from the colon of mice with colitis was per-
formed using flow cytometry. Results from three sep-
arate experiments were similar. Mice with colitis had

a three-fold higher frequency of CD4+ T cells in the
lamina propria, compared with cells similarly isolated
from control BALB/c mice, as shown in Figure 5.
Additionally, 70% of the CD4+ lymphocyte popula-
tion in mice with colitis expressed low levels of the
CD45RB antigen, suggesting that these cells were
activated.20'21 In contrast, the majority of CD4+ T
cells from the lamina propria of normal mice were
CD45RBhigh, a phenotype characteristic of naive
resting T cells.20'21

Immunofluorescence

Immunofluorescent labeling of MHC class 11 antigens
in the colon showed prominent expression, primarily
in lamina propria cells, in both normal BALB/c mice
and C.B-17 scid mice reconstituted with unsepa-
rated T cells (control mice, Figure 6, A-C). In con-
trast, MHC class 11 expression was prominent in the
epithelium as well as in the lamina propria cells of
mice reconstituted with the CD45RBhigh subset of
CD4+ T cells (Figure 6, D-F). Cytokeratin expression
in control mice was primarily localized in the middle
and basal crypt regions and in the surface epithe-
lium (Figure 6B), whereas expression was more uni-
form throughout the epithelium of mice reconstituted
with the CD45RBhigh subset of CD4+ T cells (Figure
6E). Results from five colon samples from each of
two separate experiments were similar.

Detection of Pathogens
No significant pathogens were detected in these
mice. Sentinels did not develop inflammatory le-
sions.

Discussion
C.B-17 scid mice injected with CD45RBhigh CD4+ T
cells from BALB/c mice consistently developed
chronic inflammatory and epithelial lesions that ex-
tended diffusely from the cecum to the rectum. The
incidence and severity of inflammatory and epithelial
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Table 2. Mean Severity and Incidence of Epithelial Lesions in the Large Intestine of C.B-17 scid Mice Receiving CD4+
CD45RBH'gh T Lymphocytes

Tissue

Cecum
Ascending colon
Transverse colon
Descending colon
Rectum

Epithelial hyperplasia

1.4 ± 0.5 (88%)
2.0 ± 0.7 (91%)
2.6 ± 0.6 (94%)
2.4 + 0.8 (91%)
2.4 ± 0.7 (91%)

Mucin depletion

1.1 ± 0.4 (46%)
2.0 + 0.8 (88%)
2.5 ± 0.9 (92%)
2.3 ± 0.9 (87%)
2.3 + 1.0 (88%)

Ulceration

1.0 + 0.0 (1%)
1.4 ± 0.6 (29%)
1.8 + 0.8 (19%)
1.0 + 0.0 (7%)
2.0 ± 0.0 (1%)

Crypt loss

1.3 + 0.5 (29%)
1.2 + 0.4 (43%)
1.3 ± 0.5 (58%)
1.2 + 0.5 (48%)
1.2 + 0.6 (65%)

Results are presented as mean severity + SD of affected mice, with percentage of mice affected in parentheses.

lesions was generally greatest between the trans-
verse colon and rectum, whereas the cecum was
comparatively least affected. Inflammation was lo-
calized in the mucosa of mildly affected mice but
was transmural in more severely affected animals.
Infiltrating cells consisted of macrophages and lym-
phocytes, accompanied by small numbers of neu-
trophils, eosinophils, and in some mice rare multinu-
cleated giant cells. Immunohistochemical staining of
the colon showed large numbers of macrophages
and moderate numbers of CD4+ lymphocytes in the
inflammatory infiltrate. Flow cytometric analysis of
the colonic infiltrate confirmed the presence of in-
creased numbers of CD4+ lymphocytes, many with
an activated phenotype. In addition to chronic in-
flammation, epithelial hyperplasia and mucin deple-
tion was consistently seen. Ulceration with fibrosis,
crypt abscesses, crypt loss, and granulomatous in-
flammation were observed less frequently. Immu-
nofluorescent labeling of inflamed large intestinal
sections demonstrated increased epithelial expres-
sion of MHC class 11 antigens.

The morphological features in the large intestine of
these mice are similar to those seen in the colon of
human patients with CD or UC. 1'22'23 CD is generally
characterized by multifocal small and large intestinal
inflammation, which can be transmural. Microscopic
features of CD include infiltration by lymphocytes,
plasma cells, and macrophages and the presence of
lymphoid aggregates, fissuring ulceration, and fibro-
sis with stricture formation. Some cases also have
lymphangiectasia and edema in the submucosa,
crypt abscesses, granulomatous inflammation, and
multinucleated giant cells. UC, which is primarily

confined to the large intestinal mucosa, is typically
characterized by diffuse inflammation extending
proximally from the rectum, broad-based ulceration,
mucin depletion, and crypt abscesses. The inflam-
matory infiltrate in UC includes plasma cells, lympho-
cytes, and neutrophils. Crypt elongation and branch-
ing may also be seen. The diffuse distribution of
lesions in these mice and restriction primarily to the
large intestine resemble features of UC. Likewise,
crypt elongation and branching and extensive mucin
depletion are features associated with UC. In con-
trast, the transmural nature of the inflammation in
these mice is more similar to that seen in CD, as is
the presence of many macrophages and lympho-
cytes, occasional multinucleated giant cells, rare
crypt abscesses, ulcers with a mountain peak ap-
pearance, and submucosal lymphangiectasia and
edema.1'23 Thus, the lesions in the large intestine of
these mice do not exactly mimic the features of either
CD or UC. A mixture of these features is also seen in
some human patients in which morphological differ-
entiation between CD and UC is not possible.22

Epithelial hyperplasia was a significant feature in
mice receiving CD45RBhigh CD4+ T cells and has
also been described in other murine models of in-
testinal inflammation.1024'25 Although increased
thickness of the lamina propria is seen in both UC
and CD due to inflammation and edema,26 marked
epithelial hyperplasia is not frequently described in
patients with IBD. However, significantly increased
intestinal epithelial cell proliferation is identified in
UC patients when cell proliferation assays are
used,27,28 possibly due to T cell activation and re-
sultant cytokine release.29 31 Why the murine and

Table 3. Depth of Inflammation in the Large Intestine of Affected C.B-17 scid Mice Receiving CD4+ CD45RB&igh T Cells

Depth of inflammation (%)
Tissue

Cecum
Ascending colon
Transverse colon
Descending colon
Rectum

Mucosa

60
56
32
56
43

Submucosa

17
13
35
33
52

Tunica muscularis

6
4
0
0
0

Transmural

16
27
33
1 1
4
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Table 4. Incidence of Histopathological Inflammatory
Lesions in C.B-17 scid Mice Receiving CD4+
CD45RB'iJ'h T Cells

Tissue

Tongue
Esophagus
Stomach
Duodenum
Jejunum
Ileum
Liver
Pancreas
Salivary gland
Kidney
Urinary bladder
Thymus
Trachea
Lung
Thyroid gland
Heart

n

72
72
69
70
72
72
72
72
72
71
72
72
72
72
69
72

Incidence of
inflammation

(%)

0
4

84
20
0
0

44
0
1
8
6
0
3

26
7

10

RI,
0

20
35, 651

57

70. 30-

CD45RB

CONTROL

CD45RBHIGH

INJECTED

human large intestinal epithelium appears to react
differently to chronic inflammation is not known but
could relate to fundamental differences in the cyto-
kines produced during inflammation, the response of
epithelial cells to the cytokines secreted, or the ki-
netics of large intestinal epithelial cell renewal. Cell
renewal in the large intestine is longer in humans
than in rodents.32

Increased MHC class 11 antigen expression was
seen in the epithelium from areas of inflamed trans-

Figure 5. Flouw cytometric analysis oJflaminapropria lymphbocytesfroml
normal BALB/c mice (controls) or C.B-17 scid mice restored with the
CD45RB^6R'h snibset ofCD4+ Tcells obtainiedfrom normal BALB/c mice
(mice with colitis). Compared u'ith controls, mice injected u'ith the
CD45RB"','2' soibset have increased nnmbers- ofCD4+ Tcells, and these
cells express lou' levels of the CD45RB anitigen.

verse colon. The demonstrated involvement of inter-
feron-ey (from Thl lymphocytes) and tumor necrosis
factor-a in the pathogenesis of the murine disease
may explain this finding.16'17 Both interferon-y and
tumor necrosis factor-a have been shown to in-

~~~~~~~~.~~~ ~ ~ ~

Figure 4. Immunohistochemical anialysis of the inflammatory infiltrate in the colon of scid mice reconstituted uith the GD45RBRh subset of CD4+T cells (immunoperoxidase, hematoxylin co0nterstain; magniification, x230). A: Nnimerouts mononuiclcar cells in the laminia propria have Mac-I
immunoreactiviiy. B: Smaller numbers of mononuclear cells in the lamina propria have cn4 inmunoreactivitti.
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Control CD45RB high

MHC Class 11

Cytokeratin

Co-Localization

Figure 6. Immunofluorescent analysis ofMHC class II expression in the transverse colon (magnification, x150). Sections stained with both MTS6
(anti-I-A and anti-I-E) and anti-cytokeratin antibodies. Control motuse(scid mouse reconstituted uwith unlsorted CD4+ Tcells; A to C) and scid mouise
reconstituted with the CD45R"R'b s%ubset of C,D4' T cells (D to F). MHC class II expression (green label) is localized in the lamina propria in the
control (A), in conztrast to the reconstituted mouise in which MHC class II expression is located in both the lamina propria and epithelium (D).
Epithelial cells (red label) are shown in control (B) and reconstituited (E) mice. Co-localization ofMHC class II and cytokeratin in the control (C)
anid reconstituted nmouise (F). Vote the regions of overlapping reactivity iu the epitbelium of F.

crease MHC class 11 expression in colonic epithelial
cells and thus probably play a role in up-regulating
MHC class 11 expression in the present model.33
Compared with control epithelium, expression of cy-
tokeratin in inflamed areas of colon was more diffuse.
This finding may be related to the marked epithelial
hyperplasia.
The immunopathological findings seen in these

mice have some similarity to those found in patients
with CD or UC. T-cell-mediated immune reactions

appear to play a major role in the disease processes
in IBD, especially CD.2-9 Specifically, there is evi-
dence that CD is associated with activated CD4+ T
cells,7-9 and it has been proposed that CD is caused
by a Thl response.3435 Additionally, increased mac-
rophage numbers and phenotypic heterogeneity
have been reported in patients with IBD.36'37 Finally,
increased epithelial MHC class 11 expression is seen
in human IBD.4"38'39 Thus, the findings in the murine
large intestine of many macrophages and activated
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CD4+ T cells, and increased epithelial expression of
MHC class 11, are similar to the findings in patients
with IBD.

Gastrointestinal inflammation has also been re-
ported in a number of other murine models with
immune system alterations, including murine models
of graft-versus-host disease and autoimmune dis-
ease, and in mice deficient in the T cell receptor,
MHC class 11 antigens, transforming growth factor-
,31, interleukin-10, and interleukin-2.2425'4044 That
such different alterations in the immune system all
result in gastrointestinal inflammation highlights the
importance of immune regulation in this organ, which
is constantly exposed to numerous luminal antigens.
The importance of gastrointestinal flora and luminal
antigens has been further demonstrated in graft-
versus-host disease as well as in interleukin-2- and
interleukin-10-deficient mice, in which disease is de-
creased significantly or eliminated by decreasing or
eliminating the bacterial flora.41 424547 A unifying
hypothesis for the role of normal flora in the patho-
genesis of these lesions is that local immune re-
sponses to normal antigens progress to excessive
inflammation and tissue damage in animals with im-
munoregulatory defects of various types.48 Similar
events may also occur in IBD, for which a dysregu-
lated immune response to luminal antigens has been
suggested as a cause of IBD.2 14'49'50 It has been
shown that T cells in areas of inflamed CD mucosa
have apparently lost their normal unresponsiveness
to luminal antigens,51 and autoantibodies to colonic
epithelial antigens, possibly cross-reacting with bac-
terial antigens, have been reported in patients with
UC and CD.52'53

In addition to the inflammation in the large intes-
tine, inflammatory lesions were observed in a num-
ber of other tissues from these mice. Multi-organ
inflammation can be seen in IBD patients, although
the exact relationship of these lesions to IBD is un-
known.23 The extramedullary hematopoiesis seen in
these mice, primarily myeloid in nature, was consid-
ered to be secondary to the ongoing inflammation,
although a primary alteration in hematopoiesis can-
not be excluded.
The inflammation in these mice did not appear to

be the result of a contagious pathogen based on
several findings. Pathogens were never cultured
from sacrificed mice, and sentinel mice did not de-
velop inflammatory lesions. Periodic comprehensive
serology and histopathology revealed no indication
of pathogens in sentinel or experimental mice. Fi-
nally, investigators performing similar experiments in
completely separate laboratories report similar le-
sions. 15

In summary, we describe a readily available, re-
producible model of spontaneous large intestinal in-
flammation that develops in mice injected with
CD45RBhigh CD4+ T cells from normal mice. This
model may provide insight into the etiology, patho-
genesis, and treatment of chronic gastrointestinal
inflammatory diseases.
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