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A Novel Model of Inflammatory Bowel Disease: Mice Deficient
for the Multiple Drug Resistance Gene,mdrla Spontaneously
Develop Colitis

Chetan M. Panwala,* Jon C. Jones, and Joanne L. Viney*

The murine multiple drug resistance (mdr) gene,mdrla encodes a 170-kDa transmembrane protein that is expressed in many
tissues including intestinal epithelial cells, a subset of lymphoid cells and hematopoietic cells. We report thiatdrla knockout
(mdrla~'") mice are susceptible to developing a severe, spontaneous intestinal inflammation when maintained under specific
pathogen-free animal facility conditions. The intestinal inflammation seen irmdrla~’~ mice has a pathology similar to that of
human inflammatory bowel disease (IBD) and is defined by dysregulated epithelial cell growth and leukocytic infiltration into the
lamina propria of the large intestine. Treating mdrla™’~ mice with oral antibiotics can both prevent the development of disease
and resolve active inflammation. Lymphoid cells isolated from mice with active colitis are functionally reactive to intestinal §
bacterial Ags, providing evidence that there is enhanced immunologic responsiveness to the normal bacterial flora during IBD.Z
This study is the first description of spontaneous colitis in a gene knockout mouse with an apparently intact immune system. Thiss
novel model of spontaneous colitis may provide new insight into the pathogenesis of IBD, the nature of dysregulated immun
reactivity to intestinal bacterial Ags, and the potential functional role of mdr genes expressed in the cells and tissues of the coloni
microenvironment. The Journal of Immunology,1998, 161: 5733-5744.
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and ulcerative colitis, are syndromes characterized byfree environment or treated with oral antibiotics, highlighting thg

chronic inflammation of the gastrointestinal tract. The eti- central role for bacterial colonization in the initiation and/or persif
ology of these disorders remains unknown despite many years gfetuation of experimental IBD (4, 12-16). There is also evidenge
investigation. The current hypotheses suggest that persistent integrat human patients with IBD suffer from adverse and enhancgd
tinal inflammation may be the result of either enhanced or aberrar}teactivity to their autologous resident intestinal flora (1, 2, 17§
immunologic responsiveness to normal constituents of the gut |UConsidering that the cells of the mucosal immune system are pgb-
men (1, 2) or an overall autoimmune dysregulation and imbalancgscied from the large antigenic load in the gut lumen by a sin@
(3-11). The recent establishment of various animal models relepyer of epithelial cells, it seems reasonable to assume that epitge-

vant for studying the pathogenesis of intestinal inflammation has;;| .alis play a major role in providing a barrier that regulates
N

Pro"'ded some insight into potentla_l dlseas_e mechanisms. In Paontact between bacteria and immune cells. In support of thg,
ticular, the discovery that many animals with altered T cell pop-

. . L ) transgenic mice expressing a mutant cadherin on their epitheﬁal
ulations or cytokine deficiencies spontaneously develop colitis h.a%ells in the small intestine spontaneously develop IBD presumaﬁl’y

implicated an immune imbalance as one of the critical factors 'ndue to breaches occurring within the epithelial cell barrier (18%.

the manifestation of IBD (3—11). Although the pathologic changes.Thus proteins expressed in epithelial cells may in some way c-

associated with IBD and the extensive lymphoid infiltrates into thet ibute. directl indirectly. t intaining th tective barrier
inflammatory lesion suggest that there is some immunologic dys-rI ute, directly orindirectly, to maintaining the protective barriers
Intestinal epithelial cells and some lymphocyte subsets hage

regulation, it is likely that many of the immunologic changes as- : ) =
sociated with IBD are probably not the primary cause of the dis-been shown to express multiple drug resistaMBR) genes (19— g

ease process, but may be due to secondary nonspecif%df)' These genes belong to a family of transporters known as AP
inflammation binding cassette transporters, which are characterized by their aEiI-
: . . . . N
There is increasing evidence that the intestinal microflora is arty to pump small amphiphilic and hydrophobic molecules across
important cofactor in the pathogenesis of intestinal inflammationmembranes in an ATP-dependent manner (25, RE)R genes

The development of spontaneous colitis in many mouse model¥ere first identified by their ability to confer resistance to chemo-
therapeutic agents in tumors and neoplastic cell lines (27). Three
MDR genes have been identified in rodents and two in humans,
Departments of *Molecular Immunology aritmmunobiology, Immunex Corpora-  each of which has a restricted pattern of tissue expression and,
tion, Seattle, WA 98101 most likely, a different function. Although it is well known that
Received for publication April 27, 1998. Accepted for publication July 9, 1998. some of these gene producMEQRl in humans andandrlaand

The costs of publication of this article were defrayed in part by the payment of Pagemndr3in mice) can actively pump toxic drugs out of cells, their

charges. This article must therefore be hereby maddckrtisemenin accordance . K X A
with 18 U.S.C. Section 1734 solely to indicate this fact. natural in vivo role has not been fully elucidated (28, 29). In mice,

1 Address correspondence and reprint requests to Dr. J. L. Viney, Department didrlais expressed on many tissues including intestinal epithelial
Molecular Immunology, Immunex Corporation, 51 University Street, Seattle, WA cells, CD8" T cells, a subset of CD4T cells, hematopoietic cells,
98101. E-mail address: jviney@immunex.com . .

N Jviney@ and cells at the blood-brain barrier (19, 21, 23, 30, 31). The func-
Abbreviations used in this paper: IBD, inflammatory bowel disease; mdr, multiple.. . . . .
drug resistance; SPF, specific pathogen free; PE, phycoerythrin; IEL, intraepitheliasIon of mdrlain each of these different cell types and tissues is

lymphocyte; LPL, lamina propria lymphocyte; MLN, mesenteric lymph node. unknown.

3
T he inflammatory bowel diseases (IBDCrohn’s disease can be prevented if mice are generated and maintained in a gegm-

Copyright © 1998 by The American Association of Immunologists 0022-1767/98/$02.00
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Recently, mice with a targeted deletion of tinelrlagene were  two times in complete medium and analyzed on a Becton Dickinson
generated (32). Analysis of these knockout mice has revealed th&ACScan flow cytometer (Immunocytochemistry Systems) using Becton
they have an increased sensitivity to certain drugs, but do not ag2ickinson Cellquest software.

pear to show any constitutive abnormalities (31-34). In the currenfmmunoperoxidase histochemistry analysis of frozen sections

study we observe thamndrla’~ mice housed under specific . . ) )
. . . . Large intestines were removed, embedded in OCT compound (Tissue-Tek,
pathogen-free (SPF) conditions develop spontaneous intestinal Ir‘Forrence, CA), frozen in a dry ice/ethanol bath, and stored&3°C until

flammation. We describe the nature of the inflammatory cell in-yse. Frozen sections (8m) of intestine were cut, fixed for 15 min in
filtrate, describe a role of the intestinal microflora in the initiation acetone, and stored at80°C until staining. Peroxidase staining was per-
and perpetuation of colitis in these mice, and provide evidence thgprmed using the Vectastain ABC system (Vector Laboratories, Burlin-

the development of colitis appears to arise as a result of a defect @qme, CA) according to specified directions as described previously (35).
- . . ;i - riefly, tissue sections were preincubated in 5% goat serum, 5% bovine
the intestinal epithelial barrier.

serum, and 1% mouse serum for 30 min at room temperature and then
. incubated with biotin-conjugated primary Abrft h atroom temperature.
Materials and Methods Slides were washed three times in Tris-buffered saline, further incubated
Mice with a biotin-conjugated secondary Ab for 30 min at room temperature, and
washed again three times in Tris-buffered saline. Sections were then incu-
FVB control mice andndrla’~ mice were initially purchased from Tac- bated with avidin peroxidase (Vectastain ABC system), washed, and finally
onic Farms (Germantown, NY) and then bred and maintained in the SPincubated with diaminobenzidine substrate (Sigma) before counterstaingig
facility at Immunex (Seattle, WA) in accordance with approved ethical in hematoxylin. Positive cells were identified by the presence of a bro
guidelinesmdrla’~ mice had been backcrossed onto the FVB strain for reaction product.
at least seven generations at Taconic Farms before shipping. Control and
knockout mice used for experiments were age matched and received tredmmunofluorescence analysis of frozen sections
ment simultaneously. Mice were monitored on alternate days for the pres-. o )
ence of diarrhea and mucous discharge from the anus. All mice were bre§iSSues were frozen in liquid nitrogen as described above, aou 8ryo- 3
and maintained under SPF conditions in Thoren isolation racks under pogitions were cut, air dried, and acetone fixed before staining. Tissue gec-
itive pressure and fed autoclaved food and water ad libitum. The quality ofioNS from bothmdrla ™™ and control FVB mice were stained with eithers
the SPF facility is monitored through the Charles River Health Monitoring 20 #9/ml FITC-conjugated anti-MDR mAb (C219; Signet Laboratoriesy
Plus program (Charles River, Wilmington MA) using the Charles River D€dham, MA) or FITC-conjugated 19G2a isotype control mAb (Phais
tracking profile. Sentinel mice receiving bedding from donor cages areM'ngen) in the presence of 2 mM TQTO-3 ('Molecular Probes) and 30%’
tested for viral, parasite, and bacterial infection. There were no viruses/'0US€ serum. Sections were visualized using a confocal laser scanfgng
parasites, or pathogenic bacteria detected in our colony throughout thElicroscope (Molecular Dynamics, Sunnyvale, CA).
course of the study. Of particular note, we did not detect any evidence o - - . .
Helicobacterinfection Helicobacter bilis Helicobacter hepaticyor Hel- fntraeplthe.llal Iymphocyte (IEL) and lamina propria lymphocyte :
icobacterspp.) in any mice. (LPL) cell isolations

Treatment of mice with oral antibiotics IEL were isolated according to a modification of published procedures (3;‘?’,
36). Briefly, the small and large intestines were removed and washedsin
Streptomycin sulfate (1.25% wi/v), neomycin (1% w/v), bacitracin (1% Ca*/Mg?*-free HBSS (Life Technologies, Bethesda, MD). Peyer'§
wlv), and amphotericin (0.25% w/v) were dissolved in autoclaved drinkingpatches were removed, and the intestines were opened longitudinally, gut
water (pH 2.5-2.8) supplemented with saccharine (1% wi/v) and then filinto 0.5-cm pieces, and placed in 1 mM EDTA inCé#Mg®*-free HBSS =
tered through a 0.22m Nalgene filter (Nalgene, Milwaukee, WI). As a at 37°C for three sequential 15-min incubations with intermittent vortexi
control, mice received saccharine alone (1% w/v) in the drinking water. Allto remove epithelial cells and IEL. Supernatants were collected and poo&d
reagents were obtained from Sigma (St. Louis, MO). Regular drinkingfor IEL purification. The remaining tissues were then washed in PBS agd
water was replaced with antibiotic or saccharine drinking water duringincubated in trypsin-EDTA two times to remove any residual epitheli
treatment. cells, and the denuded tissues were digested with 90 U/ml collagenase t§pe
. . VIIl (Sigma) in RPMI 1640/10% FCS for three sequential 20-min incuss
Antibodies bations at 37°C with intermittent vortex mixing to release LPL. Superng-
The following primary Abs were used for flow cytometric analysis and t&nts were collected and pooled for LPL purification. IEL and LPL wer§
immunoperoxidase histochemistry: anti-CD4 (rat IgG; L3T4), anti-eDg Purified by passing cells over a prewet glass wool column before spinnigg
(rat 19G; 53-6.7), anti-TCRpB (hamster IgG; H57-597), anti-TGR (ham- them through a 40%/80% discontinuous Percoll gradient (Pharmacia, Ugp-
ster 1gG; GL3), anti-GR1 (rat IgG; RB6—8C5), anti-B220 (CD45R) (rat ;ala, Sweden) as previously described (35). The _ceIIs at the 40%/8g%
IgG; RA3-6B2), and anti-CD8 (hamster IgG; 500A2: Immunex). The |nterfa<;e were collected, washed, and resuspended in complete mediungfor
primary Abs were conjugated either with biotin or R-phycoerythrin (PE). analysis.
All Abs were obtained from PharMingen (San Diego, CA) except where - - .
indicated. The following secondary Abs were used for immunoperoxida\sénteStInaI bacterial Ag preparation
histochemistry: biotinylated sheep anti-rat I9G (Amersham, Arlington |ntestinal bacterial Ags were prepared from fecal contents harvested frim
Heights, IL) and biotinylated goat anti-hamster IgG (Caltag, South Santhe cecum according to a modification of published procedures (37).
Francisco, CA). Briefly, individual preparations were processz/ed from three different mouse
. . . sources: 1) an FVB control mouse, 2)mdrla ™ mouse with no signs of
Flow cytometric analysis of isolated cells inflammation, and 3) amndrla /= mouse with active colitis. The cecal
Isolated cells were incubated with the appropriate PE- or biotin-conjugate@ontents from the individual mice were placed in a 2-ml bead shaker tube
primary Ab for 30 min on ice in PBS Supp|emented with 5% BSA and half-filled with 2-me zirconium beads suspended in PBS. The mixture was
0.02% sodium azide essentially as described previously (35). Stained celirtexed in a bead beater (Biospec Products, Bartlesville, OK) for 30 s at
were washed two times, incubated with streptavidin-allophycocyanin (Mo-5000 rpm and placed on ice. The intestinal bacterial slurry was then mi-
lecular Probes, Eugene, OR), and then fixed in 1% paraformaldahyde bé&rofuged at 14,000< g, and the supernatant was harvested and filtered
fore analysis. Stained cells were analyzed on a Becton Dickinson FACScafthirough a 0.22um filter. The relative protein content in each sample was
flow cytometer (Immunocytochemistry Systems, San Jose, CA) using Becestimated using a Bradford assay (Bio-Rad, Hercules, CA).
ton Dickinson Cellquest software.
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Proliferation assay

Rhodamine efflux assa
y Cell suspensions were prepared by gently mashing mesenteric lymph nodes

Lymphocytes were isolated from mice and incubated with/ml rho- (MLN) between ground glass slides and passing them through nylon mesh.
damine 123 (Sigma) for 15 min at 37°C in complete RPMI 1640 supple-MLN cells were cultured at a density of & 10° cells/well in 96-well
mented with 10% FCS. For two-color analysis, cells were simultaneouslyflat-bottom plates in complete RPMI supplemented with 10% FCS in a
stained with PE-conjugated primary Abs. The stained, rhodamine-loadefinal volume of 200ul in a humidified 6% CQ incubator at 37°C for 48 h.
cells were then washed two times and incubated in complete medium with€ells were cultured either in the presence of titrating amounts of intestinal
out rhodamine 123 for an additionz h at37°C. Cells were then washed bacterial Ag preparations, in the presence ofu@/ml Con A, or in
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FIGURE 1. Mucosal lymphocytes from FVB
mice, but notmdrla’~ mice, exhibitmdrla
functional activity. MLN cells A) and mucosal T
IEL and LPL B) were loaded with rhodamine FVB IEL FVB LPL
123, simultaneously stained with PE-conjugated
mAb (to CD3, CD4, CD8, TCRB, or TCRy9),
and then allowed to efflux rhodamine for 2 h.
Cells were then analyzed by flow cytometry, and
mdrla activity was determined by decreased
rhodamine intensity. Axes show Iggfluores-
cence intensity measured at 525 nm for rhoda-
mine 123 and 575 nm for PE after excitation
with a 488-nm argon laser. The FACS profiles
represent data from one of two separate
experiments.
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anti-CD3 mAb-coated wells (Lig/ml). Proliferation was assessed by ad- Analysis of colonic bacteria (Microcheck, Northfield, VT)Mice were
dition of 1 uCi/well [°*H]TdR 18 h before harvesting using a Matrix-96 cell killed under sterile conditions, and colonic washout samples were h&r-
harvester (Inotech, Lansing, Ml). The amount of radioactivity incorporatedvested and shipped to Microcheck for bacterial identification by microbi;il
into DNA was measured using a dirggtounter (Packard, Meriden, CT). cellular fatty acid analysis. Samples were subcultured at Microcheck, apd
All cultures were performed in triplicate. Data are reported as mean‘cpm microbial fatty acid profiles were determined by high-resolution gas chrg-
1 SD of triplicate wells. matography. Identification of bacteria in individual samples was detes-
) mined by comparing the fatty acid profiles of the unknown sample wit§
Serum Ab titers known profiles from microbial fatty acid libraries. g

Mice were exsanguinated, and the serum was collected. Polyclonal serum
Ab titers were determined by isotype-specific ELISAs for IgA, IgE, IgG1, Results

19G2a, IgG2b, 1gG3, and IgM as previously described (38). Briefly, 96- ; :
well Nunc Maxisorp plates (Nunc, Naperville, IL) were coated overnight aumdrlaIS f_unctlonally expresse_d by .muc.osal lymphocytes and
on the apical surface of colonic epithelial cells

4°C with isotype-specific anti-mouse Ig Abs (0.2 mg/well), blocked with
PBS/10% FCS f02 h atroom temperature, and washed with PBS/0.1% Efflux of rhodamine 123 from preloaded lymphocytes has be
Tween-20. Serum samples and control samples were serially diluted in

PBS/10% FCS starting at 1:100. Plates were incubated fb atroom used to demonstrate the presencemafr activity in peripheral T ¢

temperature, washed, and incubated with the appropriate peroxidase-cofi€lls (19, 30). However, the assay does not distinguish whet
jugated specific anti-isotype detecting Ab for an additichdn at room rhodamine efflux is due tendrlaactivity, mdr3 activity, or per-
temperature. Plates were washed again, and enzyme activity was detectgeips even another unidentified transporter. We therefore analyged
using TMB microwell peroxidase substrate reagents (Kirkegaard & Pe"yrhodamine 123 efflux in lymphocytes from normal FVB mice ané‘

Laboratories, Gaithersburg, MD) &2 N H,SO,. The amount of reaction Ay . . o
product was assessed on an ELISA plate reader at OD 450 nm using tf@drla — mice to determine whether rhodamine 123 efflux was

Deltasoft program (DeltaPoint, Monterey, CA). The affinity-purified Abs associated with a functionahdrla gene and to identify which 2
used for determining isotype-specific serum Ab titers by ELISA were ob-mucosal and peripheral lymphocyte subsets might exhibit tﬁe
tained from Southern Biotechnology Associates (Birmingham, AL), exceptpump activity. mdrlaassociated functional activity was detecte@
for anti-lgE, which was obtained from Serotec (Oxford, U.K.), and anti- .

. e
19G2a, which was obtained from PharMingen. Ig concentrations were de!" MLN cells from normal FVB mice but not fronmdrla

termined by comparing test sample dilution curves with known concentraiMice, as determined by ability to efflux rhodamine 123 (Fig).1
tions of isotype controls. Results are indicated as mean concentration These data indicate that a functiomatirlagene product is nec-
SD of two separate mice for each group. essary for rnodamine 123 efflux. To determine which subsets of
mucosal lymphocytes have timedrlaactivity, we performed the
L _ o _ o rhodamine efflux assay on IEL and LPL isolated from the large
;‘Z)durii regggé‘;“i F%/l?] rgfg t"r;’:rr]ergg?]g}?ucie"(‘j"tgyli?/ ?%g;‘g% ﬁ; , intestines of FVB mice. We simultaneously stained these cells with
10° bor'le marrow cells céllected from the femurs of appropriate donors. mAb§ aggmst CD3, CD4, CD8, TG, and TCRy (Fig. 1B).

The individual CD3, CD4, CD8, TC&3, and TCRyS subsets
Bacterial identification within the IEL and LPL compartments had similar efflux profiles.
Analysis of cecal and colonic bacteria (Phoenix Laboratories, Everett, V'rtl_""’}”y all of.the CD8" cells and T_CR’8+ cells appeared to
WA). Mice were killed under sterile conditions, and aerobe/anaerobe bacexhibit mdr activity and efflux rhodamine 123, whereas only half
terial culture swabs (Medical Wire and Equipment, Corsham, Wilts, U.K.) of the CD4" cells and half of the TCRB™ cells were able to efflux

were used to collect cecal and colonic contents. Samples were shipped fﬂe dye. None of the mucosal lymphocyte populations from the
Phoenix Laboratories for identification of aerobic and anaerobic bacteria

A :
outgrowth. At Phoenix Laboratories, swabs were streaked and bacteri:ﬂ]drla mice were aple to efflux t_he rhodamine 123 (datg not
species were identified based on nutrient requirements, growth, morphoShown), further suggesting thatdrlais necessary for rhodamine
ogy, and staining properties. 123 efflux activity in mucosal lymphocytes.
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Bone marrow chimeric mice



5736 mdrlaKNOCKOUT MICE DEVELOP SPONTANEOUS COLITIS

©
FIGURE 2. mdrlais expressed on the apical surface of the intestinal epithelial cells in the colon. Frozen sections of large intestine from FVB §ontro|
mice (+/+) andmdrladeficient mice {-/—) were stained fomdrlaexpression with antindr FITC mAb C219 (green) and counterstained with TOTO—%‘
(red). The scale bars represent2®. The staining shown is representative of two mice analyzed. Similar staining was seen in two separate expert’gnents
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Immunofluorescent staining was used to localimrlaexpres- females (26%) was not significant. The average age at onset \lgas
sion in the colon. Fig. 2 showsdrlastaining (green) on trans- approximately 20 wk, although the first signs of colitis develop-fi
verse sections of colons from FVB controt{+) and mdrla ment could be seen in mice ranging between 8 and 36 wk of age.
deficient (-/—) mice. The sections were counterstained with Although some mice with colitis developed a wasting-type disea§e,
TOTO-3 (red) to visualize gut architecturadrlastaining appears the majority of colitic animals were maintained for up to 3 me
to be restricted to the apical surface of epithelial cells in FVB mice.without signs of cachexia. Disease was nontransmissible, sirite
No mdrlastaining was apparent on sections frardrla '~ mice mdrla /" mice both with and without colitis were housed in the
or on sections from FVB mice stained with an isotype control (datasame cage. We observed no clinical or histologic signs of colitis in
not shown). We were also unable to detect axgrlastaining on
LPL or on IEL in FVB mice, despite functional evidence that these
cells expressndrla(see above). It is unclear whether this was due
to low expression levels ahdrlaon mucosal lymphocytes or to  Table I Incidence of coliti in mdrla™~ mice
the relatively low frequency of lymphocytes within each section.

Age at Disease Onset (wk)

Clinical characteristics and incidence of colitis mdria /™ 5-10 11-15 16-20 21-25 26-30 31-35Total
mice

) o Male r 6 1 3 5  16/8¢
Approximately 20-25% of the 16@&drlaknockout mice included Female 4 4 4 6 2 3 23/87

in this part of the study appeared to develop loose stools and anal . .. . )
X i . . Colitis was determined by the presence of loose stools and mucous discharge
mucous discharge by 1 year of age (Table I). Histologic analysis ofrom the anus.
mice with clinical signs of colitis confirmed the presence of active ® Incidence of colitis was monitored mdrla™/~ mice housed under SPF conditions.
c h ) -
intestinal inflammation that was primarily restricted to the large o \Umber of mice with colits.

: . ) o e 9 There was no significant difference in incidence of colitis between males and
intestine. The difference in incidence between males (20%) anekmales at a 95% confidence interval= .092).
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a massive thickening of the colonic tissues whadrla '~ mice with established colitisaf were compared witmdrla '~ mice without colitis b); original
magnification,x63.5.c, Crypt abscesses and ulcers extending through the mucosa to the muscularis were prevalent in many sections of intestine fro
mdrla’~ mice with active colitis (original magnificatiorns 250).d, Evidence of dysregulated epithelial cell growth in colitic mice (original magnification,
X500). a—d are from individual mice and are representative of multiple tissue sections analyzed-ftbrmice per group.

any FVB control mice, heterozygousdria™’~ mice, or other im-  colitis. Histopathologic analysis of multiple colitmdria’~ an-
munocompetent mouse strains of any age housed within the facilitimals revealed inflammation spread along the entire length of the
colon. The intestinal inflammation was characterized by a massive
thickening of the mucosa and evidence of inflammatory cell infil-
The severe inflammation of the large intestine that develops irrates into the lamina propria mdria’~ mice with active colitis
mdrla /~ mice bears resemblance to the human IBD, ulcerative(Fig. 3a) compared withmdrla /= mice without colitis (Fig. B).

Histopathologic changes associated with colitisviarla’~ mice
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FIGURE 4. mdrla’~ mice with established colitis
have extensive T cell, B cell, and granulocyte infil- i
trates into the colonic lamina propria in areas of intes-
tinal inflammation. Frozen sections of colon from *
mdrla’~ mice with active colitis 4 d, and g),
mdrla’~ mice with early/intermediate colitisb( e,
andh) and control FVB miced, f, andi) were stained

by the immunoperoxidase technique for expression of
CD3 (a—), B220 @), and Grl ¢—). Positive staining -d
is indicated by the presence of a brown reaction prod- .~
uct. Note a dramatic increase in the number of CD3 |
T cells in the lamina propria ofndria’~ mice with
active colitis @) compared with early/intermediate co- o
litic mdria’~ (b) and FVB €) mice. B220 staining ' i
revealed the presence of B cells in follicular clusters in -
mdrla’~ mice with active colitis d). mdrla /~ mice 5
with early/intermediate colitisg] did not have defined
B cell clusters but had more lamina propria B cells than |
FVB mice (). Increased frequencies of Gricells
could be seen aggregating in areas of inflammation in
mdrla’~ mice (@), particularly where breaches in the
epithelium were apparent. Few Grlcells were
present in the lamina propria ofidrla”’~ mice with
early/intermediate colitish) or FVB mice ). Sections )
are representative of data from two colitic mice, one
early/intermediate colitic animal, and five control ani- g
mals. At least three regions of intestine from the prox- ';r- -
imal to the distal end of each individual colon was =" ."t*‘:
analyzed.
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Occasional crypt abscesses and ulcerations extending through theFACS analysis of the large-intestine IEL and LPL isolated fros
mucosa to the muscular layer were also often noted in the coliticolitic animals revealed that the majority of the infiltrating T cell§
animals (Fig. 8). Crypt length was greatly increased in colitic were CD4 TCRaf™" (Table Il). Although there was an apparent
animals, with approximately three- to fivefold more epithelial cells decrease in the relative proportion of CD§ cells in the lamina
per crypt in colitic mice (Fig. 8 compared with noncolitic mice propria of colitic animals, the absolute number of CO®ERaS™*
(Fig. 3). There also appeared to be some evidence of dysregulated cells was not diminished, probably owing to the fourfold in-
epithelial cell growth in colitiaondrla /~ mice in areas of inflam-  crease in the total number of LPL isolated from colitic animals
mation (Fig. 3l). (data not shown). There was no apparent increase inybBCR
Immunohistochemical analysis of the gastrointestinal tissues ofells in the inflamed tissue (data not shown).
animals with prevalent colitis or animals with early stages of co- In addition to T cell infiltrates, immunohistochemical analysis also
litis was used to further characterize the lymphocytic infiltrate intorevealed the presence of numerous B2 cell clusters/follicles
the mucosa of the large intestine compared with control FVB micewithin the lamina propria of animals with active colitis (Figl)4om-
(Fig. 4). There was an increased number of infiltrating CD3  pared with control FVB animals (Figft Whereas the T cells were
cells scattered diffusely throughout the lamina propria of inflameddiffusely scattered throughout the lamina propria, the B cell infiltrates
colonic tissue from mice with active colitis (Figaycompared appeared to be localized to follicular clusters within the mucosa. The
with colonic tissue from control FVB mice (Figch A less dra-  follicular clusters varied in size and were only observed in the colon.
matic CD3" T cell infiltrate was observed in mice with early co- In contrast to animals with fully developed colitis, animals with in-
litis (Fig. 4b). termediate colitis mostly had individual B220cells scattered
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Table Il. Mucosal T cell subsets isolated from colitic and control 100
intestine$
90
IEL LPL 80
. . = 70
Colitic Control Colitic Control =
mdrla~’~ mice FVB mice mdrla”’~ mice FVB mice 3
S
<
% CD4"/CD8~ 42 10 53 15 8
% CD8"/CD4~ 30 36 7 30 é
% CD4"/CD8" 9 2 4 3 5
% TCRaB* 94 50 90 49 =
2|EL and LPL were isolated from large intestines framdrla~’~ mice with active
colitis and from age-matched control FVB mice and stained for CD4, CD8, and
TCRap expression. Numbers are expressed as a percent of total mononuclear cells
analyzed.
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throughout the lamina propria and the few clusters that were present

were reduced in size (Figep FIGURE 5. Treatingmdrla '~ mice with oral antibiotics can prevent
the onset of colitis. Seventyndria’~ mice with no visible signs of

colitis were selected for the study. Regular drinking water was replac:grd

14 papeojumoq

Gr1* cellular infiltrates were also prominent throughout the lamina

propria ‘?f the large intestine in mif:e with active CO"tis_ (Fig) om- with antibiotics and saccharine dissolved in drinking water(31) or
pa.md .W'th control _F\(B mice, which .appeared devoid of Grklls saccharine alone dissolved in drinking water< 39). Mice were mon-
(Fig. 4). The Gr1" infiltrates were uniformly present throughout the jtored on alternate days for clinical signs of colitis for up to 16 wk. Mic@
lamina propria, although an increased number of cells did appear to bgere then killed and analyzed for histopathologic signs of colitis. Dafa
migrating across the epithelium into the gut lumen in regions wheraepresent the percentage of mice with clinical or histopathologic e\iz'-
the epithelialbarrier may have been compromised (Fgjp.Mice with dence of colitis.
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FIGURE 6. Therapeutic antibiotic treatment can reverse the gut inflammation associated with established cotitisari~ mice. Mice with active
signs of colitis (loose stools and anal discharge) were placed on antibiotic treatment for h0=w&)( At the end of the treatment period, colons were
removed from untreateshdrla’~ mice with active colitis ), control FVB mice b), andmdrla’~ mice therapeutically treated with antibiotiay.(Note
that the colon from the antibiotic-treated mouse does not appear inflamed and shows little residual evidence of thickeningohistochemical analysis
of colonic tissues from mice treated with antibiotics showed persistence of D& lIs despite significant reduction in inflammation.
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Table Ill. Identification of bacterial speciés a
[Intestinal Antigen]
Mice Aerobic Bacteria Frequenty 160007 ] )
14000 q D Hmeim
FVB Lactobacillussp. 8/8 01 ma/mi
Strep speciesy-hemolytic 1/8 12000 s
1/8 10000 B oot mymi
Enterococcusp. 2/8 s
1/8 % 8000 @ 0001 mg/mt
Bacillus 2/8 N
5000 0
mdrla~/~ Lactobacillussp. 6/8 4000 T L\\
(no caolitis) E. coli 5/8 2000 <
e -Eg}&?l—.ﬁ ’-}m—‘ o
Bacillus sp. 1/8 0 z 24
B hemolytic bacillus 1/8 FvB mdrta -/- colitis
2/8 (mdria -/-)
Enterococcus 1/8
2/8 b g
Proteus mirabilis 3/8 20000 3
e * D no stimulation g}_
mdrla Proteus mirabilis 2/6 0000 77} con (igm o)
(active colitis) Enterococcus 1/6 50000 77 ! g
1/6 ) %’ X Ny 2nt-CD3 (tpg/mi) E.
Lactobacillussp. 4/6 E HE I | 5
Staphylococcusp. 2/6 O 30000 \ S
Bacillus sp. 1/6 20000 \ \\ 3
2 Samples from cecum and colon were analyzed for identification of bacteria by 10000 7 N §
two different methods (seMaterials and Methods All of the mice had a mixed s 2 2 / Y
anaerobic flora with heavy growth &acteroidessp. VB dria -/ it =
b Frequency of mice with identified bacteria. maria -/~  colis 3
(mdria -/) g
o
FIGURE 7. Lymphocytes from colitiomdrlia’~ mice have enhanced %

early colitis had relatively few Grlinfiltrating cells, and these were  yojiferative reactivity to bacterial Ags. Cells were prepared from the ML
restricted to small focal regions in the lamina propria (Fig. 4 of mdria”’~ mice with active colitis fndria’~, colitis), mdrla”’~ mice
. . o with no signs of colitis fndrla’~), and age-matched FVB mice (FVB) 2
Prophylactic treatment with oral antibiotics can prevent and assayed for proliferative reactivity to intestinal bacterial Ag prepara-
spontaneous colitis imdrla’~ mice tions @) or Con A and anti-CD3 mAbl) as described iMaterials and 3
It has been well established in a majority of mouse models thatethods a, Cells frommdria ™™ mice with active colitis demonstrated
spontaneous colitis can be prevented if mice are housed und&nhanced proliferative reactivity to the bacterial Ags<( 0.05, Student’s

ermfree conditions. sugaesting that the presence of the qut flort test) compared with other mice. Cells frandria '~ mice without colitis
9 » SU9g 9 P 9 &d not differ significantly from cells from FVB miceb, Cells from all

IS necessa_ry for the deveIOpmer_‘t of colitis (4, 12, 14). It has als(?nice responded similarly following stimulation with Con A or anti-CD3.
been previously demonstrated in another model of spontaneougyes are expressed as mean cpni SD of triplicate wells. The data
Colitis that treating mice W|th antibiotiCS can pl’event inﬂammation shown are from one experiment and are representative of three sim
(13). In the first part of the study, we treateirla '~ mice with experiments.
broad-spectrum oral antibiotics to eliminate the commensal gut
flora and then monitored for the development of colitis. Control 5
mice were given water treated with saccharine alone. None of thpathology associated with colitis could also be reversed along wgh
mice had detectable colitis at the beginning of the study. the gross symptoms, mice treated with antibiotics for 10 wk Weﬁe
The incidence of colitis iiTndrla '~ mice treated with antibi- killed and the colons analyzed histopathologically. As expecte?,
otics was greatly reduced compared witidrla ’~ mice treated the colons of untreated colitic animals were grossly thickened (F&).
with saccharine alone (Fig. 5). In the 16-wk treatment, 14 of 316a), compared with control animals (Figh} Interestingly, the §
saccharine-treatehdrla /~ mice developed colitis (loose stools gross thickening of the colon associated with active IBD was sig-
and mucous discharge), whereas only 1 of 39 antibiotic-treatediificantly reduced in mice that had received therapeutic antibiotic
mdrla '~ mice developed any signs of inflammation (no clinical treatment (Fig. 6). On further histopathologic examination of
signs, histopathologic evidence only). The one antibiotic-treatedhese intestines, we observed little evidence of inflammation, and
mdrla /= mouse that showed signs of colitis had only one minorthe general gut architecture appeared similar to that of control mice
focal region of inflammatory cell accumulation (data not shown)(data not shown). Immunohistochemical analysis revealed that the
and did not show any other overt signs of intestinal disease.  mice treated with antibiotics had no evidence of persisting"Grl
infiltrates or B cell follicles (data not shown). However, despite the
apparent reduction in inflammation arising from antibiotic treat-
ment, there still appeared to be an increased number of'CD3
To ascertain whether the intestinal inflammation in mice with ac-cells in the lamina propria of these animals (Figl) @ompared
tive colitis could be reversed by antibiotic treatment, mice with with control mice (Fig. 4).
active colitis (as determined by evidence of loose stools and mu- . ) . . .
cous discharge from the anus) were therapeutically treated withtnalysis of bacterial flora in colitic and control mice
antibiotics in the drinking water. Within 3 wk of continuous anti- Although the commensal bacterial flora resident in the intestinal
biotic therapy, the previously colitic mice had no residual visible lumen of the gut appears to play a major role in the induction of
signs of anal discharge or loose stools. To determine whether theolitis, little is known about the role of individual bacteria in the
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Therapeutic antibiotic treatment can reverse ongoing active
inflammation inmdrla '~ mice



The Journal of Immunology 5741

1400 Table IV. Incidence of colitis in bone marrow chimeric mice
[JFvB
1200 -
1000 mdria -/- % of Mice
I N colitis (mdria -/-) Host BM Donor Developing Colitis
= 800
= mdrla’~ FVB 25
(n=12)
400 FVB mdrla~/~ 0
200 T (n = 40)
1 = £ ,._& mdrla’~ mdrla™/~ 100
(n = 15)
IgA IgE IgM FVB FVB 0
10000 (n = 20)
9000 2Bone marrow chimeric mice were generated as describbthterials and Meth-
2000 ods. Mice were observed for both clinical and histopathological signs of colitis.
wod— 1
E 60003 0.1). Reactivity profiles of each source of MLN were similarg
2 s000 regardless of the source of bacterial Ags (data not shown). §o
4000 significant differences were noted in the proliferative responsesgo
. . @
3000 Con A or anti-CD3 between any of the three groups of mice
2000 N analyzed in these experimentp ¢ 0.1). The data shown are$
1000 T from one experiment and are representative of three simiér
_i@\ _,_@ experiments. S

IgG1  IgG2a IgG2b IgG3 mdrla’~ mice with active colitis have increased serum Ab
titers

B10°1ee sjeuinol

FIGURE 8. Serum Ab titers are elevated indrla’~ mice with active
colitis. Isotype-specific ELISAs were performed on serum frodrla '~ The increased frequency of B cell clusters in the lamina propria Bf
mice with active colitis fndrla’~, colitis), mdria”’~ mice without active  colitic animals suggests that there may be a dysregulated huméral
colitis (mdrla’"), and control FVB animals (FVB). Colitic mice had an  response in these animals. To test this, we measured the serun%Ab
increase in serum Ab titers of all isotypes compared with noncolitic anditers of colitic, noncolitic, and control animals. Each of the 1§
control mice. Serum Ab titers were smllar in noncolitic and control mice. isotype levels was assessed by ELISA. All of the serum Ig isotyﬁe
Values are expressed ag/ml for each isotype. Data represent the mean . o . . =
. ) levels were elevated in colitic animals compared with control FVB
plus the SD of two separate animals analyzed for each experimental gmu?hice ormdria’~ mice without colitis. su . =
, suggesting polyclonal ac-g
tivation of B cells associated with colitis. Serum IgA and IgGE
initiation and perpetuation of intestinal inflammation. In this study levels appeared most elevated in the mice with active colitis, %
we analyzed the bacterial flora present in the cecum and colon dhough 1gG2a, 1gG2b, IgM, and IgE levels were also increaséd
mdrla '~ mice with colitis,mdrla’~ mice with no evidence of over control mice (Fig. 8).
active colitis, and control FVB mice. Table Il lists the major bac-
terial species recovered from the animals. All of the mice appeare@Pontaneous colitis correlates with a lackrotirlaexpression
to have a gut bacterial profile devoid of any pathogenic organismson intestinal epithelial cells
Recently, it has been shown thelicobacterinfection in im-  Given thatmdrlais expressed on both lymphocytes and epitheli&l
munocompromised mice can give rise to a pathology resemblingells in the large intestine, we sought to determine whether tfe
colitis (39—41). To ensure that colitis in tmedrla '~ mice was  spontaneous development of colitis was the result ofrainla g
not due toHelicobacterinfection, samples from colitic, noncolitic, ~defect within the lymphoid or within the epithelial cell populationg
and control mice were analyzed by PCR for the presencd.of We generated irradiation bone marrow chimeras in which irradf-
bilis, H. hepaticusandHelicobacterspp. All mice were negative ated FVB animals were reconstituted with bone marrow frofa
(data not shown). mdrla’~ or FVB donors, or irradiatechdrla '~ mice were re- 3
constituted with bone marrow from FVB ondrla ’~ donors. As
controls, additional groups of mice were generated in which FVB
mice were reconstituted with FVB bone marrow amdrla /'~
Since bacterial colonization of the intestine appears to be cruciahice were reconstituted witmdrla’~ bone marrow. The inci-
for the initiation of spontaneous colitis imdria’~ mice, we  dences of colitis in the groups are listed in Table twdria’~
analyzed the in vitro proliferative response of cells isolated frommice that were reconstituted with wild-type bone marrow devel-
the MLNs following stimulation with intestinal Ags (Fig. 7). In- oped signs of colitis within 12 wk after reconstitution. After being
testinal Ags were prepared from cecal contents obtained from FVBnaintained for 52 wk, 25% of the mice had developed active co-
control mice,mdrla’~ mice with no overt signs of colitis, and litis. In contrast, two groups of FVB mice, which were reconsti-
mdrla’~ mice with active colitis. MLN were removed from the tuted withmdrla’~ bone marrow, were maintained for up to 38
same animals, and cell suspensions were tested for proliferativek without any overt signs of colitis. As expected, the control
reactivity against each of the intestinal bacterial Ag preparationsFVB mice reconstituted with FVB bone marrow did not develop
We observed a significant increase in proliferation in responseolitis. Surprisingly, 100% of thendr '~ mice reconstituted with
to bacterial Ags when MLN fronmdrla’~ mice with active co- mdrla’~ bone marrow developed colitis. The reason for the in-
litis were compared with those of other micp € 0.05). In con-  creased incidence in the latter group compared with unmanipulated
trast, there was no statistically significant difference in the re-mdrla’~ mice is unclear, although it is possible that radiation
sponse to bacterial Ag stimulation when MLN from FVB mice damage to the mucosa sufficiently enhanced susceptibility to de-
were compared with MLN from noncolitimdrla ’~ mice (p > veloping colitis.
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In vitro proliferative reactivity of cells from the gut-associated
lymphoid tissue following stimulation with intestinal bacterial Ags
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Discussion mdrla /" mice, we analyzed the bacterial composition of the res-

M i | h q di ¢ ith the di ident cecal and colonic flora in colitic and noncolitiedrla ’~
ucosal Immuno’ogy has advanced in recent years wi € AShice and control FVB mice. We were not able to identify a single
covery of several different mouse models of IBD. Most of the

. . - . e acterial species that could be solely responsible for triggerin
mouse models described involve a disruption or modification o#j b y resp ggering

he i S lti S i IIintestinal disease. There did appear to be variations in the relative
t € immune system; pontaneous colitis oceurs in mice geneticallyy, ngance of certain bacterial species in the different samples an-
deficient for TCRB™" cells (5) or the cytokines IL-2 (6) or IL-10

2 and in mice deficient for the € sianali i (42). 1 alyzed, and while it remains possible that an excess of a singular
((j)dfi_r‘ |nIBrrI;ce € |C|_enth or the BI signaling prot_eln (42). n species might be responsible for the initiation of colitis, this may
a |t|on., occurs in human C eransgenlc mice reco_nstl- simply reflect a selective advantage for certain bacteria in the local
tuted with normal bone marrow (7), in HLA-B27 transgenic rats

. fici - ; ith microenvironment during intestinal inflammation.
(43)’+ and in 'mth”Ode icient SCID mice reconstituted with  »nqiher potential explanation for the requirement of intestinal
CD4*CD45RB"?

S cells (9, 12, 44). The great d_|verS|ty of these flora in the induction of IBD is that cross-reactive epitopes may
models implies that there are complex mechanisms regulating thg,ist hetween intestinal flora and enterocytes, such that the entero-
various components of the mucosal immune system that create andieg hecome the target of an autoimmune inflammatory response.

maintain a homeostatic balance. Disruption of this balance in any, support of this, IBD in TCR knockout mice is accompanied by
number of ways can obviously lead to the development of an adfhe appearance of autoAbs, including those directed agaigst

verse inflammatory response. epithelial cell proteins (8, 45)ndrla '~ mice with active colitis 3

_ Here we describe a novel model of spontaneous colitis occurring,aye |arge B cell follicles in the lamina propria. These mice alsb
in mdrla " mice that is characterized by a broad inflammatory aye 4 massive increase in serum Ab titers of all isotypes, siy-
response that appears restricted to the entire length of the cologesting a polyclonal activation of B cells; however, it is uncleat
The histopathology of the inflammation is most consistent with\yhether the Ab response is directed against intestinal tissues. §ve

features associated with ulcerative colitis in humans and is charyre cyrrently breeding thendrla’~ mice with B cell-deficient g

acterized by dysregulated epithelial cell growth, ulcerations, crypiyjce to determine whether B cell activation is a critical componeft
abscesses, and lymphocytic infiltration into the mucosa. Given thg, ne initiation of colitis. B
large number and diverse nature of the IBD models, it is not sur- gjnce data from many of the other IBD models indicate that &
prising that there is some controversy regarding the precise natuig|is are a major component in the induction of IBD, and much é?f
of the cells responsible for initiating and perpetuating IBD. Thehe intestinal damage in IBD appears to be the result of T ce§-
diffuse lymphocytic infiltrates in thendrla '~ mice are primarily mediated injury (46, 47), we decided to analyze the functional
CD4"TCRap™ T cells and Gr1 cells. In addition, follicular B acivity of T cells isolated fronmdr1a’~ mice with active colitis. 3

cell C|USE‘9/[5' are prominent throughout the mucosa. Lymphocytes isolated from animals with active inflammation agk
mdrla™" mice require a commensal bacterial florei/fi)r the de-peared to be significantly more responsive to intestinal bacteral
velopment of colitis. Colitis can be preventednmdrla " ani-  Ags compared with control animals. Lymphocytes isolated frog

mals by oral treatment with broad-spectrum antibiotics to elimi-mdr1a/~ mice without active inflammation had a similar prolif-g
nate intestinal bacteria. The requirement for bacterial flora in theyrative reactivity compared with control FVB animals. This indi%
induction of colitis inmdrla '~ mice is consistent with many of  cates that thendrladefect does not inherently cause hyperrespod-
the other IBD models. IBD does not develop in the T€® IL-10  sjveness to bacterial Ags. Rather, it appears that lymphocys
knockout animals maintained under germfree conditions (4, 14)pecome hyperresponsive to bacterial stimulation only after the da-
and IBD can be prevented in the CD8D45RB"" SCID transfer  set of inflammation. The finding that bacterial Ags prepared frof
model if the animals have a reduced number of enteric flora or argnimals with colitis and animals without colitis were equally po_‘g’
treated with broad-spectrum antibiotics (12, 13). In addition totent in stimulating proliferation further suggests that colitis is prof&
preventing the initiation of IBD, we show here that antibiotic treat- ably not caused by a single pathogenic organism. 2
ment can therapeutically reverse colitis imdrla /=~ mice with A central question in thexdrla’~ mouse IBD model is, where §
active inflammation. This indicates that intestinal flora is not only does the defect that leads to colitis reside® genes are expressed§
necessary for initiating inflammation but is also required for sus-on a number of immune and nonimmune cell types in mice arfd
taining the inflammatory response. Interestingly, despite the revethumans (19-21, 23). Thus, it is possible thadrla may have 32
sal of inflammation, a large number of CD3T cells remain  several different functional activities depending on the site of e%—
present in the mucosa. The functional state of these T cells ipression. We show here thatdrlais expressed on murine pe-§
unclear. ripheral and mucosal T lymphocytes including all T&R and

In the course of this study, we observed a relatively high inci-CD8" cells and a proportion of TC&3" and CD4" cells. Despite
dence of colitis inmdrla’~ mice treated with saccharine com- the lack ofmdrlaexpression on immune cells in thedrla’~
pared with unmanipulated knockout mice in the colony. We havemice, the immune system does not appear to have any gross phe-
no definitive explanation for this, since there isa@riori reason  notypic or functional defects. It is known thatdrlais also ex-
why saccharine should make animals more susceptible to devepressed on the apical surface of colonic epithelial cells, where it
oping colitis. However, it is possible that changes do occur in thehas been shown to actively pump orally administered toxins into
commensal flora when saccharine is included in the drinking wathe lumen of the gut (48). There is also evidence thdtlamay
ter, perhaps permitting outgrowth of certain bacterial species. Deplay a role in CI” channel regulation in epithelial cells (49-51).
spite the increased incidence of colitis in the saccharine-treate@hus, we thought it possible thatdrla '~ mice have functional
mice, the addition of antibiotics was sufficient to eliminate the defects within the intestinal epithelial barrier that might ultimately
problem and prevent both the development of colitis and reverséad to colitis. To assess whether immune or epithelial cell defects
ongoing intestinal inflammation. were responsible for the susceptibility to colitisnrla '~ mice,

It is possible that an individual bacterial species that colonizesve generated a series of chimeric mice. Irradiatehtla /'~ mice
the intestine might be responsible for initiating inflammation in reconstituted with wild-type bone marrow spontaneously devel-
these murine IBD models. To determine whether there might be @aped colitis. In contrast, irradiated wild-type mice reconstituted
specific bacterial pathogen associated with disease in thwith mdrladeficient bone marrow cells did not develop colitis.
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These data clearly suggest that the defect that leads to the initiation
of colitis in mdrladeficient mice is concordant with defective

mdrlaexpression on a radiation-resistant element within the hostyg.

most likely the epithelial cells lining the gut. These data also sug-
gest that the colitis imdrla '~ mice is not likely to be associated
with immune cell deficiencies.

The precise mechanistic defect causing colitis inrtiirla /'~
mice is unclear. One possibility is that bacterial products/toxins

become sequestrated within epithelial cells, since small amphiphitz,

lic, hydrophobic molecules are less likely to be secreted in the
absence of a functionatdr pump. It is not unreasonable to assume
that a buildup of bacterial products withindrladefective epi-
thelial cells could subsequently initiate an inflammatory response
either by direct toxicity to the epithelial cell or indirectly by al-
tering the nature of the Ag-presenting capability of the epithelial
cell. The demonstrated requirement for bacterial flora in the initi-
ation and progression of the inflammation, and the association of
disease with defectivendrlaexpression in epithelial cells, sug-

gests that one of these scenarios might be true. We are currently:

attempting to ascertain the precise functionnodrlain colonic
epithelial cells.

With all of the different immune models of colitis, it has become
apparent that the intestinal microenvironment is an exquisitely reg-
ulated system and that perturbation of individual components
within this environment can lead to inflammation. The model de-
scribed here has many similarities with existing murine models o
spontaneous colitis, including an inflamed pathology restricted to

the colon and a dependence on intestinal flora. In contrast to mogt-

existing IBD models, the immune systemmfirla ’~ mice does

not have any gross abnormalities. Furthermore, this model reveals
that disruption of a nonimmune component of the mucosal envi-
ronment can also be responsible for the initiation of colitis. The
mdrlaknockout mouse model of spontaneous colitis should pro-
vide us with insight into the role of the epithelial barrier in pre-
venting aberrant immune responses to commensal bacterial, and

possibly food, Ags. Moreover, it predicts a possible in vivo func- 24

tional role formdrlain the maintenance of the intestinal epithelial
barrier.

25.
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