
Regulation of dextran sodium sulfate induced
colitis by leukocyte beta 2 integrins

Maisoun Abdelbaqi1, John H Chidlow1, Kametra M Matthews1, Kevin P Pavlick2,
Shayne C Barlow2, Andrea J Linscott1, Matthew B Grisham2, Marjorie R Fowler1

and Christopher G Kevil1,2

1Department of Pathology, LSU Health Sciences Center-Shreveport, Shreveport, LA, USA and 2Department of
Molecular and Cellular Physiology, LSU Health Sciences Center-Shreveport, Shreveport, LA, USA

Inflammatory bowel diseases (IBD) are chronic inflammatory disorders whose etiology remains unknown.
Reports have shown that infiltration of leukocytes into intestinal tissue is a pathognomonic hallmark for this
disease. Leukocyte b2 integrins are heterodimeric adhesion membrane proteins that are exclusively expressed
on leukocytes and participate in immune cell adhesion and activation. In this study, we examined the
pathophysiological role of the b2 integrins CD18, CD11a, and CD11b in the pathogenesis of dextran sodium
sulfte (DSS)-induced experimental colitis. Disease activity was measured by daily assessment of clinical
parameters including stool consistency, weight loss, occult blood, and gross rectal bleeding. Histopathological
changes including severity of inflammation, surface epithelial/crypt damage, and depth of injury were also
determined. The CD18 null and CD11a null mice had significantly lower disease activity and cumulative
histopathological scores compared to wild-type mice. Interestingly, CD11b null mice did not show protection
against DSS colitis and displayed increased disease activity compared to wild-type mice. Examination of
specific leukocyte populations in the distal colon from various mice revealed significant attenuation of
neutrophil and macrophage infiltrates in CD18, CD11a, and CD11b null mice. Surprisingly, the CD11b null mice
showed a significant increase in plasma cell infiltration in response to DSS suggesting that this molecule may
influence plasma cell function during colitis. This study demonstrates that genetic loss of CD18 or CD11a is
protective during experimental colitis and that CD11b may serve a regulatory role during development of
disease.
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Inflammatory bowel diseases (IBD), including
Crohn’s disease and ulcerative colitis, are chronic
inflammatory disorders of the gastrointestinal tract,
which may also involve the small intestine that
result in significant morbidity with limited thera-
peutic interventions. The exact causes of IBD are not
known, and several factors have been reported to be
involved in the development of disease, including
immune dysfunction, genetic susceptibility, and
bacterial flora within the intestinal environment.1–3

Although the specific causes of IBD are poorly
understood, the pathological nature has been exten-
sively defined and characterized by the presence of

a granulomatous inflammatory process indicative of
chronic inflammation.4,5

The broad pathological process of IBD involves
inflammation, ulceration, and subsequent regenera-
tion of intestinal mucosa.6–9 Thus, a central feature
of IBD is a chronic immune dysregulation, which
is the primary mediator of tissue damage asso-
ciated with colitis.4,5,10 Several leukocyte types
have been implicated in IBD pathogenesis, with
T cells, neutrophils, and monocytes serving
important roles in modulating chronic immune
responses and subsequent tissue damage.11 How-
ever, the mechanisms regulating immune cell
recruitment and function during IBD remain poorly
understood.

Studies in several inflammatory models suggest
that the leukocyte b2 integrins play important roles
in the pathophysiology of several chronic and auto-
immune disorders.12–16 The b2 integrins are hetero-
dimeric proteins that consist of a common beta
subunit (CD18) noncovalently attached to different

Received 22 June 2005; revised 28 December 2005; accepted 11
January 2006; published online 13 February 2006

Correspondence: Dr CG Kevil, PhD, Department of Pathology, LSU
Health Sciences Center-Shreveport, 1501 Kings Hwy, Shreveport,
LA 71130-3932, USA.
E-mail: ckevil@lsuhsc.edu

Laboratory Investigation (2006) 86, 380–390
& 2006 USCAP, Inc All rights reserved 0023-6837/06 $30.00

www.laboratoryinvestigation.org



alpha subunits (CD11a–d).17 The b2 integrin family,
or CD18 integrins, consists of four different adhe-
sion proteins LFA-1 (CD11a/CD18), Mac-1 (CD11b/
CD18), p150/95 (CD11c/CD18), and CD11d/CD18.
Importantly, expression of the b2 integrins is limited
to leukocytes, which indicates their importance for
immune responses. Members of the immunoglobu-
lin superfamily are major ligands for the b2 inte-
grins, including ICAM-1, 2, 3, and JAM-A and B.18,19

Moreover, the b2 integrins are critical mediators of
leukocyte recruitment, co-stimulation and activa-
tion, and leukocyte-mediated tissue remodeling.
Data from our lab and others using mouse models
of arthritis, SLE, psoriasis, and autoimmune dia-
betes show that the b2 integrins serve as the
dominant adhesion molecules involved in chronic
immune cell recruitment and activation, despite
prominent expression of other known leukocyte
adhesion proteins (eg VLA-4).12,13,15,20 However, the
pathological importance of b2 integrin regulation of
leukocyte recruitment and function during experi-
mental colitis is not known.

Several models of experimental colitis have been
reported that display various pathophysiological
aspects of human IBD.21–23 While no model serves
as a complete surrogate for human disease, many
salient clinical features can be examined depending
on the method used to induce experimental colitis.
The dextran sodium sulfate (DSS) model, originally
reported by Okayasu et al,24 has been used exten-
sively to investigate the role of various leukocytes
during severe colitis. The clinical features of the
DSS model includes weight loss, loose stool/diar-
rhea, and occult and gross rectal bleeding. Histo-
pathological analysis typically reveals extensive
crypt and epithelial cell damage, significant infiltra-
tion of granulocytes and mononuclear immune
cells, tissue edema, and often frank ulceration.24,25

Immunopathogenesis of the DSS model involves
multiple immune cell types implicated in human
IBD including neutrophils and monocytes, with
lymphocytes serving a regulatory role.22,25–28 There-
fore, we used the DSS colitis model to determine the
pathological role of leukocyte b2 integrins during
experimental colitis. Here, we report that gene
targeted null deficiency of CD18 b2 integrin and
CD11a (aL integrin) significantly attenuates the
development of DSS-induced colitis, and that loss
of CD11b (aM chain) actually enhanced DSS-induced
colitis. These data suggest that targeted therapeutic
intervention aimed at CD11a/CD18 may be useful in
the treatment of IBD.

Materials and methods

Animals

Mice used for this study were bred and housed at
the Louisiana State University Health Sciences
Center-Shreveport animal resource facility and
maintained according to the National Research

Council guide for the care and use of laboratory
animals. In total, 20 12-week-old male CD18 null�/�,
CD11a null�/�, CD11b null�/�, or wild-type C57BL/
6J mice were used for this study. These mice have
been previously reported to be completely devoid of
CD18, CD11a, or CD11b expression and were kindly
provided by Dr Daniel Bullard from the University
of Alabama at Birmingham.29,30

3% Dextran Sodium Sulfate Induced Model of Colitis

DSS colitis was induced as previously reported.24,25

Briefly, 3% DSS (MW¼ 44 000) was added to the
drinking water and available to the mice ad libitum.
Water consumption was determined using gradu-
ated drinking bottles in order to determine the DSS
load consumed to ensure that the minimal amount
of DSS necessary to elicit disease was consumed.31

Over the 6-day study protocol, animals were
monitored daily for weight loss, stool consistency,
and occult and gross bleeding to obtain a clinical
index of disease activity. On the morning of the 7th
day, mice were anesthetized with 100mg/kg keta-
mine and 8mg/kg xylazene, and euthanized by
cervical dislocation. The colon tissue was then
removed and fixed in 10% buffered formalin. Tissue
was then processed for routine H&E histopathology.

Assessment of Clinical Disease Activity

Clinical assessment of disease activity was per-
formed using a validated scoring system previously
reported.25,32 Each animal was weighed daily to
determine the percent change of weight during
the DSS protocol. Fecal pellets were given a stool
consistency score of 0 corresponding to a normal
fecal pellet, 2 corresponding to a loose fecal pellet,
or 4 corresponding to frank diarrhea. Occult blood
was also scored using the Coloscreen occult blood
card test and scored as 0 for negative and 2 for
positive. Gross bleeding was determined as seen by
wet blood on or around the anus (not dry blood in
fecal material) and scored as 0 for negative and 4 for
positive. A daily cumulative disease activity index
(DAI) for each mouse was calculated using all of the
above parameters.

Blood and Mesenteric Lymph Node Collection
and Bacteriology

The thorax and abdomen of each mouse was shaved
and scrubbed first with chlorhexidine and then with
70% ethanol. A 23 gauge, 1-inch needle was
inserted caudal and right of the xiphoid process
and directed towards the left shoulder until the
heart was punctured. Blood was withdrawn and
0.5ml was immediately placed into a BD (Sparks,
MD, USA) Bactec Peds Plus/F blood culture vial.
The abdominal wall was then incised along the linea
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alba to expose the viscera. The cecum was exterior-
ized onto a sterile drape to expose the mesenteric
lymph nodes. The nodes and associated adipose
tissue were aseptically removed and placed on PBS-
moistened gauze in a sterile Petri dish. Tissue
samples were homogenized in 0.5ml of sterile
saline using a small tissue grinder. A portion of
the homogenized tissue sample was diluted 1:10
using sterile saline. A volume of 0.1ml of the tissue
and 0.1ml of the 1:10 diluted tissue samples were
plated to a chocolate agar plate (Remel Inc., Lenexa,
KS, USA) and incubated at 351C for 5 days. Blood
cultures were processed using the automated 9240
BACTEC blood culture system (BD Diagnostics,
Sparks, MD, USA). All blood and mesenteric lymph
node cultures were performed and processed in the
LSUHSC clinical microbiology laboratory.

Tissue Histopathology

Pathological scoring was performed on distal seg-
ments of the colon in a blinded manner using a
validated scoring system.25,32 Hematoxylin and
eosin histopathology was scored based on three
parameters: severity of inflammation (0–3; none,
slight, moderate, severe), depth of injury (0–3; none,
mucosal, mucosal and submucosal, and transmural),
and crypt damage (0–4; none, basal &frac13;
damaged, basal &frac23; damaged, only surface epi-
thelium intact, loss of entire crypt and epithelium).
Each parameter score was multiplied by a factor
reflecting percent involvement of the intestinal
wall (� 1: 0–25%, � 2: 26–50%, � 3: 51–75%, � 4:
76–100%) and summed to obtain a histopathology
score (maximum of 40 possible). The number of
neutrophils, lymphocytes, and plasma cells were
also counted per 40� field. Six sections were
scored per animal and averaged. The resulting data
were statistically compared using a one-way ANO-
VAwith Bonferroni’s post-testing. Avalue of Po0.05
was required to achieve statistical significance. All
data are reported as the mean7s.e.

Macrophage Staining

Tissue macrophage staining was performed as
previously reported.12 Rat anti-mouse F4/80 primary
antibody was used to stain tissue macrophages using
the automated DakoCytomation stainer. Briefly,
10 mm formalin fixed sections were blocked, incu-
bated with the primary antibody (1:60 dilution)
followed by secondary antibody incubation, and
developed using DAB reagent. Sections were coun-
terstained with hematoxylin and mounted. The
number of positive F4/80 staining leukocytes was
counted per 400� field. Six sections were scored
per animal and averaged. The resulting data were
compared using one-way ANOVAwith Bonferroni’s
post-testing. A value of Po0.05 was required for

statistical significance. All data are reported as the
mean7s.e.

Results

Clinical Features of DSS Induced Colitis

Clinical features of DSS colitis were determined by
daily monitoring of weight change, stool consistency,
occult, and gross bleeding. Figure 1 illustrates the
various clinical parameters of the different genetic
mutant mice during DSS treatment. All vehicle
control (ie regular water) mice of each genotype were
negative for any clinical features of colitis (ie score of
0) and therefore were not graphed in the following
panels. Panel a illustrates the percent weight change
among the different genotypes. Wild type and CD11b
null mice showed a substantial weight loss whereas
CD18 null and CD11a null mice displayed a
significantly smaller amount of weight loss. Panel b
shows that all of the genotype groups displayed
progressively higher stool scores, with the CD11a
null mice showing significantly lower stool scores
than wild-type mice. Panel c reports the presence of
occult blood as determined by the Coloscreen occult
blood test. Both the CD18 and CD11a null mice show
a significant temporal delay in occult bleeding
compared to wild-type mice. No significant differ-
ence was seen between wild type and CD11b even
though CD11b null mice had a trend to have more
blood in their stools. Mice were also observed for
gross bleeding as seen by wet blood on or around the
anus (not dry blood in fecal material). Panel d shows
that wild-type mice typically displayed gross bleed-
ing between days 5 and 6. However, CD18 null and
CD11a null mice showed a significant time delay in
gross bleeding onset. Only one CD18 null and three
CD11a null mice showing gross bleeding compared
to seven of the wild-type mice. Interestingly, gross
bleeding occurred earlier and was seen in all CD11b
null mice compared to wild-type mice.

A DAI was calculated for each mouse using
measurements from the four clinical parameters
presented in Figure 1 with weight loss, gross
bleeding, stool consistency, and occult blood con-
tributing to the cumulative score. Figure 2 shows
that the cumulative DAI of wild-type mice begins to
increase between days 3 and 4. Interestingly, the
CD11b DAI is significantly greater than that of the
wild-type mice at day 3 and remains greater
throughout the study period. CD18 null DAI was
significantly blunted overall and was temporally
delayed compared to that of the wild-type mice.
Lastly, CD11a null DAI was significantly attenuated
for the first 4 days, but became equivalent to
wild type levels between days 5 and 6, primarily
due to the later gross bleeding. Together, these data
demonstrate that genetic loss of all b2 integrins
confers protection against DSS colitis, whereas loss
of CD11a attenuates and loss of CD11b enhances
clinical symptoms of experimental colitis.
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Histopathology of DSS Induced Colitis

The microscopic sections of the distal colon from
the different mouse genotypes showed a wide range

of histopathologic features, which included edema,
epithelial cell and crypt damage, and inflammatory
infiltrates (Figure 3). The degree of severity of the
edema was graded according to the following three
criteria: (1) severe—when the space between the
muscularis mucosa and the muscularis propria as
a result of edema fluid collection was equal to or
greater than the thickness of the mucosa; (2)
moderate—when the space was between 30 and
100% of the mucosal thickness; and (3) mild—when
the space was less than 30% of the mucosal thick-
ness. The predominant histopathologic changes
found in distal colon segments of wild-type mice
(ie control genotype) after DSS consumption inclu-
ded (1) diffuse mucosal and sub mucosal edema
in all levels of the histological sections; (2) surface
epithelial damage and crypt drop out; and (3) abun-
dant inflammatory cell infiltrates. The most striking
histopathologic changes in the distal colon from
wild-type mice were surface epithelial damage and
mucosal crypt dropout. This pathologic change
ranged from moderate to severe and was identified
in the distal colons from all 10 of the wild-type
mice. Full thickness loss of the mucosal surface
including crypt damage was noted in six of the 10
specimens. Interestingly, in addition to the acute

Figure 1 Clinical symptoms of DSS colitis—clinical symptoms of DSS experimental colitis were measured in wild type (’), CD18 null
(m), CD11a null (.), and CD11b null (K) mice. (a–d) Percent weight change, stool score, occult blood score, and gross bleeding score,
respectively. *Po0.05 vs wild-type mice.

Figure 2 DSS-induced cumulative disease activity index—a
cumulative disease activity index was calculated using clinical
symptom data for each time point for wild type (’), CD18 null
(m), CD11a null (.), and CD11b null (K) mice. *Po0.05
increased compared to wild-type mice. #Po0.05 decreased
compared to wild-type mice.
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inflammatory cell infiltrates noted in the distal
colon, a mixture of chronic inflammatory cells
including plasma cell and lymphocytes were recog-
nized as well. In contrast, the distal colons from
all of the CD18 null mice after DSS consumption
had completely intact surface epithelium including

mucosal crypts. The only histopathological feature
noted was mild submucosal edema, which was free
of inflammatory infiltrates. These results demon-
strate that loss of all four b2 integrins signifi-
cantly protects the distal colon from DSS mediated
colitis.

Figure 3 DSS histopathology of the distal colon. (a–d) H&E histopathology for DSS treated wild type, CD18 null, CD11a null, CD11b null
mice. Conversely, (e) illustrates normal histomorphology of untreated wild-type mice. Photomicrographs were taken at �200.
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We then examined the role of individual b2

integrins using CD11a null (ie LFA-1 null) mice
and CD11b null (ie Mac-1 null) mice in the DSS
model. Microscopic sections of distal colon seg-
ments from the CD11a null mice after DSS con-
sumption had histopathological changes consistent
with an inflammatory process including (1) edema,
(2) epithelial damage, and (3) acute inflammatory
infiltrates. However, all three histopathological
features were less severe in DSS treated CD11a null
colons than in wild-type colons, and a large portion
of the distal colons were entirely normal with no
evidence of inflammatory changes. Submucosal
edema was noted in a few areas and was largely
very mild in contrast to that seen in the wild-type
mice. The pattern of surface epithelial damage
found in the distal colons from the CD11a null mice
was unlike that found in the distal colons from the
wild-type mice in that a smaller percentage of the
mucosal surface area was affected. Six of the CD11a
null mice had 15% of the surface area affected, three
had 20% of the surface area affected, and one had
35% of the surface area affected compared to Z40%
of the luminal surface area affected in all wild-type
mice. Moreover, when epithelial cell damage was
observed in the CD11a null mice it was confined to
the basal two/thirds of the mucosal surface, rather
than the full thickness involvement seen in the
wild-type mice.

In contrast to the CD18 and CD11a null mice, the
histopathologic changes in distal colons of the
CD11b null mice were more similar to the changes
observed in the colons of the wild-type mice and
ranged from moderate to severe. The most striking
histopathologic feature was surface epithelial dam-
age and mucosal crypt dropout. Full thickness loss
of the mucosal surface including crypt damage was
noted in the colons from 80% of the CD11b null
mice. In total, 80% of the CD11b null specimens also
had 100% surface area damage with the remaining
20% showing 40% surface epithelial damage. How-
ever, unlike the wild-type mice, the pattern of
involvement in the distal colons of CD11b null mice
was predominantly patchy. We found that full
thickness surface epithelial damage would involve
5–15% of the surface area in some of the micro-
scopic sections with 100% surface area in other
sections of the same distal colonic segment.

Cumulative DSS histopathological scores calcu-
lated by evaluating several tissue pathology
parameters comparing the different genotypes is
shown in Figure 4. As suggested from the DAI and
histopathology, CD18 null mice were completely
protected from DSS mediated colitis. The histo-
pathology score of CD11a null mice was also
significantly decreased compared to wild-type mice,
but was still greater than that of the CD18 null mice.
Surprisingly, the histopathology score of CD11b null
mice was slightly but not significantly greater than
DSS treated wild-type mice. Together, these data
suggest that CD18 and CD11a play important roles in

mediating tissue damage in response to DSS treat-
ment.

Loss of b2 Integrins does not Alter Bacterial
Translocation from the Gut

Leukocyte b2 integrins, namely CD11b, have been
reported to be important for defense against infec-
tive agents and facilitate bacterial clearance.17,30

Therefore, we next examined whether genetic
deficiency of b2 integrins might affect bacterial
translocation from the gut, thereby exacerbating
tissue pathology as seen in CD11b null mice.
Table 1 reports bacteriology results from blood
and mesenteric lymph node cultures from all of
the various mice used in this study. Blood cultures
were negative among all of the genetic variations,
while one out of four mice showed minimal growth
of routine organisms from mesenteric lymph nodes.
Together, these data demonstrate that differential
susceptibility to DSS pathology among the various
mutants does not involve an increase in bacterial
burden.

Loss of b2 Integrins Differentially Affects DSS
Mediated Leukocyte Recruitment

b2 Integrins have been shown to be important in
regulating immune cell adhesion and recruitment in
several inflammation and chronic inflammatory
disease models.12,14–17 Therefore, we determined
the numbers of neutrophils, lymphocytes, and
plasma cells per � 400 field in the colons of each
of the genotypes. Figure 5a reports the numbers of
infiltrating neutrophils. The colons of the CD18 null
mice showed the fewest numbers of neutrophils

Figure 4 DSS-mediated cumulative histopathology score—DSS
mediated tissue damage was determined using the histopathology
scoring system as described in the Materials and methods. CD18
null and CD11a null mice show significant attenuation of DSS-
mediated histopathology. *Po0.05 compared to wild type.
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followed by the colons of CD11a null mice. Inter-
estingly, the colons of CD11b null mice did show
a small but statistically significant decrease in
neutrophil infiltrates. Figure 5b demonstrates that
lymphocyte infiltration was not altered in the colons
of CD18 null, CD11a null, and CD11b null mice
compared to those of the wild-type mice. Lastly, c
reports the number of plasma cells in the colons
comparing the various genotypes. Interestingly, the
colons of CD11b null mice had a significant two-fold
increase in plasma cell numbers in response to DSS
treatment. Together, these data demonstrate that
CD18 and CD11a are primarily important for
neutrophil infiltration during DSS colitis, and that
CD11b may be important in regulating the numbers
of distal colon plasma cells during experimental
colitis.

A previous report by Kringlestein et al25 has
shown that macrophages play a key pathophysio-
logical role during DSS induced colitis. Therefore,
we examined whether genetic deficiency of b2

integrins alters macrophage infiltration in response
to DSS. Figure 6 shows macrophage F4/80 staining
in wild type, CD18 null, CD11a null, and CD11b null
DSS treated colons, respectively (Figure 6a–d).
Further quantification of macrophage numbers per
� 400 field shows that loss of b2 integrin expression
significantly attenuates macrophage infiltration in
response to DSS (Figure 6e). These data are consis-
tent with the previous finding that macrophage

infiltration contributes to DSS histopathology and
clearly reveals that b2 integrins play a dominant role
in regulating tissue macrophage accumulation.

Discussion

Immune system dysregulation and increased leuko-
cyte recruitment are key pathological features
of both human IBD and experimental colitis
models.33,34 Much effort has been focused on deter-
mining specific molecular mechanisms responsible
for immune cell mediated tissue damage during
colitis. Several reports have previously identified
leukocyte and endothelial cell adhesion molecules
as potentially important regulators of leukocyte
recruitment in human IBD and experimental
colitis.35,36 Studies have implicated endothelial cell
ICAM-1 and MadCAM-1 along with leukocyte a4b1

(VLA-4) and a4b7 expression as primary mediators of
leukocyte recruitment in colitis.37–40 However, other
reports have clearly documented increased expres-
sion of b2 integrins, including LFA-1 (CD11a/CD18)
and Mac-1 (CD11b/CD18), in Crohn’s disease and
ulcerative colitis suggesting that these molecules
may also play an important role in governing
chronic inflammation of the bowel.41–44 Few studies
have directly examined the role of these molecules
during experimental colitis with these reports
documenting modification of trinitrobenzene sulfo-
nic acid (TNBS) colitis with anti-CD18 or CD11b/
CD18 antibodies.45,46 We report here that the b2

integrin LFA-1 (CD11a/CD18) plays an important
pathological role, whereas Mac-1 (CD11b/CD18)
provides a critical regulatory role in DSS-induced
experimental colitis. Several possible explanations
could account for the difference in outcome regard-
ing CD11b. First, the model used in the antibody
blockade study was the TNBS colitis model, which
may have a differential requirement for CD11b
expression for leukocyte-mediated pathology. Sec-
ond, due to a global gene targeted mutation, the
genetic loss of CD11b may have more far reaching

Table 1 Bacteriological analysis of blood and mesenteric lymph
nodes during DSS colitis

Genotype Blood
cultures

Mesenteric lymph node culture

Wild type 0/4 1/4 40CFU/ml E. coli
CD18 Null 0/4 1/4 60CFU/ml Glucose

nonfermentor
CD11a Null 0/4 1/4 60CFU/ml Lactobacillus
CD11b Null 0/4 1/4 20CFU/ml Lactobacillus

n¼4; CFU/ml¼ colony-forming units per milliliter.

Figure 5 DSS stimulated leukocyte infiltrates—leukocyte infiltration in response to DSS treatment was determined for all genotypes.
(a–c) Number of neutrophils, lymphocytes, or plasma cells per �400 field, respectively. *Po0.05 genotype DSS vs genotype control,
#Po0.01 wild-type DSS vs genetic mutant DSS,

V

Po0.05 wild-type DSS vs CD11b null DSS.
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consequences on other leukocyte populations and
functions, for example intracellular signaling, com-
pared to monoclonal antibody treatment. Lastly,
previous reports using CD11b blocking monoclonal

antibodies have shown that these antibodies can
bind to and activate Fc receptors which may act to
alter immune responses.47 Nonetheless, our data
reveal a dichotomous role for different members of

Figure 6 DSS-mediated macrophage infiltration—tissue macrophages were identified based on F4/80 antigen staining. (a–d) Macrophage
infiltration in wild type, CD18 null, CD11a null, or CD11b null DSS treated colons, respectively. Arrows indicate positive staining cells.
Panel e reports the number of macrophages per �400 field revealing a significant attenuation of macrophage staining in all of the
b2 integrin deficient mice. *Po0.01 wild-type control vs wild-type DSS, #Po0.01 wild-type DSS vs genetic mutant DSS.
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the b2 integrin family in regulating DSS experimen-
tal colitis.

Previous studies have shown that DSS mediated
colitis is largely due to increased neutrophil and
monocyte recruitment, such that anti-neutrophil
serum or blockade of monocyte infiltration signifi-
cantly attenuates disease.25,27 Our data also demon-
strate that neutrophil recruitment is important for
DSS colitis and that CD18 and CD11a play key roles
in facilitating this process. This observation is
surprising since many studies have reported that
CD11b/CD18 (Mac-1) serves as the primary mediator
of neutrophil–endothelial cell interactions and sub-
sequent recruitment.48,49 While we did see a small
attenuation of neutrophil infiltration in the CD11b
null mouse, the amount of inhibition was not
remotely similar to the degree of protection con-
ferred in CD18 or CD11a null mice. Aside from the
fact that loss of CD11a attenuates neutrophil firm
adhesion, another possible explanation for our
observations may lie in the recent understanding
that CD11a/CD18 (LFA-1) serves to stabilize leuko-
cyte slow rolling, a critical event in facilitating
leukocyte activation and subsequent firm adhe-
sion.50 Moreover, it appears that CD11b/CD18
primarily uses endothelial cell ICAM-1 in facilitat-
ing leukocyte adhesion; whereas, CD11a/CD18
binds to other ligands besides ICAM-1, including
ICAM-2 and JAM-A.17,18,51 Therefore, it is likely that
loss of CD11a/CD18 eliminates several adhesion
pathways that may be necessary for neutrophil
recruitment during colitis, which remain intact
and facilitate neutrophil recruitment in CD11b null
mice, thereby explaining minimal to small defects in
neutrophil recruitment in CD11b null distal colons.
Future studies are necessary to better understand
differential effects of CD11a and CD11b expression
in regulating neutrophil recruitment during DSS
colitis.

CD11b/CD18 has been reported to play an impor-
tant role in regulating neutrophil adhesion, trans-
migration, and subsequent tissue damage through
cellular activation, release of intracellular enzymes,
and generation of reactive oxygen species.49,52

Therefore, it is surprising that CD11b null mice
display enhanced DSS colitis. A previous report by
Coxon et al53 has shown that CD11b plays a role in
regulating neutrophil apoptosis such that genetic
loss of CD11b delays apoptosis thereby possibly
increasing the capacity for tissue damage. However,
the contribution of such a response is likely minimal
as we did not observe an increase in neutrophil
infiltrates as might be expected with a defect in
apoptosis. CD11b is also important for innate
immune/host defense responses in that loss of
CD11b significantly impairs resistance against bacte-
rial challenge.54,55 Moreover, it has been reported
that the severity of DSS colitis is influenced by
enteric bacterial; therefore, it could be that genetic
loss of CD11b is permissive for bacterial transloca-
tion from the colon thereby enhancing disease.56,57

Blood and mesenteric lymph node cultures from all
of the genetic variants in this study were not
different from one another, suggesting that bacterial
burden is not a mitigating factor for enhanced
disease activity in CD11b null mice.

It is possible that loss of CD11b may affect other
leukocyte populations that influence the progres-
sion of colitis. Indeed, our data demonstrate a
significant increase in the numbers of plasma cells
in colitic tissue of CD11b null mice. Previous reports
have implicated a role for B cells during DSS colitis,
yet the true pathological importance of this cell
population during experimental colitis remains
poorly understood.58,59 CD11b may be important
for B-cell function and/or recruitment. We have
recently reported that the loss of CD11b in the MRL/
MpJ-Faslpr mouse lupus model results in enhanced
lymphadenopathy with focal accumulation of plas-
ma and Mott cells.15 A recent study has also shown
that CD11b may also govern T-cell development and
function, in that the loss of CD11b decreased CD3
and CD28 expression and CD4/CD8 ratios.60 Early
reports dismissed a role for T cells in DSS colitis;
however, recent reports suggest that this cell
population may participate in a regulatory manner
through influencing recruitment of specific leuko-
cyte populations (ie monocytes vs granulocytes) or
by providing growth factors necessary for epithelial
cell survival and regeneration during DSS coli-
tis.26,28 Therefore, it is possible that CD11b defi-
ciency may alter T-cell regulatory functions during
DSS colitis. While both of these possibilities may be
involved, future studies are needed to better under-
stand how CD11b modulates DSS induced colitis.

Much attention has been focused on the role of a4
integrin in IBD and experimental colitis, with the
blocking agent Nataluzimab currently under evalua-
tion for IBD treatment.61,62 It has also recently been
reported that Natalizumab therapy may result in
undesirable complications such as multifocal leuko-
encephalopathy.63 In this study, we have shown
that CD11a/CD18 plays an important pathological
role governing DSS experimental colitis through
regulating leukocyte infiltration and subsequent
tissue damage. Importantly, the anti-CD11a blocking
antibody Efalizumab is currently approved for
the treatment of psoriasis with several other novel
small molecule CD11a antagonists currently under
development.64–68 Our findings together with pre-
vious reports of CD11a and CD18 expression in
human IBD specimens suggest that targeting of these
molecules may provide another therapeutic treat-
ment for IBD.
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