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Inflammatory bowel disease (IBD) consisting of ulcer-
ative colitis (UC) and Crohn’s (CD) typically displays a
waxing and waning course punctuated by disease
flares that are characterized by transepithelial migra-
tion of neutrophils (PMN) and altered barrier func-
tion. Since epithelial barrier function is primarily reg-
ulated by the apical most intercellular junction
referred to as the tight junction (TJ), our aim was to
examine expression of TJ and adherens junction (AJ)
proteins in relation to PMN infiltration in mucosal
tissue samples from patients with active IBD. Expres-
sion of epithelial intercellular TJ proteins (occludin,
ZO-1, claudin-1, and JAM) and subjacent AJ (�-catenin
and E-cadherin) proteins were examined by immuno-
flourescence/confocal microscopy, immunohisto-
chemistry, and Western blotting. Colonic mucosa
from patients with UC revealed dramatic, global
down-regulation of the key TJ transmembrane pro-
tein occludin in regions of actively transmigrating
PMN and in quiescent areas in the biopsy samples.
Significant decreases in occludin expression were ob-
served at the protein and mRNA levels by Western and
Northern blotting. In contrast, expression of other TJ
and AJ proteins such as ZO-1, claudin-1, JAM, �-cate-
nin, and E-cadherin were down-regulated only in ep-
ithelial cells immediately adjacent to transmigrating
PMN. Analysis of inflamed mucosa from Crohn’s dis-
ease patients mirrored the results obtained with UC
patients. No change in TJ and AJ protein expression
was observed in colonic epithelium from patients
with collagenous colitis or lymphocytic colitis that
are respectively characterized by a thickened subep-
ithelial collagen plate and increased intraepithelial
lymphocytes. These results suggest that occludin
expression is diminished in IBD by mechanisms
distinct from those regulating expression of other

intercellular junction proteins. We speculate that
down-regulation of epithelial occludin may play a
role in enhanced paracellular permeability and
PMN transmigration that is observed in active in-
flammatory bowel disease. (Am J Pathol 2001,
159:2001–2009)

The intestinal epithelium serves as a protective barrier
separating luminal contents from the underlying tissue
compartments. Epithelial barrier function is regulated in
large part by the apical most intercellular junction, re-
ferred to as the tight junction (TJ). In turn, TJ integrity is
intimately linked to a subjacent adherens junction (AJ). 1

Patients with inflammatory bowel disease (IBD) en-
compassing both ulcerative colitis (UC) and Crohn’s dis-
ease (CD) typically present with relapsing diarrhea. Diar-
rhea has been attributed to increased paracellular
permeability in the epithelial lining from both the acutely
inflamed and chronically damaged areas of the intestine
in patients with IBD.2,3 Although data pertaining to intes-
tinal permeability changes are not completely consistent,
the majority of studies suggest that most patients with CD
as well as UC have a defect in epithelial barrier func-
tion.4,5,6 Disease activity in IBD is linked to an influx of
transepithelial migration of neutrophils (PMN) into the
mucosal epithelium (cryptitis) and subsequently into the
intestinal lumen resulting in the formation of so-called
crypt abscesses. In vitro studies using human intestinal
epithelial cell lines such as T84 have shown that PMN
migration across epithelial monolayers occurs via a para-
cellular route.7 Furthermore, it is apparent that migration
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of PMN across epithelial monolayers causes transient
and rapidly reversible perturbations of TJs.8,9

Paracellular permeability across epithelial cell mono-
layers is regulated primarily by TJs that encircle the api-
cal poles of epithelial cells thereby establishing distinct
microenvironments on both sides of the polarized epithe-
lium. The TJ is comprised of a complex of proteins that
are linked to the underlying actin cytoskeleton in the
apical perijunctional F-actin ring. Cytoskeletal affiliations
of the TJ are believed to play a very important role in
regulating TJ function in diverse physiological and patho-
logical states.10 Transmembrane proteins of TJs include
occludin,11,12 junction adhesion molecule (JAM),13 and
members of the claudinfamily.14 Juxtaposed to the TJ
membrane is an electron dense area referred to as the
terminal plaque that contains the scaffolding protein,
ZO-1. ZO-1 is an important linker protein in TJs that
affiliates with transmembrane protein, occludin, and other
cytoplasmic proteins such as ZO-2, ZO-3, and actin.15,16

The adherens junction (AJ) is immediately subjacent to
the TJ and is important in maintaining integrity of other
intercellular junctions, thereby playing an essential role in
cell-cell recognition and cell sorting.17 The AJ protein
complex includes a single-spanning transmembrane gly-
coprotein, cadherin (E-cadherin in epithelial cells), cyto-
plasmic proteins, and catenins (�, �, �) that associate
with the underlying actin cytoskeleton.18–20

Since enhanced paracellular permeability and PMN
infiltration into the intestinal mucosa are a central feature
of active inflammatory bowel disease, our objective was
to determine the relationship between expression of key
epithelial intercellular junction proteins and PMN infiltra-
tion in mucosal biopsies from patients with active IBD.

Materials and Methods

Study Population

Colorectal mucosal tissue samples from patients with
chronic active colitis (n � 20) were obtained from the
Emory Epithelial Pathobiology Research Group frozen tis-
sue bank (ulcerative colitis, n � 11; Crohn’s disease, n � 9).
In addition, normal control colorectal mucosa consisted of
biopsies obtained at colonoscopy (n � 11) and resection
specimens performed for failure of medical treatment or for
colon cancer (n � 18). These samples were used for de-
termining expression of epithelial intercellular junction pro-
teins by immunofluorescence labeling/confocal micros-
copy, Western blotting, and Northern blotting.

Additional archived intestinal mucosal tissue from
Emory surgical pathology files was analyzed for TJ and
AJ protein expression by immunohistochemistry. Forma-
lin-fixed, paraffin-embedded samples of colorectal mu-
cosa from patients with chronic active colitis (n � 10) and
chronic inactive colitis (n � 2) (ulcerative colitis, n � 10;
Crohn’s disease, n � 2) were analyzed. Controls in-
cluded intestinal tissue from normal mucosa (n � 9) and
mucosa showing features of collagenous colitis (n � 3) or
lymphocytic colitis (n � 2).

Pathological Analysis

Hematoxylin and eosin stained sections of both frozen
and permanent samples were reviewed by two gastroin-
testinal pathologists (A.N., S.V.W.) for the presence of
chronic colitis and degree of disease activity. Histological
grading of activity was based on a modified protocol by
Truelove and Richards.21 Disease activity was defined as
identification of PMN within colonic or ileal epithelium and
was graded as mild, moderate, or severe depending on
increasing numbers of PMN within the epithelium (crypt
and surface epithelial cells). According to this classifica-
tion, we identified 19 patients with chronic active ulcer-
ative colitis (mild activity, n � 7; moderate activity, n � 4;
severe activity, n � 8) and 11 patients with chronic active
Crohn’s disease (mild activity, n � 3; moderate activity,
n � 3; severe activity, n � 5).

Immunohistochemistry

Immunofluorescence Labeling of Frozen Tissue
Sections

Five-�m frozen sections of colonic mucosa cut with a
cryostat, were mounted on ethanol-sterilized glass cov-
erslips, air dried, and stored at �80°C. Tissue sections
were fixed in either ethanol (20 minutes at �20°C), meth-
anol (20 minutes at �20°C), 3% paraformaldehyde (30
minutes at room temperature), or 3% buffered formalin (5
minutes at room temperature) followed by incubation with
sodium borohydride to quench autofluorescence (1 hour
at 4°C). Paraformaldehyde and formalin fixed tissue were
permeabilized with 1% Triton X-100 for 10 minutes at room
temperature. Tissue sections were incubated with respec-
tive primary antibodies to TJ and AJ proteins for 60 minutes
in a humidity chamber, washed in Hanks’ balanced salt
solution (HBSS), incubated with fluoresceinated secondary
antibodies (Jackson Labs, PA), mounted in p-phenylenedi-
amine glycerol (1:1) and analyzed by confocal microscopy
(Zeiss laser confocal microscope, Emory University, At-
lanta, GA). The following antibodies were used at concen-
trations of 1 to 5 �g/ml: ZO-1, �-catenin mAb (Transduction
Labs, KY), occludin and claudin-1 polyclonal antibodies
(Zymed, CA). JAM mAb (clone J10.4) were generated in
our laboratory.13 E-cadherin hybridoma supernatant ((clone
HECD.1 (1:1600)) was used for these studies.

Immunohistochemistry of Paraffin-Embedded Tissue
Samples

Formalin-fixed, paraffin-embedded tissue sections (5
�m) on glass slides were deparaffinized in xylene and
rehydrated through graded alcohol solutions. Sections
were incubated with 3% H2O2 for 20 minutes, and immu-
nohistochemistry was performed on an automated instru-
ment (Ventana ES, Ventana Medical Systems, Tucson,
AZ) as previously described.22 Thus, sections were incu-
bated with antibodies to the respective TJ and AJ proteins
(see above) followed by peroxidase conjugated secondary
antibodies and the bound complexes were visualized by
using 3,3-diaminobenzidine as a substrate. Identical reac-
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tion times permitted accurate comparison of all samples.
The slides were then counter-stained with Mayer’s hema-
toxylin. A negative control in which the primary antibody
was omitted was included in each test run. Staining intensity
was expressed as no change compared to healthy control,
�50% reduction (diminished expression) and �50% reduc-
tion (strongly diminished expression).

Immunoblotting

Intestinal mucosa was stripped from the underlying sub-
mucosal tissue, harvested in HBSS� containing 1% Tri-
ton X-100 and protease inhibitors (leupeptin, chymosta-
tin, aprotinin; 10 �g/ml, phenylmethylsulfonyl fluoride;
1.25 mmol/L). Protein concentration in tissue lysates was
determined by using the Pierce BCA protein assay
(Pierce, Rockford, IL). Samples were mixed with an equal
volume of sodium dodecyl sulfate (SDS) sample buffer
and analyzed for TJ/AJ protein expression by SDS-poly-
acrylamide gel electrophoreseis and immunoblots using
standard protocol.23 10 �g of total protein was loaded in
each lane of the SDS-polyacrylamide gel. Western blots
with a pan-cytokeratin mAb were also done so as to
normalize epithelial protein loading between samples.

RNA Isolation and Northern Blotting

RNA was isolated from stripped intestinal mucosa (as
above) using the Trizol-method (Life Technologies, Gaith-
ersburg, MD) according to the manufacturer’s specifica-
tions. 20 �g of total RNA was separated in a 1% dena-
turing formaldehyde agarose gel and transferred to a
nylon membrane. [32P]dCTP (Amersham)-labeled DNA
probes were generated from the entire occludin coding
region by random oligonucleotide-priming using the NE-
Blot-Kit (NEB). Unincorporated nucleotides were removed
using a G-50 spin column (Amersham-Pharmacia, Pis-
cataway, NJ), and the probe was hybridized for one
hour to the membrane-immobilized RNA at 68°C using
ExpressHyb buffer (Clontech, Palo Alto, CA) according
to the manufacturer’s recommendation. After washing
at 50°C the membrane was developed using a Phos-
phoImager. To normalize for the amount of RNA, a
32P-labeled probe directed against glyceraldehyde-3-
phosphate dehydrogenase was included.

Statistical Analysis

For statistical analysis Student’s unpaired t-test was
used. Statistical significance was considered if p � 0.05.

Results

Global Down-Regulation of Occludin in Colonic
Epithelial Cells of Patients with Chronic Active
Inflammatory Bowel Disease

Idiopathic inflammatory bowel disease is associated with
intestinal epithelial damage, crypt architectural irregular-
ity, and relapsing acute inflammation characterized by

transepithelial migration of PMN. Histology of colonic mu-
cosa from control and IBD patients was characterized by
hematoxylin and eosin staining of mucosal tissue sec-
tions (Figure 1a-d). Since increased paracellular perme-
ability has been reported in intestinal epithelium from
patients with IBD, and TJs are a primary determinant of
epithelial paracellular permeability, we initially analyzed
the expression of TJ transmembrane protein, occludin
and its cytoplasmic plaque protein, ZO-1 in colonic mu-
cosal sections from control and UC patients by immuno-
fluorescence labeling and confocal microscopy. To fur-
ther characterize expression of these proteins relative to
active inflammation, tissue sections were double-labeled
for occludin/ZO-1 versus the �2- integrin CD11b/CD18 as
a leukocyte specific marker strongly expressed on PMN.
In control biopsies, occludin and ZO-1 were localized to
the apical region of the lateral plasma membrane repre-
senting the region of TJs in surface and crypt epithelial
cells (Figure 1, e, f, i, j). In mucosal tissue from patients
with chronic active ulcerative colitis, occludin-staining
was globally down-regulated, both in epithelium with ac-
tive inflammation (Figure 1h) and in crypts where trans-
migrating PMN were not identified (Figure 1g). Thus,
even in regions with only mild active inflammation, occlu-
din staining was markedly diminished (Figure 1g) and
was almost absent in areas with increased PMN transmi-
gration and crypt abscess formation (Figure 1h). Neither
in controls nor in the UC population was there a differ-
ence in occludin expression in surface versus crypt epi-
thelial cells. Occludin expression in colonic tissue sam-
ples from patients with Crohn’s disease paralleled that of
UC patients. However, as determined by immunhisto-
chemical analysis (Table 1) inactive IBD as well as in
other intestinal disorders such as lymphocytic colitis and
collagenous colitis, no change in occludin expression
relative to control healthy tissue was observed.

Since we observed down-regulation of occludin in in-
flammed mucosa from IBD patients, we extended the
analysis to other TJ and AJ proteins. The TJ cytoplasmic
plaque protein, ZO-1 was localized by immunofluores-
cence labeling and confocal microscopy. ZO-1 was also
distributed in the apical region of the lateral membrane
representing TJs of surface and crypt epithelial cells in
control samples (Figure 1, i and j). In contrast to the
global decrease observed for occludin, ZO-1 staining
was diminished to absent only in areas adjacent to intra-
epithelial PMN (Figure 1l). In particular, no change in
ZO-1 staining was observed in areas of epithelial cells
lacking intraepithelial PMN (Figure 1k and Table 1). The
pattern of ZO-1 expression in tissue sections of patients
with CD was identical to that observed in the UC samples
(data not shown). Figure 1k highlights distinct distribution
of ZO-1 in TJs of epithelial cells that is comparable to
control mucosal samples (Figure 1, i and j) even though
PMN are seen in the lamina propria but are not transmi-
grating across the epithelium. We also examined the
pattern of ZO-1 staining in endothelial cells and observed
no difference in IBD versus control tissues even in areas
of active inflammation. Occludin and ZO-1 staining in
frozen sections from IBD and control tissues was also
identical to that observed in archived paraffin embedded
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tissue sections stained by immunoperoxidase labeling
(not shown).

To further analyze occludin and ZO-1 protein expres-
sion in colonic epithelium from control and IBD patients
we performed Western blots from mucosal tissue lysates
of patients undergoing colonic resection. Thus, colonic
mucosa from individuals with chronic active colitis and

normal colonic mucosa (five patients each) was used for
Western blots. The mucosal tissue was mechanically
separated from the underlying submucosa. To normalize
epithelial protein loading between samples, Western
blots were probed with a pan-cytokeratin mAb. Results
from these experiments demonstrated consistent and
significant reduction of occludin expression in patients

Figure 1. Differential down-regulation of TJ proteins occludin and ZO-1 in chronic active IBD. Hematoxylin and eosin staining of colonic mucosa from control
non-IBD (a, b) and UC (c, d) patients was used to evaluate the histology of tissue sections. Classic features of crypt architectural distortion during mild
inflammation (c) and PMN-transmigration with crypt abscesses during active inflammation (d) consistent with ulcerative colitis were noted. To analyze expression
of TJ proteins in epithelial cells relative to active inflammation, mucosal tissue sections were double labeled for occludin or ZO-1 (green) and CD11b/CD18 as
a marker for PMN (red). Labeled sections were analyzed by confocal microscopy. Occludin was identified in TJs of normal control surface (e) and crypt (f)
epithelial cells and was markedly down-regulated to absent in tissue sections from UC patients. Decreased intensity of occludin staining in epithelial cells was
observed in regions of active inflammation (h) and in areas not exposed to transmigrating PMN (g). In contrast to occludin, ZO-1 expression in colonic tissues
from normal (i, j) and IBD (k, l) patients is down-regulated only in epithelial cells exposed to transmigrating PMN (l). Arrows: tight junctions; arrowhead: PMN;
Lumen, lumen; Epi, epithelial cell. Scale bar, 15 �m.
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with UC as well as with CD (Figure 2A). These findings
are consistent with the immunofluorescence results
showing diffuse down-regulation of occludin in the intes-
tinal mucosa of IBD patients. Levels for ZO-1, JAM, clau-
din-I, �-catenin, and E-cadherin all showed a tendency of
diminished protein expression. However, these levels
did not reach significance in either CD or UC (Figure 2A).
Since we observed a global down-regulation of occludin in
intestinal epithelial cells of UC patients we evaluated occlu-
din mRNA expression in these mucosal tissue samples by
performing a Northern blot analysis. As shown in Figure 2B,
we observed marked down-regulation of occludin in
chronic active UC samples compared to controls.

Differential Down-Regulation of ZO-1, Claudin-
1, and JAM Exclusively in Epithelial Cells
Adjoining Transmigrating PMN in Active IBD

To confirm our Western blot results suggesting slight
reduction in expression of most TJ/AJ proteins with the
exception of occludin, we performed a morphological
analysis of their expression patterns in tissue samples of
control and IBD patients. Archived intestinal tissue em-
bedded in paraffin blocks was analyzed by immunohis-
tochemistry. We first analyzed distribution of TJ proteins,
JAM, and claudin-1 in control and IBD tissue sections.
Focal high concentrations of JAM were seen in the apical
region of the lateral membrane representing TJs of con-
trol intestinal epithelial cells (Figure 3 a). A smaller pool of
JAM was distributed in the lateral membrane below TJs.
Analysis of JAM expression in intestinal epithelium from
patients with chronic active UC revealed a pattern that
was identical to that of ZO-1. Thus we observed de-
creased intensity of JAM expression exclusively in epi-
thelial cells adjoining transmigrating PMN (Figure 3c).
Non-inflamed epithelium without transmigrating PMN
even in areas adjoining crypt abscesses showed normal
JAM expression (Figure 3b). There was no difference in
JAM distribution between surface and crypt epithelium
(data not shown). The staining pattern of JAM again
contrasts with that of occludin which was observed to be

Table 1. Changes in TJ and AJ Protein Expression During
Chronic Active IBD

Protein
Inactive

IBD

Active IBD

Epithelium away
from PMN

Epithelium adjacent
to PMN

Occludin 3 2 22
Claudin-1 3 3 22
ZO-1 3 3 22
JAM 3 3 22
�-Catenin 3 3 22
E-cadherin 3 3 22

3, no changes compared to healthy control; 2, diminished
expression; 22, strongly diminished expression.

Figure 2. A: Immunoblot analysis of TJ and AJ protein expression in
tissues from patients with chronic active IBD. Mucosal colonic tissue from
control and IBD patients was analyzed for TJ and AJ protein expression by
performing Western blots. Equal protein was loaded in each lane as
determined by protein analysis and Western blots for cytokeratin. Data are
representative of results obtained from five control patients and five pa-
tients with active IBD. Densitometry results from these patients were
presented as mean � SEM. B: Transcriptional down-regulation of occludin
in chronic active UC. RNA was isolated from tissue of normal controls and
patients with chronic active UC and transferred to a nitrocellulose mem-
brane. Hybridization with a radioactive labeled probe for full length oc-
cludin reveals a signal that is markedly diminished in patients with active
UC. Data are representative for results obtained from three control patients
and two patients with chronic active UC.
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diffusely down-regulated in both the acutely inflamed and
non-inflamed regions of the mucosa. JAM expression in
colonic tissue from patients with lymphocytic and collag-
enous colitis was comparable to control normal tissue
(Table 1). In addition, JAM expression in intercellular
junctions of endothelial cells was indistinguishable in
control versus IBD intestinal mucosal tissue sections.
Given the differential expression patterns of occludin ver-
sus ZO-1 and JAM in IBD tissue sections, we analyzed
distribution of another TJ transmembrane protein, clau-
din-1, by immunoperoxidase labeling. Interestingly, clau-
din-1 expression paralleled that of JAM in intestinal tissue
sections from control and IBD patients. Thus, claudin-1
was concentrated in TJs and a small pool was addition-
ally distributed in the subjacent lateral membranes of
surface and crypt epithelial cells (Figure 3d). Compara-
ble to JAM, claudin-1 expression in chronic active UC
was decreased only in areas with PMN transmigration
both in the crypt epithelium (cryptitis, crypt abscess)
(Figure 3f) and surface epithelium (data not shown). In
areas away from active inflammation (PMN transmigra-
tion), claudin-1 staining was indistinguishable from that in
control tissue sections (Figure 3e). Patients with chronic
inactive UC as well as disease controls such as collag-
enous colitis and lymphocytic colitis revealed the same
distribution of claudin-1 as normal controls. However,
claudin-1, JAM, and ZO-1 expression patterns in tissue
sections from CD patients was analogous to that ob-
served for UC.

Expression Pattern of Adherens Junction
Proteins in Active IBD

Since the adherens junction (AJ) is immediately subja-
cent to TJs of epithelial cells, and its function is intimately
linked to that of the TJ, we determined expression of AJ
proteins in tissue sections from IBD and control patients.
Paraffin-embedded mucosal samples were stained by
immunoperoxidase labeling with antibodies to the AJ
transmembrane protein, E-cadherin, and its linker pro-
tein, �-catenin. E-cadherin was predominantly distributed
in the lateral membrane of epithelial cells (Figure 3g). In
mucosal tissue samples of UC patients with active PMN
transepithelial migration, E-cadherin expression was de-
creased only in the lateral membranes of epithelial cells
exposed to transmigrating PMN (Figure 3i). Epithelia dis-
tant to transmigrating PMN showed a normal E-cadherin
staining pattern in the lateral membranes (Figure 3h). No
significant differences between crypt and surface epithe-
lium were observed in the UC samples. Analogous to
E-cadherin, �-catenin was also distributed in the lateral
membranes of intestinal epithelial cells of control muco-
sal biopsies (Figure 3j). In chronic active UC, we ob-

served markedly diminished expression for �-catenin that
was restricted to sites of PMN transepithelial migration
(Figure 3l). The surface epithelium and crypts lacking
transmigrating PMN in UC samples showed a staining
pattern that did not differ from that of normal controls
(Figure 3k). Mucosal tissue sections from patients with
chronic active CD revealed an identical staining pattern
to that observed in UC (Table 1). In addition, expression
pattern of �-catenin and E-cadherin in non-IBD patients
such as lymphocytic and collagenous colitis did not differ
from that of normal controls.

Further analysis of E-cadherin and �-catenin expres-
sion in UC mucosal tissue samples by Western blot re-
vealed a slight decrease in expression of these proteins
compared to control non-IBD tissue (Figure 2A). How-
ever, densitometric analyses did not reveal any statisti-
cally significant differences.

Discussion

Idiopathic inflammatory bowel disease (IBD) is associ-
ated with an underlying change in epithelial barrier func-
tion in a subgroup of patients. Disease activity in IBD is
characterized by migration of PMN across epithelial cells.
Although transepithelial migration of PMN has been ex-
tensively reported in both IBD and non-IBD inflammatory
disorders of the intestine and altered TJ structure in ac-
tive UC has been described,6 the relationship of migrat-
ing PMN to epithelial intercellular junctions is less well
characterized. Our studies have focused on analysis of
TJ and AJ protein expression in intestinal mucosal tissue
obtained from patients with IBD. Immunofluorescence
labeling revealed a global down-regulation of occludin in
IBD colonic epithelium encompassing both areas with
active inflammation and regions distant from intraepithe-
lial PMN. This pattern of occludin loss was specific to IBD
and was not observed in other intestinal disorders such
as lymphocytic and collagenous colitis. In contrast to
occludin, reduced staining intensity for all other TJ and
AJ proteins was observed exclusively in epithelial cells
adjoining transmigrating PMN. This lack of global down-
regulation of claudin-1, JAM, ZO-1, E-cadherin, and
�-catenin would suggest that loss of these intercellular
junction proteins is a transient process that is rapidly
reversible after PMN transmigration. This is consistent
with the observation that mucosal wounds rapidly reseal
after PMN transmigration.9 Analysis of TJ/AJ protein ex-
pression by Western blots of whole mucosal lysates re-
vealed significant down-regulation of the TJ transmem-
brane protein occludin in CD as well as in UC. In contrast,
densitometric analysis of Western blots for all other junc-
tional proteins examined revealed only slightly dimin-

Figure 3. Decreased expression of TJ and AJ proteins in IBD colonic mucosa is restricted to epithelium with actively transmigrating PMN. Immunohistochemistry
was used to map the distribution of TJ and AJ proteins, JAM (a, b, c), claudin-1 (d, e, f), E-cadherin (g, h, i), and �-catenin (j, k, l) in normal and actively
inflammed IBD colonic mucosa. JAM and claudin-1 in normal mucosa are expressed in focal concentrations at the apical region of the lateral membranes of
epithelial cells consistent with its localization in TJs. Additional pool of these proteins are identified in the lateral membrane subjacent to the TJ in the AJ. The AJ
proteins, �-catenin and E-cadherin, are abundantly expressed in lateral membranes of normal epithelial cells. In active UC, expression of all four proteins was
diminished exclusively in epithelial cells adjacent to actively transmigrating PMN (arrowheads). However, no change in expression or distribution of these TJ
and AJ proteins was observed in epithelial cells not exposed to transmigrating PMN. Arrows, TJ, AJ; arrowhead, PMN. Scale bar, 15 �m
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ished protein levels that were not statistically different
from controls. The discrepancy is likely related to the
ability of immunofluorescence labeling to more accu-
rately discriminate between focal regions of TJ/AJ protein
down-regulation in epithelial cells directly exposed to
transmigrating PMN and the transient nature of such
events. Microscopic analysis clearly demonstrated the
lack of global down-regulation of ZO-1, claudin-1, JAM,
�-catenin, and E-cadherin in chronic active UC that also
held true for chronic active CD. Thus, this method of
analysis appears to be more informative for mapping
TJ/AJ protein expression compared to analyses of mu-
cosal tissue lysates by Western blot.

It is known that PMN can rapidly migrate across epi-
thelia, induce transient opening of intercellular junctions
and not cause appreciable morphological discontinui-
ties.9 It has been postulated that down-regulation of TJ
proteins during PMN transepithelial migration might be
induced by the migrating leukocytes themselves either
by stimulating epithelial cells to reorganize their TJ and
AJ components or simply by mechanical forces.24 Phys-
ical migration of PMN from the basolateral to the apical
surfaces of epithelial cells is preceeded by a fall in the
transepithelial resistance to passive ion flow suggesting
signaling events between PMN and the basolateral as-
pects of epithelial cells.25

Since PMN have been documented to release pro-
teases that induce artifactual degradation of intercellular
junction proteins in vascular endothelium, we examined
the effect of different tissue fixatives on the staining pat-
tern of these intercellular junction proteins. However, IBD
and non-IBD tissue samples treated with four different
fixatives (ethanol, methanol, paraformaldehyde, and for-
malin � sodium borohydride) revealed an identical pat-
tern of TJ/AJ protein expression. Moreover, no significant
differences in staining intensity of TJ/AJ proteins was
observed in unfixed frozen tissue sections in which sus-
pensions of PMN had been allowed to adhere to in high
density before processing. It therefore appears that pre-
and post-fixative protein degradation of TJ/AJ proteins by
PMN-released proteases in tissue sections cannot ac-
count for the diminished TJ/AJ protein expression we
observed in our studies.

Given that occludin was the only TJ/AJ protein that was
diffusely down-regulated in areas with and without PMN
epithelial infiltration, we determined its expression at the
transcriptional level. Indeed, by Northern blot analysis,
markedly diminished RNA levels of occludin were ob-
served in intestinal tissue from patients with chronic ac-
tive UC. Global decreases in occludin expression in the
colonic mucosa of IBD patients would suggest that there
are PMN-independent mechanisms accounting for occlu-
din down-regulation. A possible mechanism accounting
for altered intercellular junction protein expression in IBD
involves the influence of cytokines on epithelial cells.
Indeed, it has been shown that proinflammatory cyto-
kines may alter barrier function during intestinal inflam-
mation.26 interferon-� (IFN-�) as well as interleukin-4
(IL-4) are cytokines that have previously been shown to
influence epithelial barrier function and may be likely
candidates that may modulate transepithelial migration of

PMN.27,28 It has been reported that IFN-� decreases
barrier function in T84 cells by diminishing ZO-1 expres-
sion levels.29 In addition, tumor necrosis factor-� (TNF-�)
that is known to play a role in the pathology of active IBD
decreases epithelial barrier function and tight junction
complexity of a human intestinal epithelial cell line as
analyzed by freeze-fracture electron microscopy.30 Re-
cently, it has been demonstrated that expression of the
human occludin promoter is down-regulated by TNF-� as
well as IFN-�.31 Given that both TNF-� and IFN-� play an
important role in the pathophysiology of intestinal inflam-
mation in IBD32,33, and their influence on the occludin
promoter activity, it is reasonable to suspect that these or
other cytokines are likely to account for our observations
showing global down-regulation of occludin at the protein
and transcription level. It is conceivable that some of the
cytokines that may play a role in barrier function during
inflammation are secreted by PMNs thereby regulating
junction proteins. It is well known that PMNs secrete a
variety of inflammatory cytokines after activation.34 Fur-
ther studies are therefore necessary to clarify whether
cytokines play a predominant role in diminished barrier
function and decreased tight junction expression during
chronic active IBD. In general, it is conceivable that a
combination of these factors, local effects induced by
neutrophils as well as cytokine mediated mechanisms, is
responsible for diminished expression of junction pro-
teins in active IBD. This would be consistent with our
observation that changes in expression of different junc-
tion proteins in active IBD are not uniform. Whether the
observed changes in occludin expression may contribute
to increased paracellular permeability that has been de-
scribed in a subgroup of patients with CD and UC re-
mains to be determined. Impedance analysis of intestinal
mucosal tissue from mice lacking occludin expression
failed to reveal differences when compared to normal
mice.35 However, these studies lacked precise determi-
nation of paracellular permeability as defined by flux of
paracellular solutes. In addition, susceptibility of knock-
out versus wild type mice to colitis was not examined.
Thus, the precise role of occludin in regulation of para-
cellular permeability remains to be determined.

In conclusion, our study provides evidence that PMN
transepithelial migration during chronic active UC is asso-
ciated with a diffuse global down-regulation of occludin
and a reduction of other TJ and AJ proteins specifically at
sites of active inflammation. Global down-regulation of oc-
cludin in IBD-patients may account for increased paracel-
lular permeability that is observed in a subgroup of IBD
patients. Further studies are necessary to elucidate fac-
tors that are responsible for differential down-regulation of
occludin and other TJ and AJ proteins in IBD.
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