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Abstract t 
Thee intestinal barrier function is impaired in patients with inflammatory bowel disease. 
Increasedd intestinal permeability during episodes of active disease correlates with destruction 
off  the tight junction protein complex. In particular IFN-y has been studied in this respect for 
itss effect on barrier function and tight junction structures, but its mode of action remains 
unclear.. Recently the claudin family of tight junction molecules was discovered which 
promptedd us to study the effect of IFN-y on claudin protein expression in relation to barrier 
function.. T84 cells were exposed to IFN-y and permeability for HRP and 4 kDa FITC-dextran 
wass evaluated. Protein expression of occludin and claudin-1, -2, -3, and -4 was determined by 
westernn blotting. Cycloheximide and protease inhibitors were used to elucidate the 
mechanismm of IFN-y mediated barrier disruption. Occludin and claudin-2 protein expression 
wass dramatically reduced after IFN-y exposure thereby increasing permeability for HRP and 
FITC-dextran.. Minor changes in claudin-1, claudin-3 and claudin-4, were not found to be 
associatedd with barrier disruption. Involvement of claudin-2 in barrier maintenance was 
demonstratedd using serine protease inhibitor AEBSF which completely abrogated IFN-y 
mediatedd barrier disruption and increased claudin-2 expression. Cycloheximide inhibited the 
detrimentall  effects of IFN-y on barrier function which correlated with preservation of 
occludin.. Transmembrane tight junction proteins claudin-2 and occludin, are critically 
involvedd in immune mediated barrier disruption. The effect of IFN-y on tight junction 
proteinss is differentially regulated, involving claudin-2 cleavage mediated by serine protease 
activity. . 
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Introductio n n 
Intestinall  barrier integrity is often found to be impaired in diseases like food allergy, celiac 
disease,, asthma, arthritis, and inflammatory bowel disease (IBD) 1*5. Impaired barrier 
integrityy involves increased permeability of the gut and in Crohn's patients increased 
intestinall  permeability was found to precede episodes of relapse 6"10. In addition, even in 
mildlyy inflamed IBD tissue epithelial tight junctional strand formations were dramatically 
changedd n~13. Tight junction complexes actively control paracellular permeability allowing 
passagee of water and small solutes. These complexes are formed by a network of proteins that 
aree coupled to cytoskeletal filaments 14"17. Mediators of intestinal inflammation, e.g. pro-
inflammatoryy cytokines, can affect intestinal barrier integrity. IFN-y in this respect was found 
too disrupt epithelial barrier function by affecting the tight junction proteins ZO-1 and 
occludinn as well as peri-junctional actin filament formation l8"21. Recently the claudin family 
off  tight junction proteins has been identified and incriminated in maintenance of tight 
junctionn complex integrity 22"24. However, the functional role of these various claudins in 
maintenancee of intestinal barrier integrity is poorly understood. Both claudins and occludin 
aree coupled to actin filaments of the cytoskeleton, either directly or indirectly, through 
associationn with ZO-1 or other proteins 25~27. Patterns of claudin expression vary along the 
gutt and epithelial cells express different types of claudins connecting cells through formation 
off  zipperlike structures 28"31. Amongst others claudin-1, -2, -3 and -4 are expressed in the 
intestinall  epithelium 28'29. Claudin-1 and -4 have been found to increase transepithelial 
resistancee whereas claudin-2 is associated with leaky tight junctions 32"35. However, most of 
thesee characteristics of claudins are observed in cellular transfection models. We studied 
IFN-yy induced barrier disruption with special reference to tight junction protein expression. 
Differentiall  sensitivity of claudins to immune mediators will further elucidate their role in 
tightt junction complex formation and disruption during processes of inflammation. 

Material ss and methods 

Cellss and antibodies 
Thee human intestinal cell line T84 was purchased from the ATCC (Maryland, USA) and used 
att passages 57- 64. Antibodies against claudin-1 (JAY.8), claudin-2 (MH44), claudin-3 
(Z23.JM),, claudin-4 (3E2C1) and occludin (Z-T22) were obtained from Zymed. 

Celll  culture 
T844 cells were cultured on 12-mm transwell inserts (0.4 urn, Corning, Costar B.V.) in 
DMEM/F122 glutamax I with penicillin (100 IU/ml), streptomycin (100 u.g/ml) (Life 
Technologies)) supplemented with 5% heat inactivated fetal bovine serum (Greiner). Medium 
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wass refreshed every 2 days during cultivation and every 24 h in an experimental setting. T84 
cellss were used 14 days after confluence. 

Incubationn with IFN-y: dose-response and kinetics 
Cellss were incubated for 24,48 or 72 h with 0, 50, 100 or 500 U/ml human recombinant IFN-
YY (HyCult Biotechnology B.V.) added to the serosal compartment. Every 24 h the culture 
mediumm was changed and fresh IFN-y added. 

Incubationn with IFN-y and cycloheximide 
Inn order to investigate IFN-y induced barrier disruption and tight junction protein expression, 

cycloheximidee was used to block de novo protein synthesis. T84 monolayers were incubated 

forr 72 h with 0, 0.002, 0.02 or 0.2 Jig/ml cycloheximide in both apical and serosal 

compartmentss (Sigma- Aldrich B.V.) with or without 100 U/ml IFN-y. 

Incubationn with IFN-y and protease inhibitor s 
Thee involvement of proteases in the IFN-y (100 U/ml) induced barrier disruption was studied 
usingg protease inhibitors for 72 h. Serine protease inhibitor AEBSF (4-(2-aminoethyl)-
benzenesulfonyll  fluoride; 0.1 mM), aspartic protease inhibitor pepstatin A (10" M), and 
cysteinee protease inhibitors E-64, the cell permeable E-64d (100 |xM) (Sigma- Aldrich B.V.), 
andd calpeptin (5 ng/ml; cell permeable calpain inhibitor) (Calbiochem) were used. 

Measurementt  of resistance 
Resistancee (TER; ohm.cm2) was measured by epithelial volt-ohm meter (EVOM; World 
Precisionn Instruments) prior to medium refreshment at 24, 48 and 72 h of incubation. 

Macromolecularr  permeability 
Macromolecularr transport of 4kDa FITC-dextran36 and 40kDa horseradish peroxidase 
(HRP)377 was measured to determine the permeability of the monolayer at 24, 48 and 72 h. 
Onee hour prior to HRP fluxes the culture medium was refreshed. HRP, 5 \i\ of 1 mM solution 
(typee VI-A , 40 kDa, Sigma) was added to the lumenal compartment. HRP concentrations in 
thee serosal compartment were determined enzymatically using tetramethylbenzidin (TMB; 
Merck)) substrate and detected with a spectrophotometer (Ultramark, Biorad) at 450 nm. In 
addition,, HRP fluxes (pmol HRP/cmVh) were calculated. Permeability for 4kDa FITC-
dextrann was determined in cultures incubated 72 h with IFN-y or during AEBSF incubations. 
Priorr to dextran fluxes the medium was refreshed with culture medium without phenol red, 
followedd after one hour by addition of 5 (xl (stock 100 mg/ml) 4kDa FITC-dextran to the 
lumenall  compartment. After 30 min 100 jo.1 sample was collected from the serosal 
compartmentt and the fluorescent signal was measured at excitation wave length 485 nm and 
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emissionn 520 nm (FLUOstar Galaxy®, BMG Labtechnologies). FITC-dextran fluxes were 
calculatedd (pmol FITC-dextran/cm /h). 

Gell  electrophoresis and immunoblotting 
Celll  samples were collected in laemmli except when used for cell fractionation. For the latter 
purposee a specific lysis buffer (5 mM Tris-HCl, 0.05M sucrose, 1 mM EGTA and protease 
inhibitors)) was used. Ileal biopsies were taken from patients with Crohn's disease or healthy 
normall  tissue, confirmed by the 
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A) ) pathologist,, from surveillance 
endoscopy.. These were snap frozen 
inn liquid nitrogen and transferred to 
thee laboratory for protein 
extraction.. Protein determination 
wass performed using the DC-
proteinn assay (Biorad) according to 
thee manufactures protocol with 
minorr modifications. 

Electrophoresiss (20 u.g) was 
performedd in 10% or 12% SDS-
pagee gels and samples were 
transferredd to PVDF membranes 
(Rochee Diagnostics). Blots were 
blockedd in TB ST/5% Protivar 
(Nutricia)) followed by 1 h 
incubationn with primary antibodies 
too claudin-1 (1:100), claudin-2 
(1:800),, claudin-3 (1:1000), 
claudin-44 (1:1000) (23 kDa), and 
occludinn (1:10000) (65 kDa). After 
washing,, blots were incubated with 
goatt anti-rabbit or -mouse IgG-

HRPP (Santacruz Biotechnology) H S U " \ Effec's f ^ J Z ^ J T ^ WI™ 
.. &J dependent decreased of TER by IFN-y (0-500 U/ml) incubation 

andd Lumi-Light p us (Roche (**p<0.001, n=5). (B) Decreased TER is strongly correlated with 
Diagnostics)) for substrate increased HRP fluxes (*p<0.005; **p<0.001,n=3). 

detection.. Densitometry was performed using the Lumi-Imager (Boehringer Mannheim B.V.) 
andd the signal was expressed in light units (BLU). The BLU values of test conditions were 
calculatedd relative to controls within each time group (%BLU). 

I I 

incubat ionn time (hi- IFN-y (U/ml) 
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A) ) 

24hh 48h 72h 

* - a * * — — 4MM ll  "  miiir  -nmflf 

00 50 100 500 0 50 100 500 0 50 100 500 IFN-y(U/ml) 

Figur ee 2 IFN-y treatment 
andd occludin expression. (A) 
IFN-yy (0-500 U/ml) decreased 
occludinn protein expression at 
488 and 72 h (representative 
westernn blot). (B) 
Densitometricc analysis of 6 
differentt experiments, 
presentedd relative to controls 
(%BLU)) (*p<0.01, 
**p<0.001). . 

incubationn time (hi- IPvy (Uml) 

Celll  fractionation 
Ultra-centrifugationn of the samples was performed in order to determine whether tight 
junctionn proteins were associated with the membrane/cytoskeleton fraction or the cytosol. 
T844 cells were incubated 72 h with 100 U/ml IFN-y. After incubation the cells were collected 
inn lysis buffer. Samples were centrifugated in an Airfuge (Beekman Coulter) for 3 min at 
125,000g.. Supernatants containing the cytosolic fraction were collected, and pellets 
containingg the membrane/cytoskeleton fraction resuspended in lysis buffer with 1% Triton. 
Ann equal volume of 2x concentrated laemmli was added to both fractions. 

Dataa analysis 
Alll  data are presented as mean  SEM. Data were analyzed with the univariate ANOVA 
usingg SPSS Version 10 software. 

Results s 

Effectss of IFN-y on barrier  integrit y of T84 monolayers: dose-response and kinetics 
T844 cells grown on filters form monolayers with high TER and low permeability for HRP or 
FITCC dextran, which can be affected by IFN-y. Basal TER increased slightly in time (24 h vs 
722 h; p<0.001). Incubations with IFN-y resulted in pronounced time dependent effects on 
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Figur ee 3 Effects of IFN-Y on 
claudin-22 protein expression. (A) 
IFN-YY (0-500 U/ml) decreased 
claudin-22 protein expression 
resultingg in the appearance of a 
fragmentt of approximately lOkDa 
att 24-72 h (representative western 
blot).. (B) Densitometry analysis of 
55 different experiments revealed 
dramaticc decrease in claudin-2 
expressionn after 48-72 h (*p<0.01, 
**p<0.001),, presented relative to 
controlss (%BLU). (C) Expression 
off  the fragment (%BLU) appeared 
too increase in time during IFN-y 
exposuree (**p<0.001). 

incubationn lira-1h\- IFVy 1IM1 

barrierr integrity. Incubation with IFN-y for 72 h resulted in lower TER as compared to 24 h, 
inn all dosage groups (p<0.01). As compared to controls TER decreased after 48 h of 
incubationn (fig 1A; p<0.001). At 72 h a more than 60% decrease in TER was observed in all 
IFN-yy incubations (1426  89 vs 621  34 Q.cm2; TER control vs 100 U/ml IFN-y). Decrease 
inn TER was associated with increased HRP fluxes at 48 h (p<0.01) and 72 h (fig IB; 
p<0.001).. Fluxes in control cultures were consistently low (<0.5 pmol/cm2/h). 
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Effectss of IFN-y on barrier  integrit y of T84 monolayers: 4kDa FITC-dextran flux 
HRPP flux may reflect contribution of the transcellular route of macromolecular transport. 
Thereforee 4kDa FITC-dextran was used to verify the involvement of the paracellular route 
reflectingg tight junction complex integrity. T84 cells were incubated for 72 h with 100 U/ml 
IFN-yy resulting i n reduced TER (1571  41 vs 947  31 Q.cm2; p<0.001, n=5) and increased 
permeabilityy for 4 kDa FITC-dextran, very similar to the HRP flux data. Control fluxes were 
consistentlyy low while IFN-y incubation increased fluxes more than 12 fold (35  15 vs 431
877 pmol/cm2/h; p<0.01, n=5). 

Effectss of IFN-y on occludin protein 
expression n 
Expressionn of transmembrane tight 
junctionn proteins was detected in whole 
celll  lysates by western blotting. Basal 
occludinn expression increased in time 
ass the expression levels at 72 h were 
significantlyy higher than at 24 h 
(p<0.025;; data not shown). As 
publishedd earlier occludin expression is 
associatedd with IFN-y induced barrier 
disruption.. Starting at 24 h the 
500U/mll  dose of IFN-y reduced 
occludinn expression for 10% (fig 2 
A/B;; p<0.01) while at 48 h occludin 
expressionn dropped 30-40% in all IFN-
ydosee groups, similar effects were 
foundd at 72 h of incubation (p<0.001). 

Effectss of IFN-y on claudin-1, cIaudin-3 and claudin-4 
Claudin-11 (n=5) expression levels appeared to increase at 24 h in all IFN-y incubation groups 
(p<0.001),, whereas only minor reduction were observed at 48 h (100 U/ml, p<0.001) and 72 
hh (50 U/ml, p<0.005). Claudin-3 (n=4) expression was not affected by IFN-y and claudin-4 
(n=6)) was only marginally decreased after 72 h, and only in the highest dosage group (500 
U/ml,, p<0.005). Basal control levels of claudin-1, -3 and -4 expression did not change during 
thee course of the experiment (data not shown). 

Effectss of IFN-y on claudin-2 protein expression 
IFN-yy incubation dramatically affected claudin-2 expression patterns correlating with 
observedd decrease in TER and increased HRP-flux. After 48 h claudin-2 expression was 
76 6 

CSS MB/CSk 

Occludin n -655 kDa 

Claudin-2 2 

Fragment t 

-233 kDa 

-100 kDa 

++ + IFN-y (72 h, 100 U/ml) 

Figur ee 4 Western blot of cellular localization of occludin 
andd claudin-2 after 72 h incubation with IFN-Y (1 0° U/ml; 
n=3).. After ultracentrifigation occludin was predominantly 
locatedd in the membrane/cytoskeleton fraction. Claudin-2 
wass also found in the cytosolic fraction (CS) while the 
~10kDaa fragment could only be detected in the membrane/ 
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reducedd more than 20-40 % compared to 
controls.. After 72 h the claudin-2 
expressionn dropped 55-75 % (fig 3A/B; 
p<0.005).. IFN-y incubation not only 
resultedd in decreased claudin-2 expression 
levelss but also resulted in the formation of 
aa distinct fragment of approximately 
lOkDaa (fig 3C; p<0.001). Control 
expressionn levels of claudin-2 did not 
changee during the course of the 
experimentt (data not shown). 

Cellularr  location of occludin and 
claudin-2 2 
Celll  fractionation of IFN-y exposed cells 
revealedd occludin to be mainly located in 
thee membrane/cytoskeletal fraction (fig 4). 
Claudin-22 was expressed in both the 
cytosolicc and membrane/cytoskeletal 
fraction.. We observed the fragment of 
claudin-22 degradation, induced by IFN-
YY incubation, in particular to be present in 
thee cytoskeletal/ membrane fraction. 

IFN--

gg looo 
x x 

500 0 

-0 0 
-IFN N 
-0.0022 CHX+IFN 
-0.022 CHX + IFN 
-0.22 CHX + IFN 

48 8 

incubationn time (h) 

B) ) 

I I 

L L 

I I 

00 CHX 0.002 CHX 0.02 CHX 0.2 CHX 

Figur ee 5 Involvement of de novo protein synthesis in 
IFN-yy induced barrier disruption. (A) Cycloheximide (0-
0.22 Ug/ml) dose-dependently abrogated the effect of IFN-
yy (100 U/ml) on TER (##p<0.001, n=7). (B) 
Cycloheximidee prevented IFN-y (72 h, 100 U/ml) 
inducedd increase of HRP fluxes (*p<0.01, **p<0.001, 
n=5). . 

Effectss of cycloheximide on 
yy mediated barrier  disruption 
Cycloheximidee dose-dependently 
abrogatedd the effect of IFN-y on TER (fig 
5A;; p<0.001). Cycloheximide did not 
affectt basal TER although there was a 
trendd towards increase. Cycloheximide 
(0.022 and 0.2 ug/ml) prevented IFN-y increased HRP fluxes (fig 5B; p<0.005) whereas 
cycloheximidee alone, used as control, did not affect HRP flux (data not shown). IFN-y 
decreasedd occludin expression after 72 h (fig 6A/B; p<0.001) which could be prevented by 
co-incubationn with 0.02 and 0.2 Ug/ml cycloheximide. Cycloheximide treatment (0.2 Ug/ml) 
decreasedd basal expression of claudin-2 (fig 6A/C; p<0.005) indicating that claudin-2 protein 
homeostasiss involves de novo protein synthesis. Cycloheximide did not prevent IFN-
yy induced fragmentation of claudin-2. 
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Figur ee 6 Effects of cycloheximide (0-0.2 ng/ml) on occludin and claudin-2 expression. (A) Representative 
westernn blot of occludin and claudin-2. (B) Densitometry revealed that cycloheximide (0.02-0.2 (ig/ml) 
preventedd IFN-y (72 h, 100 U/ml) mediated reduction of occludin expression, while it did not affect basal 
occludinn expression levels (#p<0.05, ## p<0.001, n=4); presentation relative to controls (%BLU). (C) 
Cycloheximidee decreased basal claudin-2 expression indicating that claudin-2 protein homeostasis involves de 
novoo protein synthesis (*p<0.005, n=3). IFN-y induced claudin-2 fragmentation was not prevented by 
cycloheximidee (#p<0.05, §p=0.057). 
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Effectss of protease inhibitor s on IFN-
YY mediated barrier  disruption 
IFN-yy mediated decrease in claudin-2 and 
occludinn expression may involve specific 
proteasee activity. Therefore we co-incubated 
T844 cells with IFN-y and general protease 
inhibitors.. Cysteine protease inhibitors E64 and 
E64dd were not effective in abrogating IFN-y 
effectss on TER (IFN-y vs IFN-y/E64d, 669  40 
vss 686  57 Q.cm2; 72 h, n=4). Calpeptin (5 
ng/ml)) did not prevent decrease in TER (control 
vss IFN-y vs IFN-y/calpeptin, 1273  100 vs 674 

 37 vs 822  63 Q.cm2; 72 h, n=5). Aspartic 
proteasee inhibitor pepstatin A was also 
ineffective.. In contrast, serine protease inhibitor 
AEBSFF totally abrogated the IFN-y effect on 
TERR at 48 h and 72 h (fig 7A; control vs IFN-
yvss IFN-y/AEBSF, 1380  74 vs 795 + 48 vs 
11755  25 Q.cm2; 72 h, p<0.005). AEBSF not 
onlyy prevented drop in TER but also reduced 
IFN-yy induced HRP and 4kDa FITC-dextran 
fluxx (fig 7B/C; p<0.02 or p<0.005). 

Effectt  of AEBSF on claudin-2 and occludin 
expressionn levels 
Ass AEBSF was able to prevent IFN-y mediated 
barrierr disruption we determined the effects of 
AEBSFF on occludin and claudin-2 expression. 
Afterr 72 h of exposure IFN-y reduced claudin-2 
expressionn while co-incubation of IFN-y with 
AEBSFF completely prevented the decrease in 
claudin-22 expression (fig 8A/B; p<0.01). 
AEBSFF appeared to interfere with basal claudin-
22 expression levels as it upregulated claudin-2 
expressionn (p<0.001). This resulted in a higher 
claudin-2// fragment ratio in IFN-y/AEBSF co-
incubationss (IFN-y vs IFN-y/AEBSF, 0.22
0.077 vs 0.49  0.14;p<0.05). Reduction in 

A) ) 

3 3 

<== 800 

B) ) 

Q Q 

H H H 

TT ' ' 1— 

ll-NN AEBSF EfN+AEBSF 

DNN AEBSF IFN+AEBSF 

r^ i i 
00 IFN AEBSF DFN + AEBSF 

722 h incubation ™ih IFN-y (100 Uml ) ancïor0.1 mMAEBSF 

Figur ee 7 Effect of protease inhibitors on IFN-y 
mediatedd barrier disruption. (A) Serine protease 
inhibitorr AEBSF (0.1 mM) totally abrogated the 
IFN-YY (72 h, 100 U/ml) mediated decrease in 
TERR (**p<0.005, ##p<0.005, n=5). (B,C) 
AEBSFF also abrogated increase (*p<0.001, ** 
p<0.005)) of IFN-y induced HRP and 4kDa FITC-
dextrann flux (#p<0.02, ##p<0.005, n=3). 
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occludinn expression could not be 
preventedd by AEBSF (fig 8C; p<0.01). 
Inn addition, AEBSF did not affect basal 
occludinn expression. 

Claudin-22 fragmentation in vivo 

Similarr to our findings with IFN-y 
treatmentt of T84 cells we found 
fragmentationn of claudin-2 expression 
inn inflamed ileum of patients with 
Crohn'ss disease (fig 9). This was not 
apparentt in healthy, non-inflamed 
ileum.. Interestingly, claudin-2 

degradationn and the appearance of a 
smallerr fragment was also observed in 
normall  distal ileum of a patient with 
ulcerativee colitis. 

A) ) 

Claudin-2 2 

Fragment t 

-23kD D 

-lOkD D 

AEBSFF (0.1 mM) 
IFN-77 (100 U/ml) 

B)B) Claudin-2 

n n 
AÏBSFF IFN+AÏBSF 

C)) Occludin 

Discussion n 
Wee evaluated the effect of IFN-y on 
claudinn and occludin expression in 
relationn to intestinal epithelial 
permeability.. Similar to other studies 
wee found basal TER to slightly increase 
inn well differentiated monolayers 
duringg the course of our experiments 
18,19,39,400 r p j ^ w a s a s s o cj a t e cj  wj tJj 

increasee in occludin expression, while 
claudinn expression was not changed. 
Thesee findings are in line with Balda et 
al.. , who reported increased TER to be 
coherentt with increased occludin 
expression.. As described earlier 
exposuree of epithelial cells to IFN-
yy resulted in a dramatic reduction in TER' 

NS S 

AÏBSFF IFN+AEBSF 

Figur ee 8 Effects of AEBSF on occludin and claudin-2 
expression.. (A) Representative western blot of claudin-2. (B) 
Densitometryy revealed increased claudin-2 expression, while 
itt prevented IFN-y (72 h, 100 U/ml) mediated decrease in 
claudin-22 expression (**p<0.001, #p<0.01, n=6). The 
claudin-2// fragment ratio was significantly increased by 
AEBSFF (0.1 mM). (C) Reduction of occludin expression 
wass not prevented by AEBSF (*p<0.01, n=6). Data 
presentedd relative to controls (%BLU). 

''' . Typical dose related effects may imply full 
IFN-yy receptor occupancy to occur at 50 U/ml. Indeed, other studies show IFN-y to be already 
effectivee at the dosage of 0.1-10 U/ml, whereas dose-response effects at high doses appeared 

too be only marginal 
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correlatedd nicely with increased HRP and 4kDa FITC-dextran fluxes, the latter confirming 
involvementt of the paracellular route of permeability. Increased FITC-dextran fluxes have 
beenn reported before36'39, and in conjunction with our data, it becomes clear that even at low 
concentrations,, IFN-y can increase paracellular permeability for potentially antigenic 
macromolecules. . 

T84+IFNN Normal Crohn 
Healthyy UC 

Claudin-2 2 

Fragment t 

F igur ee 9 Western blot for claudin-2 expression and fragmentation in ileal biopsies. Fragmentation of 
claudin-22 was apparent in biopsies from inflamed ileum of patients with active Crohn's disease similar to our 
findingss with IFN-y treated T84 cells. No fragmentation was detected in normal healthy ileal tissue whereas 
fragmentationn could also be detected in macroscopic normal ileum from a patient with ulcerative colitis. 

Occludinn expression was found to be diminished in mucosal biopsies of IBD patients 13'42. By 
analyzingg total cell lysates of epithelial cell cultures, we found IFN-y to decrease the 
expressionn of both 65 kDa occludin and a larger molecular weight band probably 
representingg the phosphorylated form of occludin 43-44. Decreased phosphorylation may 
reflectt altered cellular distribution 20. Decrease in occludin expression can be the result of the 
IFN-yy induced reduction of occludin promotor activity 20'45. However, since inhibition of 
proteinn synthesis by cycloheximide prevented the IFN-y effect on occludin expression other 
pathwayss are likely to be involved. From our observations and those by others it can be 
concludedd that IFN-y mediated decrease in occludin expression requires de novo protein 
synthesiss and that occludin is functionally involved in maintenance of epithelial barrier 
integrityy 23'24'46"48. 

Interestingly,, the effects of IFN-y on claudin-2 expression were more pronounced. A distinct 
claudin-22 fragment appeared during IFN-y incubation suggesting cleavage of the claudin-2 
protein.. This phenomenon was specific for claudin-2 since no cleavage was observed in the 
otherr claudin family members 1, 3, and 4. Moreover, we found this phenomena not to be 
exclusivee for the intestinal epithelial cell line. Initial observations in biopsies from patients 
withh inflammatory disease confirmed that claudin-2 fragmentation also occurs in vivo. 
Follow-upp studies are needed to further substantiate whether this phenomena is linked with 
thee degree of inflammation and may aggravate the barrier disruption thus being involved in 
thee onset of relapse development and/or chronicity of disease. The antibody we used 
recognizess a C-terminal peptide sequence, with the fragment being ~10kDa in size, this 
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furtherr supports cleavage of claudin-2 (230 aa) in the intracellular (aa 103-116) or C-terminal 
extracellularr loop (aa 138-163). In addition, cell fractionation experiments confirmed the 
fragmentt to be localized in the cytoskeletal/membrane fraction. Adequate separation between 
cytosolicc and cytoskeletal/membrane proteins was confirmed since occludin was retrieved in 
thee cytoskeletal/membrane fraction similar to findings by Clarke et al.38 Since cycloheximide 
decreasess constitutive claudin-2 expression there seems to be continuous de novo synthesis of 
thiss tight juntion protein. Nevertheless, IFN-y enhances claudin-2 turnover rendering de novo 
proteinn synthesis insufficient in compensating the degradation. Observed claudin-2 
fragmentationn may be of relevance during processes of inflammation by facilitating the 
migrationn of dendritic cells and neutrophils through the paracellular pathway 4246-49. 

Ass cycloheximide could not prevent claudin-2 fragmentation we investigated whether IFN-
yy could induce protease activity. Calpain can be found in rat intestinal cells and IFN-Y 
stronglyy upregulates calpain activity in immune cells 50"52. However both calpeptin as well as 
genericc aspartic and cysteine protease inhibitors could not prevent the IFN-Y mediated barrier 
disruption.. In contrast, the serine protease inhibitor AEBSF totally abrogated IFN-Y mediated 
decreasee in TER and increase in flux. This finding is in line with observations by Megyeri et 
al.. who reported AEBSF to inhibit cytokine induced permeability in the blood-brain barrier. 

AEBSFF treatment did not prevent occludin changes in our experiments where other studies 
suggestedd a role for serine proteases in epithelial permeability and occludin degradation 54'55. 
Wee did not find the multiple low molecular weight bands as reported in these studies, 
indicatingg that IFN-Y reduces occludin expression through a different mechanism. Incubation 
withh AEBSF increased basal expression levels of claudin-2. Furthermore, combined 
incubationss of AEBSF and IFN-Y dramatically reduced claudin-2 expression as compared to 
AEBSFF alone, whereas the final claudin-2 expression levels were similar to baseline. Thus, 
AEBSFF might increase claudin-2 half-life by inhibiting certain serine proteases. This 
mechanismm may affect both basal claudin-2 expression as well as IFN-Y induced protease 
activityy resulting in a net increase of the claudin-2/ fragment ratio. Swiss-Prot virtual analysis 
revealedd claudin-2 to contain serine protease cleavage sites which are not shared by claudin-
1,-3,, and-4. 

Itt is important to note that increased claudin-2 expression is correlated with improved barrier 
propertiess in T84 cells incubated with EL-17 56. On the other hand tight junctions became 
moree leaky when claudin-2 was transfected into MDCK cells, however no change in 
permeabilityy for dextran was observed 35. In addition our data imply that besides enhancing 
epitheliall  conductance claudin-2 is involved in preventing macromolecular permeability. 
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Inn conclusion, both claudin-2 and occludin are important in maintaining intestinal barrier 
functionn and their expression can be differentially regulated by inflammatory mediators, e.g. 
IFN-y. . 
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