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Anti-mouse CD52 monoclonal antibody ameliorates intestinal
epithelial barrier function in interleukin-10 knockout mice with
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Introduction

Crohn’s disease (CD) is a segmental inflammatory disease
of the intestine characterized by a massive infiltration of terial

Summary

Intestinal inflammation causes tight junction changes and death of epithe-
lial cells, and plays an important role in the development of Crohn’s dis-
ease (CD). CD52 monoclonal antibody (CD52 mAb) directly targets the
cell surface CD52 and is effective in depleting mature lymphocytes by
cytolytic effects in vivo, leading to long-lasting changes in adaptive immu-
nity. The aim of this study was to investigate the therapeutic effect of
CD52 mAD on epithelial barrier function in animal models of IBD. Inter-
leukin-10 knockout mice (IL-10~'7) of 16 weeks with established colitis
were treated with CD52 mAb once a week for 2 weeks. Severity of colitis,
CD4" lymphocytes and cytokines in the lamina propria, epithelial expres-
sion of tight junction proteins, morphology of tight junctions, tumour
necrosis factor-a (TNF-a)/TNF receptor 2 (TNFR2) mRNA expression,
myosin light chain kinase (MLCK) expression and activity, as well as epi-
thelial apoptosis in proximal colon were measured at the end of the
experiment. CD52 mAb treatment effectively attenuated colitis associated
with decreased lamina propria CD4" lymphocytes and interferon-y/IL-17
responses in colonic mucosa in IL-10~/~ mice. After CD52 mAb treat-
ment, attenuation of colonic permeability, increased epithelial expression
and correct localization of tight junction proteins (occludin and zona
occludens protein-1), as well as ameliorated tight junction morphology
were observed in IL-107'~ mice. CD52 mAb treatment also effectively
suppressed the epithelial apoptosis, mucosa TNF-a mRNA expression,
epithelial expression of long MLCK, TNFR2 and phosphorylation of
MLC. Our results indicated that anti-CD52 therapy may inhibit TNF-a/
TNFR2-mediated epithelial apoptosis and MLCK-dependent tight junction
permeability by depleting activated T cells in the gut mucosa.

Keywords: apoptosis; barrier function; CD52 monoclonal antibody; Cro-
hn’s disease; interleukin-10 knockout; tight junction.

CD4" T cells and macrophages and by intestinal barrier
dysfunction." The intestinal barrier is organized by inter-
actions among several components, including the antibac-
peptides,

adhesive mucous gel layer and

Abbreviations: CD, Crohn’s disease; IBD, inflammatory bowel diseases; IFN-y, interferon-7; IL-10~"", interleukin-10-knockout;
LP, lamina propria; mAb, monoclonal antibody; MLCK, myosin light chain kinase; Thl, T helper type 1; TJ, tight junctions;
TNF-0, tumour necrosis factor-o; TNFR2, tumour necrosis factor receptor 2; TUNEL, terminal deoxynucleotidyl transferase
dUTP nick end labelling; ZO-1, zona occludens protein 1
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intercellular tight junctions (TJ).” Among these compo-
nents, TJ constitute the major determinant of the intesti-
nal physical barrier.” Intestinal barrier defects resulting in
the permeation of lumenal inflammatory substances
induce an abnormally robust inflammatory response.”*
Intestinal inflammation causes T] changes and death of
epithelial cells, and plays an important role in the devel-
opment of CD.>® Therefore, the maintenance of the
intestinal barrier is imperative for intestinal mucosal
homeostasis.

Much of our current understanding of the molecular
mechanisms involved in inflammatory bowel diseases
(IBD) has come from transgenic, knockout and chemi-
cally induced mouse models.”"" Although mouse models
of IBD do not fully recapitulate the human disease, inter-
leukin-10 knockout (IL-10~'") mice display similar
characteristics to those of human CD.'* Because the anti-
inflammatory effects of IL-10 are required to regulate T
helper type 1 (Thl) and Thl17 cytokine production and
promote immune homeostasis, loss of IL-10 in mice
results in colitis under specific pathogen-free conditions
driven by an aberrant immunological response to luminal
content, including pathogens, toxins and antigens.”"?

In the gut of patients with IBD, immune and non-
immune cells produce large amounts of cytokines that
drive the inflammatory process, leading to the tissue
damage.'* Cytokine blockers, such as anti-tumour necro-
sis factor-oo (TNF-o), have been used with some success
in IBD. However, not all patients respond, and the thera-
peutic effects wane with time, demonstrating the need for
more effective and long-lasting anti-inflammatory strate-
gies."> CD52 is a cell-surface glycoprotein consisting of a
short 12-amino-acid peptide with a C-terminal glycosyl-
phosphatidyl-inositol anchor, mainly expressed on lym-
phocytes.  Alemtuzumab (Campath-1H), a humanized
monoclonal antibody (mAb), directly targets the cell sur-
face CD52 and is effective in depleting mature lympho-
cytes by cytolytic effects in vivo, leading to long-lasting
changes in adaptive immunity.'® This antibody has also
been used in the treatment of a wide range of diseases
including rheumatoid arthritis, lymphocytic leukaemia
and organ transplantation.'”'® In recent phase 3 clinical
studies, alemtuzumab showed efficacy in the treatment of
relapsing-remitting multiple sclerosis.'”*® Our previous
studies demonstrated that treatment with 20 mg of anti-
mouse CD52 mAb once per week for 2 weeks improved
histological inflammation scores, nutritional status and
iron-deficient anaemia in IL-10~'" mice by attenuating
colonic inflammation.”"** However, the relationship
between inflammation and epithelial barrier dysfunction
after CD52 mAD treatment is not studied. In the present
study, we mainly investigated the relationship between
the T-cell-induced colonic inflammation and the changes
in epithelial barrier function after CD52 mAb treatment
in the IL-10~'~ model of colitis.
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Materials and methods

Animals

Both IL-10'~ and wild-type mice (16 weeks old at the
beginning of the study) on a C57BL/6 background were
obtained from the Jackson Laboratory (Bar Harbor, ME).
Mice were bred and maintained in specific pathogen-free
conditions at the Model Animal Research Centre of Nanj-
ing University (Nanjing, China). Previous experiments
have demonstrated that most IL-107'~ mice on the
C57BL/6 strain under specific pathogen-free conditions
develop spontaneous colitis at 12 weeks of age.”” All ani-
mal studies were carried out in accordance with the rec-
ommendations in the Guide for the Care and Use of
Laboratory Animals of Nanjing University (Nanjing,
China).

Drug administration protocol

Wild-type and IL-10""" mice were divided into wild-type,
control (IL-10 knockout) and treatment (CD52 mAb)
groups, each group contained eight mice, three to five
mice were housed in one cage. The IL-10~/~ mice in the
treatment group received anti-CD52mAb (20 pg diluted
in PBS; MBL, Naka-kuNagoya, Japan) treatment once a
week for 2 weeks, whereas the mice in wild-type and con-
trol groups received the same volume of vehicle (IgG).
Four weeks after the final drug administration, the thera-
peutic effects of CD52 mAb were evaluated.

Histology

After mice were killed, proximal colons were fixed in 10%
buffer neutral formalin and embedded in paraffin. Thereaf-
ter, 6-pm-thick sections were stained with haematoxylin &
eosin. Two independent pathologists blinded to the study
design gave an inflammation score to samples taking into
account the number of lesions as well as the severity of the
disease. Each proximal colon segment was scored from 0 to
4 on the following well-established criteria.”* In brief, grade
0 represented no change from normal tissue; grade 1, one
or few multifocal mononuclear cell infiltrates in the lamina
propria (LP); grade 2, intestinal lesion involved with several
multifocal cellular infiltrates in LP; grade 3, lesions
involved moderate inflammation and epithelial hyperpla-
sia; grade 4, inflammation involved most of the colon sec-
tions. The summation of scores per mouse provided a total
colonic disease score.

Enzyme-linked immunosorbent assay

For cytokine determination in colonic mucosa, protein
extracts were obtained by homogenization of colonic seg-
ments in homogenization buffer consisting of a protease
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inhibitor. Cytokines were measured by ELISA as described
by the manufacturer’s protocol. Mouse interferon-y
(IFN-y) and IL-17 were measured by ELISA using DuoSet
ELISA development kits (R&D Systems, Minneapolis,
MN). Concentrations of cytokines were established in
triplicate supernatants by comparison with standard
curves generated using the appropriate recombinant
cytokine.

Cell isolation

The colons were opened longitudinally and then cut into
strips 1 cm in length and stirred in Hanks’ balanced salt
solution (Gibco-Invitrogen, Grand Island, NY) containing
2 mm EDTA and 1 mm dithiothreitol at 37° for 30 min.
The cells from intestinal LP were isolated as described
previously.”> In brief, the LP was isolated by digesting
intestinal tissue with 40 U/ml collagenase type II (Sigma-
Aldrich, St Louis, MO), 5% fetal bovine serum (Gibco-
Invitrogen) and 3 mm CaCl, in RPMI-1640 (Sigma) for
30 min at 37° with moderate stirring. After each 30-min
interval, the released cells were centrifuged, stored in
complete medium and mucosal pieces were replaced with
fresh collagenase solution at least twice. The LP cells were
further purified using a discontinuous Percoll (Sigma)
gradient collecting at the 40-70% interface.

Flow cytometry analysis

Cell suspensions from the LP were washed twice in
RPMI-1640, and isolated cells were thoroughly suspended
in each tube in 100 pul RPMI-1640. For cell surface anti-
gen staining, cells were counted and approximately one
million cells were transferred to each flow test tube. These
cells were stained with FITC-conjugated anti-CD4
(RM4-5; BD Biosciences, San Diego, CA), phycoerythrin-
conjugated anti-CD45 (30-F11; BD Biosciences) or an
appropriate negative control. Then, the stained cells were
incubated at room temperature for 30 min in the dark.
The cells were washed twice with 2 ml RPMI-1640 at
room temperature and suspended in 500 pl RPMI-1640,
and the cells were evaluated on a FACSCalibur flow
cytometer (BD Biosciences). All flow data were analysed
using FLOWJO software.

Ussing chamber studies

Segments of proximal colon were harvested and the
mucosa was mounted in Lucite chambers exposing muco-
sal and serosal surfaces to 10 ml of Ringer’s buffer
(115 mm NaCl, 8 mm KCl, 1-25 mm CaCl,, 1-2 mMm
MgCl,, 2:0 mm KHPO,, 25 mm NaCOs, pH 7-33-7-37).
The buffers were maintained at 37° by a heated water
jacket and circulated with CO,. The serosal buffer and
the mucosal buffer contained 10 mm of glucose that was
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osmotically balanced. For measurement of basal mannitol
fluxes, 1 mm of mannitol with 370 KBOr [H3-mannitol]
was added to the mucosal side. The spontaneous trans-
epithelial potential difference (PD, mV) was determined,
and the tissue was clamped at zero voltage by continu-
ously introducing an appropriate short-circuit current
(Isc, uA/cm?®) with an automatic DVC 1000 voltage clamp
(World Precision Instruments, Sarasota, FL). Tissue ion
resistance (1/G), where G is conductance, was calculated
from the PD and Isc according to Ohm’s law.*

Quantification of epithelial apoptosis by TUNEL assay

Detection of apoptosis was performed by terminal deoxy-
nucleotidyl transferase dUTP nick end labelling (TUNEL)
assay using the in situ cell death detection kit (Roche,
Basel, Switzerland). Sections were permeabilized with 1%
Triton X-100, 0-1% sodium citrate, washed and stained
for TUNEL according to the manufacturer’s instructions.
Sections were counterstained with DAPI. In the end, after
washing with PBS, sections were mounted in 50% glyc-
erol and photographed using confocal microscopy (Olym-
pus, Tokyo, Japan). Six random, non-overlapping
pictures of 200 x magnified optical fields of two different
colon layers were taken (n =4), and the number of
TUNEL-positive cells per field was counted by a person
blinded to the genotype of the sample.

Transmission electron microscopy of T]

Transmission electron microscopy was performed as
described previously.”” In brief, sections of proximal
colon (3 mm) were fixed for 2 hr in 4% buffered glutar-
aldehyde, then the sections were cut into smaller pieces,
post-fixed in 1% osmium tetroxide, sequentially dehy-
drated through graded alcohol series, infiltrated through
Epon812 and then embedded in resin. Thin sections were
cut and stained with uranyl acetate and lead citrate, and
examined with a Hitachi H-600 transmission electron
microscope (Hitachi) operated at 75 kV.

Immunofluorescence

Immunostaining was performed as described elsewhere.*®
After rinsing with ice-cold PBS, tissues were fixed in 4%
paraformaldehyde and embedded in optimal cutting
temperature compound (Leica, Wetzlar, Germany) and
6-um-thick frozen sections of proximal colon were trans-
ferred to coated slides, fixed in 1% paraformaldehyde,
and washed three times with PBS. Thereafter, non-specific
binding was blocked with 5% normal goat serum in PBS.
After incubation with mAbs against coccludin (Abcam,
Cambridge, UK) and zona occludens protein 1 (ZO-1;
Abcam) in PBS with 1% goat serum overnight at 4°, sec-
tions were washed and incubated with Alexa 488-conju
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gated secondary antibodies for 60 min. Images were
obtained using confocal microscopy (Olympus).

Western blotting and quantitative real-time polymerase
chain reaction

Western blotting of isolated intestinal epithelia was per-
formed as described previously.”” Band intensities were
quantified after background subtraction and used to cal-
culate the changes in the relative amounts of the corre-
sponding proteins. Quantification of the blots was
achieved densitometrically using QuanTiTy ONE 1-D analy-
sis software (Bio-Rad, Hercules, CA). Quantitative real-
time PCR was performed as described previously,” with
primers specific for TNF-o0 and TNF receptor 2 (TNFR2).
Relative expression was calculated using the 27 44¢
method after normalizing to GAPDH or actin. The
sequences of the primers used are: TNF-o: 5-CATCTT-
CTCAAAATTCGAGTGACAA-3' and 5-TGGGAGTAGA
CAAGGTACAACCC-3'; TNFR2: 5-CATCTTCTCAAAA
TTCGAGTGACAA-3" and 5-'GGATCTTGGAGACAGGG
TGT-3'.

Statistical analysis

spss version 17.0 software (SPSS, Inc., Chicago, IL) was
used to perform the statistical analyses. The data were
expressed as means with their standard errors (SEM). Sin-
gle-factor variance analyses of variance were used to eval-
uate changes in groups. Results were considered
statistically significant if P-values were < 0-05.

Result

CD52 mAb treatment ameliorated histological colitis
typically associated with decreased CD4" lymphocytes
and cytokines in IL-10~/~ mice

We first quantified the protective effects of CD52 mAb
treatment on colitis severity. Compared with wild-type
mice, IL-107~ mice with vehicle treatment showed
more infiltration of inflammatory cells in colonic
mucosa, and the mean histological scores were also
significantly higher than those in wild-type mice. The
IL-10"" mice receiving CD52 mAb treatment showed a
significant reduction in colonic inflammation, reduced
inflammatory cell infiltration, lower mean inflammation
scores, and a partially restored glandular and goblet cell
architecture when compared with mice in the control
group (Fig. 1a, b).

It has been shown that Th1/Th17 cells differentiated
from CD4 mainly mediate chronic inflammation in the
colon of IL-10""" mice.*" Next, we evaluated the effect of
CD52 mAb on depleting LP CD4" lymphocytes. Increased
percentage of CD4" CD45" lymphocytes, IFN-y/IL-17
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responses were observed in IL-10"'" mice receiving vehi-
cle treatment, while CD52 mAb treatment significantly
decreased the percentage of CD4" CD45" lymphocytes
(Fig. 1c, d; P < 0-05) and IFN-y/IL-17 responses (Fig. le,
f; P < 0-05) in colonic mucosa of IL-10"/~ mice, resulting
in reduced intestinal inflammation.

CD52 mAb treatment ameliorated colonic
permeability, epithelial TJ protein expression and
morphology in IL-10~'~ mice

Increased intestinal permeability has been recognized as
an early feature of CD. In this study, we found that
colonic permeability to mannitol was increased in the
IL-10~"~ mice receiving vehicle treatment with a corre-
sponding decrease in electrical resistance. In the CD52
mAb-treated mice, these changes were largely prevented
and showed similar results to wild-type mice (Fig. 2a,
b). Tight junctions are major determinants in the main-
tenance of barrier permeability. Furthermore, occludin, a
TJ protein strongly regulated by TNF-o, was suggested
as a general indicator for TJ integrity. To investigate
whether CD52 mAb treatment can alter the expression
and localization of TJ, the representative TJ-associated
proteins (occludin and ZO-1) were assessed. Compared
with wild-type mice, Western blotting analysis confirmed
decreased occludin and ZO-1 in IL-10~'" mice receiving
vehicle treatment. However, CD52 mAb treatment
increased expression of occludin and ZO-1 (Fig. 2a, b).
In addition, immunofluorescence analysis showed that
occludin and ZO-1 were differentially localized in IL-
107/~ mice receiving vehicle treatment, especially in
regions with infiltrations of inflammatory cells, and the
TJ] density also appeared to be lower, which was
improved by CD52 mAb treatment (Fig. 2¢, d). Trans-
mission electron microscopy analysis was also performed
to further investigate the CD52 mAb treatment on the
morphology of TJ. As demonstrated in the Fig. 2(e),
compared with wild-type mice, TJ ultrastructure in
IL-10~'~ mice with colitis was altered — characterized by
decreased electron-dense materials in the TJ. However,
more electron-dense materials were present between the
adjoining cells near the brush border in IL-10~"" mice
with CD52 treatment, which indicated the amelioration
of TJ morphology.

Recent studies have shown that increased colonic epi-
thelial long myosin light chain kinase (MLCK) expression
and activity are observed in CD and immune-mediated
colitis.®?* As expected, compared with wild-type mice,
Western blotting analysis confirmed increased long
MLCK expression and activity, measured as increased
myosin light chain (MLC) phosphorylation in IL-10"'"
mice receiving vehicle treatment. However, CD52 mAb
treatment decreased colonic epithelial long MLCK expres-
sion and activity (Fig. 2f).
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Figure 1. Change in histological characterization and inflammation after CD52 monoclonal antibody (mAb) treatment in interleukin-10
deficient (IL-107/7) mice 4 weeks after the final drug administration. (a) Histological sections of proximal colons from the wild-type and
two groups of IL-10’~ mice at the end of the experiment: colon of wild-type mouse (WT), mice with vehicle treatment (IL-10-KO)
showed significant inflammatory cells infiltration, while CD52 mAb-treated mice (CD52 mAb) showed markedly decreased inflammatory cell
infiltration. (b) The histological inflammation scores of these three groups in proximal colon are presented. (c, d) Percentage of
CD4" CD45" lymphocytes in wild-type, IL-10~'~ and CD52 mAb treatment mice. (e, f) Protein levels of interferon-y (IFN-y) and IL-17,
expressed as pg/mg of total protein, were determined in isolated colon tissue samples (n = 5). Representative results of at least three
individual experiments in each group were shown. Data were presented as means £ SEM. Bars = 100 pm. *P < 0-05 and **P < 0-01 versus
IL-10-KO group.

pathway, the expression of epithelial TNFR2 and tissue
TNF-00 mRNA was assessed. Remarkably, increased epithe-
lial expression of TNFR2 and tissue TNF-o mRNA were

CD52 mAb treatment decreased epithelial TNFR2
expression and apoptosis in IL-10~'~ mice

The TNF signalling is pivotal to the pathogenesis of CD, observed in IL-107/" mice receiving vehicle treatment,
and expression of this cytokine is markedly increased in while the relative expression of epithelial TNFR2 and
IL-107'~ mice. Signalling through TNF-o/TNFR2 pro- mucosal TNF-a were successfully decreased after CD52
motes T-cell proliferation and epithelial apoptosis.”*> One mAb treatment (Fig. 3a, b; P < 0-01).

important mechanism by which anti-TNF agents exert Previous reports implicated apoptosis as a potential
their therapeutic effect is TNFR2-dependent induction of mechanism of the intestinal barrier loss.»> TUNEL stain-
LP T-cell apoptosis. In addition, increased T-cell apoptosis ing was used to identify apoptotic cells in proximal colon.
after alemtuzumab treatment was seen in patients with The IL-10~'~ mice receiving vehicle treatment showed a
multiple sclerosis; however, the mechanism is not fully marked increase in apoptosis (Fig. 3¢, d; P < 0-05). In
understood.'® To better understand the potential thera- contrast, CD52 mADb treatment resulted in far fewer

peutic effect of CD52 mAb on the TNF-a/TNFR2 signal TUNEL-positive cells (Fig. 3¢, d; P < 0-01).
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Figure 2. Effect of CD52 monoclonal antibody (mAb) on intestinal permeability, tight junction (T]) structure and composition, long myosin
light chain kinase (MLCK) expression and activity in the proximal colon of interleukin-deficient (IL-10~'") mice 4 weeks after the final drug
administration. Measurements of colonic mannitol flux (a) and electrical resistance (b) in wild-type (WT), IL-10~/~ (IL-10-KO) and CD52 mAb
treatment (CD52 mAb) mice (n = 6). (c) Representative Western blots of colonic lysates for occludin and zona occludens 1 (ZO-1) in WT mice,
IL-10~~ mice or CD52 mAb-treated mice. (d) Densitometric analysis of occludin and ZO-1 (n = 4 to 6). Representative immunofluorescence
(green) of occludin (e) and ZO-1 (f) in the proximal colon of mice in three groups (200 x magnification, n = 3 or 4). Nuclei are blue, and
arrows show the staining of TJ proteins. (g) Representative transmission electron micrograph of mucosa in three groups (n = 3 or 4), Arrows
indicate TJ. (h) Representative Western blots of long MLCK, pMLC, and total MLC (MLC) of isolated colonic epithelia (n = 3). Data in this fig-

ure are representative of at least three independent experiments. Data were presented as means = SEM. *P < 0-05 and **P < 0-01 versus IL-10-
KO group.

food antigens and resident enteric bacteria. This break-

Discussion down results in T-cell activation and the production of
The chronic gastrointestinal inflammation in CD and var- pro-inflammatory cytokines such as TNF-o, IFN-y and
ious experimental models of colitis is associated with a IL-17.** Recent studies have revealed that CD is a major
breakdown of immunological unresponsiveness to some burden for society since conventional therapies are
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neither uniformly effective nor without side effects, novel
therapeutic options are always warranted. Our previous
reports indicated that CD52 mAb may serve as a potential
drug for the treatment of CD.*> Jones et al.'® reported
that a single pulse of alemtuzumab treatment resulted in
durable T-cell lymphopenia, and regenerated T cells were
more susceptible to apoptosis after alemtuzumab treat-
ment in patients with multiple sclerosis characterized by
both Thl and Th17 immune responses. Previous immu-
nological and therapeutic evidence suggests that animal
models mimicking colitis that are relevant to human IBD
and the pathological process are similar.’> We therefore
identified the functional effect of anti-mouse CD52 mAb
to abrogate a spontaneous mouse model of chronic coli-
tis, using IL-10~/~ mice that were previously reported to
spontaneously develop chronic colitis characterized by
both Thl and Thl7 polarized inflammation similar to
that seen in CD.?* In the current study, we demonstrated
that CD52 mAb reversed colitis in IL-10~/~ mice, as
shown in histopathology and by the reduction in inflam-
mation score. Although many innate leucocyte popula-
tions, including natural killer T, natural killer cells and 7
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Figure 3. Cytokine RNA expression and apop-
totic cells in the proximal colon of interleukin-
deficient (IL-107’7) mice 4 weeks after the
final drug administration. Expression of epi-
thelial tumour necrosis factor receptor 2
(TNFR2) and tissue TNF-o in wild-type (WT),
IL-10~/~ (IL-10-KO) and CD52 monoclonal
antibody treatment (CD52 mAb) mice (a and
b; n=6 to 8). (c) Representative TUNEL
(white arrow indicates the apoptotic cells with
red fluorescence) immunostains with nuclear
counterstain (blue fluorescence) in wild-type
(i), IL-107/~ (ii) and CD52 mAb treatment

= WT (if) mice (200 x magnificati = 4), (iv)
= IL-10-KO 1l r}rlnce . X lma}gm fca ion, n.f il IY
== CD52 mAb Morphometric analysis of apoptotic cells in

- three groups. Data in this figure are represen-
tative of at least three independent experi-
ments. Data were presented as means £+ SEM.
*P < 0-05 and **P < 0-01 versus IL-10-KO

group.

T cells, can secrete Th1l and Th17 cytokines such as [FN-y
and IL-17, the production is predominantly attributed to
CD4" T cells.”® In the present study, we used anti-mouse
CD52 mAb to deplete lymphocytes by cytolytic effects. As
predicted, Our present data showed that CD52 mAb
treatment significantly decreased the percentage of
CD4" CD45" T cells, as well as IFN-y/IL-17 levels in
colonic LP compared with vehicle treatment in IL-10""~
mice, which could, at least in part, explain the reduction
in consequent colonic inflammation score.

Increased intestinal permeability has been linked to a
variety of autoimmune and inflammatory disorders. The
case is strongest in CD, and reduced barrier function is a
marker of impending disease reactivation.” Despite this
association, intestinal barrier loss alone is not sufficient to
cause disease in either animal models or human subjects.*
Nevertheless, intestinal barrier defects do accelerate onset
and enhance severity of experimental colitis when coupled
with disease-inducing stimuli, such as microbes and anti-
gens.® Intestinal epithelial cells are constantly shed from
the tips of villi at an estimated rate of 1400 cells/villus/
24 hr.* The epithelium forms a barrier between the body

© 2014 John Wiley & Sons Ltd, Immunology, 144, 254-262



and the gastrointestinal lumen, so shedding poses a threat
to the integrity of the barrier. In healthy individuals, the
barrier is maintained by a redistribution of TJ proteins
around the shedding cell, which plugs the gap created by
the extrusion process.”” However, TJ organization has
been shown to be disturbed in active IBD.*® These data
suggest that preservation of the TJ barrier can be benefi-
cial in IBD. The influence of pro-inflammatory cytokines
on the differential expression of T] components has been
documented in several studies and could explain the
observed permeability changes.”® In active CD, occludin
and ZO-1 appeared down-regulated and delocalized from
tight TJ, whereas electron microscopy analysis showed
reduced and discontinuous TJ strands.***? In this present
study, attenuation of colonic permeability was observed
in IL-107"~ mice with CD52 mAb treatment. This sug-
gests that the early evidence of colonic disease, observed
in IL-10~' mice, is prevented by CD52 mAb treatment.
Fischer et al* demonstrated that adalimumab prevents
barrier dysfunction and antagonizes distinct effects of
TNF-a on TJ proteins in intestinal epithelial cells. In
addition, Azuma et al.®> demonstrated that supplemental
naringenin protected intestinal barrier function at least
partially through protection of the TJ by reducing inflam-
mation in dextran sodium sulphate-induced colitis. To
investigate whether an altered abundance of the different
TJ proteins can be observed in IL-10~'~ mice with CD52
mAb treatment, the expression of TJ-associated proteins
and localization of occludin and ZO-1 were assessed in
the proximal colon of mice. Western analysis revealed a
down-regulation of occludin and ZO-1 expression in IL-
107/~ mice with vehicle treatment. Furthermore, immu-
nofluorescence analysis confirmed that occludin and ZO-
1 in mice with colitis were differentially localized, espe-
cially in the regions with infiltrations of inflammatory
cells, these observations are consistent with a previous
report.** However, the changes in TJ proteins were
improved by CD52 mAb treatment. Similar ameliorations
on the morphology of TJ were also noted in the colon by
transmission electron microscopy analysis. Studies in cul-
tured monolayers and animal models have demonstrated
that TNF-o, which is central to CD pathogenesis, causes
TJ barrier dysfunction via a process that requires MLCK
activation.’® Consistent with involvement of this pathway
in human disease, MLCK activity, which is measured as
increased MLC phosphorylation, is also increased in
intestinal epithelia of patients with active IBD.* In the
present study, increased long MLCK and MLC phosphor-
ylation expression were noted in IL-10"/~ mice with coli-
tis, whereas CD52 mADb treatment decreased colonic
epithelial long MLCK expression and activity. Addition-
ally, increased epithelial expression of TNFR2 and tissue
TNF-2 mRNA were successfully decreased after CD52
mADb treatment in IL-10~'~ mice with colitis. This con-
clusion, which is consistent with in vitro data showing

© 2014 John Wiley & Sons Ltd, Immunology, 144, 254-262
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that TNFR2 signalling mediates TNF-induced long MLCK
expression and TJ regulation, might explain the associa-
tion of TNFR2 polymorphisms with CD.*®*’ Further-
more, Su et al® demonstrated that signalling through
TNFR2 increased long MLCK expression and activity,
resulting in TJ dysregulation in immune-mediated inflam-
matory bowel disease models. The present findings indi-
cated that the depletion of activated T cells by CD52
mADb treatment, resulting in reduced production of the
pro-inflammatory cytokines, at least in part contributed
to the mechanism of MLCK-mediated T] changes in the
present investigation.

Beyond TJ changes, epithelial apoptosis can also con-
tribute to barrier dysfunction. When the epithelium is
intact, intestinal barrier function is largely defined by per-
meability characteristics of the epithelial TJ. However,
epithelial cell death also causes barrier loss, regardless of
TJ function. Zeissig et al.*' found that epithelial apoptosis
significantly increased in colon samples from patients
with CD. Interestingly, levels of apoptosis returned to
control levels when patients were treated with anti-TNF
agents.*’ In the present study, we demonstrated that
CD52 mAb treatment effectively suppressed the epithelial
apoptosis typically associated with colonic TNF-o mRNA
expression compared with IL-10~/~ mice receiving vehicle
treatment.

In summary, the current study, for the first time, has
suggested anti-CD52 therapy may inhibit TNF-o/TNFR2-
mediated epithelial apoptosis and MLCK-dependent tight
junction permeability by depleting activated T cells in the
gut mucosa. Therefore, CD52 mAb may acts as a new
biological agent, particularly for patients who do not
respond, lose responsiveness, or cannot receive TNF-o
blockers. However, further studies are required to deter-
mine the exact role that CD52 mAb plays in attenuating
activation of the complex immunity and the development
of colitis.
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