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INTRODUCTION

The intestinal epithelium consists of a variety of epithelial cells, such as
enterocytes, goblet cells, Paneth cells, and enteroendocrine cells, which arise from
intestinal stem cells (ISCs) located at the base of crypts in the intestine and undergo
continuous and rapid renewal. These intestinal epithelial cells (IECs) play a pivotal role
in the maintenance of the integrity and barrier function of the intestinal epithelium.
Dysfunctions of IECs are thought to participate in the disruption of the intestinal
epithelial barrier, resulting in gastrointestinal diseases, such as colitis and colorectal
cancer. The molecular mechanism underlying the maintenance of the intestinal
epithelial barrier by IECs remains unclear, however.

The COOH-terminal Src kinase (Csk) is a tyrosine kinase and negatively regulates
Src family kinases (SFKs)—including c-Src, Fyn, and ¢-Yes—are nonreceptor protein
tyrosine kinases that play essential roles in the regulation of cell proliferation, survival,
and cell-cell adhesion. We previously demonstrated that IEC-specific Csk-deficient
mice (Csk CKO mice) manifested the increased proliferative activity and turnover of
IECs, with the activity of Src, Fym; and c-Yes being elevated in epithelial cells of the
small intestine. By contrast, the significant reduction of ISCs was observed at the base
of crypts in the small intestine of the mutant mice. The number of Paneth cells was
decreased, whereas that of goblet cells was increased, in the small intestine of the
mutant mice. These results thus suggested that Csk in IECs is important for homeostasis
of the intestinal epithelium in the steady-state condition. The role of intestinal epithelial
Csk in the barrier function of, or inflammatory condition of, the intestinal epithelium
remains unclear, however.

To address this issue, we have here examined the effect of dextran sodium sulfate
(DSS) on Csk CKO mice. DSS acts as a toxic agent for the colonic epithelium and
causes epithelial cell injury, leading to the disturbance of intestinal epithelial barrier
function and then the development of colonic inflammation (DSS-induced colitis) as
well as regeneration.

MATERIALS AND METHODS

Mice — Villin-cre mice were crossed with Csk" mice to generate Csk"*;villin-cre
offspring, which were then crossed with Csk"® mice to obtain CskV%villin-cre (Csk
CKO) and Csk™ (control) animals.

DSS-induced colitis — Male mice at 8-10 weeks of age were treated with 2%
(wt/vol) DSS in drinking water for 7 days, followed by 2 days of regular drinking water.



Clinical and histological assessment of colitis — Mice were monitored daily for
weight loss, stool consistency, and stool blood. The total score for these three
parameters, ranging from 0 (normal) to 12 (severe), was determined.

For scoring of colonic inflammation by histological examination, the fresh colon
was immediately fixed with 4% (wt/vol) paraformaldehyde in phosphate buffered saline
(PBS). Paraffin-embedded sections (5 pum) were stained with Mayer’s hematoxylin and
eosin (H&E), and a combined score for inflammatory cell infiltration, tissue damage,
and crypt structure was determined in a blinded manner, ranging from 0 (no change) to
" 9 (severe).

Intestinal permeability assay — Mice administered with 2% DSS for 0, 3, and 6
days were fasted for 4 hours and gavaged with 4-kDa fluorescein isothiocyanate
(FITC)—dextran. Four hours after gavage, blood was collected by cardiac puncture, and
serum was separated. The concentration of FITC-dextran in the serum was determined
by measuring fluorescence at 535nm/485nm using spectrophotofluorometry and then
calculated according to a standard curve plotted by serially diluted FITC-dextran.

Immunofluorescence analysis — The colon was fixed for 6 h at 4°C with 4%
paraformaldehyde in PBS, transferred to a series of sucrose solutions, embedded in
optical cutting temperature compound, and rapidly frozen in liquid nitrogen. Frozen
sections (5 pm) were prepared using a cryostat and then stained with primary antibodies
(Abs) and fluorescent dye—labeled secondary Abs.

Immunoblot analysis — The colon was washed with ice-cold PBS and then
homogenized in lysis buffer (50 mM Tris-HCI (pH 8.0), 150 mM NaCl, 1 mM EDTA,
1% sodium dodecyl sulfate). The lysates were heated at 95°C for 5 min and centrifuged
at 17,500xg for 15 min at room temperature, and the resulting supernatants were
subjected to immunoblot analysis.

RESULTS AND DISCUSSION

To investigate the role of Csk in the regulation of the intestinal epithelial barrier,
we gave Csk CKO and control mice drinking water with 2% DSS, a chemical disrupting
the epithelium, for 7 days, followed by 2 days of regular drinking water. After DSS
treatment, Csk CKO mice showed greater body weight loss, colon shortening, disease
activity index and histological score than control mice. Microscopic examination also
revealed that transmural inflammation, epithelial erosion, immune cell infiltration, and
crypt disappearance were marked in the colon of Csk CKO mice. Moreover, Csk CKO
mice showed significantly increased intestinal permeability than control mice on day 6

of DSS treatment. Collectively, these results suggested that Csk in IECs protects against
DSS-induced colonic injury and acute colitis.

Disruption of the intestinal epithelial barrier is thought to participate in the
development of DSS-induced colitis. The maintenance of the barrier function of the
intestinal epithelium requires the proper regulation of IEC proliferation and death. We
thus examined the proliferative activity and apoptosis of colonic epithelial cells in Csk
CKO mice following DSS administration. We found that Csk CKO mice treated with or
without DSS manifested the increased proliferative activity of IECs in the colon.
Consistently, the number of apoptotic cells in the colon of the DSS-treated mutant mice
was higher than that for DSS-treated control mice, whereas it did not differ between two
genotypes at steady condition. '

Tight junction and adherens junction proteins, such as occludin, claudin-1, claudin-
2, ZO-1, E-cadherin, and B-catenin are thought to be key players in the maintenance of
the intestinal epithelial barrier function. We thus determined the expression levels of
these junctional proteins after 0 or 6 days of DSS treatment. Immunoblot analysis
showed that the expression levels of occludin, claudin-1, claudin-2, ZO-1, E-cadherin,
and B-catenin in the colon were similar between Csk CKO and control mice at baseline.
DSS treatment resulted in the marked reduction in the abundance of occludin in the
colon of Csk CKO mice. The expression of claudin-2 was slightly, but statistically
insignificantly, decreased only in DSS-treated mutant mice. In addition, the amounts of
claudin-1, ZO-1, E-cadherin, and p-catenin in the colon of Csk CKO and control mice
were not significantly changed by DSS treatment. These results thus indicated that Csk
likely participated in the development of DSS-induced colitis through regulating the
expression of occludin protein in colonic IECs.

CONCLUSION

IEC-specific Csk deficiency in mice resulted in the increased susceptibility to
DSS-induced colitis. In addition, following DSS treatment, intestinal permeability in
Csk CKO mice was significantly increased compared with that in control mice,
suggestive of the impairment of the intestinal epithelial barrier by Csk deficiency. Our
results thus suggest that Csk in IECs contributes to protection against the development
of DSS-induced colitis through the maintenance of the intestinal epithelial barrier.
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