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The intestinal tract is the most rapidly renewed mammalian

tissue and thus has highly active stem and transit-ampli-

fying cells that promote renewal of terminally differenti-

ated cells that perform digestive functions. Notch signaling

is thought to act directly on stem cells to promote their

proliferation and also in progeny precursors to determine

absorptive versus secretory terminal differentiation path-

ways, although Notch signaling may actually enhance cell

differentiation with other signaling pathways such as the

Wnt-b-catenin pathway promoting cell proliferation.

Short bowel syndrome (SBS) encompasses a spectrum

of disorders that occur when malnutrition, weight loss,

electrolyte abnormalities, severe diarrhea and failure to

thrive result from insufficient absorptive areas of the small

bowel. Following the experimental loss of functional small

bowel surface area, compensatory adaptive responses,

including increased intestinal epithelial cell (IEC) prolif-

eration, crypt depth, and villous height occur through

activation of the Hedgehog pathway [1] and Wnt-b-catenin

signaling [2]. Little is known, however, regarding Notch

signaling in this SBS adaptive response. In this issue, Chen

et al. [3] implicate Notch signaling in intestinal adaptation

following small bowel resection, a finding enhanced by the

observation that the up-regulation of some of these factors

occurs at a far earlier time than previously noted. Although

Notch1 and Hes1 were upregulated as early as 1 h after

intestinal resection, the authors just observed expression

changing early after resection, and they did not make a

proof that these Notch changes were positively affecting

SBS adaptation. The contribution of these changes towards

SBS adaption is unclear, since the adaptive response is

thought to occur 48–72 h after resection.

Notch signaling is implicated in a plethora of develop-

mental processes in an evolutionarily conserved fashion.

Notch proteins are cell surface transmembrane receptors

that mediate critically important cellular functions through

direct cell–cell contact. Notch signaling, involved in many

aspects of control of tissue homeostasis in a variety of adult

tissues, regulates stem cell maintenance, cell differentiation

and cellular homeostasis. There are four Notch genes,

Notch1, 2, 3, and 4, and five Notch ligands, Jagged1,

Jagged2, Delta1, Delta2, and Delta3, identified in verte-

brates. Upon activation of Notch by its ligands, the Notch

protein undergoes two proteolytic cleavages that release an

intracellular Notch domain (NICD) facilitating its conse-

quent translocation to the nucleus. In the nucleus, NICD

interacts with the DNA binding protein and the co-activator

Mastermind, promoting the transcription of the Notch tar-

get genes. In the current study, Hes1, a well-established

Notch target gene, was unexpectedly upregulated very

early (1 h after resection), without up-regulation of the

Notch ligand Jagged-1, consistent with the involvement of

other Notch ligands and target genes. As reported recently,

the HES/HEY genes are not the only targets of Notch

signaling; as in many tissues, loss of HES/HEY genes does

not recapitulate all of the phenotypes of loss of Notch

activity, indicating the existence of additional target genes.

Indeed, there are a large number of cell-specific Notch

targets, including myc and cyclinD [4]. These target genes

of Notch can promote epithelial cell proliferation, and may

be balanced cell cycle inhibitors such as p21, another

Notch target. Since ligand activation of the Notch receptor

is not entirely understood, future work will need to identify

other ligands and targets involved in post-resection

adaptation.
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The canonical Wnt signaling pathway is one of the major

systems involved in the renewal of the intestinal epithelium

[5, 6]. Experimental manipulation of Wnt signaling influ-

ences IEC proliferation. Wnt signaling is integrated with

Notch signaling in the intestinal epithelium, controlling

stem cell turnover and epithelial regeneration. Using a novel

b-catenin-inducible mouse model, Hirata et al. reported that

b-catenin expression activated Notch signaling through up-

regulation of its ligands and receptors [7]; thus, a higher

level of b-catenin activation is crucial for Notch activation.

Notch1 and Notch2 receptors are expressed specifically in

intestinal stem cells (ISC) [8], and the increased expression

of Notch receptors could induce ISC-like cells by b-catenin

induction. All this evidence showed a tight link between

Wnt-b-catenin and Notch signaling. Although cell prolif-

eration and Notch signaling were stimulated after small

bowel resection in the accompanying study, the authors

failed to demonstrate an obligatory cause–effect relation-

ship between these two processes. In considering the

importance of Notch in IEC differentiation, the observed

elevated cell proliferation after bowel resection may result

from activated Wnt-b-catenin signaling, while Notch sig-

naling is activated to enhance cell differentiation of the

rapidly expanding number of cell progenitors. To clarify this

point, future work should include an examination of Wnt-b-

catenin signaling expression at these early time points, as

well as better co-localization of Jagged-1, NICD1, Hes-1 or

b-catenin and PCNA positive cells in the stem cell region of

the crypts. As mentioned, the authors only reported the up-

regulation of Jagged-1/Notch-1/Hes-1 and crypt cell pro-

liferation after bowel resection. Additional studies, in par-

ticular Notch pathway blockade, could provide strong

support for this hypothesis, in particular since the c-secre-

tase inhibitor dibenzazepine effectively inhibits Notch sig-

naling in animal models [9, 10], along with neutralizing

antibodies [11] or robust transgenic models.

In summary, the authors hypothesize that Notch sig-

naling helps drive intestinal adaptation following small

bowel resection. Figure 1 outlines potential signaling

pathways that should be further explored in this very

important clinical disease process.
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Fig. 1 Potential signaling pathways
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