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ABSTRACT: In this study, we examine the responsiveness of
intestinal epithelial cell turnover to leptin (LEP) in correlation with
leptin receptor (LEPr) expression along the villus-crypt axis in a rat
with short bowel syndrome (SBS). Adult rats underwent either a 75%
intestinal resection or a transection. SBS-LEP rats underwent bowel
resection and were treated with LEP starting from the fourth post-
operative day. Parameters of intestinal adaptation, enterocyte prolif-
eration, and enterocyte apoptosis were determined at sacrifice. RT-
PCR technique was used to determine Bax and Bcl-2 gene expression
in ileal mucosa. Villus tips, lateral villi, and crypts were separated
using laser capture microdissection. LEPr expression for each com-
partment was assessed by quantitative real-time PCR (Taqman).
Treatment with LEP significantly stimulated all parameters of adap-
tation. LEPr expression in crypts significantly increased in SBS rats
(vs Sham rats) and was accompanied by a significant increase in
enterocyte proliferation and decreased apoptosis after LEP adminis-
tration. A significant increase in LEPr expression at the tip of the
villus in SBS rats was accompanied by decreased cell apoptosis. In
conclusion LEP accelerated enterocyte turnover and stimulated in-
testinal adaptation. The effect of LEP on enterocyte proliferation and
enterocyte apoptosis correlated with receptor expression along the
villus-crypt axis. (Pediatr Res 66: 648–653, 2009)

Extensive studies in various experimental models of short
bowel syndrome (SBS) have established that enterocyte

apoptosis plays a crucial role during the process of postresec-
tion intestinal adaptation (1,2). Despite the need for intestinal
hyperplasia, the mitotic stimuli fail to suppress programmed
cell death (3). Many investigators have described increased
enterocyte apoptosis as a mechanism that counterbalances the
increased enterocyte proliferation to reach a new homeostatic
set during intestinal adaptation (4). Increased apoptosis pro-
motes disposal of genetically aberrant stem cells and prevents
tumorogenesis (3,4).
Under normal circumstances, renewal of the small intestinal

epithelium takes place continuously in anatomically distinct
crypt-villus units. Proliferation is restricted to mucosal invagi-
nations known as crypts of Lieberkühn. All epithelial cells in

each crypt are derived from an uncertain number of multipo-
tential stem cells located at or near the base of the crypt (5).
Stem cells in the small intestinal epithelium are known to
differentiate into columnar, mucous, enteroendocrine, and
Paneth cells as they move from a crypt up the adjacent villus
(6). It takes 2 to 5 d for members of these lineages to travel
from the crypt to the apex of the villus (7) where they are
removed by apoptosis and/or exfoliation. Apoptosis probably
accounts for the bulk of cell loss in the gut and is a central
feature of the regulation of cell number in the adult gastroin-
testinal tract (8). After exposure of cells to stimuli that trigger
programmed cell death, cytochrome c is rapidly released from
mitochondria into the cytoplasm, activating proteolytic mole-
cules known as caspases, which are crucial for the execution
of apoptosis. Augmented expression of Bcl-2 or the related
protein bcl-xL act in situ on mitochondria to prevent the
release of cytochrome c and thus caspase activation (9),
whereas Bax localizes to mitochondria and induces the release
of cytochrome c, activation of caspase-3, membrane blebbing,
nuclear fragmentation, and eventually cell death (10).
Intestinal adaptation after bowel resection results in in-

creased proliferation of intestinal epithelial cells, as well as
enhanced programmed cell death, suggesting accelerated cell
turnover. The result of these actions helps to reshape the
crypt-villus structures to more elongated and functionally
active units. The regulation of the balance between cell pro-
duction and cell loss through apoptosis after bowel resection is
complex and the precise factors that guide this adaptive
process remain unclear (11,12). In particular, it is not clear
where many of these trophic factors act along the crypt-villus
axis. Recent evidence suggests that several growth factors
such as keratinocyte growth factor (13) and epidermal growth
factor (14) are differentially expressed along the crypt-villus
axis. This suggests that different trophic factors may act on
different locations along this axis. We have shown recently
that TGF-alpha (TGF-�) simulates enterocyte turnover in
accordance to epidermal-growth factor receptor expression
along the villus-crypt axis (15).
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The obese gene protein product leptin (LEP) is secreted
from adipocytes and acts primarily on the hypothalamus reg-
ulating energy expenditure, food intake, and body weight (16).
Although the intestine is not a classic target tissue for LEP,
extensive studies in various experimental models have estab-
lished that LEP determines important physiologic effects on
intestinal growth, cell maturation, and differentiation (17,18).
In our previous work, we have shown that LEP stimulates
intestinal adaptation after massive small bowel resection in a
rat (19). However, the mechanisms of this positive effect
remain poorly understood.
The purpose of this study was to evaluate the effects of LEP

on enterocyte turnover (proliferation and apoptosis) in con-
junction with LEP receptor (LEPr) expression along the vil-
lus-crypt axis after massive small bowel resection in the rat.

MATERIALS AND METHODS

Animals. Rappaport Faculty of Medicine (Technion, Haifa, Israel) Insti-
tutional Animal Care and Use Committee approved the animal facilities and
protocols. Adult Sprague-Dawley male rats weighing 240 to 260 g were kept
in individual stainless steel cages at constant temperature and humidity, and
a 12-h light-dark cycle was maintained. Rats were put on fasts 12 h before the
experiment with free access to water. General anesthesia was induced with
ketamine (i.p. 90 mg/kg) and xylasine (IP 15 mg/kg).

Experimental design. Forty rats were randomly assigned to one of three
groups: group A, Sham rats underwent bowel transection (Sham, n � 14);
group B, SBS animals underwent bowel resection (SBS, n � 13); and group
C, SBS-LEP rats underwent bowel resection (SBS-LEP, n � 13) and were
treated with LEP given i.p. at a dose of 50 mg/kg from d 4 to d 14.

Surgical procedure. Rats underwent one of two surgical procedures:
bowel transection followed by reanastomosis or 75% bowel resection. Using
sterile techniques, the abdomen was opened using a midline incision. In Sham
rats, the mid-small bowel was transected and reanastomosed without bowel
resection. In SBS animals, a 75% mid-small bowel resection was performed
similar to that previously described. This consisted of a resection of the bowel
between 5 cm distal to the ligament of Treitz and 10 cm proximal to the
ileocecal valve. Bowel continuity was restored by end-to-end anastomosis
using 6-0 absorbable suture (Vicryl, Ethicon Corporation, USA). For all
operations, the abdominal cavity was closed in two layers with a running
suture of 3/0 Vicryl (Ethicon Corporation, USA). Postoperative rats were
allowed ad libitum water and a liquid diet. The rats were killed on d 15 by i.p.
injection of pentobarbital (75 mg/kg).

Intestinal adaptation parameters. The small bowel was rapidly removed,
rinsed with cold isotonic saline, and divided into two segments: jejunum
proximal to anastomosis and terminal ileum. The intestine was split on the
antimesenteric border, washed with cold saline, dried, and each segment was
weighed. The mucosa was scraped from the underlying tissue using a spatula
(Sigma Chemical Co., Israel). Mucosal samples were homogenized with
TRIzol reagent. DNA and protein were extracted by Chomczynski method
(20) and were expressed as micrograms per centimeter of bowel per 100 g of
body weight.

Histologic examination. Histologic sections were prepared from the prox-
imal jejunum, distal ileum, and comparable sites in the control animals.
Segments of small bowel were fixed for 24 h in 10% formalin and processed
into standard paraffin blocks. Five-micron tissue slices were stained with
hematoxylin and eosin. The villus height and crypt depth were measured
using Image Pro Plus 4 image analysis software (Media Cybernetics, Balti-
more, MD). Ten villi and crypts in each section were measured, and the mean
reading was recorded in microns.

Laser-capture microdissection and RNA preparation. Fifteen-micron-
thick sections were mounted onto special RNase-free and UV-treated mem-
brane-covered slides (PALM Technologies, Bernried, Germany) and imme-
diately fixed in ice-cold 70% ethanol for 2 min. After incubation for 60 s in
1% cresyl violet acetate, the sections were then dehydrated in an ethanol
series (70 and 100% on ice) and left to air-dry briefly. Slides were stored at
�80°C until microdissection. Sections were laser dissected within 3 d. Slides
were observed using a Zeiss Axiovert 200 M inverted laser-capture micro-
scope and visualized on a monitor using the PALM Robo-Software. Villus
tips, lateral villi, and crypts were separated using the laser. RNA was

extracted using the RNeasy Microkit (Qiagen) and microdissection protocol.
All samples were put at �80°C for long-term storage.

RT-PCR. The quality of RNA was evaluated using the Experion auto-
mated electrophoresis system (BioRad). Five micrograms RNA were reverse
transcribed to cDNA at 37°C using 200 �M deoxynucleotides (Sigma Chem-
ical Co., St. Louis, MO), 5 �M random hexamers (Amersham Pharmacia
Biotech, Piscataway, NJ), 20 U RNAguard (Amersham Pharmacia Biotech),
and 200 U/�L Moloney murine leukemia virus-reverse transcriptase (US
Biochemicals, Cleveland, OH). Thermal cycler settings were optimized to
ensure products were in the linear phase of production.

Real-time PCR. Expression of long form of the LEPr levels was deter-
mined by quantitative real-time PCR on the cDNA samples using TaqMan
assay-on demand kit (ABsolute Blue QPCR ROX Mix (ROX Dye) from
ABgene, Epsom, UK) with the ABI-PRISM 7000 (Applied Biosystems,
Foster City, CA). Single-exon primers (from PrimerDesing Ltd, UK) with
distance from 3�UTR-1064 bp (sense primer, GCAGGGCTGTATGTCATT-
GTA; anti-sense primer, GAACATGGTCCCAAAACAACTT) were de-
signed to produce an amplicon 109 bp. 18S (5�AGGAATTGACG-
GAAGGGCAC, 3�GTGCAGCCCCGGACATCTAAG) was used to access
equal cDNA loading for each compartment. The primers are specific for the
long form of the LEPr and they do not reside in the same exon; otherwise,
amplification from contaminating DNA cannot be distinguished from ampli-
fication of cDNA.

Crypt cell proliferation and enterocyte apoptosis. Rats were injected with
standard 5-bromodeoxyuridine (5-BrdU) labeling reagent (Zymed Lab, Inc,
CA) at a dose of 1 mL per 100 g body weight, 2 h before sacrifice. Tissue
slices (5 �m) were deparaffinized with xylene, rehydrated with graded
alcohol, and stained with a biotinylated monoclonal anti-BrdU antibody
system using BrdU Staining Kit (Zymed Lab, Inc, CA). An index of prolif-
eration was determined as the ratio of crypt cells staining positively for BrdU
per 10 crypts.

Additional 5-�m thick sections were prepared to establish the degree of
enterocyte apoptosis. Immunohistochemistry for Caspase-3 (Caspase-3
cleaved concentrated polyclonal antibody; dilution 1:100; Biocare Medical,
Walnut Creek, CA) was performed to identify apoptotic cells using a com-
bination of streptovidin-biotin-peroxidase method according to manufactur-
ers’ protocols. Expression of epithelial cell apoptosis is expressed as the total
number of apoptotic cells along this axis per 10 villi and 100 crypts. In some
cases, a more detailed analysis of the location of apoptosis was performed
using previously established techniques (21). For this, apoptosis along the
villi were differentiated between the lower one-third of the villi (lateral villi)
and upper one-third of the villi (villi tips). Apoptosis was recorded as the
number of apoptotic cells per 10 villi. A qualified pathologist blinded as to the
source of intestinal tissue performed all measurements.

Expression of Bax and Bcl-2 genes. Total RNA was isolated from frozen
mucosal samples (proximal jejunum and distal ileum) using TRIzol reagent
(GIBCO BRL, USA), as described by Chomczynski (20). A portion of total
RNA (2 �g in a total volume of 25 �L) was reverse transcribed using
Moloney murine leukemia virus (MMLV) First strand cDNA Synthesis Kit
(Gene Choice, Inc. Frederick, MD). After PCR, the amplified product (5 �L)
was run on a 2% agarose gel stained with ethidium bromide and photo-
graphed. The level of Bax and Bcl-2 gene expression was expressed as the
ratio of the gray density of the objective gene over the gray density of 18S at
densitometry. The sequences for the specific genes were as follows: Bax 5�
ATGGACGGGTCCGGGGAGCA, 3�ATGGACGGGTCCGGGGAGCA,
Bcl-2 5�TGAGGCCCTGTCTGCTTCTG, 3�AGGCTCCCGGGGCAGT-
CATGA (all primers were purchased from Sigma Chemical Co., Sigma
Chemical Co.-Aldrich Biotechnology LP). Because 18S RNA is expressed at
much higher levels than most mRNAs, the 18S rRNA primers was diluted
1:10 to bring the RT-PCR products within the same exponential range of
amplification.

Statistical analysis. The data are expressed as the mean � SEM. A
one-way ANOVA test followed by Bonferroni post hoc test was used for
statistical analysis with p value � 0.05 considered statistically significant.

RESULTS

Parameters of intestinal adaptation. Massive small bowel
resection resulted in a significant decrease in body weight.
SBS rats (group B) had a significantly lower final body weight
compared with Sham rats (p � 0.001, Table 1). Treatment
with LEP resulted in a small but significant increase in final
body weight compared with SBS rats (p � 0.05). SBS rats
(group B) demonstrated a significant increase in overall bowel
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and mucosal weight in jejunum (5-fold increase; p � 0.001)
and in ileum (3-fold and 2-fold increase, respectively; p �
0.001); mucosal DNA and protein in jejunum (4-fold and
3-fold, respectively; p � 0.05) and in ileum (27% and 2-fold,
respectively; p � 0.05,), villus height in jejunum (42%, p �
0.05) and in ileum (23%, p � 0.05); and crypt depth in
jejunum (30%, p � 0.05) compared with Sham rats (group A)
(Table 1). Treatment with LEP resulted in additional bowel
growth. SBS-LEP rats (group C) demonstrated an additional
increase in overall bowel weight in jejunum (10%, p � 0.05)
and mucosal weight in jejunum and ileum (16 and 24%, p �
0.05 and p � 0.001, respectively), mucosal DNA and protein
in ileum (10 and 52%, p � 0.05, respectively), villus height
and crypt depth in ileum (35 and 16%, respectively, p � 0.05)
compared with SBS-untreated animals (group B).
Enterocyte proliferation and apoptosis in jejunum. SBS

rats (group B) demonstrated a significant increase in cell
proliferation rate in jejunum (22%, p � 0.005) and concom-
itant increase in cell apoptosis (62%, p � 0.05) compared with
Sham rats (group A). Treatment with LEP (group C) resulted
in an additional increase in cell proliferation rate in jejunum
(31%, p � 0.005) and in a significant decrease in cell apo-
ptosis (43%, p � 0.05) compared with SBS rats (group B).
Long form of the LEPr expression and enterocyte turn-

over in ileal crypts. Bowel resection (group B) resulted in a
significant increase in enterocyte proliferation (16%, p �
0.005) and concomitant increase in cell apoptosis (4-fold
increase, p � 0.05) in ileum compared with Sham rats (group
A). Adaptation of residual bowel in the resected group (group
B) was manifested by a 3-fold increase in LEPr mRNA
expression within crypt cell population (vs Sham rats) (Fig. 1).
This increase of the long form of LEPr expression coincided
with increased cell proliferation (36%, p � 0.05) and de-
creased cell apoptosis (3-fold decrease, p � 0.05) after LEP
administration (group C).

Long form of the LEPr expression and enterocyte apopto-
sis in ileal villi. SBS rats demonstrated a significant increase
in cell apoptotic rates in villus tips in the ileum (65%, p �
0.05) compared with Sham rats (group A). Similar to the crypt
compartment, LEPr expression was up-regulated in villus tips
of SBS rats (group B) compared with Sham rats (Fig. 2). This
increase in LEPr expression coincided with decreased cell
apoptosis in villus tips (39%, p � 0.05) after LEP adminis-
tration (group C). Cell apoptosis did not change significantly
in lateral villi in SBS rats compared with Sham rats. In
contrast to crypts and villus tips, long form of the LEPr
expression remained unchanged in lateral villi in resected rats
compared with Sham rats. In relation to LEPr expression, cell
apoptosis remain unchanged in this compartment after LEP
administration (Fig. 2).
Expression of apoptosis related genes. A significant in-

crease in cell apoptosis in SBS rats (group B) compared with

Figure 1. Relationship between leptin receptor mRNA expression (B) and
enterocyte proliferation (A) and apoptosis (C) in crypts after massive small
bowel resection and treatment with leptin. Values are mean � SEM. Magni-
fication 1:100. *p � 0.05, SBS vs Sham rats; §p � 0.05, SBS-LEP vs SBS
rats.

Table 1. Parameters of intestinal adaptation

Parameters Sham (group A, n � 14) SBS (group B, n � 13) SBS-LEP (group C, n � 13)

Body weight (%preoperative) 114 � 1 102 � 2* 106 � 2*†
Bowel weight (mg/cm/100 g)
Jejunum 19 � 1 106 � 5* 117 � 4*†
Ileum 23 � 2 54 � 7* 57 � 4*

Mucosal weight (mg/cm/100 g)
Jejunum 7.3 � 0.4 36.5 � 2.5* 42.4 � 2.3*†
Ileum 8.18 � 0.5 17.6 � 1.7* 21.8 � 0.8*†

Mucosal DNA (�g/cm/100 g)
Jejunum 85 � 15 328 � 58* 361 � 29*
Ileum 145 � 29 184 � 20* 229 � 12*†

Mucosal protein (�g/cm/100 g)
Jejunum 825 � 85 2883 � 204* 4376 � 1008*
Ileum 739 � 148 1478 � 147* 2244 � 347*†

Villus height (�m)
Jejunum 239 � 21 340 � 18* 386 � 25*†
Ileum 178 � 18 219 � 12* 295 � 32*†

Crypt depth (�m)
Jejunum 89 � 7 116 � 4* 119 � 7*
Ileum 85 � 6 98 � 8 144 � 2*†

Values are mean � SEM.
* p � 0.05 SBS vs Sham rats.
† p � 0.05 SBS-LEP vs SBS rats.
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Sham rats (group A) was accompanied by a significant in-
crease in proapoptotic Bax gene expression in the ileum (p �
0.05) and a concomitant decrease in Bcl-2 gene expression in
jejunum (36%, p � 0.05) and the ileum (2-fold decrease, p �
0.05) compared with Sham rats (group A) (Fig. 3). Treatment
with LEP (group C) did not significantly change Bcl-2 gene
expression but led to significant down-regulation in Bax
mRNA expression in ileum compared with SBS animals (p �
0.05).

DISCUSSION

Although intestinal transplantation has emerged as a feasi-
ble alternative in the treatment of children with SBS in the last

two decades, the single most important factor contributing to
individual outcome in these patients is the capacity of the
intestinal remnants to undergo an adaptation process. Intesti-
nal adaptation is defined as a process of progressive recovery
from intestinal failure after bowel resection and includes
morphologic and functional changes (11,12). Morphologic
changes include lengthening of the villi and deepening of the
crypts, increased enterocyte proliferation, and increased mi-
gration of enterocytes along the villi. Functional adaptation
results in the enhanced absorption of nutrients by isolated
enterocytes (21–23).
LEP is a nutritionally regulated 16-kD cytokine that is

secreted from adipocytes and is found to highly correlate with
body mass index in rodents, and in lean and obese humans
(16). LEP regulates food intake and energy expenditure by
providing afferent signals to the thalamus. LEP controls feed-
ing and neuroendocrine function and regulates adiposity
through activation of a long form receptor. In addition to
adipose tissue, both the LEP and LEPr have also been found
in many other tissues, which suggests possible important
peripheral actions in rodent and humans (23). The fact that
LEP is present in human milk, that gastrointestinal mucosa is
capable of producing this growth factor (24), and that LEPrs
are expressed in both basolateral and brush border membranes
of the enterocytes (23) suggests its potential role in small
intestinal growth and development. We have recently shown
that parenteral LEP induces intestinal regrowth, stimulates cell
proliferation, and inhibits enterocyte apoptosis in rat models
of SBS (19). However, the mechanisms of this positive effect
remain poorly understood. In particular, it is not clear where
this factor acts along the crypt-villus axis and whether it acts
on different locations along this axis in correlation with the
LEPr, which may be differentially expressed along the axis.
The purpose of this study was to investigate the effects of

LEP on intestinal mucosal homeostasis in conjunction with
long form of the LEPr expression along the villus-crypt axis
after bowel resection in rats. Cell proliferation and apoptosis
were measured in crypts of the remnant ileum to characterize
enterocyte turnover, and enterocyte apoptosis was determined
in villus tips and lateral villi. Similar to our previous experi-
ment (15,19), this study showed that massive intestinal resec-
tion results in significant structural adaptation characterized
by increased bowel and mucosal weights and increased mu-
cosal DNA and protein. Increase in DNA and protein content
in our model suggests that hyperplasia was the predominant
adaptive response. Increased crypt depth in both jejunum and
ileum suggests increased cell proliferation and was correlated
with an increased enterocyte proliferation index. Administra-
tion of LEP significantly enhanced structural intestinal adap-
tation. The observed changes in weight loss, and particularly
the lower degree of weight loss in the SBS-LEP group, may
suggest an improvement in SBS adaptation in the LEP treated
group, although specific absorption studies would need to be
performed in future research to prove this. LEP-treated rats
demonstrated an additional increase in bowel and mucosal
weight, mucosal DNA and protein in jejunum. Increased villus
height and crypt depth are the result of increased proliferation
and accelerated migration along the villus and are a marker for

Figure 2. Effect of bowel resection and treatment with leptin on enterocyte
apoptosis (B) in correlation with leptin receptor expression (A) in villus tips
and in lateral villi. Values are mean � SEM. Magnification 1:100. *p � 0.05,
SBS vs Sham rats; §p � 0.05, SBS-LEP vs SBS rats.

Figure 3. Effect of bowel resection and treatment with leptin on expression
of Bax and Bcl-2 in ileal mucosal samples. Values are mean � SEM. *p �
0.05, SBS vs Sham rats; §p � 0.05 SBS- LEP vs SBS rats.
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an increased absorptive surface area. Like our previous reports
(15,19), apoptosis in remaining bowel segments increased
significantly after massive small bowel resection in both jeju-
num and ileum compared with Sham rats. We have also shown
a significant increase in proapoptotic Bax gene expression and
down-regulation of antiapoptotic gene Bcl-2, which may be
responsible for enhanced cell apoptosis. Together with in-
creased enterocyte proliferation, enhanced programmed cell
death suggests accelerated cell turnover and is considered by
many investigators as a mechanism that counterbalances the
increased enterocyte mass to reach a new homeostatic set, to
promote disposal of genetically aberrant stem cells, and to pre-
vent tumorogenesis (3,4). Administration of the LEP to SBS
rats reversed the increase in enterocyte apoptosis observed
with SBS alone, bringing levels to that of Sham rats. Interest-
ingly, this observed LEP-associated decline in cell apoptosis
was predominately in the crypt region and was reflected
morphologically in a significant increase in crypt depth. This
also suggests that LEP may play a key role in the remodeling
of the crypt during the early phases of SBS adaptation. Our
observations are consistent with the data of other investiga-
tors. Pearson et al. (25) have demonstrated that LEP enhances
small intestine carbohydrate absorption beyond the normal
adaptive response after massive small bowel resection in a rat.
Alavi et al. have shown that systemic LEP administration
enhances mucosal mass and absorptive function in normal rat
intestine. The authors conclude that LEP seems to be a growth
factor for normal small intestine and may play a role in patients
who acquire intestinal dysfunction (26).
In this study, we investigated the effects of exogenous LEP

on enterocyte turnover (proliferation and apoptosis) in con-
junction with long form of the LEPr expression along the
villus-crypt axis. Several experimental studies have demon-
strated that crypt cell apoptosis progresses quite differently
compared with apoptosis along the villi. It should be empha-
sized that many trophic factors act differentially along the
crypt-villus axis in accordance with differential expressions of
their receptor (13,14). In a recent study, we have shown that
the TGF-� inhibits cell apoptosis in crypts, but it enhances cell
apoptosis in villus tips and correlates with different epidermal-
growth factor receptor expressions along the villus-crypt axis
(15). In the current experiment, we have shown that the
proliferative and anti-apoptotic effect of LEP on enterocyte
turnover is strongly correlated with long form of the LEPr
expression along the villus-crypt axis. In the crypt compart-
ment, expression of the long form of LEPr increased signifi-
cantly after bowel resection compared with control animals.
Although LEP stimulates proliferation and inhibits apoptosis
of epithelial cells, this increase in LEPr expression in crypt
cells coincided with increased cell proliferation and decreased
cell apoptosis after LEP administration. Both increased cell
production and decreased cell death may help to augment SBS
adaptation, although future work to confirm this will be
needed. This also suggests that LEP may play a key role in the
remodeling of the crypt during the early phases of SBS
adaptation. In villus tips and lateral villi, cell apoptosis was
up-regulated in resected rats compared with Sham rats. Grow-
ing evidence suggests that intestinal epithelium, like other

rapidly renewing tissues, may process a feedback control
whereby cell division in the precursor compartment (the
crypts) is regulated by the number of cells in the functional
compartment (the villus). It should be emphasized that adap-
tive stimuli, sufficient to increase significantly the villus cell
count, may activate cell death pathways in villus tips and
lateral villi. Similar to the crypt compartment, in our experi-
ment long form of the LEPr expression was up-regulated in
villus tips in resected rats compared with Sham rats. Because
LEP exerts antiapoptotic effects, this increase in LEPr coin-
cides with decreased cell apoptosis in villus tips after LEP
administration. Morphologically, this decline in cell apoptosis
was reflected in a significant increase in total villus length,
suggesting increased surface area. A decrease in enterocyte
apoptosis corresponded with the decreased expression of Bax
gene expression while Bcl-2 gene expression remained un-
changed.
The major flaw of the study is that only the mRNA levels of

the long form of the LEPr are analyzed. Further experiments
are required to evaluate the expression of the other forms of
the LEPr known to exist in various rat tissues.
In conclusion, treatment with LEP stimulates gut growth in

rat models of SBS. An increased LEPr mRNA expression
along the villus-crypt axis may suggest a relevant role of LEP
in the modulation of enterocyte apoptosis within the gastro-
intestinal mucosa. The effect of LEP on enterocyte turnover is
strongly correlated with long form of the LEPr expression
along the villus-crypt axis.
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