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Teduglutide is a glucagon-like peptide-2 (GLP-2) analog employed in patients with
short bowel syndrome (SBS) to reduce the need of parenteral nutrition in these
patients, by virtue of its effects on enteric function. The experimental studies reported
that the stimulating action of GLP-2 on epithelial turnover implies the potential
development of dysplastic and neoplastic lesion. However, the clinical trials could not
detect preneoplastic lesions on histologic material, and in a recent pilot study the
occurrence of polyps was similar before and after treatment and included only low-
grade dysplastic lesions. Another clue in GLP-2 function in stimulating mucosal restore
is its enhancement through cooperation with epidermal growth factor (EGF). In this
study, we analyzed gastroscopy and colonoscopy samplings from a child successfully
weaned off parenteral nutrition with teduglutide. Villous and crypt structure was regular
both in duodenal and in colonic samplings; in properly oriented villi, villus/crypt ratio
was regular. The absorptive epithelium demonstrated a regular morphology. No atypia
was detected in enterocytes, along epithelial structures. At the ultrastructural analysis,
only a few enterocytes with vacuolized cytoplasm were observed. An S-phase marker
Ki67 stained nuclei in the transitional amplifying zone, while nuclei stained by the cell
cycle regulatory proteins p21 and p27 were placed in the differentiated epithelium of
the duodenal villi and colonic crypts, as in the control cases. The counts of enterocytes
immunostained with the same antisera, evaluated with image analysis software, were in
the range of control cases. The ratio of the number of epidermal growth factor receptor
(EGFR) signals/the number of centromere probe of chromosome 7 (CEP7) signals was
less than 2. The findings available from this single patient are consistent with good
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preservation of functional capability of intestinal epithelium after treatment with GLP-2,
given the histologic and ultrastructural features of enterocytes. In addition, the findings
from cell cycle regulatory proteins immunolocalization and quantitative analysis show
that cell renewal machinery in our case is comparable to control cases. The gene of the
receptor EGFR is regularly expressed in enteric epithelium of our case. Morphologic and
functional data from our patient improve evidence in favor of the safety of GLP-2 employ
in SBS.

Keywords: teduglutide, short bowel syndrome, treatment, safety, proliferation

INTRODUCTION

Short bowel syndrome (SBS) refers to a condition subsequent
to the surgical resection of bowel defined as “the reduction of
functional gut mass below the minimal amount necessary for
digestion and absorption adequate to satisfy the nutrient and fluid
requirements for maintenance in adults or growth in children”
(1). The conditions most commonly leading to extensive small
bowel resections in children are necrotizing enterocolitis (NEC),
intestinal atresia, gastroschisis, and extensive aganglionosis in
Hirschsprung disease. The clinical manifestations of SBS rely on
the functional characteristics of the resected segment and on the
ability of the residual tract to balance the loss of nutrient intake,
more than on the length of the resected tract. Home parenteral
nutrition (HPN) is the main treatment option for patients
with SBS together with other measures aimed at promoting
bowel adaptation and providing sufficient nutrition and growth.
Survival of patients on HPN has improved dramatically during
the last three decades, although management of treatment-related
complications (catheter-related sepsis, liver disease, and loss of
venous access) is still challenging (2).

A further step forward was taken in the nineties of the
last century, when it was proved that glucagon-like peptide-2
(GLP-2), one of proglucagon-derived peptides (PGDPs), could
prompt intestinal mucosa expansion through the increase of
the proliferative activity of crypts, in conjunction with other
effects as an increase in intestinal blood flow, intestinal barrier
function, inflammatory insults resistance and fluid absorption
(3). A subsequent study demonstrated that GLP-2 reduced
diarrhea and improved intestinal wet weight absorption in
patients with SBS (4). A GLP-2 analog, Teduglutide, was then
developed to inhibit the proteolytic degradation of the native
molecule, extending its biological half-life (5).

In a phase II trial, which was conducted on the patients
with SBS treated with teduglutide, villus height and crypt
depth of the patients (with SBS) with end jejunostomy were
measured, using light microscopy on 10 well-oriented villi and
crypts; furthermore, the number of mitotic figures per 100 crypt
epithelial cells was calculated as follows: Teduglutide significantly
increased villus height (p = 0.030), crypt depth (p = 0.010),
and mitotic index (p = 0.010) (6). Another phase III trial (7)
confirmed the results, showing that small bowel villus height
and colonic crypt depth were significantly increased in patients
treated with teduglutide compared with placebo. However, in
a study on patients of the aforementioned trial that underwent

biopsy, mucosal DNA concentrations (mg DNA/mg biopsy), an
index of cellularity, was not increased in patients treated with
teduglutide (8).

About the consequences of the stimulating action of GLP-
2 on epithelial turnover, preliminary studies in rat models
reported carcinogenetic effects (9–11). On the other side, the
previously cited clinical trials could not detect dysplastic lesions
on histologic material. In a recent pilot study, the occurrence of
polyps before and after treatment with teduglutide was evaluated,
which is discussed as follows: The colon polyps were reported at
baseline in 12% of patients and post-exposure in 18% of patients,
including only low-grade dysplastic lesions (12). To evaluate
the safety of teduglutide in pediatric patients, the efficacy of
teduglutide was tested in a neonatal piglet jejunostomy model
and the study showed that immunohistochemical distribution of
Ki67, was not affected by the treatment (13).

Given the lack of GLP-2 receptors in colonic enterocytes,
the effects of the protein on enterocytes metabolism are driven
by EGF/human epidermal growth factor receptor 2 (HER-2)
receptors, though several evidence on the experimental models
proved that the association of GLP-2 and EGF enhance the
recovery of intestinal mucosa after parenteral nutrition (14–17).

In this study, we analyzed gastroscopy and colonoscopy
samplings from a child treated with teduglutide, to evaluate
the morphologic and ultrastructural features of the enteric
mucosa. The integrity of the cell renewal machinery of the crypt
was evaluated with immunohistochemistry as discussed in the
following: the Ki67 was adopted as the most widely employed
marker of all active phases of the cell cycle (G1, S, G2, and
mitosis) (18–20). The p21 Kip-1 and p27 Waf-1 were chosen
as inhibitors of proliferative pathways that allow differentiative
processes in mature enterocytes (21, 22). The status of EGFR
gene in intestinal enterocytes was defined with fluorescent in situ
hybridization (FISH) technique. The goal of the investigation was
the assessment of morphologic or functional anomalies referable
to the increased risk of neoplasia in enteric mucosa of a patient
treated with GLP-2.

MATERIALS AND METHODS

The patient was a 11-year-old girl with SBS after extensive
bowel resection for congenital extensive intestinal atresia and
a residual ultra-short bowel consisting of duodenum, 10 cm
of terminal ileum, ileocecal valve, and whole colon. Thanks to
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the intestinal adaptation without HPN long-term complications;
need for HPN progressively decreased. At 9 years of age,
she was still on HPN; 4 infusions/week, 1,235 kcal/infusion,
providing 35% of total energy need. Attempts to further
reduce the parenteral nutrition (PN) failed since she developed
recurrent metabolic acidosis and neuropsychiatric symptoms
such as irritability and aggressiveness. The surgical options
were not recommended as the intestinal magnetic resonance
imaging (MRI) revealed no dilated segments. Teduglutide was
started (0.05 mg/kg/die subcutaneously) in November 2018.
At the follow-up visits, she showed decreased fecal output,
increased diuresis as well as abundant oral intake, so PN was
progressively reduced and stopped after 6 months of the therapy.
After 2 PN-free years on teduglutide, no adverse events were
observed, the patient gradually gained weight with a good
tolerance to total oral feeding, normal laboratory tests and a
better quality of life. Currently, the therapy with teduglutide is

ongoing; the girl showed optimal compliance and growth rate
with no need for PN support. Two attempts to temporarily
suspend teduglutide failed as patient lost weight, increased fecal
loses and newly developed acidosis, so after 2 weeks we have
restored therapy.

No endoscopic samples of the pretreatment phase were
available. The first gastroscopy and colonoscopy were performed
in September 2020. Samplings from descending duodenum,
duodenal bulb, stomach, residual ileum, ascending colon,
transverse colon, sigmoid and rectum were taken, and two
sampling from ileum and colon were fixed in glutaraldehyde
for electron microscopy evaluation. Both duodenal and ileal
sampling were oriented on acetate cellulose strips at the
time of the biopsy.

Sections from small intestinal (ileum, bulb, and duodenum)
and colonic samples (transverse colon) were employed for
staining. Histochemical periodic acid schiff (PAS) stain

FIGURE 1 | Duodenal mucosa: (A) Hem Eos, (B) PAS stain o.m. 40×.

FIGURE 2 | Ultrastructural image of ileal (left) and colonic (right) mucosa.
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was performed to highlight the distribution of glycogen,
glycoproteins, and proteoglycans in cytoplasm and vacuoles
of mucosal enterocytes. To define the cell renewal cycle of
the intestinal mucosa, sections were immunostained with the
following antibodies: KI67 clone Mib-1 Dako Agilent, dilution
1:50; p21 Waf-1, clone DCS-60.2; p27 Kip-1, clone SX53GB.

The same immunostains were also performed on five duodenal
biopsies (four pediatric patients and one adult) and four colonic
samples from controls (two children and two adults), that
demonstrated a regular morphology at histological examination.
To quantify the number of immunoreactive enterocytes,
stained nuclei were counted with an image analysis software an

FIGURE 3 | Duodenal mucosa: (A) KI67, (B) p21, (C) p27, Control case (D) KI67, (E) p21, (F) p27.
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open-source Java image processing program (imagej.net) (23).
The counts were performed on a 2-mm segment of duodenal and
colonic mucosa with well-oriented crypts.

The sections from duodenal and colonic samples were
employed for FISH hybridization. The case was tested with the
probe mixtures set, that consists of two separate probes: EGFR
(7p11) (Spectrum Orange)/CEP7 (7p11.1–7q11.1) (Spectrum
Green) (Abbott Molecular, Roma, Italy). A 10 µl of the probe
mixture was applied to one of the two slides and immediately
covered with a coverslip and sealed with rubber cement.
Slides were thoroughly co-denatured in the HYBrite System
(Vysis) at 74◦C for 5 min and overnight hybridized at 37◦C.
The slides were washed with 2 × SSC/0.3% NP40 washing
solution at 73◦C for 3 min, dehydrated, and counterstained with
DAPI I (4,6-diamidine-2-phenylindol Vysis, Downers Grove,
IL, United States).

Other samples from the small intestine and colon were fixed in
2.5% glutaraldehyde in cacodylate buffer, dehydrated in ethanol,
and embedded in epoxy resin. Thin sections counterstained in
uranyl acetate and lead citrate were studied under a Philips 410
transmission electron microscope.

RESULTS

The villous structure was regular both in duodenal and
ileal sampling, even if compression artifacts and inadequate
orientation have restricted an accurate evaluation of villous
length. However, in the properly oriented villi, villous/crypt
ratio was within the normal range (between 1:3 and 1:4).
Looking at the absorptive epithelium of small intestine, PAS
staining demonstrated a correct morphology and distribution of
goblet cells, and no irregular deposits of PAS positive mucins

TABLE 1 | Results of the counts on epithelial cells immunostained with Ki67
Mib-1, p21, and p27 with an image analysis software (see text) in small intestinal
and colonic sampling, in our case and controls.

Small intestinal mucosa

Case Controls (5 cases)

Count of
stained nuclei

Median of
stained nuclei

Range of
stained nuclei

Standard
deviation

Ki67 254 288 147–385 79

p21 1,017 1,083 702–1,230 222

p27 851 870 865–966 46

Colonic mucosa

Case Controls (4 cases)

Count of
stained nuclei

Median of
stained nuclei

Range of
stained nuclei

Standard
deviation

Ki67 306 297 286–340 20

p21 364 286 247–348 35

p27 ND* ND*

*See text.

in enterocytes. The same staining proved the preservation of
enterocyte brush border. Both in small intestinal and in large
intestinal mucosa, no atypia was detected in enterocytes, along
mucosal structures (Figure 1) and counts of crypt mitosis were
not above 1 per crypt (0,75 mitotic figures/crypt in 20 well-
oriented evaluated crypts), that is considered in the normal
range when crypt hyperplasia is evaluated in the classification
of celiac disease (21). White series elements in lamina propria
consisted of mature lymphocytes and plasma cells, and their
distribution and density were compatible with a normal resident
infiltrate (Figure 1). The distribution of the immunostaining
of the above-described regulators of cell renewal activity was
evaluated. In all examined samples, Ki67 stained nuclei in
S-phase were placed at the so-called transitional amplifying zone,
while nuclei stained by the regulatory proteins p21 Kip-1 and
p27 Waf-1 were placed in the differentiation district of the
mucosal structures, that is the superficial epithelium of colonic
mucosa and the villous epithelium of duodenal samplings. The
localization of immunostained cells observed in the control cases
was comparable to that described in our case. Figures 2, 3 show
small and large intestinal samplings of our case, compared with a
control case as an example. Data about counts of immunostained
enterocytes, evaluated with image analysis software are resumed
in Table 1. All counts regarding the reported case were in
the range of the control cases, except for a slight exceed in
p21 Kip-1 count in colon samples (50% of standard deviation).
Counts of p27 Waf-1 on colonic samples were not performed for
interference with stromal lymphocyte staining (Figure 4).

Ultrastructural analysis of small intestinal and colonic samples
revealed a generally well-organized epithelial lining. Only a few
enterocytes with vacuolized cytoplasm and degenerated epithelial
cells shedding in the luminal space were observed. Lymphocytes,
plasma cells, and eosinophil granulocytes were detected in the
lamina propria (Figure 5).

Both small intestinal and colonic tissue were hybridized with
the EGFR/CEP7 probe. The EGFR gene was found, which was
not amplified, since the ratio of the number of EGFR signals/the
number of CEP7 signals was less than 2 (Figure 6).

DISCUSSION

Teduglutide is a GLP-2 analog employed in pediatric patients
with SBS with the goal of reducing the need for parenteral
nutrition in these patients, by virtue of its functional effects
on enteric function as discussed in the following: Slowdown
of gastric emptying, inhibition of gastric secretions, increase of
intestinal blood flow, and proliferative activity. From the early
studies, the trophic effect of GLP-2 on small and large intestinal
mucosa was demonstrated in experimental models and clinical
studies; an increase in small bowel villous height and intestinal
crypt depth was documented in a series of clinical trials, together
with an increase in mitotic activity. On the other side, the well-
established stimulatory action of GLP-2 implies the potential risk
of developing pre neoplastic and neoplastic lesions in enteric
mucosa, and the results of the available studies on these topics
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FIGURE 4 | Colonic mucosa: (A) KI67, (B) p21, (C) p27; Control case: (D) KI67, (E) p21, (F) p27.

are still debated, even if no increase in dysplastic or neoplastic
lesions was described in clinical trials.

This study has the purpose of adding evidence on these topics,
evaluating histopathological and immunophenotypic features of
the enteric biopsies of a child with SBS successfully treated
with teduglutide. Looking at the morphologic evidence, small
and large intestinal samples showed villi and crypts with well-
structured enterocytes, crypts with normal mitotic activity and
regular villus/crypt ratio in the small intestinal mucosa after
22 months of teduglutide treatment. The ultrastructural profile
of duodenal and colonic mucosa detected negligible alterations,
with an uncertain correlation with SBS damage. Therefore,

despite the absence of a pretreatment mucosal sampling, these
finding, along with the considerable clinical improvement, are
consistent with a complete restore of mucosal atrophy due to
parenteral nutrition after teduglutide treatment. On the other
hand, this study could not confirm the existing data about
villous and crypt lengthening in patients treated with GLP-2 (6–
8). In the routine samples, mechanical artifacts and specimen
orientation make a precise measuring of these structures difficult,
even if oriented on cellulose acetate strips, as demonstrated by
studies on duodenal biopsies in patients with coeliac disease, that
recommend quantitative morphometric analysis for a reliable
evaluation of villous length on routine biopsies (24–27).
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FIGURE 5 | Duodenal mucosa, Ki 67 image and drawing of the image analysis. Cell nuclei were counted using the following parameters range as listed in the
following: size (inches2) 20-infinity; circularity (0.10–1.00).

FIGURE 6 | Duodenal (A) and colonic (B) tissue hybridized with the EGFR/CEP7 probe: nuclei are highlighted in blue, red signals instead highlight the EGFR gene
(7p11) while green signals highlight the centromere of chromosome 7 (CEP7).

In the same biopsies, we evaluated the immunophenotypic
expression of S-phase marker (KI67 Mib-1) and proliferative
inhibitors (p21 Kip-1 and p27 Waf-1) in our patient and in a small
number of controls with regular morphology. The distribution
of the immunostained cells in crypt epithelium and the count
of stained cells evaluated with image analysis software were
comparable with normal controls in all studied proteins, except
for a slight increase in p21 counts in colonic mucosa in our case.
These data, even if the number of control cases is restricted,
suggest that proliferative activity of differentiated enterocytes
of enteric mucosa is downregulated by the concurrent activity
of p21 and p27. To our knowledge, the only available survey
about the expression of these proteins in enteric mucosa is
from authors that demonstrated the development of a phenotype
with decreased expression of p27 in gastric mucosa of patients
with Helicobacter Pylori infection (28). The FISH technique
demonstrated that the gene of EGF-R, a receptor that plays

a pivotal role in GLP-2 repair function toward the enteric
epithelium, enhancing its activity, was regularly expressed in
our case. To our knowledge, whereas data are relative to a
single case, no other complete report on morphological and
molecular features of mucosa attributable to neoplastic evolution
was previously conducted on the patients treated with residual
enteric tract of GLP-2.

In conclusion, our report is coherent with the previous
surveys conducted both in pediatric (29, 30) and adult
patients (mainly resected for inflammatory bowel disease)
(31), in favor of the safety of the treatment with GLP-
2 in SBS. An increasing evidence about the security of
treatment with this drug could help in delineating the follow-
up protocols. Furthermore, it must be outlined that further
studies, conducted on pre- and post-treatment sampling, are
mandatory for a better knowledge of teduglutide activity in
restoring SBS mucosal damage.
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