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ORIGINAL ARTICLE

Evaluation of GLP-2 receptor expression in gastrointestinal
neuroendocrine tumors

Gastrointestinal néroendokrin timorlerde GLP-2 reseptdr ekspresyonunun
degerlendirilmesi
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Background and Aims: Neuroendocrine tumors arise from cells of the neuroendocrine system. These cells show both nerve and endocrine
cell characteristics and can be found in many organs in the body. GLP-1 and GLP-2 are released from intestinal L cells in a 1:1 ratio following food
intake. GLP-2 receptor recognizes GLP-2. GLP-2 receptor mRNA transcripts have been detected in the stomach, small and large intestine, brain,
and lung. The proliferative effect of GLP-2 has been demonstrated in mice, rats, pigs, and humans by administering exogenous GLP-2. The objec-
tive is to evalaute the relation between gastroenteropancreatic neuroendocrine tumors and glukagon like peptid-2 and GLP-2 receptor. Materials
and Methods: The patients, who were pathologically diagnosed with gastroenteropancreatic neuroendocrine tumor between 2006-2009 were in-
cluded in the study. There were 47 patients (27 females, 20 males, avarage age: 54 + 15.5) in the study. There were also 46 control group patients
(25 females, 21 males, avarage age: 57.5 + 14.8). Pathological tissue blocks prepared on poly-L-lysine microscope slides were stained by GLP-2
receptor antibody (1:100 - 1:200, 1 mg/ml) immunohistochemical stain. Results: GLP-2 receptor positivity of colon neuroendocrine tumor group
was 30% (4/13) and colon control group was %100. GLP-2 receptor positivity of pancreas neuroendocrine tumor group was 25% (3/12) while it
was 100% in pancreas control group. The comparison of colon neuroendocrine tumor and control group showed significant difference (p: 0.003).
The comparison of pancreas neuroendocrine tumor and control group also showed statistically significant difference (p < 0.001). The comparison
of gastric neuroendocrine tumor with the control yielded comparable results (p: 0.22). Conclusions: We concluded that GLP-2 receptor cannot
be as useful as somatostatin receptors in diagnosis and treatment of these tumors. More studies are needed on this subject with different methods.
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Giris ve Amac: Noroendokrin tiimérler, néroendokrin sistem hiicrelerinden kaynaklanir. Bu hicreler hem sinir hem de endokrin hiicre 6zelligi
gosterirler ve viicuttaki birgok organda bulunabilirler. GLP-1 ve GLP-2, gida alimini takiben 1:1 oraninda bagirsak L hiicrelerinden salinir. GLP-2
reseptorl, GLP-2yi tanir. GLP-2 reseptér mRNA transkriptleri mide, ince ve kalin bagirsak, beyin ve akcigerde tespit edilmistir. GLP-2’nin prolifer-
atif etkisi farelerde, siganlarda, domuzlarda ve insanlarda eksojen GLP-2 uygulanarak gosterilmistir. Amag, gastroenteropankreatik néroendokrin
timorler ile glukagon benzeri peptid-2 ve GLP-2 reseptdr arasindaki iliskiyi degerlendirmektir. Gere¢ ve Yontem: 2006-2009 yillar arasinda
patolojik olarak gastroenteropankreatik néroendokrin timor tanisi alan hastalar ¢alismaya dahil edildi. GCalismaya 47 hasta (27 kadin, 20 erkek,
ortalama yas: 54 + 15.5) alindi. Ayrica 46 kontrol grubu hastasi (25 kadin, 21 erkek, ortalama yas: 57.5 + 14.8) vardi. Poli-L-lisin mikroskop lam-
larinda hazirlanan patolojik doku bloklari, GLP-2 reseptér antikoru (1:100 - 1:200, 1 mg/ml) immunohistokimyasal boyama ile boyandi. Bulgular:
Kolon néroendokrin timaor grubunun GLP-2 reseptor pozitifligi %30 (4/13), kolon kontrol grubunun GLP-2 reseptor pozitifligi %100 bulundu. Pank-
reas noroendokrin timor grubunun GLP-2 reseptér pozitifligi %25 (3/12) iken, pankreas kontrol grubunda %100 idi. Kolon néroendokrin timér
ile kontrol grubunun karsilastirimasinda anlamli farklilik gértildi (p: 0.003). Pankreas néroendokrin tiimér ile kontrol grubunun karsilastinimasi da
istatistiksel olarak anlamli farkliik gosterdi (p < 0.001). Gastrik néroendokrin tlimdrlerin kontrol ile karsilastirimasi karsilastirilabilir sonuglar verdi
(p: 0.22). Sonuc: GLP-2 reseptoriiniin bu timdrlerin tani ve tedavisinde somatostatin reseptérleri kadar yararli olamayacagi sonucuna vardik. Bu
konuda farkl yontemlerle daha fazla galismaya ihtiyag vardir.
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GLP-2 receptor expression in GEP-NET

INTRODUCTION

Neuroendocrine tumors (NETs) develop from neu-
roendocrine system cells. These cells have both
nerve and endocrine cell properties and can be
found in a variety of organs across the body (1). Ac-
cording to hormone secretion, NETs are classed as
functional (about 40%) (2) or nonfunctional (3-5).

The proglucagon precursor encodes glucagon-like
peptide-2 (GLP-2). The glucagon and GLP-1 se-
quences are encoded by this precursor. Progluca-
gon is broken down in tissue-specific ways by pro-
hormone converting enzymes (PC), PC-2 creates
glucagon, and the major proglucagon component
in the pancreas or PC-1 produces gastrointestinal
(GI) glycentin, oxyntomodulin, GLP-1, and GLP-
2 in the gastrointestinal system (6-8). Progluca-
gon-derived peptides (PGDPs) have a wide range
of actions. All of these are necessary for controlling
nutrition intake and/or maintaining energy bal-

ance.

Following meal ingestion, intestinal L cells release
GLP-1 and GLP-2 in a 1:1 ratio (9-11). The GLP-2
receptor (GLP-2R) was cloned from rat and human
hypothalamus and intestinal cDNA cells (12) and
designated as a member of the G protein-coupled
receptor family B secretin-like subfamily based on
conserved structure (12).

GLP-2R identifies GLP-2 (12,13). Transcripts of
GLP-2 receptor mRNA have been found in the
stomach, small and large intestines, brain, and
lung (14-18). Exogenous GLP-2 administration has
been shown to have a proliferative impact in mice,
rats, pigs, and humans (19). Given the findings of
experimental research demonstrating GLP-2’s pro-
liferative and antiapoptotic actions, particularly
on the colon, it is hypothesized that it plays a role
in the creation of colon polyps and colon cancer.

In this study, we looked at GLP-2R expression
in cells using gastroenteropancreatic neuroendo-
crine tumor (GEP-NET). The discovery of the link

between GLP-2R and GEP-NET may help to un-
derstand the pathogenic process and may lead to
novel treatment techniques that block GLP-2R by
locating a secondary target receptor, such as the
somatostatin receptor in neuroendocrine tumors.

MATERIAL and METHODS
Group Study

The research comprised patients with pathological
diagnosis of GEP-NET between 2006 and 2009. The
trial comprised 47 patients in the GEP-NET group
and 46 participants in the control group. Patients
were investigated in accordance with a procedure
authorized by the Human Subjects Institution-
al Committee of Dokuz Eyliil University Medical
Faculty (26.01.2011-12). All procedures were car-
ried out in accordance with the ethical rules and
the principles of the Declaration of Helsinki and
informed consent was taken from the patients.

Pathologic Examine

Five-micron slices were cut from each represen-
tative paraffin block and placed on poly-L-lysine
coated slides for immunohistochemical staining.
For immunostaining using GLP-2 receptor anti-
body (Genetex, dilution: 1/100-1/200, 1 mg/ml), the
standard streptavidin-biotin immunoperoxidase
technique was utilized. Tissue slices were deparaf-
finized in xylene, then rehydrated in a succession
of alcohols before being submerged in distilled wa-
ter. Antigen retrieval was carried out in 0.1 mol/L
citrate buffer at 99°C for 20 minutes (pH: 5.5). The
Lab Vision Autostainer 360 was then utilized for
further staining. Endogenous peroxidase activity
was inhibited in 0.3% H202 for 15 minutes be-
fore the sections were rinsed with Tris. The sec-
tions were then incubated for 5 minutes in Large
Volume Ultra V Block, followed by 60 minutes in
the primary antibody (GLP-2, 1:100-1:200 dilution
rate). As a positive control, colon tissue was em-

ployed. The staining profile was examined under
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a light microscope (Nikon ECLIPSE 80i). For the
examination of GLP-2 staining in adenocarcinoma
patients, nuclear and cytoplasmic expression in
less than 30% of tumor cells was scored (+), while
expression in more than 30% of tumor cells was

scored (++).

Statistical Evaluation

Using computer software, the immune-histochem-
ical assessment results were statistically evaluat-
ed (SPSS 15.0, Chicago, IL, USA). The percentage
computation, average, and standard deviation
were employed for descriptive findings. Statistical
significance was defined as a probability level of
0.05 or less.

RESULTS

The research included 47 individuals with patho-
logically confirmed GEP-NET (27 females and 20
males) (Table 1). The control group included 25 fe-
males and 20 males. The patients’ mean age was
54 + 15.5 (range: 11 - 78), while the control group’s
mean age was 57.5 + 14.8. There was no difference
in age or gender between GEP-NET patients and

the control group.

Table 1 Characteristics of patient and control group.

Patients Control Group P
Gender (male) 20/47 (42%) 20/45 (44.4%) > 0.05
Age (years) 54 +15.5 57.5+£14.8 > 0.05

Tumors were found in the stomach in 15 patients,
the pancreas in 12, the colon in 13, the duodenum
in 3, the appendix in 2, and the esophagus in 2.

Immunohistochemical Analysis

In all instances, GLP-2R antibody (1:100-1:200,
1 mg/ml) was immunohistochemically examined.
Normal mucosa tissues were obtained from the co-
lon, stomach, and pancreas, and enteroendocrine
tissues were immunohistochemically stained to re-
veal GLP-2 receptor expression in enteroendocrine
cells (Figure 1). The presence of chromogranin pos-
itivity and actin negativity in normal mucosa cells
indicates that these GLP-2R-positive cells are en-

teroendocrine cells.
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Figure 1 Staining pattern in endocrine cells.

In GEP-NET patients, focal cytoplasmic staining
was identified in 6 (20%), no staining was seen
in 34 (72%), and focal staining was reported in 7
(15%). GLP-2R expression was significantly higher
in pancreatic tissue from the control group than in
pancreas neuroendocrine tumor (p: 0.001) (Table
2). Significant staining was detected in the colon
tissue control group against the colon neuroendo-
crine tumor group (p: 0.003) (Table 3). One pa-
tient had considerable staining, 1 patient had focal

Table 2 Staining patterns of pancreas.

Concerning tumor size, 22 GEP-NETs were small- Staining (+) Staining ()

er than 1 cm, 17 were larger than 2 cm, 5 were be- Patient 3 (25%) 9 (75%)

tween 1 and 2 centimeters, and 3 were of unknown Comiial 12 (%100)

size. p: 0.001
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Table 3 Staining pattern of colon.

Staining (+) Staining (-)
Patient 4 (30%) 9(70%)
Control 13 (% 100)
p: 0.003

staining, and 2 patients had non-significant focal
staining in gastric neuroendocrine tumors of the
stomach. There was no substantial difference in
GLP-2R expression between normal stomach tis-
sue and neuroendocrine tumors.

DISCUSSION

Neuroendocrine tumors are rare heterogeneous
category of tumors that can occur in practically any
part of the body as a result of malignant transfor-
mation of diverse neuroendocrine cells. It is most
common in the gastrointestinal system. If GEP-
NETSs (gastroenteropancreatic neuroendocrine tu-
mors) induce a neuroendocrine syndrome due to ex-
cessive production of a peptide hormone, they are
called “functional GEP-NETs,” and if they don’t,
they are called “nonfunctional GEP-NETSs” (8).

GEP-NETSs express a variety of peptide receptors,
the most prominent of which being somatosta-
tin. In hormone-secreting symptomatic instances,
these tumors can be treated by blocking the soma-
tostatin receptor. Aside from somatostatin recep-
tors, these tumors can also express cholecystoki-
nin 2, bombesin, neuropeptide Y, and vasoactive
intestinal peptide receptors, and novel therapies

for these receptors are being explored (9).

Increased GLP-2 and other proglucagon-derived
peptides were discovered in the blood of experi-
mental animals with intestinal injury during an-
imal investigations (10). These experiments also
shown that GLP-2 infusion reversed the intestinal
damage caused by non-steroid antiinflammato-
ry drug (NSAID) and chemotherapeutic drug use
in experimental mice (11,12). Similarly, in the

blood of individuals with inflammatory bowel ill-
ness, plasma GLP-2 levels increased, particularly
the GLP-2 (1-33) / GLP-2 (3-33) ratio (13). These
findings may give evidence that GLP-2 is effective
in cell proliferation and may play a role in uncon-
trolled cell growth.

Although the methods by which GLP-2 reduces
apoptosis are unknown, GLP-2 signaling decreas-
es the effects of the proapoptotic protein glycogen
synthase kinase-3 (GSK3) both in vitro and in vivo
(20).

Exogenous GLP-2 dramatically promotes entero-
cyte proliferation in vivo, however GLP-2R is not
expressed in this cell group. GLP-2 therapy sup-
presses cell proliferation in cultivated epithelial
cells from the small intestine but enhances cell
growth in cell lines originating from the large
bowel (21), indicating that the impact of GLP-2R
activation may be cell-type or tissue-specific. GLP-
2’s proliferative effects in cell culture systems are
frequently reported in the absence of confirmed
expression of the known GLP-2R (22), suggest-
ing that GLP-2 may exert some of these actions
via as-yet unidentified receptors and/or signaling
pathways. Because GLP-2 is a powerful intestino-
trophic growth factor, its effect may stimulate the
creation or accelerate the growth of intestinal can-
cers. This is especially relevant in patients taking
chemotherapy for pre-existing cancer and in indi-
viduals with inflammatory bowel disease (IBD),
who are at a higher risk of developing colon cancer
(23). Short-term GLP-2 administration had no in-
fluence on tumor growth in rats with pre-existing
large bowel tumors (24), and GLP-2 administration
had no effect on chemotherapy’s ability to diminish
tumor size in mice (25). However, after the carcin-
ogen 1,2-dimethylhydrazine was administered
to mice, one-month treatment of a GLP-2 analog
increased tumor burden relative to saline-treat-
ed controls (26). As a result, while the present
evidence implies that GLP-2 may promote tumor
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development in the context of carcinogen delivery,
whether GLP-2 alone promotes tumor formation
has yet to be established.

GLP-2 receptor expression was found in all 25 nor-
mal tissues tested with immunohistochemistry
around colon and pancreatic NETSs in our investi-
gation. Furthermore, only four (30%) of the NET
patients displayed staining indicating GLP-2R ex-
pression (Figure 2). Furthermore, only two of these
instances exhibited extensive staining, whereas
only three of the pancreatic NET cases had GLP-
2R showing (Figure 2). Because low levels of anti-
gen expression may not be detected by immuno-
histochemistry, GLP-2R expression may have been
detected in more cancer tissues if a more sensitive
RT-PCR approach had been utilized, as Yusta et
al. did (16). The second explanation might be that
lack of differentiation can lead to loss of GLP-2 re-
ceptors. Somatostatin receptors are seen in a simi-
lar manner. SSTR2A expression has been found to
decrease in high-grade lesions, including gut (27)
and lung (28) cancers. Although there is little re-
search on this, we believe that loss of receptors due
to differentiation may be the cause.

Another possibility is that GLP receptors are be-
ing downregulated. The GLP-2R, like many other

staining

M no staining
M diffuse staining
O focal staining

Figure 2 Staining pattern of patient group.

G protein-coupled receptors, has considerable sig-
naling down-regulation in response to acute ligand
stimulation in vitro. This mechanism, known as
receptor desensitization, occurs independently of
receptor lipid raft-dependent internalization and
leads in a sustained decrease in receptor respon-
siveness to future agonist activation (29).

More research is needed to determine if functional
GLP-2R desensitization occurs in vivo in response
to either short-term activation by endogenous
GLP-2 or persistent receptor signaling caused by
exogenous injection of long-acting GLP-2 analogs.
GLP-2’s proliferative effects in cell culture systems
are frequently reported in the absence of confirmed
expression of the known GLP-2R (22), suggesting
that GLP-2 may exert some of these actions via as-
yet unidentified receptors and/or signaling path-
ways. As a result, GLP-2 may still have a function
in the development of NET without affecting GLP-
2R. There were no other studies in the literature
that showed GLP-2R positivity in GRP-NETs.
However, because carcinoid tumors are derived
from intestinal endocrine cells, Yutsa et al. exam-
ined GLP-2R expression in four patients based on
the idea that these tumors should be GLP-2 posi-
tive. GLP-2R expression was not unique in these
instances, however three individuals showed pos-
itive in small localized regions. Despite the fact
that it is a small group of patients, these findings

are consistent with the findings of our study (16).

We found no GLP-2R (+) cells in either stomach
NETSs or normal stomach tissue in our investiga-
tion. The explanation for this might be that GLP-
2R expression in the stomach is lower than in the
colon and small intestine. Yusta et al. discovered
substantially more GLP-2R positivity in the small
intestine and colon than in the stomach in their
investigation. They demonstrated that expression
rises as it approaches the distal gastrointestinal
tract.
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Finally, because GLP-2R expression is derived
from endocrine cells in GEP-NETS, it is expected
that it will be employed for diagnostic and thera-
peutic reasons. However, our analysis found no evi-
dence of GLP-2R expression in these malignancies.
As a result, it does not appear conceivable to bene-
fit from GLP-2-like medicines such as somatostatin
analogs in GEP-NET therapy at this time. It also
does not appear acceptable to employ GLP-2R as a
diagnostic technique in the same way as somatosta-
tin receptors are. More research is needed to back
up our results of GLP-2R expression in GEP-NETs.
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