NOTE Anatomy

Distribution of Glucagon-Like Peptide (GLP)-2-Immunoreactive Cells in the Chicken
Small Intestine: Antigen Retrieval Inmunohistochemistry

Mohammad M. MONIRY, Kohzy HIRAMATSU?*, Kei NISHIMURA®), Chihiro TAKEMOTO? and
Takafumi WATANABE?

DDepartment of Bioscience and Food Production Science, Interdisciplinary Graduate School of Science and Technology, Shinshu
University, 8304 Minami-minowa, Kami-ina, Nagano 399-4598, Japan

Y Laboratory of Animal Functional Anatomy (LAFA), Faculty of Agriculture, Shinshu University, Minami-minowa 8304, Kami-ina,
Nagano 399-4598, Japan

3 Department of Food Production Science, Graduate School of Agriculture, Shinshu University, 8304 Minami-minowa, Kami-ina, Nagano
3994598, Japan

(Received 16 October 2013/Accepted 26 November 2013/Published online in J-STAGE 10 December 2013)

ABSTRACT. An antigen retrieval method for immunohistochemical staining of glucagon-like peptide (GLP)-2-immunoreactive cells was inves-
tigated in the chicken small intestine. GLP-2-immunoreactive cells were observed as open-typed endocrine cells in the villous epithelium
and crypts on both antigen retrieval agent-treated and untreated preparations. No obvious differences were detected in morphological fea-
tures of GLP-2-immunoreactive cells between treated and untreated preparations. The frequencies of occurrence of GLP-2-immunoreactive
cells, however, were significantly different in treated and untreated preparations: in the proximal and distal regions of jejunum and ileum
obtained from untreated preparations, the frequencies of occurrence were 0.5 + 0.2, 0.7 £ 0.1, 0.9 = 0.2 and 1.5 £ 0.3, respectively (cell
numbers per mucosal area: cells/mm?, mean + SD), whereas those from treated sections were 14.7 £ 2.3, 19.8 £2.3, 23.5 £ 4.7 and 34.6
+ 4.9 cells/mm?, respectively. These data indicate that this antigen retrieval method is able to make immunoreactive GLP-2 available for

detection and that GLP-2 may act as one of the common hormones secreted by L cells in the chicken small intestine.
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Glucagon-like peptide (GLP)-2, composed of 33 amino
acids, is derived from proglucagon [1, 3, 13]. This meal-
induced gut hormone exerts diverse actions in the gastro-
intestinal tract including stimulation of intestinal growth
and upregulation of villus height, concomitant with crypt
cell proliferation and reduction of enterocyte apoptosis
[4]. GLP-2 has cytokine activities, enhancing cell differ-
entiation, playing a role in tissue regeneration and mediat-
ing cytoprotection [2]. Also, in the chicken intestine, the
proglucagon gene contains the sequence of GLP-2 and is
spliced at the exon encoding this peptide [11]. Hu et al. [10]
showed a positive effect of GLP-2 injection on the growth
performance of healthy broiler chickens. Despite these bio-
chemical and physiological data, there are no documented
immunohistochemical reports regarding the distribution
pattern of GLP-2-containing cells in the chicken intestine. It
is possible that this gap between publication of immunohis-
tochemical investigations and biochemical or physiological
reports may be due to the masking of antigens by the immu-
nohistochemical procedures, fixation or paraffin embedding
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[12]. We recently reported that many, but not all, intestinal L
cells contained both GLP-1 and GLP-2 peptides in the same
secretory granules [15]. More morphological data on GLP-
2-containing cells are necessary in order to understand the
mechanism of GLP secretion. In this study, we examined a
method for retrieval of immunoreactive GLP-2 antigen in L
cells and used the method to clarify the distribution of GLP-
2-containing cells in the chicken small intestine.

Tissue samples of proximal and distal regions of jejunum
and ileum were obtained from male White Leghorn chickens
(9 weeks age, n=5, average BW=667 g). Chickens were
treated in accordance with the “Guideline for Regulation of
Animal Experimentation (1997)” of Faculty of Agriculture,
Shinshu University. These tissue samples were embedded in
paraffin in the ordinary manner after immersion in Bouin’s
fluid overnight at room temperature. Two groups of sections,
cut at 5 um thickness, were made from each intestinal re-
gion. After removal of paraffin and rehydration, the samples
of one group of sections were incubated with 0.5% antigen
retrieval agent (citraconic anhydrate, Immunosaver®, Nis-
shin EM, Tokyo, Japan) at 98°C for 45 min [7] and rinsed
with phosphate buffered saline (pH 7.6). The other group
was processed for ordinary immunohistochemistry without
the incubation with antigen retrieval agent. The horserad-
ish peroxidase-labeled streptavidin-biotin method [5] was
applied to detect GLP-2-immunoreactive cells according to
the procedure described previously [6]. All sections were
treated with 10% normal goat serum (50062Z, Invitrogen,
Carlsbad, CA, U.S.A.) for 20 min and then incubated with
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Fig. 1.

GLP-2-immunoreactive cells in the chicken distal ileum of antigen retrieval agent-treated (a, c, d) and

untreated sections (b, e, f). a: Localization of GLP-2-immunoreactive cells (arrows) in the distal ileum of anti-
gen retrieval agent-treated section. Immunoreactive cells are located in the epithelium of the lower part of villi
and crypts mainly. Bar: 50 gm. b: Localization of GLP-2-immunoreactive cells (arrows) in the chicken ileum
of untreated sections. A small number of immunoreactive cells (arrows) are observed. ¢, d: High magnification
views of GLP-2-immunoreactive cells in villous epithelium (c) and crypt (d) of antigen retrieval agent-treated
sections. Bar: 20 um. e, f: High magnification views of GLP-2-immunoreactive cells in villous epithelium (e)

and crypt (f) of untreated sections. Bar: 20 um.

rabbit anti-human (Arg3*)-GLP-2 serum (1:2,000, H-028-14,
Phenix Pharmaceuticals, Burlingame, CA, U.S.A.) for 24 hr.
The immunocomplex was visualized with 0.05% 3,3'-di-
aminobenzidine in Tris-HCI buffer (pH 7.6). Sections were
counterstained with Mayer’s hematoxylin and observed
under a light microscope. The specificity of the primary anti-
body used in this study was documented by the manufacturer
and in our previous study [15]. Sections for negative staining
control were incubated with normal rabbit serum instead of
the specific primary serum or without the specific primary
serum. No specific reaction was observed in the control sec-
tions for the immunostaining.

The morphometric analysis was carried out by following a
method previously described [9]. We only counted cells with
clearly detectable nuclei, and the area of the mucosal layer
was also measured accordingly. Then, the cell number per

area of the mucosal layer (cells/'mm?) was calculated to find
the frequency of occurrence of GLP-2- immunoreactive cells
in each intestinal region. This computation was performed
using a computerized image analyzing system (KS400,
Zeiss, Gottingen, Germany). Twenty areas were measured
in each intestinal region from each bird, i.e. 100 areas in
total from 5 chickens of each group. Tukey’s method [19]
of statistical analysis was followed to assess the differences
in the frequency of occurrence of GLP-2-immunoreactive
cells. P<0.05 was set as the level of significance.

Endocrine cells showing immunoreactivity with GLP-2
antiserum were identified in the whole jejunum and ileum
from both groups (Fig. la and 1b). GLP-2-immunoreactive
cells were distributed in the epithelium of intestinal villi
and crypts as open-typed endocrine cells. In the ileum, they
were located in the lower part of intestinal villi, but in the
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proximal jejunum, they were located from the middle to
the lower parts. Most of the endocrine cells showing GLP-
2-immunoreactivity had a pyramidal or spindle-like shape
in the villous epithelium (Fig. 1c and le) and a comma-like
shape in the crypts (Fig. 1d and 1f). Thus, there were no
apparent differences between the two groups of sections
in morphological features and distribution patterns of
GLP-2-immunoreactive cells. There were, however, sig-
nificant differences in the frequency of occurrence of GLP-
2-immunoreactive cells between the two groups (Fig. 2). In
the proximal and distal parts of the jejunum and ileum, the
values obtained from untreated sections were 0.5 = 0.2, 0.7
+0.1,0.9+0.2 and 1.5 £ 0.3, respectively (cell numbers per
mucosal area: cells/mm?, mean + SD). In contrast, the values
from the corresponding areas treated with antigen retrieval
agent were 14.7 £2.3, 19.8 £2.3,23.5+4.7 and 34.6 + 4.9
cells/mm?, respectively. In both cases, frequencies of occur-
rence of GLP-2-immunoreactive cells were gradually and
significantly increased with the advancement to the distal
region of the small intestine.

Thus, the frequencies of occurrence of GLP-2-immunore-
active cells obtained from preparations treated with antigen
retrieval agent were significantly higher than those from
untreated preparations. These values are also higher than
those of GLP-1-immunoreactive cells that we reported pre-
viously, but they showed a similar distribution pattern to that
of GLP-1 [14]. The reason for this discrepancy may be that
an antigen retrieval agent was not used in our previous inves-
tigation of GLP-1. These findings indicate that the epitope
of GLP-2 is masked in intestinal L cells and that immunore-
activity for GLP-2 is difficult to detect by the ordinary pro-
cedure for immunohistochemical staining. The fixative may
be the main reason for this phenomenon. Paraformaldehyde
(polyoxymethylene) forms methylene bridges between pro-
teins, which can hinder epitope recognition by the primary
antibodies. The heat-induced epitope retrieval method is a
common approach to expose the antigen epitopes in prepara-
tions for immunohistochemical staining. If this step is not
performed, the antibodies will not have complete access to
the tissue and will be unable to bind to the correct epitope.
Antigen retrieval leads to satisfactory immunohistochemi-
cal staining in paraffin-embedded tissue for a great number
of antibodies tested [16—18]. An apparent difference in the
condition of immunohistochemical staining was ascertained
between GLP-1 and GLP-2. Immunohistochemical staining
for GLP-1 proceeded relatively well without the treatment
with antigen retrieval agent [8, 9, 14]. But, in this case, im-
munohistochemical staining for GLP-2 showed very small
numbers of endocrine cells even in the same samples as
those used for GLP-1 immunohistochemistry. Antigen re-
trieval is thus a necessary process at least for detection of
GLP-2 immunoreactivity in the chicken intestine.

This study determined the distribution pattern of GLP-
2-containing intestinal L cells in the chicken small intestine.
Immunoreactive cells for GLP-2 were mainly observed
in the crypts of the distal ileum followed by the proximal
jejunum. This distribution pattern is similar to that of GLP-
I-immunoreactive cells. Our recent investigation using
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Fig. 2.  Frequencies of occurrence of GLP-2-immunoreactive cells
in the chicken small intestine of antigen retrieval agent-treated
and untreated sections. Values represent mean numbers of GLP-
2-immunoreactive cells per | mm? of mucosa. There are significant
differences between different alphabets (P<0.05, error bars: SD).

immunocytochemistry with colloidal gold determined the
colocalization of GLP-1 and GLP-2 in the same secretory
granules [15]. The similarity of the distribution patterns of
GLP-1 and GLP-2 is supported by this immunocytochemi-
cal study. There is a difference, however, between these
two peptides in the localization of immunoreactive cells in
the ileum. GLP-2-immunoreactive cells are mainly located
in the epithelium of the lower part of intestinal villi, while
GLP-1-immunoreactive cells are located in the middle to
lower parts of intestinal villi [8, 9, 14]. Our immunocyto-
chemical study showed L cells containing only GLP-1 pep-
tide in the villous epithelium of the chicken ileum [15]. The
difference in localization of GLP-1 and GLP-2 reflects this
finding. Biochemical and molecular biological studies of the
secretory process of GLPs may be necessary to clarify this
phenomenon.
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