<BRNE

‘t Kobe University Repository : Kernel

PDF issue: 2025-12-05

Histological study on the reginal difference in
the localization of mucosal enteric glial cells
and their sheath structure in the rat intestine

Mantani, Youhei ; Ohno, Nobuhiko ; Haruta, Tomohiro ; Nakanishi, Satoki
; Morishita, Rinako ; Murase, Shota ; Yokoyama, Toshifumi ; Hoshi, ---

(Citation)
Journal of Veterinary Medical Science, 85(10):1034-1039

(Issue Date)
2023-10

(Resource Type)
journal article

(Version)
Version of Record

(Rights)

o 2023 by the Japanese Society of Veterinary Science

This article is licensed under a Creative Commons [Attribution-NonCommercial-
NoDerivatives 4.0 International] Llicense.

(URL)
https://hdl. handle. net/20.500. 14094/0100485295

KOBE
\[1.\]\1:“1‘“ Y
AN




The Journal of

Veterinary

Medical

Science
w

Anatomy

Histological study on the reginal difference
in the localization of mucosal enteric glial
cells and their sheath structure in the rat
intestine

Youhei MANTANI"*, Nobuhiko OHNO34, Tomohiro HARUTA%,
Satoki NAKANISHI", Rinako MORISHITA", Shota MURASE",
Toshifumi YOKOYAMA?2), Nobuhiko HOSHI?

DLaboratory of Histophysiology, Department of Bioresource Science, Graduate School of Agricultural Science,
Kobe University, Hyogo, Japan

JLaboratory of Animal Molecular Morphology, Department of Bioresource Science, Graduate School of
Agricultural Science, Kobe University, Hyogo, Japan

3Department of Anatomy, Division of Histology and Cell Biology, School of Medicine, Jichi Medical University,
Tochigi, Japan

“Division of Ultrastructural Research, National Institute for Physiological Sciences, Aichi, Japan

5)Bio 3D Promotion Group, Application Management Department, JEOL Ltd., Tokyo, Japan

ABSTRACT. The present study aimed to histologically clarify the regional specificity of the mucosal
J. Vet. Med. Sci. enteric glial cells (MEGCs) in the rat intestine with serial block-face scanning electron microscopy
. (SBF-SEM). SBF-SEM analysis with the ileum, the cecum and the descending colon revealed that
85(10): 1034-1039, 2023 . . . . .
) . mEGC nuclei were more abundant in the data stacks from the apical portion of the villus and the
doi: 10.1292/jvms.23-0266 lateral portion of the crypt of the ileum. mEGCs exhibited a high rate of coverage over the nerve
bundle around the lateral portion of the ileal crypt, but showed an extremely low level of coverage
in the luminal portion of the cecum.These findings evidenced regional differences in the localization
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Enteric glial cells (EGCs) are an important component of the enteric nervous system (ENS), the specific nervous system in the
animal intestine. EGCs are thought to play a role in maintaining the epithelial barrier, and they participate in the neurotransmission and
regulation of intestinal motility (reviewed in [10]). Indeed, EGCs express nerve growth factor [25] and seem able to detect glutamate
[20], acetylcholine, and serotonin [3]. The glial fibrillary acidic protein dependent ablation of EGCs results in the inflammation of the
small intestine [6], thus revealing the necessity of EGCs for intestinal homeostasis. In several studies, EGCs exhibited heterogenetic
populations that could be divided into several subtypes [4, 11]. Among them, EGCs in the myenteric plexus have been well studied
and found to possess oval or elongated nuclei, with conspicuous heterochromatin and cellular processes ensheathing the outer aspect
of the nerve bundle, as revealed by transmission electron microscopy [7, 9, 14]. Thus, histological investigations of EGCs focused
mostly on the myenteric plexus, while the histological characteristics of mucosal EGCs (mEGCs) have been largely unknown.

A recently developed imaging technology called three-dimensional analysis with electron microscopy enables us to easily
understand the ultrastructures of animal tissues well. Indeed, using a method for this technology called serial block-face scanning
electron microscopy (SBF-SEM), has thus far enabled us to clarify that the micromilieu in the intestinal mucosa differs among regions
throughout the intestine [2, 16-19, 24]. For example, we have clarified that the histological characteristics of fibroblast-like cells,
one of the main cell types in the lamina propria, differ among the ileum [17], the cecum, and the descending colon [24]. Moreover,
the characteristics of contact between the nerve fibers and various kinds of cells in the intestinal mucosa also are different among the
ileum [18], the cecum, and the descending colon [19]. However, the regional differences in mEGCs throughout the intestine have
not been clarified. Interestingly, mEGCs also may be affected by microflora, because mEGCs, especially in the intestinal villus, are
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scarcer in germ-free mice than in conventional mice [12]. Considering that the abundance and composition of indigenous bacteria vary
among the segments of the intestine [21, 26, 27], such regional differences in bacteria-derived stimulation may lead to the regional
specificity of mEGCs throughout the intestine. Therefore, the present study aimed to clarify the regional specificity of mEGCs in the
rat intestine by using SBF-SEM.

A total of 9 male Wistar rats aged 7 weeks (Japan SLC Inc., Hamamatsu, Japan) were maintained under specific pathogen-free
conditions in individual ventilated cages (Sealsafe Plus; Tecniplast S.p.A., Buguggiate, Italy) with controlled temperature (23 + 2°C)
and humidity (50 + 10%) on a 12/12 hr light/dark cycle at the Kobe University Life-Science Laboratory. They were permitted free
access to water and food (Lab RA-2; Nosan Corp., Yokohama, Japan). This experiment was approved by the Institutional Animal Care
and Use Committee (permission numbers: 25-06-01 and 30-05-01). All procedures performed in studies involving animals were in
accordance with the ethical standards of the institution (the Kobe University Animal Experimentation Regulations). We focused on the
three different regions, the ileum, the cecum, and the descending colon, in this study because the other types of cells in the mucosa,
such as fibroblast-like cells [17, 24] and the nerve network [18, 19], exhibited the regional differences among these three regions. The
data stacks obtained from SBF-SEM in our previous studies [17-19, 24] were reused in the present study (Supplementary Fig. 1).
Therefore, the experimental procedures for acquiring the data stacks with SBF-SEM were similar to those previously described. The
observation conditions in each tissue block were as follows: acceleration voltage, 1.2—1.5 kV; probe current, 100—-164 pA; size in
pixels, 8,192 x 8,192; X-Y resolution, 6.0-7.2 nm x 6.0-7.2 nm; slice pitch, 100 nm; slice number, 392 or more (Table 1). Each data
stack was aligned using Fiji [22] or DigitalMicrograph software (Gatan, Abingdon, UK). Alignment analyses for some of the data
stacks were conducted after binning. All nerve bundles, each mEGC, and each mECG nucleus observed in these aligned data stacks
were three-dimensionally reconstructed using the IMOD program [15].

SBF-SEM analysis revealed that mEGCs were found as a structural component of nerve bundles and extended the cellular process
along the nerve network (Fig. 1). The nuclei of mEGCs in the lamina propria were abundant in the data stacks from the apical portion
of the intestinal villus and the lateral portion of the intestinal crypt of the ileum, while scarce in the data stack around the crypt base
in all regions and on the luminal side of the descending colon (Table 1). Nuclei of mEGCs were not detected in the data stacks from
the basal portion of the intestinal villus of the ileum or on the luminal side of the cecum (Table 1). One primary cilium was found to
extend from near the centrioles of all mEGCs analyzed in the present study (Supplementary Fig. 2), similar to fibroblast-like cells in
the previous study [24], although that was only slightly exserted from the cellular surface. The extension of the cellular process from
mEGCs into the epithelium and the contact with enteroendocrine cells, both of which is reported in the mouse small intestine [5], was

Table 1. Number of nuclei of mucosal enteric glial cells (mEGCs) in each data stack

. . . Number of

Region Portion Data stack  Slice number mEGC nuclei Rat #

Ileum IVA 1 623 1 1

2 533 2 2

3 580 1 3

IVB 1 600 0 4

2 520 0 2

3 800 0 3

ICL 1 558 3 5

2 672 3 6

3 653 1 3

ICB 1 600 1 1

2 451 0 5

3 659 0 6

Cecum Lu 1 392 0 7

2 521 0 8

3 810 0 9

ICB 1 746 0 7

2 773 1 8

3 504 0 9

3 669 0 9

DC Lu 1 501 0 7

2 601 0 8

3 672 1 9

ICB 1 814 1 7

2 776 0 8

3 651 0 9

IVA, apical portion of intestinal villus; IVB, basal portion of intestinal villus; ICL, lateral
portion of intestinal crypt; Lu, luminal side; DC, descending colon.
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Fig. 1. a: Three-dimensional images of the nerve bundle (gray) and each mucosal enteric glial cell (mEGC) (magenta, yellow, green, blue efc.) in
the lateral portion of the intestinal crypt in the ileum. Bar=10 um. A part of individual mEGCs are shown in panels 1a’—a”. b: Three-dimensional
images of the nerve bundle (gray) and mEGCs (blue, magenta and yellow) in the apical portions of an intestinal villus in the ileum. The cellular
bodies from two mEGCs whose nuclei are at least partially included in the data stack are shown as blue and magenta, whereas the cellular
processes from the mEGCs whose nuclei are not included in the data stack are collectively shown as yellow. Bar=10 pm. Individual mEGC are
shown in panels 1b’-b”. ¢: Ultrastructural image of two mEGCs sheathing a nerve bundle. The magenta mEGC is the same cell as that shown in
panel 1a’, and the blue mEGC is the same cell as that shown in panel 1a”. A cellular process from one mEGC (magenta) extends into the sheath
structure of another mEGC (blue) (arrow). Bar=1 pm. d, e: Ultrastructural image of a nerve bundle with mEGCs (green). mEGCs sheathe the
entire region of a nerve bundle around the lateral portion of the intestinal crypt (d), but hardy sheathe it in the apical portion of the intestinal villus
(e). Bar=1 pum. a—e: Three rats were used to analyze each region, as shown in Table 1.
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never found in the present study despite careful observation.

mEGCs sheathed entire of nerve bundles rather than individual fibers (Fig. 1c, 1d). Overlapping regions were found between those
sheath structures from two mEGCs neighboring each other, and it was also found, though rarely, that a cellular process from one
mEGC extended into the sheath structure of a neighboring mEGC (Fig. 1¢). The formation of a sheath by mEGCs was incomplete
especially in the peripheral region of their cellular processes in all data stacks. In the ileum, the nerve bundle in the apical portion of
the intestinal villus contained a region with scarce or no mEGCs sheath (Fig. 1¢), whereas these regions seemed to be fewer around
the lateral portion of the intestinal crypt (Fig. 1d). Observation of each data stack in which multiple mEGCs were contained revealed
that the territory of the sheath structure from an mEGC were usually overlapped with that from a neighboring mEGC around the
lateral portion of the ileal crypt (Supplementary Fig. 3). However, in the nerve bundle of the apical portion of the intestinal villus,
such overlaps in sheath structures were occasionally absent, leading to the observation of nerve bundles without the sheath structure
of mEGCs in that area (Supplementary Fig. 3). Then, we next tried to quantitatively investigate the regional difference in mEGC
coverage rate of nerve bundles in each region. After selecting two or more images from parts containing one or more nerve bundle
in each data stack at 10 pum intervals, the mEGC coverage rate of the nerve bundle was measured in all cross sections of each nerve
bundle contained in each chosen image with Fiji [22] (Fig. 2a). One of the data stacks in the luminal side of the descending colon
and one of those in the crypt base of the descending colon were excluded from this measurement because they weren’t sufficiently
in focus to trace the outlines of mMEGCs. The results was showed by the combination graph of scatter chart, box plot and violin plot,
which was made with the modified code of geom flat violin.R (https://gist.github.com/dgrtwo/eb7750e74997891d7¢20). As the
result of this histological measurement, the nerve bundle with scarce or no mEGCs sheath were more abundant in the apical portion
of intestinal villus in the ileum than the lateral portion of the intestinal crypt in the ileum (Fig. 2b). Furthermore, the mEGC coverage
level in the luminal side of the cecum was extremely low compared to the other regions, so a large part of each nerve bundle was
not sheathed by mEGCs there (Fig. 2b). The mEGC coverage level in the descending colon showed no distinguishing features, and
was somewhat similar to that in the apical portion of intestinal villus in the ileum (Fig. 2b). Individual differences among rats in this
histological measurement were small in any region (Supplementary Fig. 4).

mEGCs migrate to the intestinal mucosa after birth, and stimulation from microflora stimulates this, at least in the mouse small
intestine [12]. In the present study, mEGCs were more abundantly localized around the crypt orifices in the ileum, whereas they
were quite scarce in the luminal side of the cecal mucosa. This finding suggested that there are mechanisms to delicately regulate
the localization and abundance of mEGCs in each region of the rat intestine. The molecular mechanism underlying glial migration
remains largely unclear. Researches using oligodendrocyte precursor cells have suggested that netrin and semaphorin 3A (SEMA3A)
act as repulsion signals, whereas platelet-derived growth factor o and SEMA3F act as attraction signals, at least for oligodendrocyte
precursor cells [8, 23]. In mice, a strong expression of SEMA3A is reported to be observed in the cecum at 11.5 days of embryonic age
[1]. This high expression of SEMA3A might be involved in the lack of mEGCs in the cecal mucosa, although the regional differences
in SEMA3A expression have been not clarified in adult or neonatal rats. Further study will be needed to investigate the mechanism(s)
underlying regional differences in mEGC development.

Ultrastructural studies of glial cells in the myenteric plexus of the ileum and colon of guinea pig have been reported [7, 9], while the
detailed ultrastructure, including the sheath structure, of mEGCs has not been clarified yet. To the best our knowledge, the present study
is the first to quantitatively investigate the sheath structure of mEGCs in any animal species. SBF-SEM analysis in the present study
revealed that the coverage rate is lower in the apical portion of ileal villus than around the lateral portion of ileal crypt. Indeed, most
parts of the nerve bundles around the lateral portion of the ileal crypt were accompanied by the sheath structure of mEGCs because
the territories of the sheath structures from neighboring mEGCs were usually overlapped with each other, whereas the nerve bundles
without the sheath structure were found in the apical portion of the ileal villus. These findings lead us to hypothesize that neighboring
mEGCs might interact with each other to regulate the level of sheath structure in nerve bundles in each portion of the intestine.
Moreover, the sheath structures formed by mEGCs were extremely incomplete in the luminal side of the cecum. Neurotransmission
in the peripheral autonomic nervous system is believed to occur through a diffusion process from swollen structures along the nerve
fibers called varicosities, rather than through synapses [13]. Therefore, a sheath structure left incomplete by mEGCs might lead to
effective neurotransmission through diffusion. Moreover, in our previous studies, we clarified that the nerve fibers are in contact with
more abundant cells in the apical portions of intestinal villi than around the crypt using same data stacks of SBF-SEM [18], and that
the nerve fibers are widely in contact with fibroblast-like cells and macrophages in the luminal side of the cecum [19]. Thus, the
coverage level by mEGCs seems to inversely correlate with the abundance of contact between nerve fibers and various types of cells
(e.g. fibroblast-like cells and macrophage) in the lamina propria. Given that the nerve fibers in the luminal side of the rat cecum were
frequently in contact with immune cells, especially macrophages [19], the lack of sheath structure by mEGCs there might contribute
to the active regulation of immune cells by the nervous system. These findings suggest that the analysis of sheath structures formed
by mEGCs in nerve bundles would be important in order to interpret the neurotransmission manner in the intestinal mucosa.

The present study provided important data and hypotheses as discussed above, though some points remain unsolved. The number of
mEGCs detected in the data stacks of the large intestine was quite low, so we could not sufficiently clarify the regional differences in
the cellular morphology of mEGCs. The range that can be analyzed with SBF-SEM is usually narrower than those of light microscopy,
including fluorescence microscopy and scanning laser microscopy. Therefore, light microscopy with EGC-specific labeling technology
[4] might be better for elucidating regional differences in the cellular morphology of mEGCs. Another unresolved point is that we
could not elucidate the spatial relationship between the sheath structure by mEGCs and the position of varicosity or the quantity of
vesicles in each nerve fiber because of the following difficulties. First, these data stacks obtained by SBF-SEM included too many
nerve fibers to be analyzed. Second, we took the wide images to broadly analyze the regional difference in mEGCs, but the image
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Fig. 2. a: Method to calculate the coverage rate of a nerve bundle by mucosal enteric glial cells (mEGCs; blue). After tracing the cellular bodies
and the cellular processes of all mEGCs (blue) in the data stacks, both the length of the entire circumference in each cross section of a nerve
bundle (a’, white dashed line) and the length of coverage by mEGCs (a”, red dashed line) are measured with Fiji. The coverage rate by mEGCs
in the nerve bundle is calculated by dividing the length of coverage by mEGCs (a”, red dashed line) by the length of the entire circumference
(a’, white dashed line). Bar=1 um. b: Distribution of the mEGC coverage rate in each cross section of a nerve bundle in the apical portion of the
intestinal villus (IVA), around the lateral portion of the intestinal crypt (ICL) of the ileum, in the luminal side of the mucosa (Lu), around the crypt
base (ICB) in the cecum or the descending colon (D. colon). a, b: Data stacks from three rats were used to calculate the coverage rate in the ileum
and the cecum, whereas data stacks from two rats were used to calculate the coverage rate in the descending colon, as shown in Supplementary
Fig. 4.

resolution resulting from this strategy was insufficient to count vesicles in the nerve fibers throughout the data stacks, as there is a
trade-off between the data size in each image and its resolution. Further study using images with higher magnification will be needed
to clarify the relationships between the sheath structures of mEGCs and varicosities or vesicles in nerve fibers.

In conclusion, the present study revealed regional differences in the localization of mEGCs and in the sheath structures they form
in the rat intestine. The results suggested that the micromilieu in the cecal mucosa is clearly unique in that mEGCs are scarce. The
present results emphasize the importance of understanding the histological features of mEGCs in order to elucidate the mechanisms
of action in the mucosal nerve network.
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