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Further evidence for the presence of subepithelial nerve cells in
the rat ileum—an immunohistochemical study
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Earlier we observed electronmicroscopically an unidentified but neuron-like subepithelial
cell in the crypts of the rat ileum. We have now studied some immunocytochemical
characteristics of similar cells in the fluorescence microscope by indirect immunofluores-
cence. Three markers for neuronal tissues were used: 1) Monoclonal Thy-1-antibodies,
demonstrated previously to recognize surface antigens of thymus-derived cells and ner-
vous tissue; 2) Tetatus toxin, which binds to the Gy, ganglioside receptor of nerve cells,
and to some other neuronal receptor; and 3) Anti-Protein I-IgG, which is monospecific for
Protein I located in synaptic vesicle membranes. The various antisera used for secondary
incubations all reacted with leucocytes and other connective tissue cells in the villous
cores. When the specific primary antisera of Thy-1 and Protein I, and tetanus toxin, were
included, a small number of spindle-shaped cells with two processes, extending just
beneath the basal lamina of the epithelium, was observed. These cells had a similar
location and appearance as the neuron-like cells observed electronmicroscopically and
may be identical with these cells. These results give further evidence that cells with

neuron-like characteristics are present in the mucous layer of the small intestine.
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Earlier we have reported the electronmicroscopical
observation of an unidentified, but neuron-like, cell
in the rat ileal mucosa (Newson et al. 1979, 1982).
This type of cell has not, to our knowledge, been
described earlier. It is rather small, elongated, and
located just outside the basal lamina of the mucosal
epithelium in the crypts. The nucleus is rather
sparse in chromatin, but the nucleolus is promi-
nent. The cytoplasm is light but with abundant
ribosomes and gER, and extend into the two major
processes observed (see Newson et al. 1979, 1982).
A few electron-dense large organelles are present.
Many nerve processes and terminals are found
close to the cell, and occasional synapse-like mem-
brane-specializations have been observed.
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In order to obtain further evidence for the possi-
ble neuronal character of this type of cell, the pres-
ent cytochemical study was undertaken. We have
attempted to make use of three markers considered
to be relatively specific for neuronal tissues, Thy-1-
antibodies, tetanus toxin (TeTox), and Protein I-
antibodies.

MATERIAL AND METHODS

Male Sprague-Dawley rats (200 g) were used. The rats
were anesthesized with Nembuthal (50 mg/kg i.p.) and
perfusion-fixed with 100 ml of bodywarm Ringer solution,
followed by 250 ml of ice-cold 4 % formaldehyde in PBS,
pH 7.3. Parts of the ileum (where the original observation
was made) were dissected out, postfixed in the same
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Fig. 1. Cryostat section of rat ileum, incubated with monoclonal antibodies to Thy-1 (1:200) and as second antiserum
rabbit anti-mouse IgG-FITC (1:10). Some labelled leucocyte-like cells can be seen in the villous core top right. In the
crypts, only few such cells are seen, but they are unspecifically stained and appear when only the secondary incubation
was made. When Thy-1 antiserum was added small bipolar cells were seen close to the crypt epithelium (arrow).
Fluorescence micrograph X 120. Inlet shows higher magnification of another Thy-1-positive cell (x250).

fixative for 3 h, rinsed for 12 h in PBS with 5 % sucrose for
cryoprotection. Cryostat sections (10 pm) were placed on
gelatin-coated slides and stored at —20°C until incubated.

The following substances were used for incubation: 1.
Monoclonal antibodies against Thy-1 antigen. This anti-
gen is a surface antigen, considered to be specific for
thymus-derived cells and for neuronal tissues (cf. Barclay
& Hydén 1978). It was used in dilutions of 1:200. As
second antibody rabbit antimouse IgG, labelled with
FITC, was used in dilution 1:10. 2, Crude TeTox (260
1U/ml) was used in dilution 1:100 or 1:200. The bound
toxin was localized by a second incubation with homo
anti-tetanus serum in dilution 1:200, and FITC-conjugat-
ed rabbit anti-homo-IgG was then used to localize the
bound homo IgG. As controls, series of incubations where
TeTox and/or human anti-TeTox serum were excluded
were carried out. 3. The IgG fraction of Anti-Protein I-
antiserum, produced in rabbits, was purified by affinity
chromatography, as described earlier (Naito & Ueda
1981), and used in dilutions of 1: 100 or 1:200. As second
antibody FITC-conjugated swine antirabbit IgG, dilution
1:10, was used.

TeTox and homoanti-tetanus serum were obtained from
SBL (Stockholm, Sweden). All other antisera, except for
anti-Protein [ (see above) were purchased from Dakopatts
(Copenhagen, Denmark). Incubations with the FITC-la-
belled antisera were carried out for 1 h at 37°C, while all
other incubations were carried out at +4°C overnight.
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RESULTS

The gastrointestinal mucosa is a tissue which con-
tains many cell types which bind immunoglobulins
unspecifically, due to the electrical changes of their
cell membranes, or to the presence of Fc-compo-
nents on their surface (cf. Brandtzaeg 1973, 1974).
It was therefore of utmost importance to compare
results with the ‘‘specific markers’ with the picture
obtained when these markers were excluded.

Anti Thy-1. This monoclonal antibody is di-
rected towards the Thy-1 antigen which is consid-
ered to be present on the surface of thymusderived
cells and of neurons (cf. Barclay & Hydén 1978).
The cell types visualized with this marker were 1) a
large number of connective tissue cells in the core
of the villi, and 2) a few small elongated cells just
beneath the basal lamina of the crypt epithelium
(Fig. 1). These cells covered approximately the
base of 2-3 intestinocytes and had the same appear-
ance as the cells observed in the electron micro-
scope earlier. Also fibroblasts may have this ap-
pearance, however, and Broches et al. (1977) have
observed that rat fibroblasts may be Thy-1-positive
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Fig. 2. (a) Cryostat section of rat ileum incubated with tetanus toxin (2.6 IU/ml), then
with homo anti-tetanus antiserum (1 : 200) and finally with rabbit anti-homo-IgG-FITC.
Three spindle-shaped cells with specific fluorescence (they were not observed if
tetanus toxin was excluded) are observed (arrows) in the crypts, close to the base of the
epithelium. () Higher magnification of the middte cell, showing a more homogenous
fluorescence near the poles. The high background fluorescence is mainly due to the
incubation with homo anti-TeTox. Magnifications 120 X and 250 x, respectively.

in cultures. On the other hand fibroblasts are more
numerous than the cells of interest in this study,
and therefore it seems highly unlikely that the rath-
er few cells observed are fibroblasts.

Tetanus toxin. Incubation with secondary anti-
sera only always resulted in a varying number of
brightly fluorescent cells in the connective tissue,
especially in the stroma of the villi. The homo anti-
tetanus serum gave the highest background fluores-
cence and many leucocytes (with segmented nu-
clei), demonstrated a strong fluorescence. The dif-
ference between the control sections (incubated
with the two antisera only) and the TeTox incubat-
ed sections was the presence of a few small flat,
spindle-shaped cells, labelled by the toxin. These
cells were observed immediately beneath the basal
lamina, and corresponded in appearance to the cells
observed electronmicroscopically (Fig. 2a). These
cells were mainly located in the crypts, and were

only occasionally observed in the villi, where a
great abundance of the leucocyte-like cells was
found (Fig. 2 b). The sera did not contain Triton X-
100, because it is known that TeTox binds to a
surface ganglioside (Gpy) receptor (cf. van Heynin-
gen 1974, Zimmermann & Piffaretti 1977). Thus,
the toxin or the antisera did not need to traverse
any membranes. The fluorescence picture of these
small, flat cells was that the entire surface appeared
to be covered with label. The toxin should also
have labelled nerve terminals, since these are rich
in Gy receptors (cf. Stoeckel et al. 1977). Howev-
er, only rarely labelled nerve fibres were detected.

Anti-Protein I IgG. Protein I is a neuron specific,
synapse specific antigen, which serves as an endo-
genous substrate for cAMP-activated and calcium-
activated protein kinases (Ueda et al. 1973,
Krueger et al. 1977). It is highly localized in the
synaptic region, particularly on synaptic vesicles
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Fig. 3. Crypt and part of a villus in cryostat-section of rat ileum, incubated with anti-
protein I-IgG (1:200) and swine antirabbit IgG-FITC (1:10). Many leucocytes with
weak yellowish autofluorescence are seen, and a few delicate specifically labelled
nerve terminals (—). In the center of the picture a spindle-shaped cell is observed close
to the base of the epithelium. (»). Magnification 120 x.

(Bloom et al. 1979, DeCamilli et al. 1979, Ueda et
al. 1979). It was used in this study because of its
specificity for nerves. Many varicose nerve-fibres
were observed, using the antiserum (Fig. 3). In
addition to nerve fibres, we also observed a few
rather weakly, but specifically fluorescent, elongat-
ed cells under the crypt epithelium. Only few leuco-
cytes were unspecifically labelled by the swine anti-
rabbit-FITC serum alone. The Protein I-positive
cells had an appearance similar to that of the cells
seen with the two other antisera. The distribution of
fluorescence over the cells was not homogenous. A
lot of small patches, densely distributed over the
cell membrane, appeared to constitute the fluores-
cence picture. One may speculate, if these patches
represent efferent boutons, filled with synaptic
vesicles. Immunocytochemistry at the ultrastruc-
tural level will elucidate this question.

DISCUSSION

The three markers used in this study are considered
to label nervous tissues in different ways. TeTox
binds to Gr,, gangliosides of the nerve membrane,
but also to some other, as yet unidentified neuronal
receptors (cf. Zimmerman & Piffaretti 1977,
Stoeckel et al. 1977). In living tissue TeTox is inter-
nalized after binding to the cell membrane, and can
then be transported intraneuronally. In fixed tis-
sues the toxin stays bound to the membrane.

The Thy-1-antigen has been demonstrated to be
located to thymusderived cells and to nervous tis-
sue (cf. Barclay & Hydén 1978) and could therefore
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be expected to recognize the small flat neuron-like
cells earlier observed electronmicroscopically, if
these were neuronal in nature. However, this anti-
serum would label the cells also if they were flat
thymocytes, which would be quite feasable in this
particular location, since the gut is rich in cells of
the immune system.

The third marker, the Protein I-antiserum, has
been shown to label synaptic nerve endings and
more specifically synaptic vesicles generally
(Bloom et al. 1979). Positivity for anti-Protein I
would therefore indicate the presence of synaptic
vesicles or granules in or on the surface of the cell.
The Protein I positive cells observed here had an
appearance similar to that of the Thy-1 and TeTox
positive cells, located just beneath the basal lamina
of the epithelium. The cells observed in the elec-
tronmicroscope had rather few organelles (Newson
et al. 1979, 1982) and definitely too few synaptic
vesicle-like structures to allow for the medium flu-
orescence intensity observed in this study. Howev-
er, the Protein I-like antigen observed could be
located to the gER or to the Golgi, under synthesis
or packing for export out into the processes. Alter-
natively, synaptic boutons ending on this cell could
give the observed pattern of fluorescence.

The three markers used all labelled the same type
of flat small subepithelial cell similar to the one
observed in the electron microscope. This gives
support to our suggestion that this cell may be a
subepithelial nerve cell, but cannot be regarded
conclusive evidence. Immunocytochemical studies
at the ultrastructural level will yield further infor-
mation.
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