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Differences in distribution of the 210 kDa neurofi lament 
subunit and the S-100 protein in the small intestine of a 
human fetus with trisomy 21 and in that of a normal fetus 
of the same age
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                        The enteric nervous system of the small intestine of a 22-week-old male fetus with ABSTRACT                        The enteric nervous system of the small intestine of a 22-week-old male fetus with ABSTRACT
trisomy 21 was examined and compared with gut specimens from a fetus with normal karyo-
type at the same developmental stage. After the therapeutic termination of the pregnancies, 
paraffi n sections and whole-mounts were prepared, which were processed for histology and 
immunohistochemistry, with the use of antibodies against the 210 kDA neurofi lament subunit 
and the glial marker S-100 protein. The reduced length of the small intestine, the histologically 
observed fewer and shorter villi and the frequently appearing pseudostratifi ed epithelium 
indicate an overall delay in the intestinal development in the trisomic fetus. Both the S-100 
protein-immunopositive glial cells and the neurofi lament protein-immunopositive nerve cells 
were distributed differentially in the gut specimens of the trisomic fetus and in the fetus with 
normal karyotype. While the immunohistochemical expression of the S-100 protein differed only 
in the circular axis of the gut wall, the distribution of the neurofi lament protein-immunoreactive 
nerve cells also differed along the longitudinal axis of the gastrointestinal tract. Not only the 
distribution, but also the morphology of the neurofi lament protein-immunoreactive myenteric 
ganglion cells differed in the trisomic fetus as compared with the normal one. The neurofi lament 
protein-immunopositive ganglion cells of the normal fetus possessed lamellar dendrites and one 
long axon, while the ganglion cells of the trisomic fetus did not exhibit special morphological 
characteristics. These observations suggest that the enteric nervous system of the fetus with 
trisomy 21 is involved in the overall delay of the gut development.
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Trisomy 21 is the most common autosomal aneuploidy com-
patible with postnatal survival. It occurs in an average of 1 in 
700 live births (Hassold et al. 1996). The presence of trisomy 
21 is regarded as a signifi cant risk factor for Hirschsprung 
disease (HSCR) and for a spectrum of defects in gastrointes-
tinal motility (Epstein et al. 1991; Holschneider et al. 1994; 
Cohen 1999). In consequence of the wide and variable set of 
clinical features in a given individual, trisomy 21 is viewed 
as a predisposing factor, rather than as a causative factor 
for these diseases (Quinn et al. 1994). The gene catalog of 
chromosome 21 contains at least 10 kinases, 5 cell adhesion 
molecules and a number of transcription factors (Hattori et al. 
2000). It is possible that an extra copy of these genes results 
in an overall delay in intestinal development as a primary 
disorder, and the delayed maturation of the gastrointestinal 
tract may then predispose or contribute to the development of 

disorders such as HSCR, intestinal obstruction or enterocolitis 
in infants with trisomy 21. 

Murine trisomy 16 is accompanied by a complex genetic 
insult similar to that in human beings with segmental trisomy 
21 (Pletcher et al. 2001). Investigations of mice with trisomy 
16 have demonstrated a delayed development in the enteric 
nervous system (ENS) of the stomach and in the intestine 
(Li et al. 2000). We report here on a comparative study of a 
22-week-old male fetus with prenatally diagnosed trisomy 21 
and a normal fetus at the same developmental stage. Histo-
logical features typical of a younger fetal age were revealed 
in the fetus with trisomy 21, suggesting an overall delay in 
the development of the intestine. To establish whether or 
not the ENS was involved in the delayed development, we 
applied immunohistochemistry, using primary antibodies 
against a neurofi lament (NF)  subunit protein and against 
S-100 protein. Both antigens have been widely used to study 
the architecture of the ENS both in normal (Eaker 1997; 
Fekete et al. 1999) and in pathological (Yanagihara et al. 
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1992; Deguchi et al. 1993) cases. It is well documented that 
cytoskeletal proteins such as NF proteins are developmentally 
regulated (Faussone-Pellegrini et al. 1999) and are suitable 
for the morphological characterization of neuronal subgroups 
(Román et al. 2001; Brehmer et al. 2002). These literature 
data indicate that NF proteins are potential markers for the 
study of neuronal disorders or developmental disturbances 
affecting morphologically distinct neuronal subgroups. 

The glial marker S-100 protein furnishes information on 
the distribution of glial cells, which create the local microen-
vironment necessary for neuronal development (Bush et al. 
1998; Giaroni et al. 1998; Fekete et al. 1999). The differences 
in the distribution and morphological appearance of the NF 
and S-100 protein-immunoreactive cells observed in this 
comparative study indicate an intestinal segment-dependent 
impairment in the development of the myenteric ganglion 
cells and the enteric glia in the ENS of the fetus with trisomy 
21. To the best of our knowledge, this is the fi rst reported case 
on a fetus with trisomy 21 with a developmental disorder of 
the ENS.

Materials and Methods

Human samples and tissue handling 

The human study was approved in advance by the University 
Medical Ethical Committee and was performed in accordance 
with the ethical standards laid down in the 1964 Declaration 
of Helsinki. For tissue preparation, the small intestines of the 
fetuses with trisomy 21 or with normal karyotype were ob-
tained immediately following therapeutic abortion performed 
by the laminaria plus Nalador technique after the intrauterine 
death of the fetuses. The crown-rump lengths of the fetuses 
involved in this study were 209 and 212 mm respectively, 
corresponding to gestational week 22. 

The lengths of the unfixed small intestine along the 
unstretched antimesenteric border from the pylorus to the 
ileocecal valve were 81 and 95 cm respectively. Selected 
segments of the small intestine were ligated and distended, 
using a modifi ed Zamboni fi xative (Scheuermann et al. 1987) 
and fi xed overnight at 4°C. The proximal, middle and distal 
segments were selected at 1 and 40 cm distal to the pylorus 
and 3 cm oral to the ileocecal junction, respectively. 

Small pieces were processed for paraffi n sectioning, while 
larger pieces were used for whole-mount preparations. Paraf-
fi n sections were stained with mucicarmine for histological 
observation, while unstained paraffi n sections were incubated 
together with whole-mounts for immunostaining, using the 
avidin-biotin technique (Fekete et al. 1999). Anti-S-100 
protein (Dakopatts Z 311, fi nal dilution 1:400) and anti-NF 
210 kDA subunit (SIGMA clone 52 mo, fi nal dilution 1:200) 
were used as primary antibodies. Specimens were mounted 
in PBS-buffered glycerol and viewed in a Leica DMLB light 
microscope equipped with a Polaroid digital camera.

Results

The small intestine of the 22-week-old human fetus with 
karyotype 47, XY+21 (Fig. 1) was 15% shorter than the small 
intestine of the fetus with normal karyotype at the same de-
velopmental stage. Histologically, fewer and shorter villi were 
observed and pseudostratifi ed epithelium was frequently seen 
on the villous and intervillous epithelium (Fig. 2). 

The S-100 protein immunostaining revealed dense glial 
staining both in the myenteric plexus (MP) and in the sub-
mucous plexus (SP; Fig. 3A,B) throughout the whole length 
of the intestine. However, the S-100 protein staining was 
always restricted to the outer SP in the fetus with trisomy 21 
(Fig. 3B). The number and distribution of the S-100 protein-
immunoreactive cells differed greatly in the MP of the small 
intestines in the two different fetuses under investigation (Fig. 
4A,B). The MP in the fetus with normal karyotype was well 
developed, with large, distinct ganglia (Fig. 4A). The numer-
ous S-100 protein-immunoreactive cells were mostly located 
in the center of the ganglia (Fig. 4A). In the fetus with trisomy 
21, the myenteric ganglia were not distinct (Fig. 4B), and the 
few, but intensely stained glial cells were spread throughout 
the MP (Fig. 4B). 

The specimens from the normal fetuses exhibited intense 
NF immunoreactivity in both the MP and the SP throughout 
the whole length of the small intestine (Fig. 5A), whereas in 
those from the fetus with trisomy 21, the immunostaining was 
restricted to the MP (Fig. 5B). When the distributions of the 
NF-immunoreactive myenteric ganglion cells were compared 
along the longitudinal axis of the small intestine, a uniform 
distribution was revealed in the normal, and a segment-spe-
cifi c different distribution in the trisomic fetal intestine (Fig. 
6A-D). The most proximal segments of both intestines were 
characterized by intense NF immunoreactivity (Fig. 6A,B). 
However, a semiquantitative assessment demonstrated ap-
proximately 50% more NF-immunoreactive ganglion cells 
in this intestinal segment of the normal fetus. The ganglion 
cells were not only more numerous here, but also displayed 
a characteristic neuronal morphology (Fig. 6A), with several 
lamellar dendrites and one axon. 

In contrast the NF-immunoreactive ganglion cells in the 
fetus with trisomy 21 did not exhibit any specialized morpho-
logical character: they had only single axons differentiated. 
Unstained ganglion cells were seen throughout the whole 
length of the small intestine (Fig. 6C) both in the normal and 
the trisomic fetus.

Discussion

The length of the small intestine of the fetus with trisomy 21 
was 81 cm, which corresponds to an 18-week-old (Weaver et 
al. 1991) rather than a 22-week-old fetal intestine, for which 
a length of 95 cm was measured. The histological features in 
the fetus with trisomy 21 were also characteristic of a younger 
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Figure 1. Karyotype of the 22-week-old fetus with trisomy 21 investigated in the present report. Trisomy 21 is indicated by an asterisk.
Figure 2. Mucicarmine-stained paraffi n section of the small intestine of the 22-week-old fetus with trisomy 21. Arrows indicate stratifi ed epi-
thelium. Scale bar: 50 µm
Figure 3. Cross-sections of the paraffi n-embedded small intestines of the 22-week-old human fetuses processed for S-100 protein immuno-
cytochemistry. Stained glial cells (arrows) are seen in both the myenteric plexus (MP) and in the inner (I) and outer (O) submucous plexus of 
the normal human fetus (A). In the trisomic fetus (B), immunoreactive cells (arrows) appeared in the myenteric plexus (MP) and in the outer 
submucous plexus (O). Sm: the submucous layer of the intestinal wall. Scale bars: 40 µm
Figure 4. Whole-mount preparations of the myenteric plexuses from the small intestines of the 22-week-old human fetuses processed for S-100 
protein immunocytochemistry. Most of the S-100 protein-immunoreactive glial cells (arrows) accumulate in the center of the large myenteric 
ganglia (G). Stained cells are not seen in the internodal segments (IS) of the myenteric plexus in the normal fetus (A). Stained glial cells (ar-
rows) in the myenteric plexus of the trisomic fetus (B) are located on the periphery of the ganglia (G), which are not clearly distinct from the 
internodal segments (IS). Scale bars: 15 µm
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Figure 5. Cross-sections of the paraffi n-embedded small intestines of the 22-week-old human fetuses stained with an antibody against the 210 
kDA neurofi lament subunit protein. Stained ganglion cells and fi bers are seen in both the myenteric plexus (arrows) and in the submucous 
plexus (arrowheads) of the normal human fetus (A). In the trisomic fetus (B), intensely stained ganglion cells and fi bers (arrows) were restricted 
to the myenteric plexus. LM: longitudinal muscle, CM: circular muscle, Sm: submucous layer of the intestinal wall Scale bars: 20 µm
Figure 6. Whole-mount preparations of the myenteric plexuses from the small intestines of the 22-week-old human fetuses stained with an 
antibody against the 210 kDA neurofi lament subunit protein. Numerous stained ganglion cells in the most proximal segment of the small 
intestine of the normal fetus (A) exhibit a characteristic neuronal morphology, with lamellar dendrites and one axon. Several stained ganglion 
cells (arrows) are seen in the most proximal segments of the small intestine of the trisomic fetus (B); these ganglion cells did not indicate a 
defi nite morphological type. No immunoreactive neurons are seen in the middle segment of the small intestine of the trisomic fetus (C). Aster-
isks indicate unstained ganglion cells. Several stained cells (arrow) and fi bers are seen in the most distal segment of the small intestine of the 
trisomic fetus. Asterisks indicate unstained ganglion cells. Scale bars represent 10 µm in A and B, 15 µm in C and D.
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fetal age (Klein 1989), indicating a severe growth impairment 
and an overall delay in the development of the gastrointestinal 
system. To determine whether or not the ENS was involved in 
the developmental impairment revealed in the small intestine 
of the fetus with trisomy 21, we looked for cytoskeletal mark-
ers that indicate the degree of differentiation attained by the 
glial and neuronal cells by week 22 of gestation. Cytoskeletal 
proteins gradually accumulate in the cells in parallel with the 
organization of the cytoskeletal structures which mediate the 
important neural events, including the growth of the nerve 
processes and the initiation of axonal transport (Lasek et 
al. 1983). Immature cells in the mouse (Faussone-Pellegrini 
1999) and in the human (Eaker et al. 1993) intestine express 
α-internexin and peripherin, while the expression of differ-
ent NF subunits is related to neuronal differentiation (Bishop 
et al. 1985; Eaker et al. 1990). Accordingly, α–internexin 
may be considered a good marker for neuronal immaturity, 
while NF subunit proteins may be good markers for neuronal 
maturity. We chose the NF 210 kDA subunit protein in the 
present comparative study. Although, NF immunostaining 
demonstrates only a minority of the total enteric neuronal 
population (Brehmer et al. 2002), the suitability of NF im-
munohistochemistry for the study of morphologically defi ned 
neuron types (Román et al. 2001; Brehmer et al. 2002) makes 
it an appropriate tool with which to distinguish between 
neurons via the level of morphological maturity and hence 
to confi rm delayed neuronal differentiation. 

Our previous results (Fekete et al. 1995) led us to utilize 
S-100 protein immunoreactivity as a glial marker in the small 
intestine of the trisomic fetus and in the fetus with normal 
karyotype. Differences in immunohistochemical expression 
were revealed in both the glial marker S-100 protein and 
the neuronal marker NF 210kDA subunit. As concerns the 
circular axis of the intestine, the S-100 protein-immunore-
active glial cells were restricted to the outer SP located near 
the circular layer of the external muscle (Timmermans et 
al. 2001), whereas in the intestine of the normal fetus the 
S-100 protein-immunoreactive cells were widely distributed 
throughout the whole thickness of the submucous layer. 

The NF-immunoreactive nerve cells displayed a different 
distribution not only in the circular axis, but also along the 
longitudinal axis of the small intestine. The segment-specifi c 
differences in NF subunit staining may be consequences of the 
close temporal and spatial interrelationship between the gut 
growth and neural maturation. It is well established (Bagyán-
szki et al. 2002) that the histodifferentiation of the human gut 
proceeds in an oro-anal wave that is met by an anal-oro wave, 
which results in a developmentally advanced environment in 
the foregut and in the hindgut relative to that encountered in 
the midgut. In the present case, in which the presence of 21 
trisomy resulted in an overall growth impairment, the level 
of development of the middle segment was much behind 
that of the normal intestine, none of the ganglion cells in 

this part of the intestine exhibiting NF immunoreactivity. 
The immunohistochemical expression of NF did not reveal a 
difference only in the distribution of the NF-immunoreactive 
neurons: the stained cells in the trisomic and in the normal 
fetal intestine also differed in their morphology. Numerous 
immunoreactive ganglion cells in the most proximal seg-
ment of the small intestine of the normal fetus demonstrated 
the morphology of the typical type I neurons in the Stach 
classifi cation (Stach 1989); in contrast, the ganglion cells in 
the trisomic fetus did not reach this level of morphological 
differentiation, and also failed to express immunoreactivity 
against neuronal markers such as NF protein.

These observations indicate that not only the intestinal 
wall, but also the ENS is involved in the overall delay of the 
development of the gastrointestinal tract in the fetus with 
trisomy 21. The delayed development of the ENS may lead 
to symptoms of HSCR, intestinal obstruction or enterocolitis 
in infants with trisomy 21.
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