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ABSTRACT
Large groups of basal-granulated (entero-endocrine) cells occur on the top of villi in the duodenum and
upper jejunum of the human fetus older than five months of gestation. This structure was discovered and described by Segi(1935), hence named Segi's cap. By the immunocytochemical technique, somatostatin-, gastrin- and motilin-producing cells were demonstrated. By electron microscopy, EC, D and S cells were identified in the cap. There were autonomic nerves in the lamina propria adjacent to Segi's cap. No intraepithelial
lymphocytes were found in the villi with Segi's cap.

INTRODUCTION
The gut endocrine cells are usually disseminated among other epithelial cells such as parietal
and chief cells of the gastric gland and enterocytes and goblet cells of the small intestine. 1-3)
Group formation of the gut endocrine cells is believed never to occur, with some exceptions
such as those seen in the lamina propria mucosae of the processus vermiformis. 1,2) However, restricted to a short perinatal period of human life (later than five months of gestation, and shortly
after birth), gut endocrine cells form a large aggregation on the very top of the intestinal villi. 4,5)
This unique structure was first described by Segi (1935)4 (Fig. 1,2); however, as his paper was
written in Japanese with only a short German abstract, his work was not noticed in the West
until recently. Kobayashi, et al. (1980)6) found Segi's old paper and confirmed that there are aggregations of gut endocrine cells containing various gut hormones (neuropeptides) in the human
fetal gut. 7) They proposed the term Segi's cap to name this cellullar structure. 6 ) In the present article the current status of the natural history and cell biology of Segi's cap will be presented.

PROFESSOR M. SEGI
Professor M. Segi was born in 1908 in Nagoya and graduated from the Tokyo Imperial
University Medical School in 1932. He conducted an embryological and histological study of
the "granule-containing cells" in the Anatomy Department of the Tokyo Imperial University
from 1932 to 1935. The subject of the study was suggested by Professor M. Inoue (1879-1959)
for Segi's doctoral thesis. In those days, basal-granulated cells in the intestinal epithelium were
considered to be a single kind of "enterochromaffin cell" which shows a positive chromaffin reaction when treated with potassium dichromate-containing fixative.
After completing his doctoral thesis in the Anatomy Department, Segi was trained in obstetrics and gynecology and became the Director of Maternal and Child Hygiene in the Japanese
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Fig. 1.

Segi's cap on the top of the villus.
From the mid-duodenum of a fetus (crown-rump length: 146 mm. 18 weeks and 4 days of the last mensus.
Male). Fixed in dichromate-formal, and stained by azan method. Although Segi (1935, 1936)4.5) did not
describe nervous and immune systems of the villus, he clearly distinguished several kinds of connective
tissue cells such as subepithelial reticular cells. Segi found erythrocytes in blood capillary and in the intercellular space of the epithelial layer.

Fig. 2.

Segi's cap with 27 nuclei of entero-endocrine cells.
From the duodenum next to the stomach of a fetus (crown-rump length: 230 mm. 31 weeks and 4 days
after the last mensus. Female V) Stained by azan. Goblet cells show a tendency to gather along the fringe
of the dent of Segi's cap.
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Ministry of Health and Welfare in 1940. In 1950 he became a Professor of Public Health at the
Tohoku University Medical School in Sendai, where he spent two decades mostly engaged in the
study of cancer epidemiology. He and his co-workers published five volumes of cancer mortality
statistics including data on 24 countries for the years 1950 to 1965.
Segi retired in 1971 from the post of professor at the Tohoku University and became the
President of the Mizuho Junior College in Nagoya. He continued his study of cancer epidemiology as a research associate at the Aichi Cancer Research Institute in Nagoya and founded the
Segi Institute of Cancer Epidemiology. Segi died of a heart attack on May 8, 1982.

REDISCOVERY OF SEGI'S CAP
Segi's papers on the peculiar colony of basal-granulated cells were published in the 8th and
9th volumes of the Kaibogaku-Zasshi (Acta Anatomica Nipponica) in Tokyo in June 1935 4)
and December 1936,5) respectively. These two Japanese-written papers were accompanied by a
German summary and ample illustrations. However, neither Japanese nor foreign researchers
seemed to pay particular attention to his achievements. Thus the discovery of Segi was destined
to be forgotten by later researchers for 45 years until it was confirmed in 1979.6 )
Segi's discovery was forgotten for many reasons. First, the main circulation of the Kaibogaku-Zasshi was limited even in Japan, and The Japanese text of Segi's papers was impossible
for people in the West to understand. Second, World War II started in 1939 and wartime distress hindered the progress of research in basic medicine such as areas like the morphology of
the intestinal epithelium. Third, the nature and function of basal-granulated cells were unknown
in the 1930s, causing both morphologists and physiologists to have little interest in them.
Fourth, Segi himself moved to the Department of Obstetrics and Gynecology in 1935 and his
scientific interest changed from anatomy to maternal and child health and then to cancer epidemiology.
It was in 1965 that Italian pathologists, Solcia and his co-workers, proposed that gastrin is a
product of G cells in the antro-pyloric mucosa of the stomach. 8• 9) Later, Swiss (Forssmann, et
al., 1969),10) British (Pearse, et al., 1970)11) and Japanese endocrine morphologists (Kobayashi,
et al., 1970)12) confirmed that not only gastrin but also other gut hormones are a product of the
basal-granulated cells. All these authors are in agreement on the point that one of the most
characteristic features of the basal-granulated cells is that they are disseminated among other
epithelial cells, thus they form no cellular group.
In 1975, Kobayashi at the Anatomy Department of the Niigata University Medical School,
encountered Segi's papers. The illustrations shown in these papers were striking to contemporary endocrine morphologists who had believed that basal-granulated cells never formed a cell
nest. Thus the reinvestigation of this unique structure described by Segi was started utilizing
techniques of modern morphologies (Fig. 3-6)
It is certain that Segi examined excellently fixed specimens stained with azan, and clearly distinguished several types of basal-granulated cells with differently colored granules. This observation of Segi was outstanding for those days because in the 1930s the basal-granulated cells were
supposed to belong to one and the same "enterochromaffin cell system" (Clara, 1933).13) Regrettablly, Segi (1935, 1936)4. 5) had the idea that the basal-granulated cells with differently
tinged granule population represented various functional stages of a single kind of enterochromaffin cell. Therefore, he did not notice that the colony of basal-granulated cells at the tip of the
intestinal villus consisted of plural populations of basal-granulated cells secreting different gut
hormones.
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Light microscopic studies of Iwanaga et al. (1980?) have shown that the greater part of the
grouped basal-granulated cells in Segi's cap were argyrophil. About half the argyrophil cells
were argentaffin, indicating that they contained serotonin. By the immunocytochemical technique using specific antisera against various gut hormones, somatostatin-, gastrin- and motilinimmunoreactive cells were identified in Segi's cap. It was also demonstrated that CCK-PZ, secretin- and pancreatic peptide-immunoreactive cells were dispersed in the intestinal epithelium,
but they did not show a tendency to gather on the top of the villi. VIP-, substance P- and insulin-immunoreactive cells were not found in the fetal intestinal epithelium.

Fig. 3.

A low magnification electron micrograph of Segi's cap.
From the duodenum of a human fetus (6 months of gestation). Notice that there are no intraepithelial
lymphocytes in the villus. There are several erythrocytes in the tissue space of the lamina propria mucosae.
It is unknown whether they· represent physiological state or artefactual bleeding during specimen preparation.
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Fig. 4.

A polyethylene-glycol induced cap on the top of the villusY>
This cap contains many goblet cells and a few entero-endocrine cells (arrow, usually difficult to identify).
Degenerated enterocytes appear pale (E). Their nuclei still can be seen (asterisks). G indicates isolated goblet cells.

The ultrastructure of the grouped basal-granulated cells in the Segi's cap in the human fetus
was similar to that of the isolated basal-granulated cells of the adult. 7 ) Ee, D and S cells were
identified (Fig. 5,6). However, many basal-granulated cells in Segi's cap were unclassifiable because of an atypical appearance of their secretory granules.
Ultrastructural features characteristic of those basal-granulated cells in Segi's cap are summarized as follows:
1) The apical pole of the basal-granulated cells in Segi's cap was provided with various cytoplasmic projections. Regularly arranged microvilli were rare, whereas club- or finger-shaped
projections were frequently seen.
2) Many polymorphous lysosomes were dispersed in the cytoplasm of some basal-granulated
cells.
3) Bundles of cytoplasmic microfilaments were abundantly interspersed among the secretory
granules and mitochondria.
4) Large, rounded bodies of moderate election opacity measuring up to 1 !-tm in diameter
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Fig. 5.

A transmission electron micrograph of the top of the villus with Segi's cap.
From the duodenum of a human fetus (6 months of gestation) E: enterocyte. G: goblet cell. Asterisks indicate erythrocytes in the intercellular space in the epithelial layer. Arrows indicate autonomic nerve fiber
bundles.
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Fig. 6.

A transmission electron micrograph showing a basal portion of a Segi's cap.
D(D), EC(EC) and S(S) cells are identified based on the morphology of the secretory granules. Endocrine
cell marked by M is unknown in cell type. In the lamina propria mucosae beneath the Segi's cap, there are
profiles of subepithelial reticular cells (R), capillary endothelial cells (ED) and capillary pericyte (P). The
nerve of the lower half of this picture appears unique; 1) the neuronal terminal in the center contains
many mitochondria (asterisk); 2) there are three profiles of Schwann (glial) cells (SC); and 3) the neuronal
terminal indicated by the arrow contains many lysosome-like bodies.

occurred in the basal cytoplasm. These vacuoles are similar to the precursor-type secretory granules in the precursor and transitional cells in the intestine of human fetus described by Moxey
and Trier. 14 )
Segi4, 5) in his original light microscopic study, clearly illustrated the difference between types
of basal-granulated cells concerning the size, shape and staining property of their secretory granules, though he did not notice that this difference in light microscopic features was due to different gut hormones. The cells that showed strong chromaffin reaction in Segi's preparations
probably correspond to EC cells in electron microscopy, whereas those with rounded blue granules that he recognized in his dichromate-fixed and azan-stained sections are probably D cells.
The other basal-granulated cells illustrated by Segi are still difficult to correlate with ultrastructural and immunocytological classifications. Basal-granulated cells illustrated in yellow or brown
in Segi's original drawing do not necessarily correspond to EC cells, because the yellow to
brown of the azan-stained specimen used by Segi is not due to dichromate but due to orange G
of the staining solution.
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SEGI'S CAP IN EXPERIMENTAL ANIMALS
Segi performed his studies in the human fetus only.4,5) He found characteristic aggregations of
gut endocrine cells in the duodenum and upper jejunum. Thus it has remained unknown
whether or not Segi's cap was present in the fetuses of other mammals.
Yamada and co-workers investigated the occurrence of Segi's cap in cattle and pig fetuses. 15 •16) They showed that Segi's cap also occurs in both of these species of animal fetuses.
Segi's cap in these domestic animals consists mainly of argyrophil basal-granulated cells. By immunocytochemistry, gastrin-, somatostatin-, motilin-, and secretin-containing cells were demonstrated. It is interesting that Yamada et al. found no argentaffin cells (serotonin-secreting EC
cells) in the Segi's cap of cattle and pig fetuses.
Kobayashi and Segi (1984)J7) examined monkey fetuses. Segi's cap is present in monkey fetuses at a later stage of pregnancy. The aggregation of basal-granulated cells mixed with goblet
cells occurs not only in the duodenum and jejunum but also in the ileum and colon. Gastrin-,
CCK-, somatostatin and motiIin-immunoreactive cells were demonstrated in the Segi's cap of
the monkey intestine.
Comparative studies of Segi's cap in various experimental animals facilitate the analysis of its
function and significance in the human fetus.

CELL BIOLOGICAL MECHANISM OF THE FORMATION OF SEGI'S CAP
Segi 5 ) discussed the possibilities that the top of the intestinal villi was a generative spot for the
basal-granulated cells. He suggested that the basal-granulated cells are produced in the tops of
the villi. However, it has been established in several animal species that the lower portion of the
crypts represents the cell proliferation site and that the epithelial cells with the exception of the
Paneth cells move from the crypt toward the villus top.18'20) Therefore, it is unlikely that Segi's
cap is formed by the division of the basal-granulated cells in the vilIus and plays the role of supply-center of the basal-granulated cells during the prenatal life.
It is possible to make Segi's cap-like structure by experimentation. Clarke and Kobayashi 21 )
infused isosmotic (16.9% w/v) polyethylene glycol 4000 solution (PEG) into an isolated sac of
rat upper jejunum. Between 6 and 72 hr after the PEG administration, the villi in the sac became shorter and a unique cellular cap was formed at their top (Fig. 4). This cellular cap was
composed of many goblet cells and a few basal-granulated cells. Therefore, it was suggested that
PEG infusion into the isolated intestinal sac in the rat resulted in severe damage to the enterocytes, whereas goblet cells and basal-granulated cells remained relatively intact. The PEG-induced formation of the peculiar cellular cap can be explained by the disturbance of the healthy
dynamics of the epithelial cells of the intestine. Under normal condition the continuous escalator
movements of the three kinds of intestinal epithelial cells terminate, and the cell loss takes place
at the tip of the intestinal vilIi. However, if the life span of the enterocytes is greatly reduced as
compared with that of the basal-granulated and goblet cells, only goblet and basal-granulated
cells might be able to reach the top of the villi. As a result, the goblet and basal-granulated cells
are assembled at the villus head and form a peculiar cellular cap.
An analogy between Segi's cap in the human fetus and the PEG-induced cellular cap in the
isolated sac of rat small intestine may be possible. J7) It is probable that Segi's cap is closely related to the development of basal-granulated cells and other types of epithelial cells in the gut,
and especially to the peculiarity of their cell cycle in the prenatal period. 20 ) Studies on the kinetics of the intestinal epithelial cells of the human fetus are necessary.
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FUNCTION OF SEGI'S CAP
The functional meaning of the occurrence of Segi's cap in the human fetus remains to be
solved. It is fascinating to speculate that the basal-granulated cells in Segi's cap playa significant
role in the physiology of the human fetus in the later half of pregnancy and in the perinatal
period. In this sense the timing of the disappearance of Segi's cap should be studied. It may be
possible that the timing of the disappearance of Segi's cap is related to lactation. During the
intra-uterine life, fetal intestine produces and stores meconium. On the other hand, after birth
the intestine starts to digest and absorb the mother's milk. Segi's cap may produce a set of hormones needed for the fetal intestine to adjust to the sudden and great change of the luminal
content which must occur in the perinatal period.
The localization of Segi's cap at the very top of the villi seems most favorable for the perception of information in the intestinal lumen. Segi's cap may be receptor-endocrine organ specific
to the later half of pregnancy and perinatal life and function as a monitor of the fetal environment. The fact that basal-granulated cells in Segi's cap are open in type and possess an apical
process that reaches the epithelial surface may provide support for this idea. Segi's cap, as a fetal
sensory organ, receives information from the external environment (i.e., chemical and physical
changes of the intestinal lumen and in turn the amniotic fluid), and transmits it to the target organs such as nerves in the lamina propria mucosae in the form of gut hormones. Studies on the
functional significance of the fetal intestine in the sanitation of the amniotic environment are required. The localization of Segi's cap on the very top of the villus seems most convenient for it
to control the intestinal epithelium in the absorption of amniotic fluid, if this function really
takes place.
Segi4,5) focused his attention on the endocrine cells in the epithelial tissue, hence his description of the histological structure of the connective tissue was not in detail. It is not clear whether
Segi investigated nerves and lymphocytes of the area adjacent to Segi's cap. We have recently
performed an electron microscope study of the lamina propria mucosae of the intestine in the
human fetus. We found numerous autonomic nerves consisting of glial cells and neuronal projections (Fig. 5,6). These nerves formed a network that was entangled with blood vessels of the
core of the villi. However, we found no significant number of lymphocytes, if any, in the lamina
propria mucosae. We found no intraepithelial lymphocytes in the villi that possessed Segi's cap
(Fig. 3,6). Further studies are needed to reveal the significance of the fact that, among the defensive systems of the intestinal villi, cells of the nervous and endocrine systems develop before
those of the immune system. Thus, Segi's cap may provide unique material for the investigation
of the developmental mechanisms of the defensive systems of the human body.
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