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Embryonic and Fetal Brain

Suk Jin Choi and Jung Ran Kim
Department of Pathology, College of Medicine, Dongguk University, Kyongju, Korea

Cell proliferation and apoptosis account for the major morphogenetic mecha-
nisms during development of the central nervous system. We investigated these processes
in developing human brains. Methods :
Cell proliferation was analysed by classical histology and MIB-1 immunohistochemistry; cell
death was investigated by the TdT-mediated dUTP-biotin nick end labelling method. Results :

Most proliferating cells were observed in the ventricular zone (VZ) in the 3rd-10th week of
gestational age (GA), and in both the VZ and the subventricular zone (SV) in the 19-24th
week of GA. The proliferation index of the VZ was highest in the 8th week of GA and then
decreased as the GA advanced. Apoptotic cells were observed in the VZ as early as the 5th
week of GA. They were also observed in the intermediate zone in the 19-24th week of GA,
although they were significantly lower in amount compared to that in the VZ and SV. Con-
These results suggest that apoptosis occurring early in the embryonic period is
related to a cellular mechanism which selects and determines the cells that are committed to
migration and differentiation during the development of the human brain.

We examined human embryonic and fetal brains.
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Table 1. Age distribution and cause of death of 12 cases of
human embryos and fetuses

GA No. of case Cause of death
3 1 Tubal gestation
5 1 Tubal gestation
6 1 Tubal gestation
7 1 Tubal gestation
8 1 Tubal gestation
9 1 Tubal gestation

10 1 Tubal gestation

19 1 lloC

21 1 |{e]e}

22 1 loc

23 1 lloC

24 1 |{e]e}

GA: Gestational age (week). [IOC: Incompetent internal os of uterine
cervix.
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Fig. 1. Microphotograph of the neural tube at the 3rd week of
gestational age. It consists of inner ventricular (arrow) and outer
mantle zone (m). The marginal zone (open arrow) is acellular,
composed of neurites projected from the neuroblasts in mantle
zone. The neural crest (nc) is formed at the dorsolateral portion of
the neural tube. Somite (s) is also identified.

Fig. 2. (A) At the 3rd week of gestational age, neural canal is
lined by ependymal cells showing several mitotic features
(arrows). (B) Immunohistochemical stain for MIB-1 demonstrates
strong nuclear stain (open arrows) in ependymal layer.
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Fig. 3. Proliferation index according to the gestational age. The
proliferation index was significantly higher at embryonal and
early fetal period (the 3rd-10th week of gestational age (GA)
than that at mid fetal period (the 19-24th week of GA). The ven-
tricular zone of the 8th week of GA shows the highest prolifera-
tion index. Intermediate zone appears at the 10th week of GA.
Mid fetal period is characterized by high proliferation index in
subventricular zone. The intermediate zone shows low but con-
stant proliferating activity.
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Fig. 4. Cell proliferation and apoptotic feature in whole thickness
of dorsomedial portion of telencephalic wall at the 5th week of
gestational age. (A) The ventricular zone (vz) consists of neurob-
lasts, a few of which show mitotic features at the ventricular layer.
The marginal zone (mz) shows loose fibrills admixed with a few
cellular component. (B) Immunohistochemical stain for MIB-1
shows that most of the cells in the ventricular zone are immunore-
active to MIB-1. (C) An apoptotic cell showing an intense signal
in the nucleus (arrow) is demonstrated by TdT-mediated d-UTP-
biotin nick end labelling method.
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Fig. 5. Apoptotic count according to the gestational age in 10 HPFs
(high power fields). The apoptotic cells are observed in ventricu-
lar zone as early as at the 5th week of gestational age (GA). The
apoptotic count is higher in ventricular and subventricular zone
of the 19th-21st week of GA than that of the 22nd-24th week of
GA (p<0.05). In the mid fetal period, intermediate zone shows
low but constant numbers of apoptotic cells.
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Fig. 6. Cell proliferation and apoptotic feature in whole thickness
of telencephalic wall at the 10th week of gestational age (GA).
(A) The cortical plate (cp) composed of 2-3 layers of round to
ovoid cells, is clearly demarcated from the fibril-rich intermediate
zone (im). Loosely fibrilar cell-sparse marginal zone (mz) is also
identified. (B) Immunohistochemical stain for MIB-1 demon-
strates several cells in intermediate zone are positive for MIB-1
(arrow). Compared to that of the 8th week of GA, the proportion
of proliferating cells in ventricular zone is decreased. (C) An
intense signal is observed in the nucleus of a few apoptotic cells
(arrow, TdT-mediated d-UTP-biotin nick end labelling methods)
in the ventricular zone.
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Fig. 7. Single or clusters of apoptotic cells labelled with TdT-
mediated d-UTP-biotin nick end labelling method are observed
mainly in subventricular zone (arrows) at the 21st week of gesta-
tional age.
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