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Ex vivo lineage analysis of a single newborn cell in
the slice culture of postnatal rat hippocampus. (“4E%%
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Introduction

New neurons are continuously generated in the hippocampus at the subgranular zone of the dentate
granule cell layer (GCL) throughout life. In the postnatal hippocampus, neurogenesis is a multi-step
and rate-limiting process consisting of the division of a putative multipotent stem/precursor cells
(NSCs), the transient amplification of putative progenitor cells, the selection of surviving cells and
their differentiation into functional neurons. Every step has been presumed to be under the
regulation of various internal and external stimuli such as the local network activities, hippocampal
dependent learning and exposure to the environmental enrichment. Under these circumstances, the
most well known regulatory steps are the rate of proliferation in progenitor cells and the survivability
of newborn neurons. However, the fundamental lineage of newly generated neurons is unknown in
detail on the postnatal neurogenesis. To further investigate how the proliferation and the survival are
regulated, the lineage has to be followed up for an individual progenitor cell since the onset of each
key process of neurogenesis occurs asynchronously.
Methods

We had conceived of the combination paradigm with the retrovirus vector and the organotypic
hippocampal slice culture. Using retrovirus vectors encoding EGFP, we inoculated the
suprapyramidal blade of GCL with these vectors and investigated the lineage of individual progenitors
for up to four weeks in the hippocampal slice culture. At 28 days post-inoculation (DPI), the
phenotypes of the cells were immunohistochemically identified using specific antibodies to cell-type
markers such as HuC/D (pan-neuronal marker), GFAP (astrocyte marker), Prox1 (dentate granule cell
marker) or NeuN (mature neuronal marker).
Results

In the linage analysis, we found that the cells were mostly GFAP-negative in the HuC/D-positive
lineages. As for the proliferation in both lineage groups, the frequency of cell division was higher
during the early DPI period (1-7 and 8-14) than the later (15-21 and 22-28 DPI) with significant
differences. The number of EGFP expressing cells in HuC/D-positive lineage was significantly less
than the expected from the predicted value during the period, while that in GFAP-positive lineage was
almost identical to the prediction. As for the survival, the EGFP-expressing cells were often
untraceable shortly after cell division in the HuC/D-positive lineages. The survival probability in

the HuC/D-positive lineages was significantly smaller than that in the GFAP-positive lineages. We



measured the postmitotic period (defined as the period from the last cell division to the time of
interest) of the untraceable cells in the HuC/D-positive lineages from lineage tree. It distributed
between 2 and 14 days. In addition, we also investigated the lineages of the neuron-like descendants
by using the other markers, Proxl and NeuN. The both Prox1- and NeuN-positive lineages were
similar to HuC/D-positive lineages on the proliferation manner, and also showed that newborn cells
became untraceable in the similar periods (2-10 days).

Discussion

In the present study, no evidence was found that the GFAP-positive cells arose in the
HuC/D-positive lineage. Rather, when one of the descendants was HuC/D-positive, most of the other
cells in the same lineage were also HuC/D-positive. These results suggest the presence of
neuron-generating lineages which are destined to produce neurons, although we have no evidence if
they are derived from multipotent stem/precursor cells or the progenitor cells. Since frequency of
cell division was higher in the early DPI period (1-14 DPI) than in the late (15-28 DPI) in the
HuC/D-positive lineages as well as Prox1- and NeuN-positive, many of the differentiated cells were
produced early DPI period in the neuron-generating lineage. Moreover, the similar postomitotic
period was observed in both neuron-generating lineages. Therefore, it is suggested that a neuron
differentiates into its mature form once it survives this period.

We found that (i) the descendent cells of the neuron-generating lineages were mostly
GFAP-negative, (ii) the newly generated cells became frequently untraceable in the neuron-generating
lineages and (iii) this critical traceability period was 2-14 days. It is suggested that newly generated
neurons differentiate into mature GCL neurons once they survive this period. Our lineage analysis
methods using slice culture system would be advantageous to test several hypotheses concerning these

regulatory mechanisms under experimental manipulations.
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