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Differential Cholinergic Phenotypes in

Primary Culture Neurons and Brain In Vivo

Li Yimei, Wang Guoxiang, Wang Yun*
(Institutes of Brain Science Fudan University, Shanghai 200032, China)

Abstract To further understand whether primary cultured cholinergic neurons can be used as a viable cell
model for cholinergic neurons in vitro, we compared differences in proportion of neurons expressed cholinergic bio-
markers and total neurons in cultured neurons cultivated from E18 basal forebrain (BF) and E18 hippocampus (HIP),
and the differences in expression ratio of cholinergic markers between primary culture neurons and brain slices in
the same brain regions. Immunofluorescence was used to detect the proportion of ChAT and p75SNTR (two com-
monly used cholinergic neuron markers) expression in DIV 3 and DIV 21 of cultured neurons of basal forebrain and
hippocampus from E18 fetus, and also in E18 fetus and adult mice in brain slice. Both ChAT and p75NTR showed
high expression ratio in cultured neurons from BF and HIP in DIV 3 and DIV 21. However, there was no expression

of ChAT in hippocampal slices of E18 fetus and adult mice. Therefore, the ratio of neurons expressed cholinergic
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markers in cultured neurons from basal forebrain and hippocampus is inconsistent with in vivo, suggesting that it is

temporarily not feasible to culture primary cholinergic neurons in vitro by using primary neuronal culture methods.

Meanwhile, in addition to immunostaining more techniques and methods are needed to identify cholinergic neurons

in cultured cells.

Keywords

The cholinergic system of neurons plays a key
role in neural modulation of central neural system.
Many researches in recent years have focused on
cholinergic neurons associated with aging and neuro-
degenerative diseases. In early on sel Alzheimer’s pa-
tients, the drop of basal forebrain cholinergic neurons
(BFCNS5) has been deemed to pathological hallmark of
neurodegeneration!' . The most important physiologi-
cal function of cholinergic neurons is releasing acetyl-
choline (ACh). Releasing ACh is also the vital defini-
tion of cholinergic neurons. As long axonal projection
neurons, basal forebrain cholinergic neurons innervate
into hippocampus, neocortex and olfactory cortex,
regulating neural circuits in targeting location areas via
releasing ACh®,

Cholinergic neurons are able to be stained by sev-
eral cholinergic specific biomarkers. Two typical cho-
linergic specific biomarkers; choline acetyltransferase
(ChAT) participates in synthesizing Ach and the low-
affinity receptor for neurotrophins (p75 neurotrophin
receptor, p75NTR) modulates cholinergic phenotype
via binding nerve growth factor (NGF)®7. These spe-
cific cholinergic neuron markers contribute to not only
recognizing cholinergic neurons, but also researching
on pathological morphology and function of choliner-
gic neurons in vivo. One popular method of detecting
cholinergic neurons in situ is immunohistochemistry.
For example, Wu'®! established the colocalization of
FADD immunohistochemistry with ChAT positive neu-
rons in AD and more recently. Lazao™ showed that the
slow reduction of cholinergic cells labeled by ChAT
and p75NTR after axotomy without being accompanied
by death of cholinergic neurons.

However, although the cellular and molecular
of neurodegenerative cholinergic neurons was

investigated during the past two decades, little

cholinergic neuron; basal forebrain; hippocampus; ChAT; p7SNTR; primary neuronal culture

attention has been paid to the research on primary
cultured cholinergic neurons. In this paper we
present that cultivating primary cultured cholinergic
neurons in different culture DIV and compare
difference of cholinergic phenotypes in vivo. Our
results acknowledged that the expression of typical
cholinergic markers, ChAT and p75TNR, in vivo,
was different from those in primary neuron culture in
vitro. Besides, whether these exemplary markers of
cholinergic neurons were able to determine the positive
cultured cholinergic neurons by immunocytochemistry

are questionable.

1 Methods
1.1 Animals

SD (Sprague Dawley) rats and 8 weeks aged WT
C57BL6 mice provided by the Shanghai SLAC Animal
Co Ltd. The animals were housed in a regulated envi-
ronment (22+1) °C with a 12 h light—dark cycle. Food
and water were available ad libitum. All experiments
were carried out in accordance with the local animal
protection law, and approved by the Experimental Ani-
mal Ethics Committee of Fudan University.
1.2 Neurons primary culture

Primary hippocampus and basal forebrain neu-
rons were prepared from embryonic day 18-19 SD
rats. The tissue was bathed in cold HBSS before dis-
section. Then the dissected tissue was digested with
0.05% trypsin-EDTA for 20 min at 37 °C, after that,
terminating enzyme reaction by plating media (80%
DMEM, 10% F12, 10% FBS) with 10% DF12. And
then rinsing twice, cells were counted and plated onto
glass coverslips precoated with 0.1 mg/mL poly-D-ly-
sine. After culturing for 1 day, half of the plating media
were replaced into neuronal culture media NB27 (98%
Neurobasal Media GlutaMax & 2% B27) and fed twice
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weekly. All cells were culture in 5% CO, at 37 °C.

1.3 Fixed tissue preparation, brain slices and
cells immunostaining
1.3.1 Tissue preparation Fetal rats and adult mice
were deeply anesthetized with isoflurane and transcra-
nial heart perfused with 0.01 mol/L sodium phosphate
buffer (PBS) following by 4% paraformaldehyde (PFA)
in 0.1 mol/L sodium phosphate buffer. Mice brains
were post fixed in 4% PFA for one-night at 4 °C, de-
hydrated with 15% (x1) and 30% (%2) sucrose. The
whole brain frozen in tissue freezing medium (Leica)
at —80 °C, and then sliced into 20 or 40 um sections,
adhered to SuperFrost Plus slides (ThermoFisher).
1.3.2 Cultured cells
and the cell glass coverslips were washed immediately
by 0.01 mol/L PBS twice. Cultured cells were post fixed

Culture media were decanted

in 4% PFA for 25 min in room temperature. Slides and
cultured coverslips were washed by 0.01 mol/L PBS.
1.3.3 Immunostaining Both brain tissue and cul-
tured cells were blocked out by 10% normal donkey
serum for 90 min and then incubated first antibodies
(Anti-Choline Acetyltransferase antibody AB144P
Goat 1:500; Anti-p75SNGF Receptor antibody ab8874
Rabbit 1:300; Anti-NeuN Mouse Millipore MAB377
1:500) for one-night at 4 °C. Tissue slices or cultured
coverslips were washed by 0.01 mol/L PBS and incu-
bated second antibodies (Alexa Fluor 488 anti-Rabbit
second antibody; Alexa Fluor 488 anti-mouse second
antibody; Alexa Fluor 555 anti-mouse second anti-
body; Alexa Fluor 555 anti-Goat second antibody; Al-
exa Fluor 647 anti-Goat second antibody; Alexa Fluor
647 anti-Mouse second antibody) 1:500 protected from
light for 2 h at room temperature. Following second
antibodies incubation, brain slices and glass coverslips
washed triple in 0.01 mol/L PBS. Sections and glass
coverslips were covered with Prolong anti-fade re-
agent.
1.4 Imaging

Confocal images were acquired with NIKON air
scanning confocal microscope through a 25x water-
immersion objective and a 60x water-immersion

objective.

1.5 Data Analysis

Confocal images were analyzed by NIKON. Cell
counting was collected by Photoshop and Imagel. All
statistics were analyzed by GraphPad Prism 7. Data
are presented by meantstandard error of the mean
(S.E.M.). The results of comparisons among groups
were statistically evaluated using unpaired Student’s
t-test. Statistical significance levels were set at
P<0.05, and no significant differences (P>0.05) were
abbreviated by ns.

2 Results
2.1 Cholinergic markers expressed both in BF

and HIP primary culture neurons in DIV 3

As discussed previously, basal forebrain cholin-
ergic neurons can be well labeled on the basal fore-
brain tissue by specific markers, ChAT and p75NTR.
Here, we applied immunostaining for detecting pri-
mary cultured neurons that express positive labeled
signals of ChAT and p75NTR. Basal forebrain and
Hippocampus tissues were separated from E18 fetus
and digested by Trypsin-EDTA. Then, we detected
expression of p7SNTR and ChAT at cultured day 3
(DIV 3) of cholinergic primary cultures. As shown in
Fig.1, there were strong p75NTR, ChAT and NeuN
staining signals triple-colocalized in DIV 3. Based
on the approach we used, high colocalization ratio of
p75NTR and ChAT with NeuN in DIV 3 cultured neu-
rons from BF (81.0%=£3.9%, n=329 cells, N=4) and
HIP (78.5%=+3.5%, n=256 cells, N=4). These results
demonstrated that ChAT and p75NTR began to express
tremendously at DIV 3 in primary neuronal culture,
which were defined by cholinergic immunostaining
positive signals.
2.2 Cholinergic markers expressed both in BF
and HIP primary culture neurons in DIV 21

Previous results showed the high expression
level of cholinergic phenotypes in DIV 3 both in BF
and HIP cholinergic cultured neurons. Next, we inves-
tigated mature primary cultured cholinergic neurons
in DIV 21, which were separated from BF and HIP in

E18 fetus. As shown in Fig.2, high colocalization ratio
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Fig.1 Expression of p7SNTR and ChAT in primary cell culture in DIV 3
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of p75NTR and ChAT with NeuN in DIV 21 cultured
neurons from BF (90.9%+5.9%, n=198 cells, N=4)
and HIP (93.3%+6.7%, n=170 cells, N=3) was also
presented in mature primary cultured neurons. Hence,
it was revealed that ChAT and p75NTR still highly ex-
pressed in mature primary cultured neurons.
2.3 Expression of cholinergic markers in basal
forebrain areas but not in hippocampus in E18
fetus

Immunocytochemistry results of BF and HIP
cultured neurons showed that p75NTR and ChAT
expressed broadly in cultivated neurons in DIV 3.
Then, we researched on cholinergic phenotypes in
hippocampus and basal forebrain tissues in E18 fetus.
According to Fig.3, there was no expression of ChAT
in hippocampus but relatively high ratio of positive

cholinergic neurons counting has been showed by

ns

HIP DIV3

ChAT specifically in basal forebrain in E18 fetus (Fig.3,
30.5%=*1.9%, N=3). This result suggested that there
were no ChAT positive neurons in E18 hippocampus
and immunostaining signals of ChAT in basal forebrain
areas and hippocampus formations in E18 fetus tissues
were significantly distinctive.

2.4 Expression of cholinergic markers in basal
forebrain areas but not in hippocampus in adult
mice

Previous results suggested that cultured neurons

(DIV 3 and DIV 21) from basal forebrain and hippo-
campus areas in E18 fetus both showed cholinergic-
immunoreactive neurons, but there were no choliner-
gic neurons in E18 hippocampus in vivo. Finally, we
determined whether ChAT positive neurons existed in
hippocampus in adult animals. The results showed that

whole hippocampus was not discovered any ChAT-
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immunoreative neuronal cell bodies (Fig.4). In the
same animal, the proportion of numbers of ChAT-
immunoreative neurons and total neurons in MS/DB
were 16.9%+6.0% (Fig.4, N=3), and these ChAT posi-
tive neurons projected axons into pyramidal layer of
hippocampus, which converged BF axonal terminals
and branches. This result indicated that proportion of
mature cholinergic neurons numbers were not existed

in hippocampus.

3 Discussion
Cultured neurons dissociated from basal fore-

brain and hippocampus in E18 fetus both showed that
ChAT and p75NTR-immunoreactive neurons existed in
DIV 3 and DIV 21 (Fig.1 and Fig.2). However, we did
not observe any cholinergic positive signals in hippo-
campus in E18 fetus and adult mice in vivo (Fig.3 and
Fig.4). This study offered the evidence that cholinergic
phenotypes in primary cultured neurons by detect-
ing these cholinergic specific biomarkers were not in
agreement with which in animals in vivo.

Some researchers believe that the hippocampus

has intrinsic cholinergic neurons"*'"! but this ChAT
positive neurons emerge in BAC-mice, which genes
combination might disturb normal cholinergic related
genes transcription!!'*!, To date, attempts to confirm
that these neurons co-express the endogenous cholin-
ergic marker ChAT, or release ACh, have been unsuc-
cessful. Based on previous evidence and current data,
we conjecture that these hippocampal intrinsic cholin-
ergic neurons expressed fluorescent proteins, which
under the control of the ChAT promoter, might express
ChAT transiently during cholinergic development in
vivo. But the probability of inaccuracy of transgenic
methods should not be ignored as well.

Because of totally different development cir-
cumstances, culture neurons are hardly to mimic cell
growth process in animal body completely. The study
showed that microglia can regulate differentiation
of embryonic cholinergic neurons!'*. Especially for
the neurons with releasing particular neurotransmit-
ter, primary culture shows inescapable defects. Basal
forebrain area has been regard as collective cholinergic

neurons in brain areas. These projection axonal cholin-



- HgE AR IR SR B RE P 22 SR B RIE SRR A F

1549

ergic neurons innervate their axon fibers into various
brain sub-regions, including hippocampus. In addition,
BFCNs cooperate with other types of neurons in basal
forebrain areas send the admixture projection into hip-
pocampus in order to modulating cognitive activities
in hippocampus!">'7. Hence, cultured cholinergic neu-
rons can help researchers to build up disease models in
vitro, such as Alzheimer’s disease, which correspond
with degeneration of BFCNs. Our results doubted that
ChAT positive neurons could not represent cultured
cholinergic positive neurons absolutely. Another indi-
cation for us was to consider the feasibility of dedif-
ferentiation and regeneration in cultured neurons. It is
not difficult to assume that conclusion the regrowth of
neurite is the course of neuronal regeneration in cul-
ture.

Some experimental methods might help us to
obtain pure and stable BFCNs for culture in vitro.
After digesting brain tissue from E18 fetus, ChAT
immunoreative neurons selected by flow cytometry. But
the neuron regeneration in vitro could not be avoided
even though we select at first. The other solution
is to culture adult cholinergic neurons for reducing
possibility of dedifferentiation and regeneration!'®!. The
problem of livability of adult cultured neurons in vitro
can be fixed via flavoring NGF/BDNF and BMP9!'%-2%
for sake of maturing and maintaining typical phenotype
of cholinergic neurons. Consequently, primary
cultivation of cholinergic neurons is needed further
investigation for classifications and identifications in

variable approaches.

4 Conclusion
Our results acknowledge that the expression of typi-

cal cholinergic markers detected by immunofluorescence
staining, in vivo is different from those in primary
neuron culture in vitro. Besides, exemplary markers
of cholinergic neurons, ChAT and P75NTR, are able
to determine the positive cultured cholinergic neurons
by immunocytochemistry. What were questionable.
Further investigation needs to study on identifying

functional cholinergic neurons in vitro applying valid

methods.
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