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Hypothalamic Cell Lines
CELLutions Biosystems offers a unique line of phenotypically different clones generated from:
Adult Mouse Hypothalamic cells 23 cell lines designated mHypoA-xx (Cat. # CLU172 - CLU194)
Embryonic Mouse Hypothalamic cells 38 cell lines designated mHypoE-xx (Cat. # CLU101 - CLU139)
Embryonic Rat Hypothalamic cells 22 cell lines designated rHypoE-xx (Cat. # CLU201 - CLU222)
Based on a proprietary platform technology, these hypothalamic neuronal cell lines have been created by immortalizing hypothalamic primary 
cultures using retroviral transfer of SV40 T-Ag. These cell lines have been found to express an ever expanding array of neuropeptides, enzymatic 
markers and biologically active receptors including: Neuropeptide Y, Oxytocin, POMC, Ghrelin, Metastatin/Kisspeptin, Arg Vasopressin, Leptin 
Receptor (ObRb), GHS-R, Estrogen alpha and beta Receptors, Serotonin Receptor and Neurotensin.

Hippocampal Cell lines
This line of embryonic mouse hippocampal cell lines was derived in a similar fashion as described for the embryonic  
hypothalamic lines resulting in four phenotypcially distinct cell lines as characterized below.

Pituitary Cell Lines

22 phenotypically different cell lines designated mPitA-xx 
(Cat. # CLU401-CLU423) 
This line of adult mouse pituitary cell lines is based on a proprietary platform 
technology which has enabled the creation of 19 mixed cell cultures that contain  
cells from particular pituitary cell lineages, as determined by RT-PCR analysis and  
immunocytochemistry for specific hormones. Pituitary cell cultures have been 
immortalized from fully differentiated adult mouse pituitary cell culture  
(C57Bl/6; female) by retroviral transfer of SV40 T-Ag.

The hypothalamic, hippocampal and pituitary cell lines are easy to culture, have efficient transfection rates (the embryonic 
cells more so than the adult cells) and have robust gene and protein expression.  As such, these cell lines enable accurate 
in vitro assays for use in the discovery, development and validation of new therapeutics targeted to central-nervous system 
diseases and disorders, including: obesity, stress, reproduction and metabolic disorders, amongst others.

Cat. #	 CLU196	 CLU197	 CLU198	 CLU199
Marker	 mHippoE-2	 mHippoE-5	 mHippoE-14	 mHippoE-18
Estrogen Receptor alpha (ER alpha)	 +	 +	 +	 +
Estrogen Receptor beta (ER beta)	 +	 +	 +	 +
Androgen Receptor (AR)	 -	 -	 +	 -
Growth Hormone Secretagogue Receptor (GHSR)	 weak	 weak	 +	 weak
Insulin Receptor (IR)	 +	 +	 +	 +
Neuropeptide Y (NPY)	 +	 +	 +	 +
ProGlucagon	 -	 -	 -	 -
Leptin / Obese Receptor (OBRb)	 weak	 weak	 +	 +
Brain-Derived Neurotrophic Factor (BDNF)	 +	 +	 +	 +
Brain-Derived Neurotrophic Factor Receptor (BDNF R)	 +	 +	 strong	 +
Spermiogenesis -specific transcript (SSTY)	 +	 +	 -	 +

Motor Neuron-Like (Mouse) cell line (NSC-34) Cat. # CLU140

Oligodendrocytic (Glial) (Human) cell line (MO3.13) Cat. # CLU301

Ovarian Cancer cell line (HEY) Cat. # CLU302

Other cell lines available include:

mPitA-14 cell line 
– Prolactin (PRL)

mPitA-15 cell line 
– Oxytocin (OXT)

Neuronal Cell Lines from

Platforms for Neurobiology



Summary
The use of neuronal cell lines to study the intricacies of 

brain cell biology and function has proved invaluable. We 
have successfully used immortalized hypothalamic cell lines 
to study functional aspects of neuronal cell biology and signal 
transduction at the level of the hypothalamus, a vital part of 
the central nervous system that harbours control systems 
implicated in regulating a wide range of homeostatic processes, 
including feeding, stress, circadian rhythms, and reproduction. 
Structurally, the hypothalamus is a complex neuroendocrine 
tissue composed of a multitude of unique neuronal cell types 
that express a number of neuromodulators including hormones, 
classic neurotransmitters, and specific neuropeptides that 
play a critical role in mediating hypothalamic function. However, 
neuropeptide and receptor gene expression, second messenger 
activation, electrophysiological, and secretory properties of 
these hypothalamic neurons are not yet fully defined. This is 
primarily due to the heterogeneity and complex neuronal 
architecture of the neuroendocrine hypothalamus, making 
these studies challenging to perform in vivo. To circumvent this 
problem, our research group has generated embryonic- and 
adult-derived hypothalamic neuronal cell models by utilizing 
the novel molecular techniques of ciliary neurotrophic factor-
induced neurogenesis and SV40 T-Antigen transfer into primary 
hypothalamic neuronal cell cultures. Significant research has 
been performed with these cell lines demonstrating their value 
as a potential tool to conduct molecular genetic analysis of 
hypothalamic neuronal function. These cell models can be used 
for more general aspects of neuronal function as well. This review 
discusses the generation and use of hypothalamic cell models to 
study central mechanisms underlying neuroendocrine function.

Introduction
Over the past two decades obesity has become a 

pandemic affecting millions of people globally. Obesity-
related complications such as type 2 diabetes, hypertension, 
atherosclerosis, stroke and heart disease contribute to the 
global burden of chronic disease and disability, and increase 
mortality risks among all age groups in the human population. 

Enhanced intake of high calorie food and beverage coupled 
with sedentary and stressful life-styles, as well as significant 
contributions of genetic factors, seem to be responsible for the 
dysregulation of energy balance that leads to the development 
of obesity (2, 12). Energy balance is largely regulated by the central 
nervous system (CNS) via a homeostatic system. Research 
over the past 20 years has attempted to clarify neuronal 
pathways, neuropeptides, neurotransmitters and modulators, 
and signal transduction mechanisms, which participate in the 
cycle of appetite regulation and energy balance. A primary 
central nervous site for control of energy homeostasis is the 
hypothalamus, which consists of neurons that control central 
neuroendocrine function, including, but not limited to, energy 
homeostasis. 

The hypothalamus is responsible for maintaining physiological 
homeostasis for some of our most vital and basic needs (Figure 1). 
To achieve this task, the hypothalamus receives input about 
the state of the body from numerous sources and is capable of 
initiating compensatory changes if any physiological variables 
stray from homeostatic levels. These inputs include: 1) retinal 
inputs that innervate the superchiasmatic nucleus to regulate 
circadian rhythms; 2) limbic structures, including the amygdala, 
hippocampus and olfactory cortex that project to hypothalamic 
nuclei to regulate feeding, stress and reproductive behavior;  
3) the nucleus of the solitary tract (NTS) collects information 
from the vagus nerve regarding blood pressure, gut motility 
and respiration and this information is relayed to numerous

And so the big neuron said to the little neuron…
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 hypothalamic nuclei; and 4) finally, endocrine hormones derived 
from peripheral organs responsible for energy homeostasis, 
growth, stress and reproduction regulate the hypothalamus 
either directly through hypothalamic circumventricular 
structures that are deficient of the blood brain barrier (BBB) or are 
transported across the BBB via hormone specific transporters. 
Disturbance to any hypothalamic inputs or to the delicate 
homeostatic mechanisms maintained by the hypothalamus 
can lead to a number of detrimental health concerns including 
obesity and diabetes  . 

Original experiments studying feeding and satiety in the 
hypothalamus included the stimulation or lesion of specific 
hypothalamic nuclei (43). As a result, some 
of these nuclei were viewed as ‘feeding’ 
or ‘satiety’ centers. However, as our 
knowledge expanded, studies revealed 
that these feeding and satiety centers 
were comprised of a complex array of 
distinct neuronal populations, expressing 
a specific complement of neuropeptides, 
neurotransmitters and receptors that 
regulate energy homeostasis (20). These 
neuronal populations are regulated by 
peripheral signals to maintain a balance 
in feeding and energy homeostasis. The 
recognition of distinct neuronal populations responsible for 
feeding regulation, calls for new methods and tools to study 
the molecular biology of these individual neurons. Developing 
a thorough understanding of the underlying cellular events and 
transcriptional regulation of unique peptidergic neurons from 
the hypothalamus is essential in order to understand how the 
brain achieves its diverse control of basic physiology. However, 
the cellular mechanisms involved in this process are poorly 
understood due to the complex circuitry of the hypothalamus 
and the lack of appropriate cell models available. Classical 
in vivo approaches have been instrumental in establishing 
synaptic connectivity between distinct hypothalamic nuclei 
and the functional purpose of numerous neuropeptides and 
neurotransmitters (19, 28). However, in vivo techniques cannot 
firmly establish the direct action of an agent on specific 
hypothalamic neurons and cellular events. Non-transformed 
primary hypothalamic cultures are difficult to maintain, have 
a short life span and represent a heterogeneous population of 
neurons and glial cells. For this reason, researchers have turned 
to immortalized, clonal cell lines to generate a comprehensive 
picture of the molecular biology involved with the regulation 
of specific neuroendocrine hypothalamic neurons. Cell lines 
representative of the central nervous system (CNS) have 
previously been established from neuroblastomas (Neuro2A) 
and pheochromocytomas (PC12); however, these models are 
not truly representative of fully differentiated CNS neurons. As 
of 2004, few cell models existed that were representative of the 
hypothalamus and proved to be useful in understanding the 
molecular biology of specific peptidergic hypothalamic cells (18, 

40, 48). The paucity of cell models available to study the specific 

biology of neuroendocrine cells prompted our lab to generate 
an array of immortalized cell models from the hypothalamus (4). 
Each clonal cell model has distinct cell morphology and genetic 
markers, suggesting they represent a unique cell type from 
the diverse neuronal population of the hypothalamus. These 
cell lines have proven to be indispensable in providing novel 
information on intracellular signaling cascades, transcriptional 
mechanisms and the secretory events involved with both 
feeding regulation and energy homeostasis.

It is evident that the anatomical structure of the hypothalamus 
is well characterized and much research has been performed 
to delineate the function of the hypothalamic regions and 

nuclei. However, the precise function 
and contribution of individual neuronal 
subtypes to the regulation of energy 
homeostasis is still unclear. Although 
the original stimulation and lesioning 
experiments concluded that some of 
the hypothalamic nuclei act as hunger 
and satiety centers, it has recently 
become clear that hypothalamic 
nuclei are comprised of a complex 
array of distinct neuronal populations, 
expressing a specific complement of 
neuropeptides, neurotransmitters, and 

receptors that are involved in the regulation of many vital 
functions (20). A detailed characterization and understanding 
of native individual neurons from each hypothalamic nucleus 
will help to determine the neuronal subtypes responsible for 
regulating specific physiological processes.

Embryonic and Adult Hypothalamic 
Neuronal Cell Models to Study 
Hypothalamic Function

Structurally, the hypothalamus consists of a multitude of fully 
differentiated functional neurons regulating many vital functions 
that include energy homeostasis (20). These hypothalamic 
neurons express neuropeptides that are controlled by 
internal as well as external stimuli (20). The mechanistic studies 
of neuropeptide gene regulation and signal transduction 
events occurring in these hypothalamic neurons are quite 
challenging to perform in vivo due to the complex anatomy of 
the hypothalamus. Old methods and manipulations, such as 
bilateral stereotactic or electrical stimulation or lesioning, were 
used to study the functions of specific hypothalamic nuclei; 
however these methods could typically stimulate or destroy 
a wide range of hypothalamic neuronal subtypes as well as 
activate or disrupt afferent or efferent neuronal terminals, 
thereby producing erroneous results. Also, classical in vivo 
approaches cannot be used to investigate any direct effect 
of an agent on specific hypothalamic neuronal subtypes, or 
on neuropeptide gene transcription, synthesis, or secretion, 
largely due to the multitude of synaptic inputs received from 
other adjacent neurons. Although rodent genetic models have 
recently been used to examine the consequences of eliminating 
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neuropeptides or ablating neurons that endogenously express 
these neuropeptides, these models have limitations due to 
the challenges in creating hypothalamus-specific knockouts. 
On the contrary, the use of established cell lines, derived 
from hypothalamic tumours or immortalized from primary 
cultures, provides a simpler model that lacks the complexity 
and integrated network of neuronal inputs, connections, and 
signalling, and makes it feasible to investigate those areas 
found to be challenging to investigate in vivo. Immortalized cell 
lines represent an unlimited homogeneous, clonal population 
of specific neuronal cell types and can be maintained in a 
controlled environment with fewer uncontrolled variables 
contrary to in vivo models. Another advantage is that cell lines 
can be screened and different neuronal phenotypes can be 
used to investigate the expression of specific genes or proteins, 
which is difficult to perform in vivo due to the numerous 
neuronal phenotypes present in a given hypothalamic region. 
For all of these reasons, scientists have been generating and 
using immortalized cell models but have 
been met with limited success over the 
last 30 years (8, 15). Using a similar technology 
of retroviral transfer of SV40 T-Antigen (8), 
our laboratory successfully generated an 
array of immortalized cell models from 
the mouse embryonic hypothalamus (4). 
Many of these clonal cell models express 
specific neuropeptides and receptors, and 
have been extensively used in scientific 
laboratories worldwide [for review see (3, 21, 38)].  Although these 
embryonic hypothalamic models are extremely useful in 
understanding cellular biology of specific neuroendocrine cells, 
it is imperative to know whether these embryonic neurons 
differ from adult neurons in the basic control mechanisms 
involved in neuronal function. Unlike embryonic cells which 
are proliferating, immortalization of fully differentiated, non-
proliferating adult hypothalamic neurons seemed impossible, 
since immortalization using SV40 T-antigen transfer can be 
achieved only in proliferating cells (8, 15).  However, based on a 
novel finding that CNTF induces neuronal proliferation in vivo 

(32), our group successfully immortalized adult-derived mouse 
hypothalamic neurons (3, 21, 38). In the following sections, we will 
discuss the generation, characterization, and use of the rodent 
embryonic-, as well as, adult-derived hypothalamic neuronal 
cell lines.

Generation and Use of Embryonic 
and Adult Hypothalamic 
Neuronal Cell Models 

Historically, there have been attempts to generate 
hypothalamic cell lines; however, these cell lines were not well-
characterized and few studies utilized these models (29, 42). Thus, 
the lack of appropriate neuronal cell models representative 
of unique hypothalamic neurons encouraged our research 
group to generate embyonic, clonal hypothalamic mouse cell 
lines (4). To immortalize embryonic neurons, we transformed 

primary hypothalamic cultures obtained from fetal mice on 
E15, E17, and E18 utilizing retroviral SV40 T-Antigen transfer 
to generate a heterogeneous mixed population of neurons. 
These immortalized embryonic neuronal cultures were further 
subcloned until we obtained several single cells that were further 
grown into homogeneous, clonal cell populations. Initially, we 
generated a total of 38 mouse embryonic, clonal, hypothalamic 
cell lines which were originally labelled as N-‘clone number’, 
but later we designated them as mHypoE-‘clone number’  
(mouse, hypothalamic, embryonic – ‘clone number’) to 
distinguish them from other newly created cell lines. To date, 
we have generated over 60 clonal hypothalamic cell lines 
(Figure 2). Although these cell lines commonly express mature 
neuronal markers, such as neuron-specific enolase (NSE) and 
neurofilament (NF), but not glial fibrillary acidic protein (GFAP) 
specific to neuroglia, each cell line exhibits a distinct neuronal 
phenotype, demonstrating potential diversity within the 
original heterogeneous population. The cells also possess 

markers of neurosecretory machinery, 
such as syntaxin, contain a large number 
of neurosecretory granules, and exhibit an 
intracellular calcium response following 
potassium chloride-induced depolarization 

(4). These cell lines were further 
characterized and found to endogenously 
express hormone receptors and 
neuropeptides associated with regulation 
of energy homeostasis and reproduction. 

Some of the key neuropeptides and receptors expressed 
in these mouse embryonic cells are NPY, AgRP, POMC, 
CART, NT, MCH, vasoactive intestinal peptide, CRH,  
GLP-1, insulin receptor, leptin receptor, GLP-1R, GLP-2R,  
MC3R, and MC4R. These cell lines have provided a valid  
model system for molecular and biochemical investigations on 
the regulation of hypothalamic neuropeptides involved in the 
regulation of vital functions, including energy balance and 
reproduction (3, 4, 21, 38). 

Apart from the mouse model, the rat is another 
important animal model commonly used in biomedical 
research. Due to the lack of rat hypothalamic cell lines, our 
research team has recently generated 33 rat embryonic 
hypothalamic cell lines (rHypoE-‘clone number’) using 
the previously described immortalization technique (27).
Similar to the mouse embryonic hypothalamic cell 
models, each rat cell line has a distinct phenotype and a 
unique array of genes involved in several neuroendocrine 
functions, representing a unique neuronal subtype from 
the hypothalamus. Many of the cells express receptors and 
neuropeptides involved in the regulation of reproduction, 
such as estrogen receptor (ER) α and β, kisspeptin, 
neurokinin B, GnRH, RF-amide-related peptide-3 (RFRP-3)  
and the kisspeptin receptor GPR54, whereas others express 
neuropeptides involved in nutrition such as NPY, AgRP, 
POMC, MCH, and receptors for insulin, leptin, and 
melanocortins (27) (http://www.CELLutionsBiosystems.com). 
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Thus, using these cell lines, it is possible to dissect complex 
cellular regulatory mechanisms involved in the hypothalamic 
control of reproduction and nutrition and their cross-regulation.

Following their generation, the embryonic hypothalamic 
neuronal cell models proved to be an extremely useful model in 
dissecting the molecular mechanisms of specific neuroendocrine 
cells in the regulation of energy homeostasis and reproduction 

(4). These cell lines have been used by myself and others to study 
a wide variety of current topics in neurobiology (1, 3-7, 9-11, 13, 14, 16, 17, 

22, 24, 26, 27, 30, 34-37, 39, 45, 46). With such a vast array of cell models, we 
are able to study many components thought to be involved in 
reproductive function and energy regulation at the molecular 
level, and there is potential to discover novel regulatory 
mechanisms using available sophisticated technologies (Figure 
3). Although our embryonic neuronal models exhibit the 
characteristics of mature neurons, it is possible that they may 
not accurately represent fully-differentiated adult neurons 
due to differences in their physiological and developmental 
properties. In the past, this has been difficult to investigate 
primarily due to the lack of adult hypothalamic neuronal cell 
models. Additionally, it is important to understand how adult 
neurons function and respond to drugs and hormones, which 
may not be possible to achieve using embryonic cell models. 
For this reason, our laboratory group was prompted to develop 
adult hypothalamic neuronal cell models. Historically, it has 
been difficult to generate these models because of the lack of 
naturally-occurring CNS tumours and the challenges associated 
with immortalizing fully differentiated, non-proliferating adult 

neurons from primary culture (8, 15). Until recently, it was thought 
that the neurogenesis in the hypothalamus is nonexistent, 
but recent reports indicate that neurogenesis is not restricted 
to a specific neuronal phenotype or nuclei but occurs 
throughout the hypothalamus although at low levels (31, 32, 41). 
Particularly, the finding by Kokoeva et al. that CNTF induces 
de novo neurogenesis in the hypothalamuc enabled us to 
devise a novel method to immortalize primary hypothalamic 
culture from an adult mouse yet allowing us to use the SV40 
T-Antigen transfer technique (5). So far, we have generated over 
50 cell lines from both male and female adult mice and labelled 
them as mHypoA-‘clone number’ (mouse, hypothalamic,  
adult-‘clone number’). The initial mixed population of these 
adult immortalized cells was comprised of neurons, non-
neuronal cells such as glial cells, and possibly pluripotent 
progenitor cells as these adult cell cultures expressed NF and 
NSE, markers of mature neurons; nestin, a marker of neuronal 
progenitor cells; doublecortin (DCX), a marker of immature 
neuronal cells; and GFAP, a glial cell marker. This heterogeneous 
mixture of cells was then serially diluted to obtain individual 
clonal cell lines that were characterized to reveal their unique 
phenotypic profile. These cell lines demonstrate robust 
expression of NSE and a reduced expression of nestin and DCX, 
suggesting that the clonal, immortalized cell models represent 
fully differentiated neurons. Through careful characterization 
of these novel adult cell models, we established that each cell 
line commonly expresses the CNTF-receptor and differentially 
expresses a variety of other neuropeptides, hormones, and 

Figure 2. Imaging of embryonic and adult hypothalamic cell lines
A - D. The embryonic mHypoE-46, -29/2, -38 and -43/5 were imaged 
using phase contrast microscopy.   
E - I. The adult mHypoA-2/22, -2/1, -2/3 and -2/5 were imaged using 
confocal differential interference contrast microscopy. 
J. The embryonic mHypoE-38 neurons were imaged using fluorescent 
confocal microscopy after immunocytochemical analysis with anti-ghrelin 
sera (green); nuclei were counterstained with propidium iodide (red). 
(originally published in (23))  
K. The adult mHypoA-2/12 neurons were imaged using flurorescent 
microscopy after immunocytochemical analysis with an antibody against 
NPY (green); nuclei were counterstained with DAPI (blue). 
L and M. The mHypoE-36/1 neurons were imaged using DAB staining 
during immunocytochemical analysis with antibodies against 
neurofilament (NF) and neurotensin (NT) (originally published in (13))

J

K

L

M

A

B

C

D

E

G

H

I

5



receptors (http://www.CELLutionsBiosystems.com).  
The novel technique that we have developed to immortalize 

adult hypothalamic neurons can be utilized to develop new 
models for neuroendocrine research. Using this technique, we 
have already generated cell lines from adult mouse hippocampus 

(25) and we are presently in the process of immortalizing 
hypothalamic region-specific neuropeptide-expressing 
neurons. Further, we have successfully used this technique 
to immortalize neurons from transgenic mice expressing 
green fluorescent protein, under the control of specific gene 
promoters, including the GnRH and NPY promoters. Primary 
hypothalamic cultures were isolated 
from 2 month old NPY-GFP mice 
(strain B6.FVB-Tg(Npy-hrGFP)1Lowl/J 
generated by Dr. Bradford Lowell, Beth 
Israel Deaconess Medical Center, Boston, 
MA, and available through The Jackson 
Laboratory, Bar Harbor, ME) or from 2 
month old female GnRH-GFP mice (44). 
These neurons were immortalized 
and then FAC-sorted based on GFP 
fluorescence. The mHypoA-NPY/GFP 
and mHypoA-GnRH/GFP cell lines 
represent the entire population of NPY/
GFP neurons that were capable of being 
immortalized in primary culture and 
has not been further subcloned. Therefore they may serve as a 
unique cell model to study the overall response of NPY or GnRH 
cell populations to peripheral signals and hormones. This can 
be used to isolate entire populations of individual cell types 
from the whole brain from the many available transgenic mice, 
and will likely transform our understanding of the cell biology 
and function of specific neuronal populations from the brain, or 
from individual brain regions.

Conclusions and Future 
Directions

The hypothalamus contains several nuclei and regions that 
regulate numerous critical physiological functions, including 
energy and glucose homeostasis as well as reproduction. 
Each of these hypothalamic regions is comprised of a 
complex network of heterogeneous neurons; however, the 
regulatory mechanisms of these unique peptidergic neurons 
remain largely unknown. In order to comprehend how the 
hypothalamus achieves its diverse control of vital physiological 
functions, the cellular mechanisms underlying the function of 
these individual neuronal phenotypes must be understood. 
Using existing animal models, it is challenging to perform 
molecular genetic experiments, such as in vivo gene transfer for 
gene promoter studies, due to the complex architecture of the 
hypothalamus and the difficulty accessing this ventral region 
of the brain. Furthermore, classical in vivo studies do not permit 
characterization of individual neurons or neuronal subtypes 
under physiological or pharmacological conditions. This issue 
has been resolved with the recent generation of hypothalamic 

cell lines. It should always be recognized that a cell line does 
not represent the whole brain, with its complex interactions, cell 
types, and architecture. While technology closes the gap between 
current in vivo techniques and future assays which will allow for 
single cellular analysis in situ, in the interim, cell lines have proven 
themselves invaluable as the workhorses of molecular biology 
within the hypothalamus and throughout the entire organism.  
These cell lines are representative of single neuronal phenotypes 
and can be genetically manipulated. We have used the cell lines 
to study the molecular events involved in the control of neurons 
associated with reproductive function and energy homeostasis. 

However, the scope of use for these novel 
cell models is much more broad (Table 
I). The potential uses of the cell lines 
include: drug discovery, a therapeutic 
drug testing platform, phenotypic 
profiling of individual neuronal cell types, 
gene expression studies, mechanisms of 
action of novel neuropeptides, neuronal 
function, signal transduction in neurons, 
receptor cloning and characterization, 
proteomic studies, genome-wide gene 
expression profiling in selected neuronal 
cell types, neuron-specific transcription 
factor analysis, neuron-neuron 
interactions and communication, brain 

modeling, ion channel function, among numerous others only 
limited to the researchers’ imagination.

In this overview, we have discussed the generation of 
hypothalamic cell lines from embryonic mouse and rat, as well 
as adult mouse primary hypothalamic cultures, and their current 
and future use in advancing our knowledge of central regulation 
of neuroendocrine function. The neuronal cell lines generated 
in our laboratory represent the first in vitro hypothalamic cell 
models that have been extensively characterized and shown 
to endogenously express several neuropeptides and receptors 
implicated in the central regulation of homeostatic function. While 
the use of immortalized cell lines is obviously complementary to 
the use of animal models, cell models permit a more detailed 
investigation of molecular mechanisms at the cellular level. Using 
embryonic and adult hypothalamic cell models, we will be able 
to investigate how embryonic neurons differ from adult neurons 
in the basic control mechanisms involved in neuronal function. 
The novel technology that we established in immortalizing adult 
hypothalamic neurons using CNTF-mediated neurogenesis 
can be used to immortalize brain cells for which region-specific 
models do not exist, such as the brainstem neurons, which are 
also involved in feeding regulation (Figure 1, page 2), as well as 
glial cells, which have been found to regulate energy homeostasis 
via the release of pro- and anti-inflammatory cytokines. In 
summary, given the lack of representative cell models in the 
study of specific hypothalamic neuronal subtypes, immortalized 
cell lines have become indispensable in gaining a more complete 
understanding of the precise molecular events that underlie 
hypothalamic control of fundamental physiological processes.

This can be used to isolate  
entire populations of individual 

cell types from the whole 
brain from the many available 
transgenic mice, and will likely 

transform our understanding of 
the cell biology and function of 
specific neuronal populations 

from the brain, or from  
individual brain regions.
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A. Electrophoretic mobility shift 
assay (EMSA) was performed using 
nuclear extract from mHypoE-39 
cells and CREB, ATF-1, c-fos 
and JunD antibodies (originally 
published in (14)).

Figure 3. Examples of 
technologies possible within 
in vitro models

C. Calcium mobilization was 
measured in mHypoE-43/5 cells 
using the Fluo-4 AM reagent. 
Fluorescence indicates increased 
calcium levels.  

D. Time dependant analysis of intracellular calcium concentrations 
(originally published in (7)).

B. Chromatin immunoprecipitation 
(ChIP) was performed in mHypoE-39 
cells (originally published in (14)).

0.5 mM Glucose 17 mM Glucose 50 mM KCI

F. siRNA technology was 
used to silence estrogen receptor 
alpha and beta in mHypoE-38 cells 
(originally published in (45)).

E. MAPPIT technology was used to analyze protein interactions with 
the leptin receptor (LR) in mHypoE-38 cells. For this novel technology, 
mHypoE-38 cells were transfected with plasmids encoding a mutant 
LR-YYF (acting as bait), different IRS protein expressing constructs 
that contained part of the gp130 chain carrying four STAT3 binding 
sites (acting as prey) and a 
STAT3 responsive luciferase 
reporter construct.  
The Western blot indicates 
the expression of the  
FLAG-tagged prey proteins. 
This was originally  
published in (47).

Research 
Potential  

for Neuronal 
Cell Lines 

>	Drug discovery 
>	Therapeutic drug testing 

platform 
>	Phenotypic profiling of 

individual neuronal cell types 
>	Gene expression studies 
>	Mechanisms of action of 

novel neuropeptides 
>	Neuronal function 
>	Ion channel function
>	Signal transduction in neurons 
>	Knockdown of specific 

proteins  
>	Receptor cloning and 

characterization 
>	Proteomic studies 
>	Genome-wide gene expression 

profiling in selected neuronal 
cell types 

>	Transcriptional mechanisms
>	Neuron-specific transcription 

factor analysis 
>	Neuron-neuron interactions 

and communication 
>	Brain modeling 
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