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Abstract

Gonadotrophin-releasing hormone (GnRH) is important in reproduction, although some of the
mechanisms for its synthesis and release remain elusive. Progress in understanding the GnRH
neurone has been hampered by the limited number and diffuse distribution of the neurone in the
mammalian brain. Several stable GnRH-expressing cell lines have been developed using /n vivo
expression of the simian virus 40 T Antigen (TAg), and they have been helpful for the study of
gene expression and neuronal function. However, expression of an immortalising gene may
interfere with normal cellular function. We developed a novel GnRH-secreting cell line transgenic
mouse model suitable for targeted transformation in post-pubertal mice using a tetracycline-
regulated TAg transgene. This clonal cell line, GRT, expresses neuronal markers and GnRH. GRT
cells grown in medium containing tetracycline-free serum express increasing mRNA levels of
GnRH associated with declining levels of TAg expression. The novelty and ultimately the
usefulness of this cell line is that TAg expression, which could affect the GnRH neuronal
phenotype, can be regulated by tetracycline.
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Hypothalamic gonadotrophin-releasing hormone (GnRH) neurones originate outside the
central nervous system, in the olfactory placode, and thereafter migrate into the forebrain
during prenatal development (1, 2). After reaching their final destination in the septum and
preoptic area of the hypothalamus, GhnRH neurones project axons to the median eminence to
make contacts with the pituitary portal vessels. It is this population of GnRH neurones that is
responsible for reproductive function, becoming integral members of the hypothalamic-
pituitary-gonadal axis postnatally. This migratory pattern has been well documented in man
and other species, and is fundamental for the development of normal reproductive function.
Impaired migration of GnRH neurones is the pathogenic factor responsible for
hypogonadotrophic hypogonadism that occurs in patients with Kallmann’s syndrome (1, 3_
5). Mice with an interrupted migration of GnRH neurones have been shown to develop
hypogonadotrophic hypogonadism, resulting in lack of pubertal development,
underdeveloped gonads and accessory sex organs and infertility (6).

Correspondence to: Andrew Wolfe, Johns Hopkins University College of Medicine, Department of Pediatrics, 600 North Wolfe Street,
CMSC 406, Baltimore, MD, 21287, USA (; Email: Awolfe3@jhmi.edu).



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wolfe et al.

Page 2

The difficulty in studying the GnRH neurone has been hampered by its scarce and scattered
distribution in the hypothalamus (1, 7). Thus, in recent years, many investigators performing
in vitro studies have relied on using the GN and GT1 immortalised GnRH neuronal cell
lines, GT1-7 (8) and GN or NLT (6, 9). These both cell lines were obtained from tumours
derived from mice in which oncogenesis of the simian virus 40 T Antigen (TAg) was
targeted to the GnRH neurone. For both the GN and GT1 cell lines, it is not. These cell lines,
derived by TAg immortalisation in transgenic mice, have played a prominent role in
characterising the GnRH neurone because of their ability to propagate as a homogenous cell
mass /n vitro. However, the precise developmental stage that the GnRH neurones were
transformed in these cell lines remains unknown. In addition, expression of an immortalising
gene may interfere with the normal cellular function of the GnRH neurone. Thus, these
constitutively expressing TAg cell lines may not reflect the differentiated nature of the intact
GnRH neurone. These considerations potentially limit the usefulness of these cell lines in
studying the function of the GnRH neurone.

In the present study, we report the development of a novel cell line derived from a
tetracycline-inducible TAg transgene expression transgenic mouse model suitable for
targeted transformation of the GnRH neurone in a post-pubertal mouse. This clonal cell line
expresses neuronal markers and GnRH. The novelty, and ultimately the usefulness, of these
cells lies in the fact that TAg and GnRH expression can be regulated by tetracycline.

Materials and methods

Transgenic mice

The GnRH-TAgTeR transgene was produced in three steps. The GhnRH-CRETeR plasmid
was constructed by cloning the murine GnRH promoter into the CRETeR vector (10). The
CRETEeR vector was digested with Bg/ll to release the CMV promoter but retaining part of
the 2 x Tet operator in the proximal promoter. The proximal portion of the mGnRH
promoter was modified by polymerase chain reaction (PCR) amplification of the —3446/+28
mGnRH promoter (generous gift of Dr. Donald DeFranco) to contain the remainder of the 2
x Tet operator and a BamH| site on the 3’ end, and a SgrAl restriction site flanked by a
BamH]| site on the 5" end. The BamH| fragment of the PCR product was inserted into the
Bglll sites of the CRETeR vector. The GnRH-TAgTeR vector was then produced by excising
the CRE recombinase gene by digesting with Mscl and Nod. The SV40 Large TAg
oncogene was PCR amplified from the GnRH-TAg vector (6) with a Nod site added to the 5/
side and an Mscl site added to the 3’ side. The amplified TAg gene was then inserted into the
GnRH-CRETEeR vector, essentially replacing the CRE gene. The vector was linearised with
SgrAl, which removed much of the vector backbone. The targeting construct (Fig. 1) was
injected into pronuclei of fertilised one-cell embryos from CD-1 females by the University
of Chicago Transgenic Mouse/Embryonic Stem Cell Facility. Offspring were screened by
using PCR of genomic DNA from a phenol/chloroform extraction obtained from tail snips.
The DNA was then used in a standard PCR reaction with a primer set to detect mouse TAg
(sense: 5’-AACAGAGAGGAATCTTTGCAGC-3’; antisense: 5’-
GAGCAAAACAGGTTTTCCTC-3'). These primers span the intron in the TAg fragment
and amplify a 648-bp band. PCR products were analysed by gel electrophoresis. Southern
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blot analysis using a probe against the TAg gene (6) was used to confirm the results of the
PCR analysis. Three founder mice were identified that contained the transgene, but only one
founder transmitted the gene to F, generation. F, offspring were screened for the transgene,
and positive siblings were mated. Transgene containing F3 offspring at 4 months of age were
treated with a 5 mg slow-release doxycycline (a long acting tetracycline analogue) pellet
(Innovative Research of America, Sarasota, FL, USA), with a release time over 21 days of
0.7 mg/day (11). Pellets were inserted subcutaneously into transgenic mice as directed by
the manufacturer. At 5 months of age, dissection of the hypothalamus was performed,

followed by tissue dissociation using 10 mg/ml collagenase and 10 pg/ml deoxyribonuclease
(12).

Cell culture and reagents

Cells were plated onto plastic culture dishes in Dulbecco’s modified Eagle’s medium
(DMEM; Cellgro, Hernden, VA, USA) with 10% fetal calf serum (FCS) (Hyclone, Logan,
UT, USA) supplemented with 10 mM r-glutamine (Invitrogen, Carlsbad, CA, USA) and
antibiotic/antimytotic (Invitrogen). Cell lines were derived through limited-dilution cloning.
These cells have been in continuous culture for over 10 months. Because commercial serum
products contain tetracycline-derived contaminants that can dramatically affect the inducible
regulation of tetracycline systems, experiments to measure the effects of TAg induction in
GRT cells were performed in 10% Tet-System Approved FCS (BD Biosciences, San Jose,
CA, USA). To observe the effects of stimulating the GRT cells on GnRH gene expression
and GnRH secretion, cells were incubated in 56 mM KCI (Sigma-Aldrich, St Louis, MO,
USA) for 60 min. To observe the effects of doxycycline, GRT cells were grown for either 24
or 48 h in Doxycycline Hyclate (Sigma-Aldrich) diluted in water to a final concentrations of
2 tg/ml.

GnRH radioimmunoassay

Cells were also grown in six-well plates with 1 ml of medium per well. Medium was
collected after 16 h. Radioimmunoassay for GnRH was performed at the Ligand Assay Core
of the Baltimore-Chicago Cooperative Centre in Reproductive Research at Northwestern
University (Dr Jon Levine, Director). The assay exhibits an inter- and intra-assay coefficient
of variation of < 10%. The lower limit of sensitivity of the assay is 0.1 pg/100 /.

Cell counting

GRT cells were seeded at 1 x 106 cells/plate and were cultured for 30-48 h of growth (until
exponential growth achieved) collected with trypsin (Sigma-Aldrich) and counted with a
hemacytometer (Hausser Scientific, Horsham, PA, USA). 2 x 108 Cells were used for RNA
extractions.

Standard curve and copy number

Mouse GnRH cDNA obtained from a cloned plasmid was used to produce a standard curve
by quantitative real-time PCR (QRT-PCR). Quantities ranging from 10710-10~1% g of GnRH
cDNA were used. Absolute copy number of standards was derived by dividing the molecular
mass of the GnRH cDNA plasmid (g/mol) into the mass of each standard (g). These values
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were then multiplied by Avogadro’s number (mol=1) to derive a standard curve of threshold
cycle versus copy number. The copy number of GnRH transcript in unknown PCR products
were then determined from their cycle threshold (C;) values on the standard curve.

gRT-PCR was performed as previously described (13, 14). Total RNA was harvested from
GRT cells by Trizol (Invitrogen) extraction. Two micrograms of RNA was reverse
transcribed (iScript cDNA Synthesis Kit; Bio-Rad, Hercules, CA, USA) to produce cDNA.
cDNA representing 50 ng of starting RNA was used in each reaction. Twenty-five microlitre
PCR reactions were performed using the 1Q SybrGreen supermix (Bio-Rad). Reactions were
measured using the MyiQ quantitative real time PCR machine (Bio-Rad). Primer sets for
mouse GnRH (sense 5-CCCTTTGACTTTCACATCC-3' and antisense 5'-
GGGTTCTGCCATTTGATCCAC-3'), TAg (sense 5’-GATGCAACTGAGATTCCAACCT-3
and antisense 5’-GCAATTCTGAAGGAAAGTCC-3'), and a ribosomal 18S control (sense
5-TGGTTGATCCTGCCAGTAG-3" and antisense 5-CGACCAAAGGAACCATAACT-3)
were used. PCR conditions were optimised to generate > 95% PCR efficiency and only those
reactions with between 95% and 105% efficiency were included in subsequent analysis. C;
was obtained for each sample. A corrected C; (DC;) was calculated by subtracting the 18S C;
from the unknown sample C; for each sample. Relative differences from the control sample
were calculated using the formula: fold change = 2(control AC; minus sample AC;). PCR
products were also analysed by gel electrophoresis.

Immunocytochemistry

GRT cells (2 x 10%) were grown on Fibronectin (Sigma-Aldrich) coated 12-mm glass
coverslips in a 24-well plate for 24 h, rinsed with phosphate-buffered saline (PBS), and fixed
with 3.7% formaldehyde in PBS (pH 7.4) for 30 min, rinsed twice with PBS and placed in
blocking solution consisting of 0.1% Triton X-100, 1% bovine serum albumin (BSA)
(Sigma-Aldrich) in PBS for 15 min at room temperature. Cells were incubated with GnRH,
TAg (Chemicon International Inc., Temecula, CA, USA) or NeuN (Chemicon International
Inc.) primary antibodies (1 : 50 000, 1 : 500 and 1 : 250 dilutions respectively) in blocking
solution for 1 h at room temperature. The rabbit antibody to GnRH (LR-5) was obtained
from Dr Robert Benoit (McGill University Health Center, Montreal, Canada). The antigenic
determinants consist of amino acids 2—4 and 7-10 of GnRH (2). GnRH neurones were
stained with rabbit polyclonal antibody, followed by Cy3 conjugated secondary antibody.
Both TAg and NeuN were stained with mouse monoclonal antibody, followed by anti-mouse
Cy2 antibody. Images were captured on a Zeiss microscope Axiovert-200 (x 40 objective)
(Carl Zeiss, Thornwood, NY, USA).

Immunohistochemistry

Animals were perfused transcardially with normal saline followed by buffered 4%
paraformaldehyde. After fixation, all brains were sunk in 30% sucrose in phosphate buffer
and sectioned on a cryostat at 30-Im thickness. Sections were rinsed in PBS (pH 7.4), treated
with 0.5% H,0,/1 x PBS solution, rinsed, and blocked with 2% Normal Goat Serum (Vector
Laboratories, Burlingame, CA, USA) in PBS with 0.3% Triton X-100 and 1% BSA
incubated with anti-GnRH (LR-5) in PBS with 0.3% Triton X-100 and 1% BSA, for 18 h at
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4 °C. After rinsing, the tissue was incubated for 1 h at room temperature in biotinylated goat
anti-rabbit 1gG (heavy and light chains; Vector Laboratories) at a concentration of 1 : 250 in
PBS with 0.1% Triton X-100 and 0.3% BSA, rinsed, and incubated for 1 h in avidin-biotin
complex solution (‘elite” ABC kit, 4.5 /4 each per ml incubation mixture; Vector
Laboratories). Visualisation was performed using DAB substrate kit for peroxidase (\Vector
Laboratories) according to the company’s protocol.

Statistical analysis

All quantitative RT-PCR studies were replicated at least three times with a triplicate
determination of each individual sample. Tukey’s multiple comparison test or a two-way
ANOVA with repeated measures was used to determine significance as indicated.

Results

Development of transgenic mice

Four transgenic founder mice carrying the GnRH-TAgTeR gene were obtained. All founder,
F1 and F» mice were fertile, suggesting that the transgene was not expressed in the absence
of doxycycline. Previous studies using the promoter of GnRH fused to TAg resulted in
tumourigenesis, which interfered with normal sexual maturation and infertility (6, 8). In one
study, tumourigenesis occurred with migratory arrest of GnRH neurones (6). None of the
mice in the present study displayed evidence of a brain tumour. The anatomical distribution
and morphology of the GhnRH neurones was normal in the non-induced GhnRH-TAgTeR
mice (Fig. 2). Four weeks after introduction of the doxycycline pellet, the hypothalamus of
one animal was dissected for tissue culture.

Derivation of the GRT cell line and characterisation by immunohistochemistry

The dispersed hypothalamus included neural and glial phenotypes that were continually
cultured for 4 months by repeated passage on plastic culture dishes using limiting-dilution
cloning to separate cell types. GRT cell cultures were established by continuous propagation
for 10 months with no change in phenotype. GRT cells attached to culture dishes exhibited a
distinct homogeneous neuronal morphology, including the extension of multiple lengthy
neurites that were seen contacting distant cells or end in growth cones (Fig. 3A).

Cells were immunostained for GnRH, TAg or the neuronal marker, NeuN

GnRH was localised to the cytoplasm and in the neurites of cells (Fig. 3C). TAg
immunostaining was nuclear except where shown in dividing cells (Fig. 3B). Neuronal
staining was observed in nuclei, cell bodies and neurites (Fig. 3A). Negative staining of cells
was observed with normal rabbit serum followed by a Cy3 conjugated secondary antibody.
Nuclei stained blue after DAPI staining. These cells didot show nonspecific Cy3 staining
(Fig. 3D).

GRT cells express GnRH and TAg

gRT-PCR of total RNA from GRT cells, as well as the other two established cell lines,
GT1-7 and GN11, was performed using exonic primers designed to include part of exon 1,
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exon 2, which codes for the GnRH decapeptide, and part of exon 3. This primer pair spans
introns 1 and 2 (Fig. 4A). As confirmation for the specificity of the PCR reaction, melting
curve analysis was performed and the PCR product was run on an agarose gel, which
demonstrated the presence of GhRH mRNA in the three cell lines with a corresponding band
of 193 bp (Fig. 4B). As a negative control, RNA that was not reverse transcribed was used.
An expression level of GnRH from these cell lines was measured from a standard curve
using known quantities of a GhnRH cDNA containing plasmid. The data are shown as a
threshold cycle for the detection of product from the three cell types (Fig. 4C) and tabulated
as copy number derived from representative molar quantities (Fig. 4D). GnRH gene
expression in GRT cells is approximately eight-fold higher in GRT cells than GN cells.
Radioimmunoassay was performed to detect GnRH secretion from GRT cells. Secretion
levels were compared with the GT1-7 and GN11 cell lines (Fig. 4E). To further demonstrate
neurone-like behaviour. GRT cells were stimulated with 56 mM KCI. gRT-PCR of cellular
RNA from GRT cells was performed as described above. The baseline value is represented
by cells grown without KCI treatment. GnRH gene expression levels increased three-fold
after 60 min (Fig. 4F). Additionally, GnRH secretion from the cells was increased two-fold
relative to untreated cells within 1 h (Fig. 4F).

GRT cells grown in serum after withdrawal of tetracycline exhibit decreased TAg
expression and cell growth

To determine the effects of tetracycline on TAg gene expression, cultured cells were split
into dishes and maintained in either DMEM supplemented with tetracycline-free FCS (10%
Tet System Approved FCS) or standard FCS. Growth rates for the cells varied from a
doubling time of 15 h for cells grown in tetracycline free serum to 10 h for cells grown in
media in the presence of tetracycline. After exposure to tetracycline, cell morphology
demonstrated a more spread out shape and granular appearance compared to cells grown in
the absence of tetracycline (Fig. 5A). A spindle-like neuronal phenotype with extension of
multiple neurites contacting distal cells is characteristic of GRT cells grown in tetracycline-
free serum (Fig. 5B). The cells were maintained for 2 weeks without tetracycline with no
signs of apoptosis as evaluated by light microscopic analysis.

To demonstrate TAg expression in GRT cells, cells were grown in serum with or without
tetracycline. gRT-PCR of cellular RNA was performed using an intron spanning sense
primer of the TAg gene and a 3’ antisense primer (Fig. 6A). The presence of TAg mRNA
was observed in GRT cells and in the GT1-7 and GN11 cell lines, which were all grown in
media containing tetracycline, with a corresponding band of 192 bp (Fig. 6B). As a negative
control, RNA that was not reverse transcribed was used. The expression level of TAg from
the cell lines was measured using qRT-PCR. There was a 54% decrease in TAg mRNA by 8
days and a 57% decrease by 14 days after media containing standard FCS was replaced with
media devoid of tetracycline. This difference was significantly different from TAg
expression of cells grown in standard serum conditions (*P < 0.01 versus baseline; Fig. 7A).
The data shown are expressed as the mean £ SEM (n = 3).
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As TAg expression decreases, GnRH expression increases in GRT cells grown in media
devoid of tetracycline

To demonstrate the effects of tetracycline on expression of GnRH, measurements of GnRH
MRNA by gRT-PCR were performed from cellular RNA retrieved in the previous
experiment. GnRH gene expression revealed a concomitant 50% increase at 8 days and a
95% increase at 14 days (*P < 0.005 versus baseline; Fig. 7B). This experiment was
performed in triplicate and data are shown as the mean + SEM (n = 3).

Doxycycline induces TAg expression

To demonstrate the ability of doxycycline to induce TAg expression; cells were treated with
1 tg/ml and 2 tg/ml doxycycline for 24 or 48 h. The baseline value is represented by the
control plate that was grown without doxycycline treatment. There was no change at the
lower dose of doxycycline (data not shown) but a four-fold increase in TAg mRNA after
treatment with 2 tg/ml doxycycline for 48 h (Fig. 7C). As a control, qRT-PCR was
performed without reverse transcriptase and no product was detected (*P < 0.05, **P <
0.001; Fig. 7C). GnRH secretion did not change in response to the addition of doxycycline
to the cells.

Discussion

GnRH-secreting cell lines were developed by targeting expression of a regulated GnRH gene
promoter in transgenic mice. In the present study, transgenic mice were developed in which
two copies of the Tet operator replaced the transcriptional start site of GnRH. Binding of a
constitutively expressed Tet repressor (TetR) blocks GhnRH promoter activity, and hence,
TAg expression. Tetracycline addition causes release of TetR and permits GnRH-specific
gene expression of TAg. This genetically engineered animal achieved induced GnRH
neuronal expression /in vivo from which a cell line was derived. GnRH neuronal expression
was accomplished by using a promoter that had previously been shown to target GnRH
neurones (15). The expression of TAg, controlled by the absence or addition of tetracycline
in vivo, was also found in the resultant cultured cells.

Several studies have identified cell-specific elements in mouse, rat and human GnRH
promoters (15—20). However, cell type specific immortalisation of GnRH neurones using
constitutive expression of the TAg transgene has been shown to have deleterious effects on
neuronal migration and phenotypic hypogonadism (6). Both the GN and GT cell lines were
harvested from mice containing a transgene that consisted of a GnRH promoter fragment
fused directly to the TAg gene. Thus, the timing of transformation could have been at any
point from embryonic day 10.5 when GnRH expression commences until weeks, or days,
before the date of harvesting of the tumour. For the GN cell line, the tumour was identified
in the olfactory region, indicating that the tumour formation had interfered with GnRH
neuronal migration and thus transformation occurred during embryonic life. For the GT cell
line, the tumour was harvested after signs of neurological distress from a hypothalamic
tumour. It is unclear from the original report (8) at what age this occurs, but there is mention
that the mice were infertile, and indeed had not undergone puberty. Therefore it is assumed
that the GnRH neurones were transformed pre-pubertally, but following neuronal migration.
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To circumvent these problems, we developed a system in which expression of TAg is kept
silent for an extended period of time (21), induced at a desired point in time, and then
resilenced. Other promoters have been used to regulate gene expression /7 vivo. Inducible
promoters, such as heat shock, metallothionein and murine mammary tumour virus, which
are regulated by temperature, zinc, or dexamethasone, respectively, are frequently associated
with a high basal level of expression variability and often relatively low levels of induction
of the transgene and potential cellular toxicity (22—24). Conditional gene expression /n vivo
using a CRE/LoxP recombination has also been used to delete endogenous genes in a tissue
specific and time specific manner (25). However, this system leads to irreversible effects
after induction. Drug or ligand-dependent systems have been developed involving the use of
a chimeric transcriptional activator that reversibly activates a target gene in response to the
administration of the inducing agent. The Escherichia coli tetracycline resistance operon has
been used to generate cell lines with tightly regulated gene expression in response to
tetracycline (11, 23 26 27). This system has been used effectively in transgenic mouse
strains bearing the SVV40 TAg under the control of a Tet operator and the tetracycline-
responsive transcriptional activator (tTA) under the control of a cell-specific promoter. In the
absence of tetracycline, tTA activates the TAg gene through binding to promoter sequence
(27—31). We have modified this system in the development of a single mouse strain bearing
both control elements (2 x Tet operator) and the control protein (TetR). Treatment with
doxycycline releases the TetR from the GnRH promoter and permits TAg expression. A
major advantage of this vector is that all of the genetic components necessary for targeting,
regulation and selection are incorporated into a single plasmid. The strict regulation of the
recombinant genes is simply achieved by the addition or removal of tetracycline or
doxycycline.

The expression of immortalising genes has been reported to strongly influence cellular
characteristics and to activate a tremendous number of genes in various cell systems(32—35),
including an estimated 389 genes in a murine fibroblast model(32). Genes that were
regulated in the murine fibroblast include those important for controlling cell proliferation,
nucleotide metabolism, cell cycle and other processes (32). GRT cells are valuable because
they are a product of immortalisation using a vector that allows conditional expression of
TAg and the additional advantage of reversibility. The induction of the immortalising gene,
TAg, leads not only to immortalisation and cell proliferation, but also may influence cell
morphology and physiology in undesirable ways (32). Controlling TAg expression solves
this problem because it reverses the proliferative phenotype in a reproducible manner.
Although, in the repressed state of doxycycline withdrawal, a residual TAg level is observed,
it does significantly decrease the proliferative ability of the cell. However, we cannot
exclude the possibility that this low basal level of TAg expression deregulates the expression
of some genes. Under the induction conditions, GRT cells exhibit properties similar to those
of constitutively immortalised cells. With the withdrawal of the inducing agent by growth of
the cells in tetracycline free media, GRT cell proliferation decreases with a concomitant
increase in GnRH expression (Fig. 7A and B). When cells are treated with doxycycline,
there was a significant increase of TAg expression at 24 and 48 h above that seen in normal
serum (Fig. 7C); however, this was not associated with a reduction in GnRH expression (Fig.
7B).
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The GRT cell line has characteristics of a differentiated cell. It exhibits a neuronal
morphology with spontaneous extension of neurites, expresses specific neural markers and
expresses GnRH. The cell line maintains a highly differentiated phenotype in long-term
standard culture conditions. Thus, this conditionally immortalised cell line, GRT, has
advantageous properties over constitutively immortalised cells and will allow for new
studies of GnRH neurones in culture where the potentially undesirable effect of TAg
expression will be minimised. Moreover, the presence of a GnRH-inducible TAg transgene
in these mouse lines will potentially allow for expression of TAg during a specific
developmental stage using the appropriate timed administration of doxycycline.
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Fig. 1.

Sc%ematic Illustrating the Strategy Used for Producing the GRT Cells. The GhRH-TAgTeR
transgene contains the )3446/+28 bp murine gonadotrophin-releasing hormone (GnRH)
promoter fragment modified in the proximal promoter to insert two tetracycline operators
(TetO2). The GnRH promoter lies upstream of the large T Antigen (TAg) oncogene. A
Kozak consensus site is included at the translation start site. In the same transgene lies the
Tet repressor (TetR) gene, derived from the Tn10 transposon, regulated by the CMV
promoter. Constitutive expression of TetR results in suppression of GnRH promoter activity,
and thus TAg expression, due to TetR binding (TetR ovals) at the tetracycline operators.
Doxycycline (black circles) can bind to the TetR protein and cause it to be released from the
tetracycline operators resulting in GnRH promoter driven TAg expression.
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Gonadotrophin-releasing hormone (GnRH) neurones exhibit normal anatomical distribution
and morphology in non-induced GnRH-TAgTeR mice. Coronal section at the level of the
diagonal band of Broca. GnRH neurones are visualised with DAB and appear brown. Seven

GnRH neurones are observed in this representative section. Scale bar = 100 zM.
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Fig. 3.

In?munostaining of GRT cells with neuronal marker (NeuN), T Antigen (TAg) and
gonadotrophin-releasing hormone (GnRH) antibody. GRT cells were grown on fibronectin
coated coverslips. After washing and permeablising, cells were stained with (A) NeuN, (B)
TAg and (C) GnRH primary antibody. (D) Nuclei were stained with DAPI. Cy2 or Cy3 were
used as second antibody as described in the Materials and methods.
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Gonadotrophin-releasing hormone (GnRH) gene expression and secretion in GnRH-
expressing neuronal cell lines. (A) Location of primers on the GnRH gene designed to
amplify GnRH cDNA (193 bp) in the GT1-7, GN11, and GRT cell lines. (B) Agarose gel
products from a quantitative real-time polymerase chain reaction using primers for the
GnRH gene in the respective cell lines. A 193-bp band is shown in all cell lines. RNA that
was not reverse transcribed was used as a negative control. (C) Logarithmic graph charting
guantities of GhRH mRNA expression in GT1-7, GN11 and GRT cells (triplicate black
circles). A standard curve was produced using known quantities of GhnRH cDNA contained
in a pGEMTeasy plasmid (Green line). (D) Copy humber of GnRH in GT1-7, GN11 and
GRT cells derived by calculating molar quantities of mMRNA levels of each cell type. RNA
that was not reverse transcribed was used as a negative control. (E) GnRH secretion (pg/ml)
in GT1-7, GRT and GN11 cells. (F) GnRH gene expression and secretion in GRT cells

treated with 56 mM KCI for 60 min.
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(B)  DMEM + Tet free FCS

Doubling
time

Fig. 5.

M%rphology of GRT cells. Dark field images of GRT cells grown in (A) serum containing
tetracycline, (B) tetracycline free media [10% Tet System Approved fetal calf serum (FCS)]
and (C) serum with the addition of 2 zg/ml doxycycline. DMEM, Dulbecco’s modified
Eagle’s medium.
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GT1-7 GN11  GRT  Control

Fig. 6.

T gAntigen (TAQ) gene expression in GRT cells. (A) Location of primers on the TAg gene
designed for qRT-PCR to amplify the TAg fragment (192 bp) in GT1-7 GN11, and GRT cell
lines. Primers were designed to span the intron of the TAg fragment to avoid amplification
of possible genomic DNA contamination of RNA extractions. (B) Agarose gel products
from a quantitative real-time polymerase chain reaction using primers utilising primers for
the TAg gene in the respective cell lines. RNA that was not reverse transcribed was used as a
negative control.
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Fig. 7.

T gAntigen (TAg) and gonadotrophin-releasing hormone (GnRH) gene expression in GRT
cells grown in media containing tetracycline-free fetal serum or with the addition of
doxycycline. GRT cells were thawed and grown separately in either Dulbecco’s modified
Eagle’s medium (DMEM) with tet-free fetal calf serum (FCS) or DMEM with standard
FCS. Quantitative real-time polymerase chain reaction (qQRT-PCR) was then performed to
detect TAg and GnRH gene expression. (A) Time course of TAg gene expression in GRT
cells grown in DMEM with tet-free FCS or DMEM with standard FCS. The data shown are
expressed as the mean + SEM (n = 3) (*P < 0.01 versus baseline). (B) During the same time
period, GnRH gene expression is similarly quantitated. GnRH gene expression in GRT cells
grown in media containing tetracycline-free serum versus serum containing tetracycline. The
data shown are expressed as the mean + SEM (n = 3). (*P < 0.005 versus baseline). (C) GRT
cells were grown in 2 pg/ml doxycycline for 48 h and TAg and GnRH mRNA measured by
gRT-PCR. RNA was harvested by Trizol extraction, followed by gRT-PCR. The baseline
value is represented by the control plate that was grown without doxycycline treatment.
Forty-eight hours of doxycycline treatment displayed a four-fold increase in TAg gene
expression. The data shown are expressed as the mean £ SEM (n = 3). (*P < 0.05 versus
baseline, **P < 0.001 versus baseline). As a negative control, RT-PCR was performed
without reverse transcriptase and no product was detected (data not shown).
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