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INTRODUCTION 

I 
I 

I 
I 

I 

I 

I 

I 

I 
I 

I 

I 
Regulation of Gonadotropin Secretion / 

I 

In normal reproductive years, the mammalian ovulatory cycle is characterized by 
I 
! 

rhythmic changes in the rates of secretion of gonadotropins and subsequeht changes in 
I 

the ovaries and sexual organs. This cycle results in the ovulati~n of a single !mature ovum 

for fertilization lind prepares the uterine endometrium for im~lantation oflthe fertilized 
. I 

I 

ovum. The preovulatory increase in anterior pituitary gonadotropins luteini~ing hormone 
I 

I 

(LH) and follicle stimulating hormone (FSH) is necessary to insure that the follicle will 
. ! 

progress to the stage of ovulation. The secretion of a hypothalamic decapephde known as 
. . . I . 

luteinizing hormone releasing hormone (LHRH) is considered a primary I neural signal 
I 

involved in induction of the preovulatory LH surge. LHRH is s~nthesized in 
. I 

neurosecretory cells in the preoptic area of the hypothalamus throukh enzymatic 
I 

processing of a larger precurso_r (1,2). Upon receiving stimulatory signals,! hypothalamic 
. . . I 

LHRH neurons secrete LHRH into hypophyseal portal veins of the median eminence 
• I 

I 

allowing it to travel to the anterior pituitary where it binds to recepto~s on pituitary 
. I 

. . . . I 

gonadotropes · to modul~te synthesis and secreti9n ·of gonadotropins intq the systemic 
. , . . . . I 

circulation. The ability ofpulsatile LHRH reieaseto induce pulsatile LH ~cretion further 
. . .· . I 

demonstrates ~e significance ~f LHRH as. a regulator of go~dotro~in tretio~. In the 

female, LH stimulates ovulation and corpus luteum formation while FISH stimulates 
. • I 

I 

ovarian follicle growth. Principal actions of LH and FSH in the male include stimulation 
I 

of testosterone secretion and spermatogenesis respectjvely: (3,4). 
I 

I 

I 

I 
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I 

During certain periods of the ovulatory cycle, estrogen and progesterpne secretion 
! 

by the maturing ovarian follicle can .exert ~ positive or negative feedbdck effect on 
I 

. ' 

gonadotropin secretion. The positive feedback effect ofthese·steroid hormones is thought 
I 
! 

to play a role in induction of the preovulatory LH surge. At the hypot~alamic level, 
I 

steroids are thought to either turn off inhibitory neurotransmitter signals, turn on 
I . 

excitatory neurotransmitter signals, or both resulting in activation of LHRH neurons and 
' 

induction of the LH surge. The negative feedback effect of estrogen and :progesterone 

seems to operate directly on the anterior pituitary (estrogen) and to a lesser extent on the 
i 
I 

hypothalamus (progesterone) to' decrease the secretion of LHRH.~ The exact 

mechanism(s) by which steroids modulate hypothalamic LHRH secretion remain unclear, 

and few hypothalamic LHRH neurons appear to possess steroid receptors; therefqre, one 

· model for steroid hormone action involves modulation of neurotransmitter-containing 

neurons which subsequently act on LHRH neurons (5-8). However, recent reports of 

estrogen receptor-alpha (ER-a) immunoreactivity in the immortalized LH~ GT1-7 cell 
! 

line and LHRH neurons within the rat preoptic area raises the possibility! that estrogen 
. I 

may regulate the synthesis and release ·of LHRH by direct actions on L~RH neurons 

(9,10). As shown in Figure 1, multiple neuronal systems have been implicated in the 
I 

I 

regulation of LHRH release including opioid peptide producing neurons, neuropeptide Y 
I 

I 

producing neurons, and catecholamine containing neurons. In addition, recent work from 

o~ laboratory has demonstrated the significance of bradykinin, nitric qxide, and the 

excitatory amino acid glutamate in the regulation of hypothalamic LHRH ;secretion (11-
1 

13, for reviews). ) 
I 
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Figure 1. Neurotransmitters implicated in regulation of LHRH secreti~n 
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Glial Cells and Neuroendocrine Function 
I 

Historically,_ r~searchers believed that_ the· function of glial cells was limited to 

that of insulating elements to prevent the· formation of wro~g ·contacts between neurons 

(14)._ Other proposed functions of glial cells included nutrient transport from blood 

vessels to neurons and providing trophic substances for regenerating 9amagcid nerves; 

therefore, glial cells were considered to be metabolic assistants to neurons. Also, it was 

generally accepted that hormonal effects on .neuro~ndocpne events were mediated by 
• J . 

direct hormonal actions on neurons, and glial cells were not considered relevant 

components in the processing of hormonal effects. However, recent reports have 

indicated that glial cells may play an important role in controlling neuronal ~orphology 

and function. Glial cell-neuron interactions have been shown to play a role in ~he control 

of axonal guidance, neuronal migration, and neurite outgrowth during certain! phases of 
. ' ( 

ontogenetic development (15-17). In addition to providing spatial and metabolic support, 

glial cells may further influence neuronal activity by releasing neuroactive su9stances as 

well as by regulating extracellular ion concentrations, glucose su:pply, · and 

neurotransmitter levels (18-20). These findings have led to the proposal
1

that brain 

function depends on an intimate glia to neuron and neuron to glia signaling: which has 

. I 
necessitated a reexamination of the role of glial cells as mediators of hormonal action in 

the central nervous system. 

Glial cells in the central nervous system are subdivided in two !categories: 
I 

i 
microglia and macroglila. Microglia are macrophage-like cells of mesoder!mal origin 

which are thought to play a role in protecting nerve tissue against damage ~r infection 
! 

(21 ). Macroglia, which have an ectodermal origin, include astrocytes, ependymal cells, 



5 

and oligodendrocytes. Astrocytes constitute approximately 50% of the· total· cell number 
. I 

I 

in the brain, and are identified by expression of a specific component of glial 
I 

I 
intermediate filaments, glial fibrillary acidic protein (GF AP). Astrocytes persist in the 

• I 

fully developed brain where they appear to fulfill a number of critically I important 
. I 

functions including forming an essential component of the blood brain hamer and 
I 
I 

maintenance ·of ionic, amino acid, neurotransmitter, and water homeostasis in the 
. I 

extracellular milieu (22;23). Specialized forms of astrocytes include pituic~tes in the 
i 

neurohyphophysis, Bergman cells .of. the cerebellar cortex, and tanycytes j which in 

mammals are encountered in walls of the third ventricle. Oligodendrocytes of ~he central 

I 

nervous system are the source of myelin, a multi-layered assembly of membr~es, which 
• I 

permits rapid and safe conduction of nerve impulses along axons. Ependjmal ·cells, 
I 

. i 

which are functionally similar to astrocytes, line the central canal of the spin~l cord and 

cerebral ventricular cavities (24 ). 

Glial Cell Localization of Steroid Hormone Receptors 

Evidence demonstrating steroid hormorie receptor expression in /glial cells 
. . . ·: . . I 

suggests that glial cells may provide an anatomical substrate for steroid horn).one action 
. . ·. I . 

. I 

in the regulation of reproductive function. Research ad~ressing the qual~tative and 

quantitative determination of estrogen recqltor mRNA utilizing competitive ~olymerase 
chain reaction (PCR) and solution hy~ridization!ribonucleas~ prote~tion assa~ has shown 

that estrogen receptor mRNA is- expressed in hypothalamic· astrocytes, cortical astrocytes, 
. . . I 

and oligodendrocytes of neonatal rats~ The estrogen receptor mRNA expresJed in these 

glial cells was found to be structurally indistinguishable from the. message exkssed in a 



6 

I 

positive control (uterine tissue);. therefore, it was concluded that glial cell~ grown in 

culture may synthesize the estrogen receptor (25,26). Studies /employing 

l 
immunocytochemical techniques have provided ultrastructural evidence derponstratirig 

i 

the presence of estrogen -receptor immunoreactivity in hypothalamic astr~cytes and 
I 

I 

ependymal cells in the adult female guinea pig.· Results from estrogen recepfor/(GF AP) 
. i 

. I 

double labeling experiments demonstrated the presence of estrogen receptor iri astrocytes 
. . . -·- I 

. • i . 

at the anterior pole of the preoptic area (POA), median emin~nce, an~ organum 
. . . ·I 

vasculosum of the lamina terminalis (OVL T) (27). These are significant sites of action 
I 

• I 

. I 

for potential modulators of LHRH . neuronal function since the OVL T an~ POA are 
. I 

regions where LHRH cell bodies reside, and the median eminence contains L~RH nerve 
. . ·. . . . . . . . . I 

• -. I 

terminals. Additional cell culture studies using mixed populations of oligoGlendrocytes 
. . I . 

and astrocytes have demonstrated the presence of estrogen, progesterone, anorogen, and 

glucocorticoid receptors in glial cells of the rat central nervous syst~ (28,29). 

Furthermore, astrocytes within the rat hypothalamic arcuate nucleus hav~ also been 
I 

reported to bind fluorescein-conjugated estradiol in extranuclear sites, providipg evidence 

I 

to support the emerging_ concept that steroid regulation of reproductive function may 
I 

involve glial intermediacy (30). 1 

I 

I 

Structural Neuron-Glial Cell Plasticity ·/ 

I 
The ability of glial cells to undergo reversible morphological alterations that are 

linked to the activity of the neurons with which they are associated pro~des further 

indication that glial cells may participate in modulation of neuronal +vity. Both 

estradiol and testosterone have been reported to regulate astrocyte morpho1ogy and the 

. . . I 

I 

I 
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expression of GF AP in the hypothalamus of developing and adult anim~ls (31-33). 

Astrocytic . GF AP is also implicated in hypothalamic synaptic remod¢ling during 

preparation for the preovulatory gonadotropin surge. Results from In situ hybrdization 

studies demonstrate transient elevations of GFAP mRNA on proestrus in the 

hypothalamic arcuate nucleus (ARC) of the mouse concomitant with an 
1 

increase in 

GFAP (34,35). Interestingly, putative estrogen response elements are localized in the 5'-

upstream promoter of GF AP, and cultured rat hypothalamic astrocytes respond to 17~ 

estradiol with increased GF AP immunostaining in cell processes (36,37). For this reason, 

elevations in circulating 17~ estradiol levels on proestrus could coordinate synaptic 

remodeling by modulating GF AP expression in hypothalamic regions that regulate 

pituitary gonadotropin secretion. A potential mechanism by which hypothalamic 

astrocytes may regulate LHRH release involves modulating the number: of synaptic 

inputs to LHRH neurons. Along these lines, Olmos et. al reported that reversible 

modifications in glial ensheathing of arcuate neuronal somas result in a transient 

disconnection of GABAergic synaptic inputs on the afternoon of proestrus which is 

hypothesized to disinhibit secretion of LHRH in the adult female rat (38). Hormone-

induced changes in astrocytic ensheathing of hypothlamic neurons ha~e also been 

reported in primates. Following ovariectomy, female rhesus monkeys exhibit an increase 
• I 

in glial ensheathing of LHRH neurons in the POA, an effect reversed by ovarian steroid 

replacement. Additionally, LHRH perikarya in the medial basal hypothalam~s (MBH) of 

pubertal female rhesus macaque exhibit increased glial ensheathment and ~re less well 
. I 

innervated than those in· intact cycling. adults; however, further work is !necessary to 

establish the functional significance of these differences (39,40). 
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Glial-Derived Growth Factors and LHRH Secretion 

A growth factor may be loosely defined as a polypeptide that bin~s with high 

affinity to a discrete cell surface receptor, eliciting an anabolic (hypertrophic or 

hyperplastic) biological response in cells expressing the receptor. Although nerve growth 

( 

factor was one of the first growth factors discovered, the majority of progress in 

understanding biological roles of growth factors has been made in non-*euronal cell 

types. Recent work has suggested that growth factors are important for neural 

development and function ( 41 ). Growth factors acting via receptor tyrosine kinases, such 
I 
I 

as transforming growth factor alpha (TGF -a.), ·epidermal growth factor (EGF), insulin-

like growth factor I (IGF-I), and fibroblast growth factor. (FGF) have been: shown to be 
... 

extensively involved in developmen1a1 regulation of the centrai nervous system ( 42,43). 

Many growth factors that have been _identified in a neuronal context have :neurotrophic 

activity including support of differentiation, survival, and/or hypertrophy (i.e. neurite 
I 

extension) of neurons. In addition to their developmental role, increas~ng evidence 

suggests that many of these growth factors may also have various effects on established 

neurons in .the adult including enhancement of neuronal survival and neuromodulation of 

target cell activity ( 44,45). 

In addition to synaptic responses, glial cells may alter neuronal function through 
I 

release of neuroactive substance·s. Recently, glial-derived growth facto~s have been 

implicated in the functional control of the LHRH neuronal network. Trophic factors 

including TGF-a. and IGF-1 have been proposed to mediate neuronal effects of gonadal 
I 

I 
steroids on LHRH secretion ( 46). Hypothalamic astrocytes, but not cerebellar astrocytes, 

respond to 17(3-estradiol with increased TGF-a. mRNA and IGF-fimmunoreactive levels 
I 
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suggesting that some glial cells of the hypothalamus are functionally specialized to 

subserve neuroendocrine reproductive functions (25,47). Tissue incubation studies have 

demonstrated that IGF-1 and TGF-a can stimulate LHRH release from hypothalamic 

median eminence fragments of female rats, and these factors may also be involved in 

regulation of female puberty ( 48,49). Additionaly, TGF -a gene expression increases in 

the POA area following estradiol treatment in the ovariectomized rat, although a similar 

study investigating the role of estradiol in regulating hypothalamic TGF -a expression in 

the monkey failed to demonstrate this effect (46,50). The majority of TGF-a and IGF-1 

expressing cells in the median eminence and OVL T regions are tanycytes and astrocytes 

( 46,4 7). Tanycytes envelope LHRH nerve terminals in the median eminence, and it has 

been proposed that encapsulation of LHRH terminals by tanycyte endfeet may result in a 

focal concentration of locally produced factors capable of modulating LHRH release 

(51). 

Gonadal steroids have been shown to affect IGF-1 immunoreactive glia in adult 

female rats. The surface density or number ofiGF-1 immunoreactive glial cells fluctuates 

in the hypothalamic ARC/median eminence (ME) region, the site of LHRH nerve 

terminals, during the estrus cycle (47). Elevated levels of IGF-1 immunoreactive glial 

cells are observed in the ARC/ME during the afternoon of proestrus, following the peak 

in plasma estrogen. These levels remain elevated throughout the morning of the 

following day and then return to basal levels by the morning of metestrus. The surface 

density of IGF-1 immunoreactive cells also decreases in the ARC/ME ;region when 

gonadal steroid levels are reduced by ovariectomy, and increases in a dose dependent 

manner when ovariectomized rats are injected with 17~-estradiol. The effect of 17~-
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estradiol appears to be specific as the isomer 17a-estradiol is ineffective in·restoring the 

surface density of IGF-I immunoreactive glial cells, suggesting that 17~-estradiol.is 

instrumental in the fluctuations of hypothalamic IGF-I immunoreactive glial cells during 

the estrus cycle ( 4 7 ,49). 

Epidermal growth factor (EGF) receptors mediate the biological actions of both 

TGFa and EGF. Although TGF-a has been shown to stimulate LHRH and prostaglandin 

release in median eminence fragments, TGF -a does not appear to act directly on LHRH 

neurons because EGF/TGFa receptors are not detected in these cells in vivo. Results 

from cell culture studies utilizing the immortalized LHRH producing GT1-1 :neuronal cell 

line also demonstrated that direct exposure of GT1-1 cells to TGF-a was ineffective in 

stimulating LHRH release (52,53). The stimulatory effect of TGF-a on LHRH release 

appears to be mediated by glial cells bearing EGF receptors ( 48). Cell culture studies 

have shown that exposure of hypothalamic astrocytes to TGF a results in up~ regulation of 

TGF -a gene expression and activation of the cyclooxygenase mediated pathway of 

arachidonic acid metabolism as indicated by an increase in prostaglandin-E2 (PGE2) 

release. Exposure of GT1-1 cells to astrocyte TGFa conditioned medium stimulated 

LHRH release; however, blockade of either cyclooxygenase activity or EGF receptor 

signal transduction in the astrocytic cultures prevented both TGF -a-i1:1duced PGE2 

formation in hypothalamic astrocytes and the stimulatory effect of TGF -~ conditioned 

medium on LHRH release. Imtnunoneutralization of PGE2 action irt TGF -a conditioned 
. . • • I 

' I 

medium prevented TGF -a conditioned mediuni induced. LHRH release, and addition of 

exogenous PGE2 at dose that is ineffective when administered in non~conditioned 
• I 

·I 

(bottled) · cell culture medium restored the stimulatory effect . suggesting that TGF -a 
. I 
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conditioned medium may contain substances able to facilitate the stimulatory effect of 

PGE2 on LHRH release (53). Furthermore, hypothalamic astrocytes treated with estradiol 

produce condition~d medium that upregulates PGE2 receptor (EP1-R and EP3y-R) 

mRNA_ expression in GTl-1 cells suggesting a potential glial cell-neuron signalling 

mechanism used by estradiol to facilitate the LHRH response to neurotransmitters acting 

via PGE2 (54). 

Results from cell culture- studies sugge-st that transforming growth factor beta-1 

(TGF-(31) may also be involved in functional control of the hypothalamic LHRH neuronal 
. I 

network (55). In these studies, GT1-1 cells were either coincubated ~ith cortical 

astrocytes or exposed 'to the medium in which the astrocytes had been c~ltured for 24 

hours referred to as astrocytic conditioned medium (CM). Sh<?rt periods of.coincubation. 

(1, 3, and 6 hours) significantly increased the release of LHRH from GT1-1 cells, but 

exposure of GT1-1 cells to CM taken directly from hypothalamic astrocytes did not 

significantly increase LHRH secretion; however, if GT1-1 cells wer~ exposed to 

previously frozen or boiled CM, a significant increase in LHRH release . was obs~rved. 

The latent, biologically inactive form of TGF-(31 is noncovalently associated with a 

carrier protein and procedures such as acidification, alkalization, boiling, 
1 

and freezing 
I 

have been shown to activate the latent form of this growth factor (56). Thei addition of a 

pan specific TGF -(3 neutralizing antibody to previously frozen CM comple~ely abolished 

I 

the stimulatory effect on LHRH secretion, and direct exposure ofGTl-1 ce~ls to TGF-(31 

I 

was effective in stimulating LHRH secretion. Additional studies suggest th~t TGF-f3t and 

astrocytic conditioned medium (CM) may also modulate LHRH genr expression. 

Exposure of GT1-1 cells to TGF-(31 or CM resulted in a significant increase LHRH 
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I • 
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mRNA levels, suggesting that astrocytes may modulate LHRH gene expression 1n 
I 

I 

I 

addition to LHRH release in GT1-1 neurons (57,58). Further evidence demon~trates the 
I 

I 

ability of TGF -~1 to regulate expression of cyclooxygenase (COX) and subsequent PGE2 
i 

synthesis in cultured cortical astrocytes and neurons (59). Res4lts from 
I 

immunohistochemical and quantitative immunoblotting procedures suggest th~t TGF -~ 1 
! 

increases both constitutive COX1 and inducible COX2 protein expression in 1astrocytes 

and inducible COX2 protein expression in neurons. Treatment of cortical astrocytes or 

neurons w~th TGF -~1 significantly increased PGE2 accumulation in either m¢dium in a 

dose-dependent manner; however, PGE2 levels in astrocyte conditioned medium were 

I 

much greater (3. 7 fold more) than in netiron conditioned medium suggesting that glial 

cells are an important source of PGE2 in the central nervous system. The ability of TGF

~1 to regulate COX expression and synthesis of PGE2, a reported LHRH secretagogue, 
I 

i. 

raises the possibility that glial cell deriv~d TGF-~~, not unlike TGF-a, max act in an 

autocrine/paracrine fashion to stimulate release of neuroactive substances ~i.e. PGE2) 

capable of modulating the secretory· activity ofLHRH neurons (59,53). 

N eurosteroids and LHRH Secretion 
i 

I 

The nervous system synthesizes steroids from cholesterol by oxidative side chain 
I 

cleavage, and these endogenous steroids are· referred to as neurosteroids ( 60,61 ). The 
• I 

mitochondrial ·-enzyme complex involved · in· neurosteroid biosynthesi$ includes 
I 

. . I 

cytochrome P450 side chain cleavage (P450scc) and, de novo bios~nthesis of 

I 

neurosteroids has been reported in glial· cell cultures composed of astrpcytes and 
i 

oligodendrocytes (62,63). In addition to synthesizing endogenous steroids, glHtl cells may 
( 
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also play a role in the metabolism of progesterone and testosterone. In studies examining 

the metabolism of testosterone in neurons and glial cells, aromatase activity! which is 

responsible for the . transformation of testosterone . to. estradiol, was ·preseT only ·in 

cultured neurons and was almost completely absent in mixed glial cell cultures 
I 

suggesting that estrogen formation in.the manunalian brain.is restricted to ne~ons (64-

1 

66). Furthermore, reports indicate that pUrified neurons, astrocytes, and olig9dendrocytes 
. . . . .. . . . . ·I 

are able to Sa-reduce progesterone and testosterone resulting "·-in formation of 5a-

dihydroprogesterone and. Sa.. dihydrotestosterone respectively ( 67 -69). The njurosteroid 

. . I . 

3a,5a-THP (3a,5a-tetrahydroprogesterone; 3a-hydroxy-5a-pregnan-20-one) formed 
. I 

. . I 

from progesterone by glial cells and neurons in primary cultures is a reportbd positive 
. I . 

I 

modulator of the y-aminobutyric acid type A (GABAA) receptor, and studieslperformed 

with immortalized LHRH producing GTl-7 cells and perfused hypotha!Juc arcuate 
I 

I 

nucleus-median eminence fragments indicate that GABAA receptor agonist$ stimulate 
I 
I 

LHRH release (70-72). In addition, results from cell culture studies us,ng LHRH 

producing GTl-1 cells, which express GABAA receptors, demonstrated thd ability of 
. I . 

. I 

3a,5a-THP to significantly increase LHRH release, an effect blocked by the GABAA 
. I 

receptor antagonist picrotoxin (73). Along these lines, work from our lab6ratory has 

indicated that 3a.,Sa.-TIIP brings about selective release of luteinizing Jormone in 
I 

immature ovariectomized estrogen-primed rats, and the gonadotropin releasinJ activity of 

3a.,Sa.-TIIP appears to be mediated through the GABAA receptor system suglesting that 

glial derived neurosteroids may play a role in regulating the secretory activit~ ofLHRH 

neurons and subsequent gonadotropin rel~ase (74,75). I 

I 
I 

I 

I 

I 

' 
I 
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Objectives 

The overall objective of this research is to elucidate mechanisms involved in glial 
. I 

cell regulation of reproductive function. Regulation of LHRH secretion is h complex 
I 

process that involves a multiplicity of inputs of both excitatory and inhibitory hature, and 

recent evidence has demonstrated the significance of glial cell-neuron inte~ctions in 

modifying the activity of LHRH producing neurons. Evidence exists indicating that glial 
. I . 

derived growth factors may play a role in the functional control of the LHRf neuronal 

network as conditioned medium from astrocytes has been shown to stimul~te LHRH 

secretion from immortalized LHRH neur~ns (52-55,57,58). However, ~lere is a 
. I 

I 

controversy concerning the identity of the active factor from astrocytes that is responsible 

for the LHRH releasing activity of conditioned medium. Melcangi and collJgues have 
. I 

provided evidence that TGF-~ 1 may be responsible for astrocyte-condition~d medium 
I 

induced LHRH release in the GTl-1 cell line (55). However, many of th~se studies 

. i 

supporting a role for TGF -~·1 were ·performed using· corti~al astr~cytes, and a~ditionally, 

no attempt was made to measure TGF-131 levels in astrocyte-conditioned Jedium and 
. . . I 

correlate it to conditioned medium ability to induce LHRH release. Furthe~ore, these 

studies did not discuss potential regulators of TGF-j3, secretion mid alJ failed to 
. .. . I 

investigate whether TGF-13 receptors, which are necessary for TGF-j3, rction, are 

expressed in the GTl cell line or hypothalamic tissue of the female rat (5~,57,58). A 
. . I 

second group suggests that TGF-a rather than TGF-~1 may be the active astrocyte factor 

that regulates LHRH release ·(53). Although TGF-a. mRNA expression anh precursor 
- I 

peptide immunoreactivity have been reported in the female rat hypothalkus, these 
I I 

studies failed to demonstrate the ability of hypothalamic astrocyte· cultures! to produce 
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TGF -a and relied upon addition of exogenous TGF -a to astrocyte cell cultures ( 50ng/ml 
. . I 

16 hours) in formation of astrocyte TGF-a-conditioned medium (25,46,52,53,~6,77). 

TGF-f31 and TGF-a. are not the only potential neuroregulatory factor{present in 

astrocyte conditionedniedium; as other enhancing and/or ad~tive factofs ma1 also exist. 

One candidate molecule for such a :furiction is ·the nel.rrosteroid 3a,5a-THE, which is 
• I 

I 

. I 

produced by astrocytes, and which we and others have shown to possess LHRH -releasing 

activity (73-7 5). Finally, to be physiologically important, it would be critical/ to confirm 
• I 

that hypothalamic astrocytes are targets for estrogen action, and to extend the ~bservation 

to determine whiCh estrogen receptor (a. or f3) is present in hypothalamic asJcytes. The 
. I 

i 

functionality of the estrogen receptor also needs to be established in rela~ionship to 
I 

whichever astrocyte active factor is identified to control LHRH release. In order to 

provide a greater understanding of astrocyte factors that could media~ glial . cell 
• I 

regulatory effects on LHRH neurons, we proposed the following specific aimst 
I 

Aim#l 

I 

I 

I 

I 

I 

I 

I 

I 

To determine if glial cells are capable of modulating the secretory activity of LHRH 
I 

I 

neurons through the production of TGF-a, TGF-~t, and 3a,5a-THP vJhich could 

potentially act to stimulate LHRH release. 

Hypothesis I 

I 

C6 glial cells and hypothalamic astrocytes produce TGF -a, TGF -~~, and 3a,5a-THP and 

are capable of stimulating LHRH release in the GTI-7 cell line. 
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Rationale 
I 

Glial cells have been reported to influence neuronal function through mait~.tenance of 

amino acid, ionic and water homeostasis in. the extracellular space of the ~rain (19). 

Studies suggest that in addition to synaptic remodeling, glial cells may :also affect 
• I ' 

hypothalamic neuronal activity through release of growth factors and neurosteroids (52, 
I 

53,55,57,73,78). However, these studies disagree on which growth factor co-q.ld regulate 

LHRH release. Part of the discrepancy could be due to the fact that many of the studies 

supporting a role for TGF -B1 were performed using cortical astrocytes (55,57) whereas 

studies supporting a role for TGF -a were performed using hypothalamic astrocytes 

(52,53). This could be important, as it has been reported that the functions and responses 

of astrocytes vary in a brain region-specific manner (79). Another potential reason for the 

lack of clarity on this issue is that endogenous TGF-B1 and TGF-a levels in astrocyte 

conditioned· medium have nev~r ~een measured, and thus direct evidence is. lacking on 

whether the growth factors are produced, and whether the levels correlate with the 

LHRH-releasing activity of the conditioned medium.· 

Aim#2 

To determine if TGF-B1 or the neurosteroid 3a,5a-THP is involved in glial cell 

conditioned medium induced LHRH release. 

Hypothesis 
I 

The stimulatory effect of glial cell conditioned medium on LHRH release in GTl-7 cells 
! 

is mediated in part by TGF -B1 and 3a,5a-THP. 
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··I 

Rationale ! 
! 

The stimulatory effect of glial cell conditi~ned niedium on LfmH release in ~Tl-7 cells 
! 

I 

could be due to more than one factor. Previous studies implicating growtli factors as 
. I 

I 

mediators of glial cell conditioned medium induced LHRH release in the GTl cell line 
i 

failed to determine whether neurosteroids may be contributing to the stimul~tory effect. 
I 

An additional candidate factor could be t~e neurosteroid 3a,5a-THP formed ir glial cells 

I 

and neurons (80). 3a,5a-THP has been reported to enhance LH secretion in v~vo through 

a GABAAreceptor mediated mechanism involving increased LHRH release (74,75). 
I 

I. 

Aim#3 

To determine if TGF-P type I, II, and III receptor mRNA and TGF-P type I and II 
•• • i 

I 

I 

receptor protein are expressed in GTl-7 cells and hypothalamic tissue of the female rat. 

Hypothesis 

TGFP type I, II, and III receptors are expressed in GTl-7 cells and hypothala.tilic tissue of 

the female rat. 

Rationale 

Currently, little information is available addressing TGF -P receptor expression in the 
I 

GTl cell line and hypothalamic tissue of the female rat. The ability ofl TGF-Pt .to 

modulate LHRH secretion may be mediated by TGF -P type I and II receptor signaling. 
I 

I 

TGF-Pt has been reported to signal through a heteromeric complex consistiilg of type I 
I 

. . I . 
(50-60kd) and type II (75-85kd) transmembrane· serine/thr~onin~ kinases (81J82). Unlike 

' • . . I 

type I and II receptors, TGF-~ type III receptor is not essential forsignal trJduction but 

may serve to present TGF-Ptligand to type I and ii receptors (83). 
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i 

I 
! 

Aim#4 
I 

I 

To determine if 17~-estradiol or the excitatory amino acid L-glutamate regulttes TGF -~~ 

content in glial cell conditioned medium. 

Hypothesis 
I 

I 

Exposure of glial cells to L-glutamate or 17~-estradiol results in an increase in TGF -~ 1 

content in glial cell conditioned medium. 

Rationale 

The factors which tegula~e -astrocyte secretion of TOF-~ 1 · remain ·unknowtt. However, 

sequence analysis of the TGF-~ 1 promoter reveals incomplete. estrogen respohse element 
! 

(ERE)~ like sequences in the 5' upstream region of the TGF-~1 gene (84)~ FUrthermore, 
. i-

estrogen·has been r~ported to stimulate TGF-~1 levels in non-neural tissues such as bone 
., . . I 

(85-87). Excitatory amino acid (EAA) receptor~ have also been identified on astrocytes, 
• , , I 

: 

and work from our laboratory has demonstrated the significance of excitatory: amino acid 
i 

neurotransmission in the control of reproduction and anterior pituitary hormo~e secretion 

I 

(88,89). EAAs have been reported to modulate LH secretion by stimulating h)'pothalamic 

LHRH release, and available in vivo data appear to support an indirect m~chanism of 

action for EAAs in the control of LHRH secretion (90-92). The expression of (EAA) 
I 

receptors on astrocytes suggests a potential mechanism of EAA action involving glial cell 

intermediacy and subsequent release of glial cell-derived TGF~ 1 in the control of LHRH 
I 

release. 



EXPERIMENTAL DESIGN AND METHODS 

ANIMALS 
i 

Intact female rats at 60 days of age and late gestation. untimed preghant female 
I 

rats (Holtzman, Sprague Dawley, Madison, WI USA) were obtained anq housed in 
i 

environmentally controlled rooms with a light cycle of 14 hours light and 1 o: hours dark. 

Commercial rat chow and· water were provided ad libitum. ·All animal studies received 

prior approval from the Institutional Committee for Animal Use in Research and 

Education and were conducted in accordance with the guidelines of the National 

Institutes of Health and the U.S. Department of Agriculture. 

EXPERIMENTAL PROTOCOLS 

Cell Culture 

GTJ-7 Cells: Immortalized LHRH neuronal cells, GT1-7 cells (passages 9-12), donated 
. , . I . . 

I 

by Dr. Pamella Mellon (University of California, San Diego) were··cultured in 75 cm2 

I 

flasks and grown in Dulbecco's Modified Eagle Medium (DMEM) containing 5% fetal 
I 

. I 

· calf serum, 5% horse serum, and 1% penicillin-streptomycin (Life Technolqgies, Grand 

I 

Island, New York USA) under an atmosphere of 5% C02-95% 0 2 at 37° ~ (93). Cell 
. I 

i 
culture media was replaced every three days until the cells reached 70% cohlluence. At 

• • I 

this time, cells were processed for RNA and protein isolation or used iri incubation 

19 
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I 
studies. For incubation studies, cells were recovered by using 0.25% trypsin-~DTA (Life 

i 

Technologies) and seeded in poly-D-lysine (0.1 mg/ml, Sigma Chemical Cpmpany, St. 
. ! 

Louis, MO USA) coated 24 well plates at 200,000 cells/well. Upon re~ching 70% 
I 

i 

confluence, DMEM was replaced_ with Opti-Mem I Reduced Serum Medi~ containing 
I . 

transferrin (15 ~g/ml), insulin· (15 ~g/ml), ·and 1%. penicillin streptomycin (Life 
. I 

I 

Technologies, Grand Island, New York USA). Cells were used for incubations 16 hours 

later. 
. . i 

C6 Glial Cells: C6 glial cells (passages 40-42) were cultured in 75 cm2 flas~ and grown 

in Dulbecco's Modified Eagle Medium (DMEM) containing 5% fetal cal~ serum, 5% 

horse serum, and i% penicillin-streptomycin under an atmosphere of 5% C02-95% 02 at 

3 7° C (94,95). Cell culture media was replaced every three days until the c,ells reached 
I 

80% confluence. At this time, cells were recovered by using 0.25% trypsin-~DTA (Life 

Technologies) and seeded in 6 well plates at 400,000 cells/well for incubation studies and 

for collection of conditioned medium. For collection of conditioned mediuni, cells were 

allowed to reach 80% confluence. At this time, DMEM was replaced with ppti-Mem I 

Reduced Serum Medium containing transferrin (15 ~g/ml), insulin (15 ~g/rpl), and 1% 

penicillin-streptomycin. This medium was collected following 6, 12, and 18 hours of 

culture and referred to as C6 6 hour, C6 12 hour, and C6 18 hour conditio~ed medium 

(C6 6h CM, C6 12h CM, C6 18h CM), respectively. The CM ~as stored at ~20° C until 

i 
time of assay for TGF-a, TGF-~., and 3a,5a-THP content. ! 

Hvoothalamic Astrocytes: Primary cultures of astrocytes were obtained from the 
I 

hypothalami of 1 to 2 day old rats (Holtzman, Sprague Dawley, Madison, Wise, USA) by 

the method of McCarthy and de Vellis (96,97). Briefly, hypothalamic tissue ~locks were 
I 
l 
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I 

I 
I 

dissected with a razor blade using a previously described procedure (98)l The tissue 
I 
I 

blocks were bordered 'laterally by the hypothalamic sulci: anteriorly, 2-3 nuh anterior to · 
! 

the optic chiasm: posteriorly by the mammillary bodies, and the depth was one quarter to 
i 

i 
one half the distance from the vertical surface. Tissue blocks were imme]ed in saline 

solution (138 mM NaCl, 5.4 mM KCl, 1.1 mM Na2HP04, 22 mM glucose, ~d 0.9 mM 
I 

I 

CaCh) at 4° C. Tissue was p~ially disrupted and trypsin 250 (Difco, Detroft, MI USA) 
I 

neutralized to pH 7.0 in saline solution was added to the suspension! to a final 
I 

concentration of 0.1 %. Following a 25 minute incubation at 3 7° C, trypsi~ization was 

terminated by adding an equal volume of complete culture medium !<Dulbecco' s 
! 

Modified Eagle Medium-Ham's F-12 Medium; DMEM/F-12, 1:1, vol:vol) coptaining 5% 

fetal calf serum, 5% horse serum, and 1% penicillin-streptomycin. Suspende~ cells were 
I 

filtered through cell strainers, and cells in the filtrate were plated at high density in 75 

cm2 flasks and grown in complete culture medium under an atmosphere of 5% COr95% · 

0 2 at 3 7° C. On day 10, cell cultures were shaken for 18 hours under an atmosphere of 

5% C02-95% 0 2 .at 3 7° C (250 rpm, .stroke diameter = 1.5 inches): to remove 

contaminating oligodendrocytes _and neurons. Following shaking, astrqcytes were 
• . •• I 

recovered by 0.25% trypsin-EDT A andre-plated at one-third of their confl~ent density. 

Upon reaching confluence, astrocytes were seeded on cell chamber~ ··slides for 

immunofluorescence···c~ll staining (~ee below) and six-well plates-'at 400,000 cells/well 

for cell culture experim~nts. Upon reaching 80% confluence, .complete cultfre medium 
I 
I 
1 

was replaced with Opti-Mem I Reduced Serum Medium containing transferrin (15 
! 
I 

i 

·J.lg/ml), insulin (15 J.lg/ml), and 1% penicillin-streptomycin. This medium ~as collected 
I 

following 6, 12, 18, and 24 hours of culture and referred to as hypothalamic astrocyte 6h, 
I 

i 

I 
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I 

12h, 18h, and 24h conditioned medium respectively. The CM was stored atj-20° C until 
I 

time of assay for TGF-a, TGF.-~~, and 3a,5a-THP content~ 

Immunofluorescence Cell Staining 
I 
I 

! 

Hypothalamic astrocytes were characterized by immunocytochetliic~l procedures 
, • I 

.. . I 

using a monoclonal antibody raised against the astrocytic m~ker ·glial fib~llary acidic 

protein (GFAP). Cells were fixed in ~ethanol at -10° C, washed in 0.01 JY1 phosphate 
I 

buffered saline (PBS, pH 7.3), and incubated for 1 hour in blocking solution G10% normal 
i 

goat serum and 0.1% Triton X-100 in 0.01 M PBS). Following washing in q.01 M PBS, 

cells were incubated overnight in mouse anti-glial fibrillary acidic prot~in (GF AP) 
I 

monoclonal antibody diluted 1 :300 (Chemicon, Temecula, CA USA) and: rabbit anti
i 

estrogen receptor beta (ER-~) polyclonal antibody at 10 J..Lg/ml (Affinity Bio~eagents Inc, 

I 

Golden, CO USA) or rabbit anti-estrogen receptor alpha (ER-a) polyclonal antibody 
I 

ER715 diluted 1:500 (provided by the National Hormone and Pituitary Program, the 
I 

NIDDK, and the Center for Population Research of the NICHHD). The polyclonal rabbit 
I 

ER-~ antibody was produced by immunizjng New Zealand white rabbits with a synthetic 

peptide corresponding to the C-terminal amino acid residues 467-485 of ratER-~. The 

polyclonal ERa antibody ER 715 was raised against a recombinant peptide cJrresponding 

to the hinge region of the ER molecule (99). Cells were washed for 30 minut~s in 0.01 M 

PBS and incubated for 90 minutes in goat anti-rabbit lgG-TR (Texas ·Reql-conjugated 

! 

secondary antibody) diluted 1:200 (Jackson ImmunoResearch, West Groov~, PA USA). 

Additional washes in 0.01 M PBS were· followed by a 90 minute incubation :in goat anti-

mouse IgG-FITC (fluorescein-conjugated secondary antibody) diluted 1·50 (Jackson 
"! 
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ImmunoResearch). After final washes in 0.01 M PBS, coverslips were mqunted with 
I 

FluorSave (Calbiochem, La Jolla, CAUSA). Specificity of staining was demdnstrated by 

omission of primary antisera (control). 

( 

Static Incubations and Treatments 

GTJ-7 Cells: Unless stated otherwise, GT1-7 cell static incubations were carri~d out over 

a one hour period. To determine whether previously frozen C6 glial cell ~onditioned 

medium or hypothalamic astrocyte conditioned medium is able to stimu~ate LHRH 

release, GT1-7 cells were exposed to either C6 6h, C6 12h, C6 18h, hypothalamic 

astrocyte 6h, 12h, 18h, or 24h conditioned medium, and the medium was collected for 

LHRH measurement. In the filtration experiments, hypothalamic astrocyte 24h CM was 

subjected to ultrafiltration through polyethersulfone membranes (Nominal molecular 

weight limit: 10 kD; Millipore, Bedford, MA USA) and then the filtered CM was 

incubated with GT1-7 cells to assess its LHRH releasing activity. In the 

immuiloneutralization studies, various doses (0.2, 1.0, and 5.0 J.tg/ml) of a pan-specific 

TGF -~ neutralizing polyclonal antibody (Oncogene Research Products; Cambridge, MA 

USA) were added to hypothalamic astrocyte 24h CM and then the CM wa,s incubated 
I 

with GT1-7 cells and its LHRH releasing activity assessed. In order to dempnstrate the 
i 

ability of GT1-7 cells to respond to 3a,5a-THP with enhanced LHRH secretion, GT1-7 

cells were exposed to 3a,5a-THP (1 0 and 100 J.tM) and 3a,5a-THP (1 00 J.tM) + 

picrotoxin (100 J.tM) in Krebs-Ringer bicarbonate (KRB) buffer (Sigma Che~ical Co. St 

Louis, MO USA; NaHC03 1.26 g/L, CaCh 0.2 g/L, bacitracin 28.4 mg/L) for:30 minutes, 

after which, the buffer was collected for LHRH measurement. To determine whether 
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I • 

3a,Sa-THP may be involved in mediating ·the stimulatory effect of C6 gbal cell 
I 

. I 

conditioned me4ium on LHRH secretion, GT1-7 cells were exposed to C6 18h CM in the 

I 

presence of increasing doses of picrotoxin (25, 50, 100, and· 200 J.LM). Picrotoxin, a 

' ! 

chloride channel blocker, has been reported to suppress 3a.,Sa.-THP-ind~ced LHRH 

secretion in the LHRH producing GT1-1 cell line (73). To determine whethdr the ability 
I 

I 
I 

of TGF-~1 to modulate LHRH release may be enhanced by 3a.,Sa.-THP, 9T1-7 cells 

were exposed to TGF-~1 ( 25 and 50 ng/ml), 3a.,Sa.-THP (1 J.lM), and TGF-~ 1 (25 ng/ml) 

+ 3a,Sa-THP (1 J.lM) for one hour in KRB buffer (Sigma Chemical qo.). GT1-7 

incubations were carried out under an atmosphere of 5% C02-95% 0 2: at 3 7° C. 

Following all incubations, GT1-7 cell viability was tested by a 30 minute inc¥bation with 

56 mM KCl. All cells in each of the respective groups responded with a marked elevation 
! 

of LHRH release in response to· KCl exposure, verifying that the cells were vi~ble. 
I 

C6 Glial Cells: To determine whether L-glutamate is able to stimulate TG~-~1 release, 
! 
I 

C6 glial cells were exposed to L-glutamate (100 and 500 J.lM) in KRB buffer (Sigma 

Chemical Co.) under an atmosphere ofS% C02-95% 0 2 at 37° C for 30 min~tes, and the 

buffer was collected for TGF-~1 measurement. Following L-glutamate expos~e, C6 glial 
i 

. I 

cells were cultured in Opti-Mem I Reduced Serum Medium containhig trapsferrin (15 

I 
f.lg/ml), insulin (15 J.lg/ml), and 1% penicillin-streptomycin (Life Technologi~s) under an 

i 

atmosphere of 5% C02-95% 02 at 37° C. The medium was collected followi~g 6, 12, and 
! 

18 hours of culture and assayed for TGF -~1 content. 
I 

Hvpothalamic Astrocytes: To determine whether the steroids 17~-estradiol and 
I 
! 

I . ' 

progesterone are able to regulate TGF-~1. release from hypothalainic astroc~tes in vitro, 
' I 

J 
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I 

• I 

I 

i 
I. 

astrocytes were exposed for 36 hours to 17~-estradiol (0.25 nM, 0.5 nM, 5.0 nM), 17~-

1 

estradiol (0.5 nM) + tamoxifen (1 J.LM), tamoxifen (1 J.LM), the diluent ethan<?l (5 f.ll/ml), 
I 
I 

or 17~-estradiol (0.5 nM) for 36 hours + progesterone (200 nM) during tHe last three 

hours of the 36 hour culture period. Further co-incubation studies with the estrogen 
! 

receptor antagonist ICI-182, 780 (7a[9-[ 4,4,5,5,5,pentafluropentyl]sulphinyl]~onyl]-estra-

1,3,5(10)-trene-3,17~-diol) (Tocris Cookson Inc., Ballwin, Mo USA) (10-6M) were 
I 

performed to confirm that estradiol action involved mediation by estrogen r9ceptors. All 

incubations were carried out in Opti-Mem I Reduced Serum Medium! containing 

transferrin (15 J.tg/ml), insulin (15 J.tg/ml),. and 1% pe~icillin,-streptomycin under an 

atmosphere of 5% C02-95% 02 at 37° C. The medium was collected following 36 hours 

I 

of culture and assayed for TGF-~t· content. In some experiments, (Figpre 19) the 

astrocyte conditioned media was treated with 1.0 ·N HCl according to the mahufacturer's 
. i 

• I 
. . . . . . i 

protocol to activate latent TGF-~~, so'that total TGF-~1 levels coul~be dete~ined. 

Radioimmunoassay 

LHRH: LHRH was iodinated using the lactoperoxidase-H202 method described by 

I 

Reeves et al (1 00). Synthetic LHRH (Peninsula Laboratories, San Carlos, Ct USA) was 

. used for iodination and standard curve preparation. The UZ-8 LHRH prim~ antibody 

donated by Dr. Jim O'Conner (Medical College of Georgia) was used at a final dilution 
I 

. I 

of 1:100,000 with a sensitivity of 0.5 pg/tube. Goat anti-rabbit seconda.fy antibody 
! 
I 
I 

(Arness Inc. Brookyln, NY USA) was used at a final dilution of 1:250. On day 5, samples 
i 

were centrifuged at 3,000 rpm for 45 minutes at 4° C. Supernatants were a~pirated and 

I 

the radioactivity in the pellets was counted in a Beckman 5500 gamma spectrometer 
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I 

(Beckman Instruments, Fullerton, CA. USA). Hormone levels were measur~d in 100 J • .tl 

samples and expressed in terms of pg/well. 

TGF-a: TGF-a levels in C6 6h, C6 12h, C6 18h, hypothalamic astrocyte 6h, 12h, 18h, 
i 

and 24h conditioned medium were determined by radioimmunoassay ¥sing a kit 
I 

i 
purchased from Peninsula Laboratories. Total assay time was three days. <Dn day one, 

I 

TGF -a antiserum was added to samples, and the standard curve was construc~ed. On day 
I 

two, 1251-TGF-a. was added to each tube. Following the addition of goat antrabbit lgG, 
. I 

normal rabbit serum, and RIA buffer on day three, samples were centrifuged at 3,000 rpm 
' 

i 

for 45 minutes at 4 ° C. Supernatants were aspirated and the radioactivity in the pellets 
• I . 

was counted in a Beckplan 5500 gamma spectrometer (Beckman Instrume~ts). TGF-a 

was measured in 100 J..Ll samples with a sensitivity of 2.0 pg/tube. 

I 

3a,5a-THP: 3a,5a-THP levels in C6 6h, C6 12h, C6 18h, hypothalamic astrocyte 6h, 
. . . . I 

12h, 18h, and 24h conditioned medium were determined by radioimmfoassay as 

previously described (101). The antibody for 3a,5a-THP measurements wa~ purchased 

from Dr. R. H. Purdy (Veterans Medical Research Foundation, San Diego, CAUSA) and 

used at a final dilution of 1:1000 with a sensitivity of 10.0 pg/tube. [9,11,12_3H]-

allopregnanolone was purchased from New England Nuclear Research Produ~ts (Boston, 
' ! 

I 

MA USA). Test samples were incubated with 0.1 ml of the diluted antibody ~d 0.3 ml of 

phosphate saline buffer for 1 hour at 4° C. Following the addition of de~tran-coated 

charcoal to each tube and vortexing, the tubes were incubated for 15 minutes at room 
• I 

! 

temperature. Samples were then centrifuged at 1 ,800 g for 10 minutes, after which the 

supernatants were counted in ScintiVerse BD scintillation fluid (Fisher Scientific, 
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i 
I 

Atlanta, GA USA) in a Beckman LS 3801 Beta spectrometer (Beckman Ipstruments). 
I 

Hormone levels were measured in 100 J.Ll samples and expressed in terms of TI;g/ml. 

I 

ELISA 
I 

I 

TGF-81: TGF-13Ilevels in C6 6h, C6 l2h, C6 18h, hypothalamic astrocyte 6~, 12h, 18h, 

and 24h conditioned m~~ium were -d~termined_ ~y e11ZY,m~-linked immunos~rbent assay 
• - I 

' 

using a kit purchased from Promega (M.adi~on, WI ·:USA). The sys~em detects 

biologically active TGF-!31 in an antib~dy sandwich format. The 96 welllplates were 
I··' 

coated with monoclonal TGF-~1 antibody which binds soluble TGF-~1 frq~ solution. 
! 

Captured TGF-~1 was bound by a polyclonal ~tibody specific for. TGF-~ 1 arid following 
. . . . . I . 

washing was detected using anti-rabbit IgG conjugated to horseradish peroxidase (HRP) 
• I 

and a chromogenic substrate for HRP. A plate reader (Molecular Devices) was used to 
! 

i 

measure the absorbance at 450 nm within one hour of stopping the reaction. !GF -~ 1 was 

measured in 100 J.Ll samples with a sensitivity of 32 pg/ml. 

RNA Extraction 

Hypothalamic tissue from five female rats (~oltzman, Sprague Pflwley) was 
f 
I 

pooled. Total RNA was isolated from hypothalamic tissue, GT1-7 cells and htpothalamic 

astrocytes using Tri-Reagent (Molecular Research Center Inc, Cincinnati, !Ohio USA) 
. ' ! 

according to manufacturer's recommendations. Tri-Reagent was added to hypothalamic 
. ' I 

I . 

astrocyte and GT1-7 cell culture flasks (1ml/10cm2
) and whole hypotha~amic tissue 

blocks (1ml/100mg tissue). Samples were homogenized in sterile glass tupes using a 

Polyton homogenizer at setting #5. To allow dissociation of nucleoprotein complexes, 
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I 

I 

homogenates were stored at room temperature for 5 minutes. SampleJ were then 
i 
i 

transferred to sterile Eppendorf tubes and chloroform was added (0.2ml/lml jTri-Reagent 

I 

used in initial homogenization), and following vortexing, samples were incubated at 
1 

room temperature for 15 minutes. Samples were centrifuged at 12,000 g for 15 minutes at 
i 
I 
i 

4°C. Following centrifugation, the mixture separated into a lower red, phenol-chloroform 

I 
phase, interphase, and colorless upper aqueous phase. The RNA containing aqueous 

• I 

phase was transferred to a sterile eppendorf tube, and RNA was precipitate~ by addition 

' 1 
of isopropanol (0.5ml/lml Tri-Reagent used in initial homogenization) followed by 

I 

! 

incubation at room temper~ture for 15 minutes. RNA was· pelleted by centrifugation at 
I 

12,000 g for 10 minutes at 4°C, and pellets were washed with 75% ethanol (~ml/1ml Tri
i 
I 

Reagent used in initial homogenization). Following air drying for 5 minutes, RNA pellets 

were resuspended .in- diethylpyrocarbonate (DEPC; Sigma) treated dist~lled water. 

I 

Aliquots of 5 J..ll were used for spectrophotometric analysis to deteF1nine RNA 
I 

concentrations. The integrity of the RNA was verified by running 1.5% ag~ose control 

gels (102). Samples were st~red at -80° C until required for reverse t~anscription-

polymerase chain reaction (RT-PCR) analysis. 

Reverse Transcription-Polymerase Chain Reaction (RT-PCR) Analysis 
• I 

_Total RNA was isolated from hypothalamic tissue, GT1-7 cells, and hypothalamic 
I 

astrocytes using Tri-Reagent (Molecular Research Center Inc.J" a~cording to 
• I 

manufacturer's recommendations. In. order to analyze TGF -J3 _type I, II, and! III receptor 
. ~ . I 

I 

transcript expression in GT1-7 cells and hypothalamic tissue of the femate rat, three 

I -
micrograms of total RNA were incubated with 250 ng of OligodT -15 primer (Promega) 

. • I 
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i 

at 70° C for 10 minutes followed by ·a 5 minute incubation at 4 ° C. The RT 1reactiort was 

l 
carried out in a 24 f • .tl volume containing 3 J..lg of total RNA, 20 mM Tris-HCl (pH 8.4), 

. I 
I 

50 mM KCl, 2.5 mM MgCh, 10 mM dithiothreitol (DTT), 250 ng of OligodT -15 primer 

(Promega), 400 J.!M each dNTP ( dATP, dTTP, dGTP, dCTP), and 2po units of 
! 

Superscript™ II Reverse Transcriptase (Life Technologies) and incubated at ~42° C for 50 
. I 

minutes. The reaction_ was terminated by heating at 70° C for 10 minutes. ~nmers were 

. I 

designed for mouse TGF-~ type I and II and rat TGF-~ type !~!.receptor eDNA in order 
. . . . . ! 

to amplify portions of coding regions of TGF ~~ type I, II, and III receptor i~ GT1-:-7 cells 
I 

and hypothalamic tissue of the female rat (103-105) (TGF-~ type I ~eceptor: 5'-
, 

GGTTTATGAGCAGGGGAAGAT -3 '; 5 '-CACAGTTTTTGAGCGAGGTTA-3' 

Product Length = 1513 bp, TGF-~ type II rec~ptor: 5'-
I 

GTGGAGGAAGAACAACAAGAA-3'; 5' -GGCAACAGGTCAAGTCGT ~3' Product 

I 
Length= 923 bp, TGF-~ type III receptor: 5'-TGGAGTCAGGCGATAATG1GAT-3'; 5'-

, 

i 

AGAGGAATGTTGCGGTGGTAA-3' Product Length= 1483 bp). Five microliters from 

the RT reaction were amplified in a 50 J.!l reaction mixture containing 100 nicomoles of 

·either TGF-~ type I, II, or III receptor primers, 20 mMTris-HCl (pH 8.4), ~0 mM KCl, 

1.5 mM MgCh, 200 J.!M each dNTP, and 2.5 units of Taq DNA polymeras¢ (Promega). 
• I 

I 

! 
The cycling parameters were denaturation at 94° C for 1 minute followed 1y annealing 

(56° C, 57° C, and 59° C for TGF-~ type I, II, and III receptor primers respebtively), and 
I 

• I . 

extension at 72° C for 2 minutes. Thirty five cycles were followed by a 10 minute final 
I 

I 

extension at 72° C. In order to analyze estrogen receptor alpha (ER-a) apd estrogen 

receptor beta (ER-~) transcript expression in hypothalamic astrocytes, one microgram of 
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I 
I 

total RNA Was incubated with 50 ng of random hexamers at 70° C for 1 0 thin followed 
I 
I 
I 

by a five minute incubation at 4 ° C. The RT reaction was carried out in a vol~e of 20 Jll 
I 

! 
containing 1 Jlg of total RNA, 10 mM Tris-HCl (pH 8.3), 75 mM KCl, 3 ~ MgCh, 10 

l 

mM DTT, 0.5 mM each dNTP, 50 ng of raridom hexamer primers, 20 ¥nits RNAse 

(Promega), and 200 units of Maloney Murine Leukemia Virus-Reverse Transcriptase 
I 
I 

(MMLV-RT) (Promega) and incubated at 23° C for 10 minutes and 37° C for 60 minutes. 

I 

The reaction was terminated by heating at 70° C for 10 minutes. Primers were designed 
I 
I 

for rat ER-a and ER-~ eDNA in order to amplify portions of coding regions ;of ER-a and 

i 

ER-~ in hypothalamic astrocytes (106,107) (E~-a: 5'-

AGTCCTGGACAAGATCAACGA-3 '; 5' -ATGAAGACGATGAGC)\ TCCAG-3' 

( I 

Product Length = 220 bp, ER-~: 5'-AATGCTCACACGCTTCG.f\G-3'; 5'-

AACTTGGCATTCGGTGGTAC-3' Product Length = 292 bp ). Five microliters from the 
I 
I 

I 

RT reaction were amplified in a 50 Jll reaction mixture containing 100 ng ofjeach primer, 
I 

10 mM Tris-HCl (pH 9.0), so· mM KCl, 2.0 ~M MgCh, 200 J.!M each dNTP, and 2.5 
i 

units of Taq polymerase (Promega). The cycling.parameters were denaturat~on at 94° C 

for 1 minute followed by annealing (58° C. and 60° C for ER-a and E~-~ primers 
I 

respectively), and extension at 72° C for 2 minutes. Thirty five cycles were f9llowed by a 
I 

• I 

10 minute final extension at 72° C. Amplifications were carried out in a thermal cycler 
! 

(Perkin-Elmer). Amplified products were resolved. in a 1.5% agarose gel, ~d DNA was 

visualized by ethidium bromide fluorescence in a digital imaging system (ISJ
1

1 000, Alpha 
i 

Innotech, San Leandro, CA USA). 
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Protein Isolation 

I 

Liver and hypothalamic tissues were isolated from female rats (Holtzman, 
. .· ~ 

Sprague Dawley)~. At 70% confluence, GT1-7 cells were recovered by ~sing 0.25% 

trypsin-EDTA (Life Technologies). Tissue and cell pellets were homogenized at 4° C 
• I 

using ice cold detergent buffer (10 mM Hepes, 15 mM NaCl, 1 mM·-EDTA, i% IPEGAL, 
' i 

0.5 f.!g/ml leupeptin, 2 f.!g/ml aprotinin) and a polytron homogenizer at setting #5. 
I 

! 

Homogenates were centrifuged at 10,000 g for 10 minutes at 4 °C. Aliqubts from the 
i 

supernatant were taken for protein estimation using the Bio-Rad protein as~ay, based on 
I 
I 

the method of Bradford (108). In this dye binding assay, a differential color :change of an 
I 

acidic dye occurs in response to various concentrations of protein. Briefly,: dye reagent 
I 

was prepared by diluting 1 part dye reagent concentrate with 4 parts distill~d, deionized 
I 

water. Diluted reagent was filtered through Whatman #1 filter paper. 5.() ml of dye 

reagent was added to each 100 f.ll standard (BSA; 5-100 f..Lg/100 J..Ll) ~d sample . 
.I 

Following a five minute incubation at room temperature, the absorbance was~ measured at 

I 

595 nm using a Beckman DU-64 Spectrophotometer (Beckman Instruments).: 

Western Blotting 
I 

Twenty-five microgram quantities of the protein extract from each ~ample were 
• I 

dissolved in loading buffer (62.5 mM Tris-HCl pH 6.8, 20% glycerol, 2% ;sDS, 5% ~-
1 

I 

I 

mercaptoethanol), boiled for 5 minutes, and subjected to sodium do~ecyl sulfate 
I 

polyacrylamide gel electrophoresis at 100 V for 1.5 hours. Molecular weight standards 

(Bio Rad Hercules, CA USA) were loaded onto each gel for molecular weight 

I 

determination. Proteins were electroblotted onto polyvinylidene fluoride (PVDF) 
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I 

membranes (0.45 IJ.m pore size, lmmobilon-P, Millipore, Bedford, MA US1) in 25 mM 

i 

Tris, 192 mM glycine, and 20% methanol using the Transblot apparatus (Bio Rad). 
I 

Following transfer, the membranes were washed in T-TBS (20 mM Tris, 137 mM NaCl, 

0.1% Tween 20). After blocking in 5% non-fat dry milk T-TBS, mempranes were 
l 

incubated in 5% non-fat dry milkT-TBS containing either polyclonal TGF-~: RI antibody 

I 

at 1 j..tg/ml (Santa Cruz Biotechnology, Santa Cruz, CA USA) or polyclonal- TGF -~ RII 

antibody at 1j..tg/ml (Santa Cruz Biotechnology). ·Following washing in T-TBS, binding of 
I . 

! 

primary ·antibody was detected using -a horseradish peroxidase (HRP): conjugated 

secondary antibody and enhanced chemiluminescence system (Amershani Pharmacia 

Biotech, Piscataway, NJ USA). Blots were exposed to Kodak Biomax film: (Rochester, 

NY USA), and molecular we_ight. determination was made' using a digital im~ging system 
I 

(IS-1 000, Alpha lnnotech, San Leandro, CAUSA). 

• 1 .. 

Statistical Analysis 

The effect of different treatments was analyzed using a one-~ay-ANOVA 
I 

followed by the Student Newman-~euls m~ltiple comparison test. For _all g~oups, n ~ 5. 

• I 

The results were expressed as means± standard error. P values< 0.05 were considered 
! 

significant. 
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I 
! 
I 

I. Regulation of LHRH Secretion by C6 Glial Cells and Hypothalamic A~trocytes 
I 
I 
I 

! 
i ' 

A. Regulation of LHRH Secretion by C6 Glial Cell Conditioned ~edium in 

GTl-7 Cells 

In our initial studies we utilized the C6 glial cell line to validate whether it would 

be a useful model for studying glial cell active factors. As shown in Figure 2, :exposure of 

GTl-7 cells to C6 18h CM for 1 hour significantly increased LHRH release compared to 
I 

cells incubated in Opti-Mem I Reduced Serum medium which had not bee~ exposed to 

C6 glial cells (Control). GTl-7 cells exposed to C6 glial cell 6h and 12h Clyl had mean 
I 

LHRH levels which were not different from controls. 

I 

I 
• • i 

B. TGF-a, TGF-Bh and 3a,5a-THP Content in C6Gliai Cell Contlitioned 

Medium 
l. 
l 

I 

To determine whether C6 glial cells are capable of producing growth! factors and 
I 

I 
I 

neurosteroids implicated in modulating LHRH neuronal.function, TGF -a, TGF -Pt and 
I 

3a,5a-THP levels were measured in C6 glial cell CM. As shown in Figure! 3, c6 glial 
• ! 

i 

cell6h, 12h, and 18h CM contained detectable levels ofTGF-Pt; however, TqF-Ptlevels 
I 

were non-detectable in Opti-Mem Reduced Serum medium which had not been 

33 
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I 

I 
I 

i 

previously exposed to C6 glial cells (Control). TGF -~ 1 levels were significiD1tly higher in 
I 

18h CM as compared to 6h and 12h CM. Note that the significantly higher TOF-~t levels 
I 

in 18h CM correlated well with the LHRH releasing ability of the CM. In contrast to our 

findings with TGF-~1 • TGF-a levels were non-detectable in any sample (Fig., 3). Figure 4 

shows the levels of the neurosteroid 3a,5a-THP in C6 glial cell CM. As sho~ in Figure 
I 
I 

4, 3a,5a-THP levels we~e detected in 6h, 12h and 18h C6 glial cell CM fith highest 
. I 

levels observed in the 12h and 18~ CM. Note that the levels of 3a,5a-TH~ in C6 glial 
I 

cell CM did not correlate exactly to the LHRH-releasing ability ~f the CM ds equivalent 
I 

I 

I 

levels of 3a,5a-THP were observed in 1.2h and 18h CM, but only 18h CM ~ignificantly 

elevated LHRH release from GTl-7 cells. 

; . 

C. Regulation of LHRH Secretion by Hypothalamic Astrocyte Conditioned 

Medium in GTl-7 Cells 

While the C6 glial cell line proved to be a good model for studying astrocyte 
I 

factors involved in regulating LHRH release, we next wanted to confirm the ~1esults using 
I 
I 

the more physiological hypothalamic astrocyte model. As shown in i Figure 5, 
I 
I 

hypothalamic astrocyte CM caused a step-wise elevation of LHRH releas~ beginning 
I 

with a slight non-significant increase in mean LHRH levels with hypothal~ic astrocyte 
i 

12h CM, followed by significant elevations in LHRH levels from e;xposure to 
. i 

hypothalamic astrocyte 18h and 24h CM. 1 
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D. TGF -a, TGF -B .. and 3a,5a-THP Content in Hypothalamic Astrocyte 

Conditioned Medium 

I 

To determine whether the ability of C6 glial cells to produce growtl~ factors and 

I 

neurosteroids reflects the secretory activity of hypothalamic astrocytes, TGF;-a, TGF-~t, 
I 

I 

and 3a,5a-THP content was measured in hypothalamic astrocyte conditio~ed medium. 
! . 

Similar to the results obtained with C6 glial cells, TGF -a levels were undetJctable in all 
I 

I 

samples, while TGF-~1 levels showed a step-wise elevation in 12h, l~h, and 24h 
i 

hypothalamic astrocyte CM (Figlire 6). The elevations of TGF-~ 1 sho~ed a strong 
~ I 

' 

correlation to the LHRH-releasing activity of the hypothalamic astrocyte CM (compare 
! 

Figures 5 and 6). As shown in Figure 7, 3a,5a-THP was also detectable in hypothalamic 

astrocyte conditioned medium with a pattern for increasing levels in 12h, l8h and 24h 
I 

hypothalamic astrocyte CM which also correlated with the LHRH -releasing activity of 

theCM. 
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I 

Figure 2. Effect of C6 glial cell 6, 12, and 18 hour conditioned med,um (C6 6h 

CM, C612h CM, and C618h CM) on LHRH release from ~T1-7 cells 
I 

Groups with different subscripts are significantly different p < (0.05). 

I 
I 
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Figure 3. 
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Transforming Growth Factor· Alpha (TGF -a) and Transforming 

Growth Factor Beta-f (TGF-~1) content in C6 6h CM, C6 12h CM, 

and C6 18h CM. ND = Non-detectable. Groups with different 

subscripts are significantly different p < (0.05). 
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Figure 4. 
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3a-hydroxy-5a-pregnane-20-one (3a,5a-THP) content in C6 6h CM, 

C6 12h CM, and C6 18h CM. ND = Non-detectable. 
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Figure 5. 
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Effect of hypothalamic astrocyte 6, 12, 18, and 24 hour conditioned 

medium (HA 6h, 12h~ 18h and 24h CM) on LHRH release from GT1-7 

cells. * p < 0.05 vers~s Control and. HA 6h CM. ** p < 0.05 versus 

Control, HA 6h CM, HA 12h CM, & HA 18h CM. 
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Figure 6. 

40 

TGF-a and TGF-Pt content in hypothalamic astrocyte (HA) 6h, 12h, 

18h, & 24h CM. ND = Non-detectable. Groups with different 

subscripts are significantly different (p < 0.05). 



250 

200 

150 

100 

50 

TGF-a and TGF-P1 Content in Hypothalamic 

Astrocyte Conditioned Medium 

- TGF-a 
tHFWii@JIIi.l TGF-f31 

ND ND 

c 

Control HA 6h CM HA 12h CM HA 18h CM HA 24h CM 



Figure 7. 
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3a,5a~ THP levels in hypothalamic astrocyte HA 6h, 12h, 18h, & 24h 

CM. ND =Non-detectable.* p < 0.05 versus·HA 12h CM. 
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II. Identification of Potential Mediators ofGlial Cell CM-Induced LHRH 

Release in GTl-7 Cells 

42 

A. Effect of the GABAA Receptor Antagonist Picrotoxin on C6 18h CM 

Induced LHRH Release in GTl-7 Cells 

To further clarify whether 3a.,5a.-THP could be the active factor from C6 glial 

cells in regulating LHRH release from GT1-7 cells, we used an antagonist for the 

GABAA receptor (picrotoxin) to see if it would eliminate the LHRH-releasi~g activity of 

18h C6 glial cell CM. The GABAA receptor was targeted because 3a.,5a.-THP has high 

affinity for this receptor and its many ~ctions are believed to be mediated through this 

receptor _(75,109,110). The doses of picrotoxin were selected based on their ability to 

block 3a.,5a.-THP stimulation of LHRH release (73, and Fig 8). GT1-7 cells were 

exposed to C6 glial cell 18h CM for 1 hour in the presence of increasing doses of 

picrotoxin. As shown in Figure 9, picrotoxin by itself had no significant effe6t on LHRH 

release. As expected, C6 glial cell 18h CM significantly increased LHRH release from 

GT1-7 cells, and this effect was not reversed by the low doses of 25 and 50 J..LM of 

picrotoxin. Higher doses of picrotoxin ( 100 and 200 J..LM) yielded intermediate LHRH

releasing activity by the 18h CM such that the LHRH levels were not ~ignificantly 

different from either the control or 18h CM, but they were significantly different 

compared to the pic~o_toxin (200 -~M) control~ Thus, 3a.,5a.-THP would appear to have · 

only a minor contribution to the LHRH-releasing activity ofC6 glial cell CM. 
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B. Effect of Ultrafiltration on Hypothalamic Astrocyte Conditioned 

Medium-Induced LHRH Release in GTl-7 Cells 

To further delineate whether the active factor in hypothalamic astrocyte CM was 

TGF-~t or 3a,5a-THP, two types of experiments were performed. ln the first 

experiment, hypothalamic astrocyte 24h CM was subjected to ultrafiltration:with a filter 

that removes all proteins with m,olecul&r mass -greater than 10 kD. (TGF-(31 = 25 kD; 
' ' .. 

3a,5a-THP being a non-protein would not be removed by the filter). The filtered CM 

was then u~ed in GT1-7 incubations to determine its LHRH-releasing ability. As shown 

in Figure 10,_~on-filtered hypothalamic astrocyte 24h CM stimulated LHRH release from 

GT1-7 cells as expected. However, filtered hypothalamic astrocyte 24h CM was unable 
. . 

to significantly enhance LHRH release from GT1-7 cells, alt~ough mean LHRH levels 
·, 

were slightly higher in filtered 24h CM versus control. Thus, the active factor appears to 

be a protein with a molecular mass greater than 10 kD. 

I 

C. Effect of TGF-B Immunoneutralization on Hypothalamic Astrocyte· 

Conditioned Medium-Induced LHRH Release in GTl-7 Cells 

To further confirm that TGF-~ 1 is the astrocyte-active factor in regulating LHRH 

release from GT1-7 cells, a second experiment was conducted in which a pan-specific 

· TGF-~ antibody was used to immunoneutralize TGF-~t in the hypothalamic astrocyte 

24h CM to determine whether this would eliminate the LHRH-releasing aDility of the 

CM. As shown in Figure 11, hypothalamic astrocyte 24 CM stimulated L~RH release . 

from GT1-7 cells as expected, and this effect was blocked in a dose-dependent manner by 

increasing concentrations of the TGF-~ pan-specific antibody. 
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D. Regulation ofLHRH Secretion by 3a,5a-THP and TGF-B1 in GTl-7 

i 

The above studies provide evidence that the astrocyte-active factor for the 

regulation of LHRH release is TGF -~ 1 with a possible small contribution by 3a,5a-THP. 

TGF-~1 and 3a,5a-THP have been shown previously to enhance LHRH release from 

GT1-1 cells when added exogenously, with effective doses. ranging from 5-50 ng/ml for 

TGF-~ 1 and 0.1-10 J.LM for 3a,5a-THP (55,57,73). As shown in Figure 12, the lowest 

effective dose for TGF-~1 stimulation ofLHRH release in our experiments was 50 ng/ml. 

The lowest effective dose for 3a,5a-THP in our studies was 10 J.LM (Fig. 8). As also 

shown in Figure 12, low doses of TGF-~1 (25 ng/ml) and 3a,5a-THP (1J.LM) were not 

found to be synergistic in enhancing LHRH release. 



Figure 8. 
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Effect of picrotoxin on 3a,5a-THP induced LHRH release in GTl-7 

cells. * p < 0.05 versus Vehicle; ** p < 0.05 versus 3a,5a-THP 

(lOOJ.LM) 
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Figure 9. 
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Effect of the chloride channel blocker picrotoxin on C6 18h CM

induced LHRH release in GTl-7 cells. * p < 0.05 versus Control, 

Picrotoxin (lOOJ.tM), & Picrotoxin (200J.tM). ** p < 0.05 versus 

Picrotoxin (200J.tM). 
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Figure 10. 
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Effect of ultrafiltration on the stimulatory effect of hypothalamic 

astrocyte 24 hour conditioned medium (HA 24h CM) on LHRH 

release from GTl-7 cells. Groups with different subscripts are 

significantly different (p < 0.05). 
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Figure 11. Effect of increasing doses of a pan-specific TGF-P neutralizing 

antibody (Ab) on the stimulatory· effect of hypothalamic astrocyte 24 

hour conditioned medium (HA 24b CM) on LHRH release from GTl-

7 cells. * p < 0.05 versus ~ontrol. ** p < 0.05 versus HA 24h CM and 

· HA 24h CM + 0.2J.tg/ml Ab. 
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Figure 12. Effect of 3a,5a-THP and TGF-Pt on LHRH release from GT1-7 cells. 

* p < 0.05 versus vehicle, 3a,5a-THP (1 J.!M), and 3a,5a-THP (1 J.!M) + 

TGF-Pt (25 ng/ml). 
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III. Localization ofTGF-B Type I, II, and III Receptor in GTl-7 Cells and 

Hypothalamic Tissue of the Female Rat 

A. Analysis of TGF -B Type I, II, and III Receptor Transcript Expression in 

GTl-7 Cells and Hypothalamic Tissue 

Since these studies suggest that TGF-~1 is the major astrocyte-active factor in CM 

responsible for stimulating LHRH release, we next sought to determine· wh~ther TGF -~ 

type I, II, or III receptors are present' in GTl-7 cells ap.d the rat hypothalamus using RT-

PCR analysis. As shown in Figure 13, expected PCR products of 1513 bp, 92J bp, and 

1483 bp representing_ TGF -~ type I, II, ·and III receptors respectively were amplified in 

hypothalamic tissue while products of 1513 bp and 923 bp were amplified ih GT1-7 cells. 

Thus, mRNA for all three TGF -~ receptor types are expressed in rat hypothalamus, while 

only TGF-~ receptor type I and II are e~pressed in GT1-7 cells. No product was observed 

in the absence of Superscript™ II RT enzyme, demonstrating that the products were not 

due to genomic DNA contamination. 

B. Analysis of TGF-B Type I and II Receptor Protein Expression in GTl-7 

Cells and Hypothalamic Tissue 

To determine whether TGF-~ type I and II receptor protein are expressed in GT1-
I 

7 cells, hypothalamic tissue, and liver (positive control), protein samples (25J.Lg) were 

blotted onto PVDF membranes and probed with polyclonal TGF-~ RI or polyclonal TGF-

~ RII antibody. As shown in Figure 14, western blot analysis confirmed that the 59 kD 

TGF-~ receptor type I and 76 kD TGF-~ receptor type II protein were both expressed in 
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i 

the hypothalamus and GTl-7 cells (and in the positive control tissu~, liver). Due to 

technical· difficulties we were unable to examine protein expression ! for the TGF -~ 

receptor type III. 

f 

. ! 
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Figure 13. RT-PCR analysis for the expression of TGF-~ type I, II, and III 

receptor in GT1-7 cells and hypothalamic tissue of the female rat in 

the presence (+) or absence (-) of reverse transcriptase. RT-PCR 

products of 1513 bp, 923 bp and 1483 bp representing TGF-~ type I, 

II, and III receptor respectively were detected in hypothalamic tissue. 

TGF -~ type I and II receptor expression was also demonstrated in the 

GT1-7 cell line. 
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Figure 14. 
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Western blot analysis for TGF -~ type I and II receptor protein 

expression in GTl-7 cells, hypothalamus, and liv~r tissue (positive 

control) of the female rat. 59-kd and 76-kd bands representing TGF -~ 

type I and II receptor respectively were detected in all tissues/cells. 
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IV. Regulation ofTGF-Bt Release in Glial Cells 

A. Effect of the Excitatory Amino Acid Neurotransmitter L-Glutamate on 

TGF-Bt Content in C6 Glial Cell Conditioned Medium 

The amino acid neurotransmitter; glutama~e-~ is a major regulator of LHRH release 

(89), although this effect is thought to be indirect. Since glutainate. receptors are present 
- ' • I : 

on glial cells, (88,111) we wanted to examine whether glutamate could enhance TGF-J3t 

release from C6 glial cells, with the hypothesis that glutamate may be an important 

neuronal factor for recruiting astrocyte participation in enhancing LHRH release. As 

shown in Figure 15, TGF~J31 levels were non-detectable following :vehicle (KRB) 

treatment, and exposure of C6 glial cells to L-Glutamate. (1 00 f.!M and ~00 f.!M) for 30 

minutes did not result in a detectable increase in TGF -J31 release. As expected, TGFJ31 

levels were elevated in CM following 6, 12, and 18 hours of incubation; however, groups 

treated with glutamate had significantly suppressed TGF-J31 levels. The effect of L-

glutamate to inhibit TGF-J31 release from C6 glial cells argues against our hypothesis that 

the neurotransmitter acts on glial cells to induce production of neuroactive substances, 

capable of modulating the secretory activity of LHRH neurons. 

B. Analysis of Estrogen Receptor Alpha <ER-a) and Estrogen: Receptor Beta 

(ER-Bl Transcript Expression in Hypothalamic Astrocytes 
1 

To be physiologically relevant, it would be critical to show that hypothalamic 

astrocytes are targets for 17(3-estradiol, the trigger of the LHRH and LH, surge. Previous 
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work has ·suggested hypothalamic astrocytes possess estrogen receptors, but it is unclear 

which receptor subtype (a or ~) is present. Therefore, we examined whether 

hypothalamic astrocytes express ER-a and ER-~ mRNA by using RT-PCR. As shown in 

Figure 16, RT-PCR analysis revealed the expected 220 bp product for ER-a and 292 bp 

product for ER-~ in hypothalamic astrocytes. No product was observed in the absence of 

MML V-RT enzyme, demonstrating that the product was not due to : genomic DNA 

contamination. 

C. Analysis of ER-a and ER-B Immunoreactivity in ·Hypothalamic 

Astrocytes . 

To provide further evidence that astrocytes may serve as anatorp.ical targets for 
' : 

17~-estradiol in the modulation of LHRH secretion, immunohistochemical studies were 

performed utilizing anti-GFAP monoclonal antibody, anti-ER-~ polyclonal antibody, and 

anti-ER-(l polyclonal antibody. As shown in Figure 17 A, double immunofluorescence 

staining with antibodies to ER-a and the astrocyte-specific protein glial fibrillary acidic 

protein (GFAP) confirmed that hypothalamic astrocytes possess ER-a i~unoreactivity. 

Similarly, double immunofluorescep.ce staining with antibodies to. ER-~ and GFAP 
. ' 

revealed that ER-~ immunoreactive protein is also present in hypothalamic astrocytes 

(Fig 17B). These findings are in agreement with results from the RT-P~R studies (Fig. 

16). 
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-D. Effect of 17-B Estradiol and Progesterone on TGF-B1 Content in 

. Hypothalamic Astrocyte Conditioned Medium 

To determine if the estrogen receptor in hypothalamic astrocytes' was functional, 

we examined whether 17~-estradiol could regulate TGF -~ 1 release from hypothalamic 

astrocytes. Toward this end, hypothalamic astrocytes were exposed to either vehicle or 

three different doses of 17~-estradiol for 36 hours and then the media w~s collected and 

assayed for TGF-~1 • The 36 hour exposure period was selected because it is well known 

that an exposure period of at least 29-36 hours is necessary for 17~-esttadiol to induce 

the LHRH and LH surge in vivo. The doses of 17~-estradiol were selected because they 

represent physiological levels of 17~-estradiol that brain cells would be expected to be 

exposed to on proestrus (112-116). As shown in Figure 18, levels of TGF-~1 were 

nondetectable in Opti-Mem I reduced serum medium (control) whic~ had not been 

previously exposed to hypothalamic astrocytes. ·In contrast, the vehicle group which was 

exposed to hypothalamic astrocytes had detectable TGF-~1 levels. Of sigiJ_ificant interest, 

all three doses of 17~-estradiol caused a significant elevation of TGF -~ 1 release from 

hypothalamic astrocytes. The stimulatory effect of 17~-estradiol was maximal at 0.5 nM, 

with no additional enhancement observed with increasing the dose to 5.0 nM. However, 

the addition of an ~strogen re.ceptor antagonist, tamoxifen, failed to block the 17~-
1 

I 

estradiol induced increase in TGF-~1 content in hypothalamic astrocyte conditioned 

medium. In fact, exposure of hypothalamic astrocytes to tamoxifen alone resulted in a 

significant increase in biologically active TGF-~t content in hypothalamic astrocyte 

conditioned medium. T~is may b~ due to mixed agonist/antagonist effects of tamoxifen. 
- • I 

Along these lines, tamoxifen has been reported exert estrogen like ·-actions on the skeleton 
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in postmenopausal women (117-119). Moreover, tamoxifen has be~n reported to 

stimulate TGF -~ 1 synthesis in primary cultures of breast tumor fibroblasts (120). As 

shown in Figure 19, acid treatment of HA CM revealed that 17~-estradiol enhanced 

release of both active TGF-~1 (panel A) and latent TGF-~1 (panel B). Furthermore, 

approximately 30-40% of the total TGF-~1 in HA CM was in the active! form while the 

remaining 60-70% was in the latent form. As also shown in figure 19 A and B, the 

stimulatory effect of 17~-estradiol on both active and latent TGF-~1 release by 

hypothalamic astrocytes appears to be mediated by estrogen receptors, as evidenced by 

the finding that co-incubation with the estrogen receptor .antagonist, ICI-182,780 totally 

abolished th~ stimulatory actioti of 17~-estradiol. As shoWn in Figure 20, the stimulatory 

effect of 17~-estradiol was reproducible, as 0.5 nM 17~-estradiol significantly elevated 

TGF -~ 1 release from hypothalamic a~trocytes, and it was specific as ;the addition of 

progesterone (200 nM) with 17~-estradiol did not enhM.ce the stimulatory effect of 17~

estradiol. 
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Figure 15. TGF-Pt content in C6 glial cell conditioned medium following a 30 

minute. exposure to the excitatory amino acid L-glutamate. TGF -Pt 

levels were also measured 6, 12, and 18 hours following vehicle (6h, 

12h, and 18h Post KRB) and L-glutamate (6h, 12h, and 18h Post 

glutamate 100j..tM & 500j..tM) treatment. ND =Non-detectable. * p < 

0.05 versus 18h Post KRB. 
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Figure 16. RT -PCR analysis for the expression of estrogen receptor alpha (ER-a) 

and estrogen receptor beta (ER-f3) in hypothalamic astrocytes in the 

presence (+) or absence (-) of reverse transcriptase. RT-PCR 

products of 220 bp and 292 bp representing ER-a and ER-f3 

respectively were detected in hypothalamic astrocytes. 
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Figure 17 A. Double immunostaining for GFAP (A, C) and ER-a. (B,D) in 

hypothalamic astrocytes in vitro. The cells were plated at low density 

so that double immunostaining would be more easily visualized. 

Immunoreactivity was not detected in the absence of primary antisera 

(data not shown). Magnification: x 400, x 800. 
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Figure 17B. Double immunostaining for GFAP (A,C) and ER-~ (B,D) in 

hypothalamic astrocytes in vitro. The cells were plated at low density 

so that double immunostaining would be more easily. visualized. 

Immunoreactivity was not detected in the absence of primary antisera 

(data not shown). Magnification: x 800. 
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Figure 18. Effect of 36 hour exposure to 17~-estradiol (17~ E2; 0.25, 0.5, 5.0 nM), 

Tamoxifen (1 f.!M}, and 17~E2 (0.5 nM) + Tamoxifen (1 f.!M) on TGF

~~ release from hypothalamic astrocytes in vitro. ND =Non-detectable. 

Groups with different subscripts are significantly different (p < 0.05). 
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Figure 19.. (A) Effect of the estrogen receptor antagonist ICI-182,780 (10-6M) on 

17~E2 (0.5 nM) induced increase in active TGF -~~ content in HA CM. 

(B) Effect of the estrogen receptor antagonist ICI 182,780 (10-6M) on 

17~ E2 (0.5 nM) induced increase in total (active + Jatent) TGF-~t 

content in HA CM. * p < 0.05 versus all other groups; ** p < 0.01 

versus all other groups. 



Effect of the Estrogen Receptor Antagonist ICI-182,780 on 17P-Estradiol-lnduced 
Increase in TGF-P1 Content in Hypothalamic Astrocyte Conditioned Medium 

A. 

-E ......... 
0> 
0. -o:r 

LL 
(!J 
1-

B. 

-E ......... 
0> 
0. -o:r 

LL 
(!J 
1-

300 

Active TGF-131 

250 

200 

150 

100 

50 

0....1...-----

Vehicle 

* 

ICI (1 0"6M) 1713 E2 (0.5 nM) 1713 E2(0.5nM) 

+ 
ICI (10-6M) 

800 
Total TGF-131 (active+ latent forms) 

** 

600 

400 

200 

Q....L...-.--

Vehicle ICI (1 0"
6
M) 1713 E2 (0.5nM) 1713 E2 (0.5nM) 

+ 
ICI (10-6M) 



64 

Figure 20. Effect of treatment with 17~ E2 (0.5 nM) for 36 hours + P 4 (200 nM) 

during the last three hours of the 36 hour c~lture period on TGF -~ 1 

release from hypothalamic astrocytes in vitro. ND = Non-detectable. 

Groups with different subscripts are significantly different (p < 0.05). 
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DISCUSSION 

I. Glial Cells and the Ovulatory Cycle 

The regulation of gonadotropin secretion by ovarian steroids has been the focus of 
I 

intensive investigation, and it is well recognized that estradiol serves as the primary 

trigger for the preovulatory LH surge with progesterone serving to potentiate the surge 

and limit it to one day. The ability of estradiol and progesterone to induce the mid-cycle 

LH surge is due pri~arily to actions at the level of the hypothalamus involving 

modulation of the secretory activity of LHRH neurons. Evidence indicates that gonadal 

steroids regulate ·LHRH secretion indirectly by acting on excitatory and inhibitory 

neurotransmitter containing neurons which impinge upon LHRH neurons resulting in 

enhanced LHRH release and the subsequent proestrus LH surge (5-8,121-,123). However, 

compelling evidence exists suggesting that glial cells niay play a fund~ental role as 

mediators of steroid hormone action in neuroendocrine regulation of reproduction. 

Glial cells may mediate steroid hormone action on the hypothalamus in the 

context of synaptic plasticity, steroid synthesis/metabolism, and growth factor release 

which may underlie the cyclic· releas·e of LHRH in the female rodent brain. Recent 

studies have suggested that in addition to exerting profound effec~s on neuronal 

migration, maturation, and survival, glial cells of the central nervous system (CNS) may 
: 

play a key role in the formation and function of synapses. For examp:le, activation of 

calcium fluxes in astrocytes leads to increases in cytosolic calcium in ~djacent neurons 

65 
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(124). Moreover, astrocytes have specific transporter systems that regulate. the 

concentration of neurotransmitters at synaptic junctions · and the ~vailability of 

neurotransmitter precursors to synaptic boutons indicating that glia-initiated signaling has 

direct effects on neuronal activity and synaptic function (125-127). In addition, several 

groups have reported a correlation between fluctuations in estrogen levels during the 

ovulatory cycle and the coordinated reorganization of synapses and glia in the 

hypothalamus (32,35,38-40, 128). Glial cells_ also play a significant ~ole in steroid 

synthesis/metabolism in the nervous system as evidenced by studies demonstrating the 

ability of glia to 1.) exhibit 5 alpha-reductase (5a.-R) and 3 alpha-hydroxysteroid 

dehydrogenase (3a.-HSD) activity and 2.) . manufacture both cholesterol and 

pregnenolone, th~ first two steps in the biosynthesis of all s.teroids {60-69,129). Several 

groups have also reported that glial assqciated g~owth factors and eicosahoids including 

TGF-a., IGF-1, and PGE2 may be involved in neuroendocrine regulation:by sex steroids 

(46-50, 52-54). In addition, glial derived TGF-Pt has also been implicated as a modulator 

of hypothalamic LHRH neuronal function (55,57,58). While there is evidence to suggest 

that glia may affect · LHRH neuronal function, none of the current studies have 1.) 

de~onstrated the ability of hypothalamic astrocytes to produce detecta~le quantities of 

TGF-a. and TGF-P1 2.) addressed whether TGF-P receptors are localized in LHRH 

neurons 3.) determined whether neurosteroids may contribute to the stimulatory effect of 

hypothalamic glial cell conditioned CM on LHRH release and 4.) investikated the role of 

sex steroids and the EAA glutamate in the regulation of glial TGF-Pt felease. For this 

reason, the studies conducted in this thesis sought to address these issues. : 
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II. Characterization of C6 Glial and GTl-7 Cells as a Model For Glia-Neuron 

Interactions 

The C6 glial and GT1-7 cell lines represent useful tools for studying glial cell-

neuron intera~tions in the neuroendocrine control of LHRH secretion. Studies targeted at 

identifying modulators of LHRH neuronal function have been limited by the low number 

·of LHRH neurons, 1,000-3,000, and their scattered distribution within the mammalian 

hypothalamus (130). In addition, it has been difficult to determine whether potential 

modulators act directly on LHRH neurons or indirectly via actions on intemeurons/glial 

cells. The establishment of the GT1 cell line by genetically targeted tumorigenesis has in 

part, compensated for the unavailability of homogenous primary LHRH neuronal 

cultures. The LHRH producing GT1 cell line was made by linking the LHRH promoter 

gene to the Simian virus 40 (SV 40)-T antigen gene and injecting the construct into 

I 

fertilized mouse eggs to generate transgenic mice. This. induced tumor formation in the 
. I 

POA of several mice and one such tumor was used to derive the three ne~osecretory cell 

lines GT1-1, GT1-3, and GT1-7. The GTl. cell lines express neuronal markers, synthesize 

LHRH, and present a basal pulsatile release ofLHRH which can be influenced by a series 

of neurotransmitters· implicated in. the physiological control of LHRH secretion; 

therefore, they have provided a useful model to study the regulation of LHRH neuronal 

function (93,131). The C6 glioma cell line, which has generally been designated as an 

astrocytoma, was created by transforming adult rat astrocytes in vivo by intravenous 

injections ofN-nitrosomethylurea and cloning after growth of the primaiy tumor cells in 

dispersed cell culture (94 ). Reports . indicate that the cells exhibit both astrocytic and 
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oligodendrocytic properties as evidenced by the expression of glutamine ~synthetase and 

cyclic nucleotide phosphohydrolase activity. At early passages (passages 21-26), C6 glial 

cells exhibit predominantly oligodendrocyte-like properties whereas 'later passages 

(passages 82-88) exhibit predominantly astrocyte-li~e characteristics; therefore, they 

have provided a useful model to study glial cell properties and function (95,132). 

The present study demonstrates -that C6 glial cells and hypothalamic astrocytes 

produce factors that can regulate LHRH secretion. We observed similarities between the 

C6 glial cell and hypothalamic astrocyte models with respect to the.: factors·- secreted and 
\ . 

their LHRH-releasing activity. We are not aware of any other previous studies which 

characterized the factors released by- C6 glial cells or assessed their ability to regulate 

LHRH secretion. Based on our findings, we conclude that C6 glial cells provide a useful 

and convenient model for studying potential interactions between glial cells and neurons. 

III. Glial Derived TGF -Bt and LHRH Secretion 

Using the C6 glial cell line and hypothalamic astrocytes, our studies revealed that 

both C6 glial cells and hypothalamic astrocytes secrete significant quantities of the 

growth factor, TGF;-~ 1 and the neurosteroid, 3a.,5a.-THP. Glial cell production ofTGF-~1 

does not appear to be restricted to the hypothalamus as eviden¢ed by reports 

. demonstrating 1.) TGF-~1 mRNA expression in cerebral cortical astrocytes of the rodent 

brain and 2.) the ability of human cerebellar astrocyte cultures to produce biologically 

active TGF-~ 1 (133,134). In contrast, TGF-a.levels were undetectable in C6 gli~l cell and 

hypothalamic astrocyte CM. Our finding of undetectable levels of TGF -a in C6 glial cell 

CM and hypothalamic astrocyte CM is in good agreement with previo~s reports which 
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showed that TGF .:a is undetectable in brain astrocytes unless it is induced ~by secretogues 

such as prolactin (135). Thus, TGF-cx. does not appear to be the active factor from C6 

glial cells or hypothalamic astrocytes responsible for the LHRH-releasing ability ofCM. 

TGF-~~, on the other hand, remains a viable candidate as the active factor from 

C6 glial cells and hypothalamic astrocytes responsible for stimulating 'LHRH release 
! 

from GT1-7 cells. TGF-~1 is a member of the TGF-~ superfamily ~hich includes 

activins, inhibins, and bone morphogenic proteins (136). In addition to TGF -~~, four 

additional isoforms of TGF-~ have been identified. TGF -~~, TGF -~2, and TGF -~3 are 

expressed in mammals while TGF-~4 and TGF-~s are expressed in chicken and xenopus, 

respectively, and are thought to be homologues of mammalian TGF-~1 (137). 

Biologically active TGF -~r is a 25 kD disulfide linked homodimer consisting of two 

chains of 112 amino acids. Newly synthesized TGF-:-~1 is secreted in a latent form by 
- r 

most cells in vitro and can not interact with TGF-~ receptors to elicit a biological 

response due to noncovalent_ associations_ with the TGF-~1 propeptide homodimer, 
- -

latency associated peptide (LAP)- (138). LAP ~ay associate with latent TGF-~ 1 binding 

protein (LTBP) which targets latent TGF-~1 to· the extracellular matrix (139,140). Our 

studies- revealed that approximately 30-40% of the total TGF-~1 in HA CM was in the 
j 

biologically active form, while the remaining 60-70% was in the latent form. Biologically 

active TGF-~1 was shown to be present in CM from C6 glial cells ~d hypothalamic 

astrocytes, and the levels ofTGF-~1 in CM showed a strong correlation with the LHRH-

releasing activity of the CM. Filtration of hypothalamic astrocyte CM, which would 

remove TGF-~t, virtually eliminated the LHRH-releasing ability of th~ CM. Likewise, 
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immunoneutraliztion .. with a pan-specific TGF -~ ~tibody also virtuall~ abolished the 

LHRH-releasing activity of the CM. Based on these observations, we c~nclude that the 

majority of the LHRH releasing activity ofhypothalamic.astrocyte CM is due to TGF-~1 . 

IV. TGF -B Receptor Localization 

In support of a direct effect of TGF-~1 on LHRH neurons, our studies revealed 

that TGF-~ type I and II receptor fl!e present on GT1-7 cells and in rat hypothalamus. 

Other investigators have recently reported that TGF -~ type I receptor is present in LHRH 

neurons in vivo (141). Biological actions of TGF-~1 are mediated by signaling through 

TGF-~ type I and TGF-~ type II receptors (142). TGF-~ type· I and II receptors are 

transmembrane serine/threonine kinases of (50-60 kD) and (75-85 kD) respectively 

which form a heteromeric complex upon association with TGF -~~ (81 ,82). A current 

model for ligand receptor interaction proposes that binding of TGF-~1 to constitutively 

active type II receptor kinase induces assembly of a type II-type I receptorheterodimer. 

Following heterodimer formation, type I receptor is phosphorylated by type II receptor in 

the glycine-serine rich GS domain which enables type I receptor to activate signaling 

I 

cascades that lie downstream of the TGF -~ receptors. TGF~ type III receptor(> 280 kD) 

lacks the cytoplasmic kinase domain essential for signal transduction and functions. 
I 

: 

primarily in presentation of TGF-~ to TGF-~ type I and II recepto~s (83,143,144). 

Mitogen activated protein kinases (MAPK), heterotrimeric G proteins, arid smad proteins 

have been implicated as mediators of T,GF-~ signal transduction (145,146). In further 
I 
I 

support of a direct action on LHRH neurons, TGF-~1 stimulated LHRHi release directly 
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from immortalized LHRH producing GT1-7 neurons in vitro at a dose of ~0 ng/ml in our 

study. A dose of 5 ng/ml of TGF -~~ was reported to be effective in a iprevious study 

(55,57). It is unclear why a higher dose ofTGF-~1 was. required in our study to stimulate 

LHRH secretion from the LHRH neurons. The difference in sensitivities between the two 

studies could be due to use of different LHRH cell lines - we used the GT1-7 cell line 

while the other study used the GT1-1 cell line. In support of this possibility, other 

i~vestigators also found that the two LHRH cell lines also have differen~ sensitivities to 

another growth factor, basic fibroblast growth factor (14 7). 

V. Significance of Latent TGF -B1 Activation and the Contributorv Effects of 

"Additive" Factors in Induction ofLHRH Release 

While ng/ml concentrations of exogenous TGF-~t were required to stimulate 

LHRH release from GT1-7 cells, only pg/ml concentrations of endogenous TGF -~ 1 were 

observed in hypothalami~ astrocyte CM. This discrepancy could be explained by two 

possibilities: 1) _GT1-7 cells possess ~ mechanism for convertitig latent TGF -~ 1 into 

active TGF-~1 and/or 2) there are "additive" factors in CM. Acid treatment of HA CM 

revealed that approximately 30-40% of TGF~~1 exists in the active form:in CM with the 

I 

remaining 60~70% of TGF-~ 1 existing in the latent form. Thi~ finding ~grees well with 

previous studies by · Caldwell and coworkers (148, 149) who found tha~ only 

approximately one-third of the TGF -~ 1 in frozen brain astrocyte CM or retinal glial cell 

CM is in the active form. Admittedly, latent TGF-~1 is considered to :be inactive and 

requires activation to be biologically functional. This activation is required before TGF
! 



72 

. . . 

~1 can interact with its receptors; therefore, a~tivation of latent TGF_-~ 1 represents a 

potential regulatory step con~rolling TGF-(31 effects (1~0,151). ·In one proposed model of 

TGF-~1 activation, latent TGF-~1 is targeted to the extracellular matrix by
1

LTBP, and the 

action of one or more proteases on LTBP releases a truncated form of TGF-~ 1 from the 

matrix. Structural characteristics of LTBP and /or LAP then allow truncated TGF-~ 1 to 

associate with the cell surface where it is .activated by cell-associated plasmin (139). 

Latent TGF-~1 can also be converted to active TGF-~1 in vitro by thromb0spondin, furin, 

cathepsin D, freezing, and treatment with heat or pH extremes (56,139,152-155). 

Although multiple activation mechanisms have been established in cell culture and in 

vitro systems, much less is known about how TGF-~1 is activated in vivo. However 

results from our laboratory . demonstrating furin transcript expression in the rat 

hypothalamus and GT1-7 cells raises the intriguing possibility that LHRH neurons may 

be capable of activating latent TGF-~1· 

Our second possibility suggests that there could exist "additive" factors in 

astrocyte CM which work with TGF -~ 1 to stimulate LHRH release. Along these lines, . 

3a.,5a.-THP could function as a possible additive factor since it was present in significant 

concentrations in CM, and its levels correlated with the LHRH-releasing. activity of CM. 

Reports suggest that 3a.,5a.-THP stimulates LHRH release through a GABAA receptor 

mediated mechanism (73). Moreover, binding studies have confirmed the presence of 
'r : 

GABAA and GABAs receptors in GT1-7 cells. In addition, GT1-7 cells respond to the 

GABAA receptor agonist muscimol with an increase in intracellular Caf+ and enhanced 

LHRH release, effects blocked by the selective GABAA receptor antagonist bicuculline 
-. I 

(72, 156). An increase, in LHRH ·secretion -subsequent to GABAA receptor activation 
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would appear unlikely since GABA opens the chloride channel and usually 

hyperpolarizes cells expressing the receptor. However, GABA can depolarize cells if the 

equilibrium potential for chloride is more positive than the resting membrane potential. 

GABA has been shown to open the GABAA receptor chloride channel in GT1-7 cells and 

either depolarize or hyperpolarize the cells depending on the concentration of 

cytoplasmic chloride (157-159). This moderate depolarization is proposed .to promote 

Ca2
+ influx through L-type Ca2

+ channels resulting in further depolarization and 

exocytosis of LHRH (156). In our studies, picrotoxin treatment of C6 glial cell CM did 

reduce the LHRH-stimulatory effect of the CM~ However, 3a.,5a.-THP most likely plays 

a minor role in the LHRH-releasing activity of CM as both ultrafiltration and TGF-f3 

immunoneutralization, procedures which would not remove 3a.,5a.-THP from CM, 

eliminated the ·majority of the LHRH-releasing· activity of CM~ Thus other additive 

factors must exist. It should be mentioned that ~he· TGF-(3 neutralizing antibody used in 

our studies would neutralize TGF-f32 and TGF-f33 in addition to TGF-f31; thus, TGF-(32 

and TGF -f33 could be candidates as additive factors in CM since these ligands signal 

through the same TGF-(3 type I-TGF-(3 type II receptor complex. In support of this 

possibility, both TGF -f32 and TGF -f33 have been shown to be produced by astrocytes 

(133,134,160). Furthermore, TGF-(32 has recently been shown to enhance LHRH 

secretion (161). Thus,. these TGF-f3 family members may participate with TGF-(31 to 

enhance LHRH secretion. Additionally, TGF-f3t has also been shown to stimulate two 

other LHRH -regulatory factors from astrocytes, prostaglandin E2 and interleukin-6 

(59,162). These factors may also participate with TGF-f3t to enhance LHRH secretion. 
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VI. Regulation of Biologically Active TGF -B1 Production: A Role for Estrogen 

It has been generally assumed that estrogen signals through a single receptor, ER

a, belonging to the superfamily of nuclear hormone receptors; however the recent 

discovery of a second estrogen receptor, ER-(3, has lead to a re-evaluation of estrogen and 

anti-estrogen signaling and physiology (107,163,164). Mouse ER-a and ER-J3 share 97% 

and 60% ·amino acid similarity in the ·DNA binding domain (DBD) and ligand binding 

domain (LBD), respectively. Activation function (AF) regions AF1 and AF2 of the 

estrogen receptor are proposed to mediate transcriptional activation by interacting with 

coregulator proteins that mediate remodeling of chromatin structure and interactions 

between receptors and transcriptional machinery (165, 166). The AF2 core· sequences in 

ER-a and ER-J3 are identical; however, there is poor homology between the AF1 regions 

of the receptors, suggesting that each isoform may perform specific biological functions 

(167,168). 

Our study revealed that hypothalamic astrocytes possess both estrogen receptor-a 

and estrogen receptor-J3 mRNA and immunoreactive protein. Estrogen receptor-a had 

been previously reported to be present in hypothalamic astrocytes (27), but to our 

knowledge, our study is the first to demonstrate that estrogen receptor-f3 is also present in 

hypothalamic astrocytes. A functional role· for estrogen receptors in hypothalamic 

astrocytes was suggested by our finding that J 7(3-estradiol can enhance' TGF-f3t release 

from hypothalamic astrocytes in vitro. The enhancing effect of 17(3-estradiol ·was exerted 

upon both the ac~ive and latent forms of TGF-f3t. The ability of 1.7(3-estradiol to regulate 

release of TGF-f3t is intriguing as 17(3-e~tradiol is ::well known to be the trigger for the 
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preovulatory LHRH and LH surge (5,6,169), and it thus provides a :mechanism for 

recruitment of astrocytes into the surge mechanism. The stimulatory : effect of 17P

estradiol on TGF -P 1 release was specific, as the neurotransmitter, glutamate did not 

stimulate TGF-Pt release and in fact ·was inhibitory. The steroid hormone progesterone 

was also without effec~ o11 TGF~Pi release; however, tamoxife~ 1.) increased biologically 

active TGFPt levels in hypothalamic astrocyte CM and 2.) failed to block the 17P

estradiol induced increase in biologically active TGFp·1 content in hypothalamic astrocyte 

CM. Tamoxifen is a non-steroidal anti estrogen that inhibits or modifies tli~ interaction of 

estrogen receptors with DNA by binding to the receptor, thereby blocking the action of 

estrogen; however, reports indicate that the active metabolite of tamoxifen, 4-hydroxy 

trans-tamoxifen (OHT), functions as an agonist of estrogen action in uterine tissue and 

activates ER-a but not ER-P in a cell type and promoter specific manner (170-172) The 

agonist activity ofOHT at ER-a requires an intact AF1 domain, a region which is poorly 

conserved between ER-a and ER-P; therefore the lack of a corresponding domain in ER

p may account for the lack of agonist activity at ER-P (172,173). This suggests·that the 

ability of tainoxifen to increase biologically active TGF-Pt content in hypothalamic 

astrocyte CM may be mediated by agonist activity at ER-a. In contrast, our co-incubation· 

studies with the estrogen receptor antagonist ICI-182,780 demonstrated that the effect of 

17P-estradiol upon TGF-Pt release appeared to be an estrogen receptor-mediated effect, 

as evidenced by the fact that it was completely blocked by the potent estrogen receptor 

antagonist. ICI-182,780 has been reported to be completely dev~id of estrogenic activity, 

and results from cotransfection studies have demonstrated the .ability of ~he antagonist to 

block estradiol-mediated activation of both ER-a and ER-P (174-175). It should also be 
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mentioned that 17~-estradiol has been shown to increase TGF -~ 1 release from bone 

(176,177), uterus (178,179), and skin during the process of wound-healing (180). In 

addition preliminary work in Dr. Brann's laboratory has shown that glial cell CM protects 

GT1-7 neurons from cell death due to serum deprivation. This raises the. possibility that 

astrocytes modulate not only neuronal secretion but also possibly neuronal survival. 

Thus, the 17~~estradiol-TGF-~t pathway appears to be an endocrine signaling pathway 

common to many different systems and potentially important in many different 

physiological processes. 



SUMMARY. 

Recent work suggests that astrocytes can release factors that can· regulate LHRH 

neurosecretion. The purpose of this study was to further elucidate the· astrocyte factor 

responsible for this action since there are contradictory reports in the literature on this 

issue. Exposure of LHRH producing GTl-7 neurons to CM from C6 glial cells and 

hypothalamic astrocytes stimulated LHRH release, with 18 CM and 24h CM being most 

effective, respectively. Assays of C6 glial cell and hypothalamic astrocyte CM revealed 

that TGF-P1 and 3a,Sa-THP, both known LHRH secretogues, were present in CM and 

their levels increased in parallel to the LHRH-releasing activity of CM. In contrast, TGF-

a, a previously suggested LHRH-regulatory factor, ·was undetectable iri C6 or HA CM. · 

Ultrafiltration of hypothalamic: astrocyte CM to remove all peptides with molecular mass 

> 10 kD resulted :in a significant attenuation of the LHRH-releasing ability of the CM. 

Furthermore, co-incubation with increasing concentrations of a· pan~specific TGF-p 

antibody caused a dose-dependent attenuation of the LHRH-r~leasing activity of the CM. 

Thus, TGF-P1 appears to,b~ a major factor from astrocytes responsible for the LHRH-

releasing effect of astrocyte CM. TGF -P type I, II, and III receptors were demonstrated in 

rat hypothalamus. Additionally, TGF-P type I and II receptors were demonstrated in 

GTl-7 cells, further verifying a potential direct action of TGF-P1 on· LHRH neurons. 

Higher exogenous concentrations ofTGF- P1 were needed to enhance LHRH release than 

. were observed in the astrocyte CM. One possible explanation for this is that there exists 

77 



78 

additional additive factors in astrocyte CM which remain to be identified. Latent TGF -~ 1 

could be important if activated, and interestingly, work in our laboratory has shown that 

the rat hypothalamus and GT1-7 cells express the transcript for furin, an enzyme which 

activates latent TGF-~1 (data not shown). This suggests that LHRH neurons may possess 

t~e machinery to activate latent TGF-~1· Finally, estrogen receptor-a and estrogen 

receptor-~ mRNA and immunoreactive protein were also demonstrated in hypothalamic 

astrocytes, and exposure of hypothalamic astrocytes to different doses of 17~-estradiol 

for 36 hours resulted in a significant enhancement of TGF -~1 release from hypothalamic 

astrocytes. This effect was specific as progesterone and the transmitter glutamate did not 

enhance TGF -~1 release; however the anti estrogen tamoxifen was found to increase 

biologically active TGF~1 content in hypothalamic astrocyte conditioned medium. 

. -

In summary the present stu~lies provide evidence that TGF-~ 1 and not TGF-a is 

the active factor responsible for the ability of astrocytes to regulate LHRH release. Our 

study also suggests that there are additive factors in hypothalamic astrocyte "CM which 

facilitate or.~ct parallel to TGF-~1 to regulate LHRH release. As a whole, these studies 
' . 

provide further evidence _for a potenti~l role _of ~strocytes in the control of LHRH 

secretion, and they provide evidence of a previously undescribed 11~-estradiol-TGF-~1-

LHRH signaling. pathway. These studies demonstrate that astrocytes have important 

neuroregulatory capabilities and that they should no longer be considered in the uni-

dimensional light of possessing only structural segregational functions in the brain. 
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