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Abstract

To identify estrogen-responsive genes in somatolactotrophic cells of the pituitary gland, a rat pituitary cell line GH3 was subjected
to cDNA microarray analysis. GH3 cells respond to estrogen by growth as well as prolactin synthesis. RNAs extracted from GH3 cells
treated with 1@-estradiol (E2) at 10° M for 24 h were compared with the control samples. The effect of an antiestrogen IC1182780 was
also examined. The array analysis indicated 26 genes to be up-regulated and only seven genes down-regulated by E2. Fourteen gene
were further examined by real-time RT-PCR quantification and 10 were confirmed to be regulated by the hormone in a dose-dependent
manner. Expression and regulation of these genes were then examined in the anterior pituitary glands of female F344 rats ovariectomized
and/or treated with E2 and 8 out of 10 were again found to be up-regulated. Interestingly, two of the most estrogen-responsive genes in
GH3 cells were strongly dependent on E2 in vivo. #1 was identified as calbindin-D9k mRNA, with 80- and 118-fold induction over the
ovariectomized controls at 3 and 24 h, respectively, after E2 administration. #2 was found to be parvalbumin mRNA, with 30-fold increase
at 24 h. Third was enycmRNA, with 4.5 times induction at 24 h. The levels were maintained after one month of chronic E2 treatment.
Identification of these estrogen-responsive genes should contribute to understating of estrogen actions in the pituitary gland.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction tumor, whose growth and prolactin synthesis are stim-
ulated by estroger10,11] There is a variation in the
Estrogen regulates multiple functions in different cell estrogen-responsiveness of this cell line reported in the lit-
types in the anterior pituitary gland—3]. In the somato-  erature[5,12—-15] but the cells obtained from the Health
lactotrophs (GH/prolactin cells), it is well documented that Science Research Resources Bank in Osaka, Japan, display
estrogen activates prolactin mRNA transcription through high sensitivity with regard to induction of cell prolifera-
the estrogen-responsive element (ERE) located in thetion. In the present study, we performed a gene expression
5-upstream regulatory regidd,5]. The storage and release analysis of estrogen action in GH3 cells using the cDNA
of prolactin are also regulated by estrodéh In addition microarray technique and found many of the identified
to hormone production, estrogen promotes cell proliferation estrogen-responsive genes to also be similarly regulated in
in somatolactotrophs, which is prominent in the rat case Vivo in the anterior pituitary in F344 rats.
[7-9]. Although estrogen-responsive expression of a series
of genes must be involved in these biological functions of ,
the pituitary cells, only a few have so far been reported to 2~ Materials and methods
be regulated by estrogda)].
GH3 is a widely used rat pituitary somatolactotrophic 2.1. Chemicals
cell line, originally isolated from the MtT/W5 pituitary
17B-estradiol (E2) was purchased from Sigma Chemi-
* Corresponding author. Tel:81 82 257 5820; fax+-81 82 256 7107.  cals, St. Louis, MO, USA and ICI182780 was obtained from
E-mail addressnfjim@hiroshima-u.ac.jp (N. Fujimoto). Tocris Cookson Ltd., Bristol, UK. Each was dissolved in
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ethanol to give stock solutions. Actinomycin D and cyclo- TCACTATAGGGAGGCGG-(dT)24-3, 1 x first-strand
heximide were purchased from Wakojunyaku KK, Osaka, buffer (50 mM Tris—=HCI pH 8.3, 75mM KCI, 3mM

Japan. MgClI2, 10mM DTT) and 0.5mM dNTPs at 4Z for 1 h.
Second-strand synthesis was performed by incubating the
2.2. Cell culture first-strand cDNAs with 10 UE. coli ligase (Invitrogen),

40 U DNA polymerase | (Invitrogen), 2 U RNase H (In-

The pituitary cell line GH3 was obtained from the Health vitrogen), 1x reaction buffer (18.8 mM Tris—HCI pH 8.3,
Science Research Resources Bank (Osaka, Japan) an€l0.6 mM KCI, 4.6 mM MgCj, 3.8mM DTT, 0.15mM
maintained in DME/F12 mixed medium (Sigma Chemical NAD, 10 mM (NH3)2SQ4) and 0.2 mM dNTPs at 18C for
Co.) containing penicillin and streptomycin with 10% horse 2h. Ten units of T4 DNA polymerase (Invitrogen) were
serum (HS, Gibco/Invitrogen Corp., Carlsbad, CA, USA) then added, and the reaction was allowed to continue for
and 2.5% fetal bovine serum (FBS, Gibco/Invitrogen). Be- another 5min at 16C. After phenol-chloroform extrac-
fore estrogen treatment, cells were maintained for a weektion and ethanol precipitation, the double-stranded cDNA
in phenol red-free medium (Sigma Chemicals) containing was resuspended in 12 DEPC-treated dpO. Labeling
the same antibiotics along with dextran-charcoal-treated of the dsDNA was achieved by in vitro transcription using
serum. For cell growth assays, GH3 cells were seeded ina BioArray HighYield RNA transcript labeling kit (Enzo
24-well plates at 1x 10* cells/well, and hormones were Diagnostics, Farmingdale, NY). Briefly, the dsDNA was
added the next day. Growth was measured after five daysmixed with 1x HY reaction buffer, & biotin labeled ri-
by means of a modified MTT assay with WST-1 (Dojindo bonucleotides (NTPs with Bio-UTP and Bio-CTP)x 1
Chemicals, Kumamoto, Japan). For microarray analysis, 3DTT, 1x RNase inhibitor mix and & T7 RNA polymerase.
x 10° GH3 cells were seeded in 90 mm dishes and treated The mixture was incubated at 3C for 4h. The labeled
with E2 at 10°M and/or ICI at 16'M and harvested  cRNA was then purified using a RNeasy mini kit (Qiagen,
after 24h treatment. Cells were harvested after addition Valencia, CA) according to the manufacturer’s instructions.
of Isogen (Wakojunyaku). For mRNA gquantification, cells The purified cRNA was fragmented in st fragmentation
were treated with E2 at 132 to 10-°M and/or ICI182780  buffer (40 mM acetate, 100mM KOAc, 30 mM MgOAc)
at 10" M. After the indicated period of time, cells were at 94°C for 35min. For hybridization with the GeneChip
harvested with cell lysis buffer supplied with an SV-total Rat Genome U34A (Affymetrix), 1pg fragmented cRNA

RNA isolation kit (Promega Co., Madison, WI, USA). probe was incubated with 50 pM control oligonucleotide
_ B2, 1x eukaryotic hybridization control (1.5pM BioB,
2.3. Animals 5pM BioC, 25pM BioD and 100pM Cre), 0.1 mg/ml

herring sperm DNA, 0.5mg/ml acetylated BSA and 1

Animal experiments were conducted under the guidelines manufacturer-recommended hybridization buffer in @5
of the ‘A Guide for the Care and Use of Laboratory Ani- rotisserie oven for 16 h. Washing and staining were per-
mals of Hiroshima University’. Female F344 rats were pur- formed with a GeneChip Fluidic Station (Affymetrix) using
chased at four weeks of age from Charles River Japan Co.the appropriate antibody amplification washing and staining
(Kanagawa, Japan). They were maintained with free accessprotocol. The phycoerythrin-stained arrays were scanned
to basal diet and tap water. All animals except the intact con- as digital image files and scanned data were analyzed with
trol underwent surgical ovariectomy upon receipt and im- GeneChip software (Affymetrix)17].
planted with pellets containing 10 mg of E2 subcutaneously
as described previous[{6]. Animals were sacrificed under  2.5. Quantification of mMRNAs by real-time RT-PCR
ether anesthesia after 3, 8, 24 and 48 h in the short-term ex-
periment. Treatment was extended between 7 and 30 days RNA preparation was carried out with an SV-total
for the long-term experiment. The pituitary gland and the RNA isolation kit. One microgram of total RNA was
uterus of each rat were weighed and immediately frozen in reverse-transcribed with 200 U of MMLV-RT (Invitro-

liquid nitrogen and stored at80°C. gen) and 2.5 pmol of oligo-dT primer (Invitrogen) in g5
buffer containing 1 mM dNTP, 200 mM Tris—HCI (pH 8.3),
2.4. The GeneChip analysis 150mM KCI, 6 mM MgCh, 60 mM dithiothreitol and 5

U/pl RNasin with incubation at 37C for 60 min.

Total RNAs were extracted with Isogen, a premixed The real-time PCR method with a QuantiTect Sybr
RNA isolation reagent, based on the acid guanidium Green PCR kit (Qiagen) and an ABI Prism 7700 (The
thiocyanate—phenol—chloroform extraction method. The Perkin—Elmer Co) was employed for quantitative measure-
supplied protocol was followed. ment for following the supplied protocdll8]. Specific

First-strand cDNA was synthesized by incubating primer sets with &, of about 59 C were designed for each
5ng of total RNAs with 200 U SuperScript 1l re- mRNA selected from the microarray analysisfle 3. The
verse transcriptase (Invitrogen, Carlsbad, CA), 100 pmol PCR conditions were a 15 min of initial activation step fol-
T7-(dT)24 primer [5GGCCAGTGAATTGTAATACGAC- lowed by 45 cycles of 15s at 9€, 30s at 50C and 60 s at
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Table 1
Nucleotide sequences of primers for quantitative real-time PCR
Gene GenBank accession# Forward Reverse
#1 K00994 AACCAGCTGTCCAAGGAGGA CTTCTCCATCATCGTTCTTATCCA
#2 Al175539 TTTCTTCAGGCCCACCATCT TTGCAGGATGTCGATGACAGA
#3 Al014135 GAACCAATTCTCCTAGCACAAGTG CACGCCTGTGTTGGGCTAA
#4 Al178971 GGTGTGAAATCCCCAGGGT CCCTGTCCACTCTGAGCGAC
#5 S81478 GATCAACGTCTCGGCCAATT GCACAAACACCCTTCCTCCA
#6 D26393 GATTTCTAGGCGGTTCCGGA ACTCGGAGCACACGGAAGTT
#7 Al230712 TGGCAGAAAAATCAATCCAGC AAAGCCAGCCCCAAATCAC
#8 AF081366 CATCTGGACAACTGTGCTGGA GGCACCACACATGAAGGAATT
#9 Y00396 CCGAGCTACTTGGAGGAGACA AGGCCAGCTTCTCGGAGAC
#10 U02553 GATCAACGTCTCGGCCAATT GCACAAACACCCTTCCTCCA
#14 U24175 CAGTGGATCGAGAGCCAGC TGCCCCAGCTTGATCTTCAG
#15 D13623 ACCAAGACCGGTAGCAAGGG GAAATCCGACGGAAGAGTGC
#21 AA892522 CCTTCGACTCAGCCACAAAAA ACAGGGTCTTACCCTGCCTTC
#22 L16922 AGCCAGAGCCCACAATATGG GCAATCATTTCTTCCGGCAC
G3PDH AB017801 TGAAGGTCGGTGTGAACGGATTTG TGATGGCATGGACTGTGGTCATGA

72°C. Prior to the quantitative analysis, PCR products were are also given ifTable 2 The genes regulated by E2 but not
prepared separately and purified by gel electrophoresis. Theshowing inhibition by 1C1182780, which only accounted
fragments extracted from the gel were used as standards foffor four in total, are not included in the table. Interestingly,
quantification. The DNA sequences were confirmed with only 26 genes were categorized as up-regulated and seven
a capillary DNA sequencer, ABI 310 (The Perkin—Elmer as the down-regulated, out of approximately 8000 genes on
Co.). Al MRNA contents were normalized with reference the chip.
to G3PDH mRNA.
3.3. Confirmation of mRNA changes
2.6. Statistical analysis
From Table 2 the top ten genes and four others (#14,
Multiple comparison was made by ANOVA followed by  #15, #21 and #22) were selected and subjected to quantifi-
Scheffe’s test. Otherwise, Student‘test was applied. cation of MRNA levels to confirm the results of cDNA mi-
croarray analysis. cDNAs from GH3 cells treated with E2

at 1012t0 10-°M and/or ICI at 107 M are examined and
3. Results

3.1. Estrogen-dependent cell proliferation of GH3

The relative cell numbers were measured at day 5 of ° I I
treatment with E2 at concentrations from 18 to 10°M
(Fig. 2). Significant stimulation of cell proliferation was ob-
served at 10'2M and the response appeared to reach a
maximum at 1011 M. The sizes of individual cells treated
with E2 appeared to be larger than without hormone.

Relative number of cells
o

3.2. Estrogen-responsive genes identified by cDNA
microarray o

E2 +ICI10"'M

Differentially expressed genes based on the ratio of 0 .

the measured hybridization intensities on GeneChip Rat -14 -13 -12 -11 10 9 -8 -7

Genome U34A between control and E2-treated cells are E2 Concentration (10*M)

listed inTable 1 A minimal change of two-fold was applied

experiments were carried out and the genes showing l,e”_prollferanon_. Cells were seeded_ in 24-well plates ak110* cells per
L . well. After five days treatment with E2 at 18 to 10-°M alone or with

able hyb”dlzatlon for both experiments were counted. The ICI at 10~ M, cell proliferation was measured by a modified MTT assay.

genes are listed according to average values of E2 induc-gach point represents a meanS.E.M. f = 4). *** Indicates significant

tion. The results of ICI182780 treatment alone or with E2 differences from the control value at 0.05 and 0.01, respectively.
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Table 2
Genes up- and down-regulated by estrogen two or more fold in the microarray study
Genbank accession# Gene name/blast match Fold change in expression
E2(Expl) E2(Exp2) E2ICI ICI
Genes up-regulated
#1 K00994 Calbindin-D9k 8.12 6.20 0.70 0.33
#2 Al175539 Parvalbumin 7.58 4.54 0.81 0.28
#3 Al014135 Ribosomal RNA 6.23 4.93 117 0.94
#4 M17083 Alpha globih 5.23 4.99 0.39 0.59
#5 S81478 3CH134/CL1 ATPase 4.77 4.12 0.97 111
#6 D26393 Type Il hexokinase 2.75 3.15 0.14 0.49
#7 Al230712 PACE4 2.98 2.73 0.44 0.15
#8 AF081366 K+ channel ROMK2.1 isoform 3.21 244 0.88 0.20
#9 Y00396 cmyc protein 2.99 2.59 0.76 0.35
#10 U02553 Protein tyrosine phosphatase 3.32 2.23 0.67 0.44
#11 AF036548 RGC-32 3.47 2.05 112 0.37
#12 U53505 Type |l iodothyronine deiodinase 2.26 2.87 0.77 0.34
#13 Y09507 Hypoxia-inducible factor 1 2.60 2.38 1.13 0.69
#14 U24175 Regulator of transcription 5al 2.77 2.01 0.61 0.46
#15 D13623 p34 protein 2.43 2.32 1.05 1.02
#16 M58040 Transferrin receptor 2.37 2.38 0.73 0.30
#17 AA819776 EST (similar to HSP86) 1.93 2.76 1.82 1.97
#18 AA875126 EST (unknown) 2.33 2.27 0.58 0.70
#19 M14656 Osteopontin 1.89 2.69 1.37 1.22
#20 X67788 Ezrin, p81 2.28 2.23 0.47 0.50
#21 AA892522 EST (unknown) 2.19 2.23 0.60 0.82
#22 L16922 Progesterone receptor 2.30 2.04 0.89 0.67
#23 uU57097 APEG-1 protein 2.36 1.97 143 151
#24 M24852 Neuron-specific protein 1.87 2.45 1.73 1.57
#25 AA817846 EST (similar t@-B-hydroxy butyrate dehydrogenase) 1.86 2.37 0.97 0.96
#26 Al169417 Phosphoglycerate mutase type B subunit mRNA 1.98 2.23 0.97 0.92
Genes down-regulated
U67080 Zinc finger protein r-MyT3 0.49 0.47 1.38 1.06
AA799964 EST (unknown) 0.49 0.41 0.51 0.71
Al639263 EST (unknown) 0.46 0.41 0.68 0.32
M27925 Synapsin 2a 0.47 0.35 131 131
E03229 JP 1991272688-A/2 0.47 0.30 1.31 0.95
Al237654 Vdupt 0.40 0.35 0.81 0.84
AA893280 EST (similar to adipose differenti-ation-related protein) 0.47 0.21 0.91 0.98

Gene are listed in order of average E2 fold change in Experiments 1 and 2. **Four E2 up-regulated genes were not inhibited by ICI, which are not
included in this table (The GenBank accession numbers of these are Al138070, AA866485, D84480 and X74293).
* Indicates genes originally listed as ESTs but found to have perfect match by BLAST.

the results were summarizedkig. 2. Although the fold in- Table 3
creases of E2 induced gene expression were slightly lower Effects of cycloheximide and actinomycin D on E2-induced mRNA change
than in the microarray analysis, up-regulation and inhibition °' ¢abindin D9k and parvalbumin in GH3 cells

by 1CI182780 were confirmed except with three genes, #3, 3h 24h

#6 and #15, which showed no responses. Time dependence, . c#1: calbindin Dok

of gene expression induced by E2 was also examined and the control 5.45+ 0.70% 4,02+ 0.33*

results are summarized Fig. 3. As expected, some of the CHX 4.03+ 0.1 3.74+ 0.27*

genes were expressed early after E2 administration and oth- ActD 101+ 021 1.13+0.23

ers increased gradually. Since the microarray analysis wasGene#2: parvalbumin

carried out at only one time point, 24 h after E2 treatment,  Control 1.81+ 0.41 4.524+ 0.94

early responding and quickly muting genes would not be ~ ©HX 251+ 0.19% 8.34+ 037
ActD 0.93+ 0.09 1.58+ 0.31

expected to be identified.
To determine E2 in inducing the transcription of genes #1 Cell were treated with E2 at 18M for 3 and 24h with or without
and #2, GH3 cells were treated with E2 in the presence of cycloheximide (CHX) at 1ug/ml or actinomycin D (ActD) at 0.pg/ml.
0.5ug/m| of actinomycin D (a transcription inhibitor) and ;I]'h_e Lr;ductlons by E2 were calculated for each treatment (ree8rE.M.,
10““glm| cycloheX|m|de (a translation 'nhlb'tor) for 3 and *Indicates significant induction at 0.05 and 0.01, respectively.
24 h (Table 3. Increase in mMRNA levels by E2 was blocked ** Indicates significant induction at 0.05 and 0.01, respectively.
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Fig. 2. Dose-dependent changes in gene expression levels measured by quantitative real-time RT-PCR. Cells were treated with differerdroatentrati

E2 at 1012 to 102 M and/or a single dose of ICI 182780 (ICI) at 70M for 24 h. All MRNA contents were normalized with reference to G3PDH mRNA.

The fold changes were calculated based on the gene expression in the cells treated with vehicle. Each point is an average of two independent experiment

1

ICI

-9

by actinomycin D but not by cycloheximide, which indicates increase for each gene are summarizedTable 4 as
that E2 regulates these genes at the transcriptional level. fold change of mRNA in E2-treated animals over that
in the ovariectomized controls. All the genes except #4
were up-regulated in pituitary tissue by the short-term and
long-term treatment of E2. Estrogen dependence of expres-
Expression of estrogen regulated genes in GH3 cells wassion of gene #1 (calbindin-D9k) and gene #2 (parvalbumin)
further investigated in the anterior pituitary gland. First, was extremely strong, over 100-fold induction being noted.
MRNA expression of eleven-responsive genes was exam-For these and gene #9 fayg, more detailed time-dependent
ined in short-term (24 h) and long-term (30 days) E2-treated analysis was carried out. IRig. 4, each mRNA level was
ovariectomized F344 rats. Findings for estrogen-dependentcalculated based on the level in ovariectomized rats at day

3.4. Expression of genes in the pituitary gland
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Fig. 3. Time-dependent change in gene expression levels measured by guantitative real-time RT-PCR. All mMRNA contents were normalized veith referenc
to G3PDH mRNA. Cells were treated with E2 at M for 0, 1, 3 and 24 h. Each point represents a mgas.E.M. fi = 4). *** Indicates significant
differences from the control values at 0.05 and 0.01, respectively.

Table 4 of its GH and prolactin production appears to be physiolog-

Estrogen-responsive genes identified by the microarray study in the pitu- ically relevant with dependence on thyroid hormones, es-

itary tissues in ovariectomized F344 rats trogen and glucocorticoifil1,12,19] In the present study,

Gene GenBank accession# Fold change in expression we applied microarray analysis and identified a number of
24h 1 month estrogen-responsive genes. _

In terms of GH3 estrogen-responsiveness, there are two

#l K00994 118 9.0 distinct parameters, prolactin synthesis and cell prolifera-
#2 AI175539 28.9 70.0 X e )

#4 M17083 11 0.6 tion. However, reported sensitivity to estrogen has varied
#5 S81478 2.3 2.0 in the literature[4,13-15,20] The inter-laboratory varia-

#1 Al230712 29 4.7 tion may be due partly to differences in strain, since GH3
#8 AF081366 9.9 20 has a rather old origin and has been widely used. Techni-
#ﬁg 5322%63 ‘;51 11'.2 cal problems with charcoal treatment of serum for remov-
#14 U24175 24 4.0 ing estrogenic substances may have had an impact in some
#21 AAB92522 2.0 5.1 caseq21]. The estrogenic activity of phenol red or related
#22 L16922 4.2 9.4 contaminants in common culture media was not recognized

Ovariectomized F344 rats were treated subcutaneously with pellets con-_until Katzene”_enb()gen,s group pr_OVidEd a ConVinQing ev-
taining E2 for 1 and 30 days. The gene expression was measured byidence[22]. Prior to the present microarray analysis, GH3

guantitative real-time RT-PCR in pituitary tissue and the fold changes cells were examined in our culture conditions and found to
were calculated based on the mRNA level in ovariectomized controls at be very sensitive to estrogen, exhibiting induction of cell
time 0 (@ = 5). . . ' .

0=9 proliferation in response to E2 at a concentration as low as

0. All the three mRNASs, for calbindin-D9k, parvalbumin 10~ *2M. The high sensitivity on cell proliferation appears
and cmyg were induced significantly within 3 h of subcu- typical for pltw_tary cell lines, like the MtT/I_E-Z ceI_I line
taneous E2 administration, although the increase was most€ have established and another lactotrophic cell line, PR1
prominent for calbindin-D9k, with a 72-fold elevation. [4:23] ERuis the major type of ER expressed in GH3 cells
Higher levels were still maintained after a month of chronic With a ratio to ER of 380:1 according to quantitative PCR

E2 treatment. (data not shown).
Recently, estrogen-responsive genes have been investi-

gated by cDNA microarray in human breast cancers and

4. Discussion the normal uteru§24,25] However, the pituitary gland has
not been explored for estrogen-responsive genes by this
The GH3 cell line has been widely used to investigate ap_proach, tq our knowledge. In the present microarray anal-
the functions of somatolactotrophic cells, since regulation YSiS: @ relatively small number of genes were found to be



N. Fujimoto et al./Journal of Steroid Biochemistry & Molecular Biology 91 (2004) 121-129 127

Gene #1 [26,27] Estrogen activation of mycalso has been reported
calbindin in the anterior pituitary gland and breast cancer ¢2Bs29].
A total of seven genes could be listed as down-regulated
but they were not analyzed further, since all of them dis-
played relatively small degrees of change to 0.34-0.48 of
the control values. Other known estrogen-responsive genes
in the pituitary gland, such as prolactin and Té&skere not
on the array used in the present study.
Interestingly, the in vivo expression of two genes,
0 me—s . — ¢ calbindin-D9k and parvalbumin, was found to be highly
038  24hours  48hours 7days *  30days induced by E2 both in the short and longer term, which
E2 treatment may suggest that hypothalamus or other indirect endocrine
Gene #2 pathways would be involved in regulating genes in addition
parvalbumin " to the direct transcriptional activation. Calbindin-D9k is
a vitamin D-dependent intestinal calcium-binding protein
that is detectable in the duodenum, uterus and placenta
- [30-32] Another vitamin D-dependent calcium-binding
protein, calbindin-D28k, expressed in kidney and brain
has no homology with calbindin-D9k either at the nu-
cleotide or at the transcript leve]33]. The calbindin-D9k
gene has been reported to contain a 15-base-pair imper-
0 Mo - —( (o fect palindrome with high homology to the estrogen- and
038  24hours  48hourS 7days = 30days glucocorticoid-responsive elements (ERE and GRE).
E2 treatment Although there is no evidence that this protein is regu-
Gene #9 lated by estrogen in the intestine through this motif, it
c-myc is possible that the imperfect ERE is functional for the
hormone-dependent transcription in the pituitary gland. Par-
valbumin is another calcium-binding protein that belongs
" /'L/g to the EF-hand calcium-binding protein like calbindin-D9k
5 [35]. It is abundant in fast contracting/relaxing muscle
fibers, where it plays a role as a calcium buffer and is also
found in neurons as well as in endocrine glands including
pituitary, thyroid, adrenals, testes and ovaiig8]. It has

150

100

50 F

Relative mRNA levels

100 r

50 r

Relative mRNA level

= [
o [$;]
*
*
AN
\—*1
*

Relative mRNA level

4]

0 : D w— been postulated that parvalbumin can prevent cell death due
038  2dhows  48hours 7days  30days to calcium overload in neurons. Although its expression is
E2 treatment developmentally regulated in muscle, brain and other tis-

Fig. 4. Time-dependent analysis of three estrogen-responsive genes in thesues’ no evidence |nd|cat|ng hormonal regulatlon has been

pituitary in vivo. Ovariectomized F344 rats were treated subcutaneously f€ported[37,38] The 5 flanking region of the gene seems
with pellets containing E2 for 3, 8, 24, and 48 h and 7 and 30 days. Gene t0 function as the promoter but it does not contain any
expression was measured by quantitative real-time RT-PCR in pituitary motifs for estrogen-dependent transcript[88,40]
tissu_e and _fold changes were calculated based on the mRNA level i_n the Since RNA was extracted from whole anterior pituitary
oyarlectomlzed controls at time zero. All mRNA contents were normalized tissue in the present study, it is not clear which types of cell
with reference to G3PDH mRNA. Each point and bar represent mean : o . -
+ S.EEM. @ = 5), *** Indicates significant differences from the control actually contributed to the increase in mRNA levels. Chronic
values at 0.05 and 0.01, respectively. treatment of rats with E2 is known to result in the devel-
opment of lactotrophic tumorgs]. The F344 strain is the
most sensitive to E2 and somatolactotrophs of the pituitary
regulated by estrogen with confirmation in most cases become hyperplastic after exposure for a week and steadily
by quantitative real-time PCR. Suppression by ICI of proliferate thereafter. In the present study, major response of
E2-induced gene expression was also confirmed. The de-GH3 cells was cell proliferation so that some of the identified
grees of change were similar with real-time PCR analysis genes might be expected to be mitosis-related and involved
and GeneChip data and although we selected up-regulatedn estrogen-induced pituitary hyperplasia/tumorigenesis. Al-
genes after 24 h of estrogen exposure, some genes proved tthough up-regulation of the calbindin-D9k and parvalbumin
be rapidly regulatedHig. 3(B)) including these for the pro-  gene are evident on long-term treatment of E2, there was
gesterone receptor andtyc Estrogen-responsive induction  no obvious correlation with the time period for pituitary hy-
of progesterone receptor is well documented for the primary perplasia in contrast to theraycexpression which steadily
target, the uterus, as well as in the anterior pituitary gland increase.
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In conclusion, the present microarray analysis allowed [14] P.R. Rhode, J. Gorski, Growth and cell cycle regulation of mRNA
identification of a number of estrogen-responsive genes in levels in GH3 cells, Mol. Cell Endocrinol. 82 (1991) 11-22.
GH3 cells whose regulation appears biologically relevant [15] J.G. Scammell, T.G. Burrage, P.S. Dannies, Hormonal induction of

. o . . A secretory granules in a pituitary tumor cell line, Endocrinology 119
in the pituitary gland in vivo. The actual significance of (1986) 1543-1548.

two caIC|um-b|nd|ng proteins discovered to be promlnently [16] N. Fujimoto, H. Watanabe, A. Ito, K. Inoue, Estrogen receptor levels

induced by E2 remains to be explored in the future. and tumor growth in a series of pituitary clonal cell lines in rats,
Jpn. J. Cancer Res. 82 (1991) 1436-1441.

[17] D.J. Lockhart, H. Dong, M.C. Byrne, M.T. Follettie, M.V. Gallo,
M.S. Chee, M. Mittmann, C. Wang, M. Kobayashi, H. Horton,
E.L. Brown, Expression monitoring by hybridization to high-density
oligonucleotide arrays, Nat. Biotechnol. 14 (1996) 1675-1680.
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