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Glucocorticoid receptor mRNA is regulated by glucocorticoids. We found no consensus glucocorticoid
response element, TATA box, or CAAT box but many GC boxes in -3 kilobases of the 5'-flanking sequence
of the human glucocorticoid receptor gene. We identified several transcription start sites, an untranslated exon
1, and the coding content of exon 2.

In a cell-specific manner, glucocorticoid receptor (GR)
and GR mRNA levels may be up or down regulated by
glucocorticoids (2, 6, 7, 10, 15, 18, 25, 30, 35, 38-42). The
mechanisms of this regulation are unknown. To understand
how steroid-regulated genes are controlled, it is necessary to
know their primary sequences. Direct transcriptional up
regulation by glucocorticoids seems to require one or more
GR elements (GREs)-to which the ligand-activated GR
binds-in the regulatory portion of the controlled gene (3, 4,
11, 22, 33, 44). To function, GREs require a 15-nucleotide
sequence with partial dyad symmetry, e.g., GGTACANN
NTGTTCT (11). The hexamer TGTTCT seems to be nearly
invariant within this sequence. In 10 GREs found in six
genes, this hexamer is found without alteration but for the
single exception of an A substituted for a T at the 5' position
in one of the two GREs in tryptophan oxygenase (11). In the
GGTACA hexamer, greater flexibility is allowed. However,
the entire 15-nucleotide sequence appears to be required for
function; half-GREs, consisting of one hexamer only, do not
seem to mediate GR induction, probably because the GR
acts as a dimer at its GRE site (3, 11). We therefore cloned
and sequenced a considerable portion of the 5'-flanking
region of the genomic human GR (hGR) gene. In doing so,
we discovered and sequenced a previously unreported un-
translated exon 1. By further sequencing, we found that
exon 2 codes for the start of translation and the entire
amino-terminal portion of the hGR, up to the DNA-binding
region. We also identified multiple transcription start sites.
Genomic clones were obtained by screening a human

leukocyte library in lambda-dash bacteriophage. About 106
phage were first screened with a 3-kilobase (kb) hGR cDNA
coding region probe (13) labeled by nick translation (29).
From recombinant phage that screened positive, two that
contained an insert of about 20 kb and had the extreme 5'
end of the known coding sequence were identified by re-
screening with a synthetic oligonucleotide whose antisense
sequence corresponded to the untranslated hGR 5' sequence
+35 to +85, according to the published numbering (20). One
genomic insert was cut into smaller fragments by use of
restriction endonucleases, and the 1.6-kb SmaI fragment
that still hybridized with the oligonucleotide probe was
transferred to M13 phage and sequenced. A series of exper-
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iments allowed identification of several overlapping clones
whose sequences comprised 2,9% bases of the 5' flank of the
gene for the hGR leading into exon 1. In addition, the
continuous sequences through exon 1 and 439 nucleotides
into intron 1 were determined (Fig. 1). M13 templates to be

2996
ACAAAAAAAA ATGAAGGGAG AATAATTGGG AACTCTGTGA AATCATAAAT TATTTAAGCA GAGTACCTAC CACTAAGGAT TTGAGCATGT ATGAGCGATG
-896
AGGTGGATTC TTAGAGCAGA GATTCAGCAG TGAGACAGGC TAATGGCATG GGGAGATGTG TTCTATTAGA CAACTGTATT GTCCCCTTAA TTATATACAT
-2796
ATATATGTAT ATAATATATA TGTGTATACA TATGTATACA TACATGTATA TATAAATAGA ATTCTTAATC ATTTTAAGCA GTGTACAACG ATAATTATTA
-2696
GCATGGGCTA TTTAACTCAC TTTTAAAACG TGTAAAACAT TATTGTAGGG TTCGGTCTTG ATTTGTTTCC CATGAAACTG TTGGTAGCCC TGGGCCCAAA
-2596
TTAACGAAAG ACATCTCATT CTAGTGCTTG AGGCTCAGAA ATTGGAAAAA CGGGCAACTA GGTCAAGCAG TGTTCTCATA GCCTCACAGA TCAGCATCCA
-2496
AAGCAAGGGC CTCCTTGTAG TTGACTTGTG CCAACGGACA GGAGAAGCGG AGTCTGCCTT CTIGGTCCAG AAGGGGGTTT TGTTAACATG GAGTTGCTCA
-2396
GCGCCCTTCA TAAAAATTCT TCTGGCTGAG GGTTCTACGT TGGCATACOG TTGGTTCCCT CTTCTTTTCC GAGGTGGCGA GTATCTCTTC CTTTGCCAAG
-2296
ATGGGCGCTC CAGAATCCTC TGGAGGCGGC CCCCGTAGAT CGTCTCCGGA CAAGACCTT GCTGAAAGCC TACTTCTTTC CTTTCACATC AGACAATGCA
-2196
CAGCGAACCT GTTACCCTTG AGAACCAAGG AAGGACGGCT TAGGCTACCC GCGATCGCAA CCTTTCCAA GATGGTGGCC GCGGGGACGG GCTCGCGACA
.2096
CTGTACCCTA CCAAGATCGC GGCGGGCGGC TTCCGGGACG CGCTTCCCCA ATCGTCTTCA AGATGTCAGA 0CAG0GGGAG CCGCCGTCAG TCTGAGCGCC
-1996
GGCGAGGTGA GAGAGTGGCT GTGGCGAGCG CCCGAGCAGG ATTAGGTGGA GCTGCGGCAG CCCCCGCCG TGTCAWAGC TGGCAACGGT GTCACCTGTG
-1896
GGGGCGCAAA AGTTACCTCC CCAAACCCTA AACC0CACAA GCACAACCTT TCCCAGAGTC ACAAAAATCA TAATCTGTGC CGCACAAGGT AGGA0 0CTCG
-1796
GTCCCGCAT CGTCCAAGCC TTCCCGACGC GGCGCACTGG GGAAGGGAGC TCGGCCC GCTTCCCGAC 0GGCACCCCT CGCCCCACGG CCCTCTCCTT
-1696
TCTUCACG GACCACGAGT TCCCTTCCCC TTGGACTGAG GGGGAAGCTC CTAACAGGAA CATCTGTAGG GAGTTGAACG CTGGCATTTT AAAGCTGCCT
-1596
GTATTTTGTT TTATTTGTAG GGGCAGGCWT CCTATGAACG TGATAGGGTG AGCAACGCAC AGAGTCGAGG GCAGCAAATG TCAAGATTCG 00GGTGG0CC
-1496
CTGCACCGGG AACTTGGACG CGGGCCCTGG CCGGGGTGGA AGAAGAGGTC AGGAGTTTCG GAAGGGGWWC TATATTTCGC CAGCAACTTA CTATTTCOCC
-1396
TGCAACTT1 C TTTTAAG1 T0CC0C CCT 0CTTTCCTTA ATCATAATAA TAAAAAAAAA GTGCAAAGAA ATCCAGCTCG CTWGAGGTTT T0CATTT0GC
-1296
GTGCAACTTC CTTCGAGT0 T0 AGCCAATT_GGCCA 0GGGGTG0GG0TT1 AACTTW0CAG GCGGCGCCTC CTTCTGCCGC CGCCGCCGCC TCGCAGACTC
-1196
0060AA0AGG GTGOGGGCCGGTCGGGCGC 0GGGGAG6GT0 GGTTCTGCT TTGCAACTTC TCTCCCAGTG CGAGAGCG GCGGCGCWCAG CTGAAGACCC
-1096
GGCCCCCCA ATGATGCGGT GGTCGGCAC CTGCCGGCAC CCCGACTCCC CCCGGGCCCA AAGTACGTAT GCGCCGACCC CCGCTATCCC GTCCCTTCCC
-996
TGAAGCCTCC CCAGAGGGCG TGTCAGGCCG0 CCGGCCCCG AGCCGGCCG AGACGCTGCG GCACCGTTTC CGTGCAACCC CGTAGCCCCT TTCGAAGTGA
-896
CACACTTCAC GCAACTCGGC CCGGCGGCGG CGGCGCGGGC CACTCACGCA GCTCAGCCCC GGGAGGC0 CC CCGGCTCTTG TGGCCCGCCC GCTGTCACCG
-796
CA06GG00 CT CGGCGCTTGC CGCCAAGGG0 CAGAGCGA0 C TCCCGAGT1 GTCTWAGCC GCGGAGCTGG GCGGGGCG GAAGGAGGTA GC0AAAAG
-696
AAACTGGAGA AACTCGGTGG CCCTCTTAAC GCGOCCCCAG A0GA6CCAG TCGGCCCC TCCTGCCCCC GCCACCCTTT TTCCTGGWGA GTTGCGWM
-596
OGGGGCGAAG CGCGGCOCAC GGCWCACACCCCAW CGA GG 0CGT 0CAGGC 0CGTCGGW0C CG0GGTG1CG 0GGCCCGCGC WA0GCGCTG-496
000GCAGG0A CC0C0G0C0 C CCCTGCAGTT GCCAAGCGTC ACCAACAGGT TGCATCGTTC CCCGCGCCGC CGCGCGGCCC CTCGCGCCW GAGCWCCGC
-396
000TGAGTG GGAGCGCGTG TGTGCGAGTG TGTGCGCCG 100CGCCGCC TCCACGCCGC TCCGCTCC GCTCCCCTCG CTCGCCCAGG 0CWGGCTGCC
-296
CTTTCGTGTC CGCGCTCTCT TCCCTCCGCC GCCGCCTCCT CCATTTT0 CG AGCTCGTGTC TGTGACGGGA GCCCGAGTCA CCGCCTGCCG TCGCCCACGG
-196
ATTCTGT61 T1 0AAGGAGA CCC 0CACCGG AGCGGCCGA6A GCA0CT0G0 A CCG0 GACG4 G CACGCGCGCC CGCGAGCCCCC GACCCCGGA GCCCGGCGCG
-96 +1
000CC 4AGGG CTCGCTTGTC AGCT6 0GCAA T0GGA0ACTT TCTTAAATAG CGCTCTCCCC CCACCCATGG AGAAAGGCGCCGCTGTTTAC TTCCTTTTTT
+5
TAGAAAAAAA AAATATATTT CCCTCCTGCT CCTTCTGCGT TCACAAGCTA AGTTGTTTAT CTCGGCTGCG GCGGGAACTG C0GACGT0G CGGGCGAGCG
+105 EXON INTRON
GCTCCTCTGC CAGAG|GTAAG AAGCGA0 GCG CGAGGGGCC 0GGGCGCGCT CGCTCCCCCG A0 0TGCCGCT G0ACCG0AG ACAACTCCGG GGCCGCCGCG
.205
GGAGCCTACA AACTTTTATT A6CCTCGG0G AGT6 GGG0 TG 0000TGGC AAGGCCGGG CGACOTGAC GAAA0 0GTAG CGCGCGGGTG ACAGCGCTGG
+305
CCTCTTCCTC TCCCTCCGCC GGCGTCCCTG GCCG0 0CCGA 0GGGGAGG6A CCTGACCTCG GACGGCGAGC GGAGCCCTGT CGAACTCCGG 0GCTTCGAGC
+405
CTCTCATTCT CGCGGGAATC CT0 1CCTCTT TTCT10CCCT 0 1T0TCCCCT TTCCTCCAA1 0010TC0CCC GACACCCGTT TTC1 TGGT6A 0 0CTAAGCC0
+505
C0TCTG0ATT TTACTCGCCC G0ATATTTCA CCCACC06LC CCGAGCGCGA GCCC

FIG. 1. Nucleotide sequence of the promoter region, additional
5'-flanking region, exon 1, and beginning of intron 1 of the hGR.
Underlines indicate consensus GC boxes, carets indicate transcrip-
tion start sites determined by RNase protection and/or primer
extension assays, + 1 and * indicate the first base of cDNA found by
Hollenberg et al. (20), and exon/intron indicates the junction be-
tween the end of exon 1 and intron 1.
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TABLE 1. Potential regulatory elements in the 5'-flanking region of the gene for the hGR'

Element Consensus Sequence in the gene Location (nucleotides)for the hGR

TATA box TATAAA NFb

CAAT box CCAAT

GRE GGTACAnnnTGTTCT

NF

NF

ATYACNnnnTGATCW

Negative GRE - 1786 to - 1781
- 1482 to - 1477

Estrogen response element

AP-1-binding site

GC box

Cyclic AMP response element

AGGTCAnnnTGACCT

TGACTCA

GGGCGG CCGCCC

TGACGTCA

AGGCCGGGCTGCCCT

TGACACA

GGGCGG
GGGCGG
GGGCGG
GGGCGG
GGGCGG
GGGCGG
GGGCGG
GGGCGG
GGGCGG
GGGCGG
GGGCGG
CCGCCC
CCGCCC
CCGCCC
CCGCCC
CCGCCC
CCGCCC
CCGCCC
CCGCCC

AGAGGTCA
TGQCGGCA
TGCCGCCA
TGACGGGA
TGGCGTCG

-309 to -295

-899 to -893

-2073 to -2068
- 1744 to - 1739
- 1267 to - 1262
-728 to -723
-722 to -717
-601 to -596
-575 to -570
-570 to -565
-413 to -408
-% to -91
-20 to -15
-1933 to -1928
- 1375 to - 1370
- 1094 to - 1089
-969 to -964
-812 to -807
-665 to -660
-639 to -634
+541 to +546

- 1453 to - 1446
- 1065 to - 1058
-779 to -772
-234 to -227
-211 to -204

NF-1-binding site TGGnnnnnAGCCAAT TCGAGGGCAGCAAAT
TGTCAGCTGGaCAAT

- 1532 to - 1518
-80 to -66

a Consensus sequences used for these searches were obtained from the following sources: GRE, GRE(-), and estrogen response element, reference 3; AP-1,
reference 27; GC box, references 5 and 9; cyclic AMP response element, references 1 and 32; NF-1-binding site, reference 23; negative GRE, reference 8.
Sequences were analyzed by using the IBI DNA analysis program; 75% identity was chosen as the arbitrary cutoff for a site to be considered potentially present.

b NF, Not found.

sequenced were generated by the cyclone sequencing
method (IBI, New Haven, Conn.), and sequencing was done
as described by Sanger et al. (37). Because the organization
of exons that precede and code for the amino-terminal end of
steroid receptor family proteins varies somewhat between
receptors and species (12, 17, 19, 21, 26, 28, 31, 34, 36, 43),
all of exon 2, which contains the translation start site, and its
intron-exon boundaries were sequenced as well (see Fig. 3).
Comparison of the genomic sequence with the cDNA se-
quence showed that exon 2 was 1,1% nucleotides long,
ending in a typical intron-exon junction sequence and fol-
lowed by an extensive noncoding sequence. While internal
exons are not usually this long, they sometimes are, and long
coding exons 1 or 2 occur in some other members of the
steroid receptor superfamily (12, 21, 28, 34, 36, 43).
Computer searches for several known cis-active regula-

tory elements were performed on the flanking DNA se-
quence (Table 1). In the flanking sequence obtained, the

gene for the hGR lacks TATA and CAAT boxes and no
consensus GRE was found. At -2526 and -2838, two
perfect TGTTCT half-GREs were found. However, careful
examination of the sequences on either side of them revealed
no resemblance to the required dyad-symmetrical GGTA
CA, spaced 3 nucleotides away. A computer search for
GGTACA itself, with a 75% (.5 of 6) identity requirement,
found none in the 3-kb flanking sequence. Very recently,
evidence was presented for a negative GRE sequence of
5'-CGTCCA at nucleotide -63 in the gene for pro-opimel-
anocortin (8). We found one 5'-CGTCCA sequence in the
gene for the hGR at -1786 and the reverse antisense
sequence 5'-TGGACT at -1482. More or less weak homol-
ogies for an estrogen response element, an AP-1 site, two
NF-1 sites, and several cyclic AMP response elements were
found. The most striking feature of the sequence is the
quantity of GC-rich regions, which include 18 GC boxes or
SP-1-binding sites (5, 9) in the 3 kb immediately 5' to the

GRE(-)

5'-CGTCCA

NF

5'-CGTCCA
TGGACG
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FIG. 2. Transcription initiation sites of the gene for the hGR. Primer extension analysis of human hGR mRNA is shown in the left panel.
Lanes G, A, T, and C contained sequencing reaction products used as markers. Lanes: 1, extension products obtained by using total RNA
prepared from Epstein-Barr virus-transformed lymphocytes; 2, the labeled primer itself; 3, extension products obtained by using control
rabbit globin mRNA. A diagrammatic representation of these data is shown below the autoradiogram. RNase protection analysis is shown
in the right panel. Lanes: 1, protected fragments obtained by using total RNA prepared from CEM C7 cells hybridized with a [32P]UTP-labeled
antisense RNA probe; 2, the labeled probe alone digested with RNases A and T1; 3, the labeled probe hybridized with control rabbit globin
mRNA digested with RNase; 4, the labeled probe alone; 5, HaeIII-digested lambda $X174 DNA markers. The arrowheads show the
transcription initiation sites defined by either primer extension or RNase protection analysis. A diagrammatic representation of these data is
shown below the autoradiogram. bp, Base pairs.
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coding sequence. These are underlined in Fig. 1. Eight of the
GC boxes lie in the reverse orientation, and eight, including
two tandem repeats, are concentrated between nucleotides
-560 and -820.
The transcription start sites of the gene for GR were

determined by RNase protection (14) and primer extension
(24) assays in two cell lines. For the former, a [32P]UTP-
labeled antisense RNA was made by cloning a 1.6-kb SmaI
genomic fragment containing the promoter into plasmid
pT7/T3-18 and transcribing it with T7 polymerase. Total
cellular RNA from CEM C7 cells was hybridized with the
antisense RNA probe and digested with RNases A and Ti,
and the products were analyzed by gel electrophoresis. To
see whether the same start sites were used in other cells, we
analyzed the mRNAs from Epstein-Barr virus-transformed
human lymphocytes by using the primer extension method.
The synthetic +35 to +85 oligonucleotide was end labeled
with [32P]ATP, hybridized with the cell RNA, and elongated
with avian myeloblastosis virus reverse transcriptase, and
the products were electrophoresed. Adjacent sequencing
markers were used to read the transcription initiation sites.
Several transcription start sites were seen by either method
(Fig. 2). The four start sites seen are indicated in Fig. 1. The
two sites representing the largest transcripts (at -141 and
-166) were the same in both systems. Differing sites for
initiation of a shorter transcript were also seen, at -61 in
CEM C7 cells and at -107 in the Epstein-Barr virus-
transformed cells. These may represent T (CEM C7)- versus
B (Epstein-Barr virus-transformed)-cell differences in tran-
scription due to cell-specific amounts or types of transcrip-
tion factors. Multiple start sites are commonly seen in GC
box-driven promoters.
A single clone that contained all of exon 2 and its intron-

exon boundaries was sequenced (Fig. 3). This exon therefore
contains the translation start site at the codon determined by
bases +133 to -135. Exon 2 extends from nucleotides +120
to 1316 and consequently codes for the first 394 amino acids
of the hGR, stopping short of the DNA-binding region (13).
A similar long coding exon 1 has been described in the
human androgen receptor gene (12).
Sequences of 5'-flanking regions of a few other steroid

receptor genes have been published. The human estrogen
receptor gene was found to have TATA and CAAT boxlike
sequences at 27 and 103 nucleotides upstream from the
major transcription start site (17). On the other hand, the
promoter of the chicken progesterone receptor gene has
been found to lack TATA and CAAT boxes and to contain
several GC boxes (21). The preliminary account of research
on the GR also suggested that its promoter was GC rich (16).
NGFI-B and N-10 are two additional genes of the steroid
receptor family whose ligands, if any, are unknown. NGFI-B
has several GC boxes and no TATA box; N-10 contains a
TATA-like sequence in its promoter (36, 43). The genes for
NGFI-B, chicken ErbA, and rat Rev-ErbAa, like the gene
for the hGR reported here, have untranslated first exons (26,
43, 45).
The GR itself is regulated by glucocorticoids, with its

mRNA accumulating or diminishing in a cell-specific man-
ner. Much current evidence indicates that for direct gene
induction, glucocorticoids activate the GR, which binds to
GREs in the responsive gene. Direct negative regulation may
occur through GR binding to a GRE that interferes with
other, more positively acting elements or to a negatively
acting GRE (1, 8). Finding that the hGR contains no com-
plete GRE sequence in an -3-kb flanking sequence or exon
1 raises the possibility that the observed up regulation ofGR

gottctagc otogtottta tcaostgtto totgtattg ttctogmoo ogoomcog c9t9 0tt09 _gWgtog mW tttt_tg otOOcOtto

ctOtttttga *ttootOc tttgcOtcO acttgaacct tobtoot caotgto.t ttatbt gtotgtgott * coogto cocgttcogt

gowgggcogg otgootag=c gttogtt cgotac ctt ttgctc 9ctgtgoomot ggWttgcott gtootttt" atctggootg tgotgggO

gcaggggca tguottttto ttotggogo tgoctac tottotggtO aooogmott tgmttcgg_u ttaactose ggttc ttto ooggtgcc
120 130

tcttoctoot cggoOtcog og9 t_tgtg actttagobc ttatptgtt ttooccge9t ttttgttttt tottttgtog TTGATATTCA CTGATGGACT

140 1S0 160 170 180 190 200 210 220 230

CAAAGAATC ATTAACTCCT GGTAGAGAAG AACACCCG UCATGTGCTT GCTC600AGA GGOGACATGT GATGGACTIC TATAAAACC TAAGIGGAOG
240 250 260 270 280 290 300 310 320 330

AGCTACTGTG AAGGTTTCTG CGTCTTCACC CTCACTGGCT GTCGCTTCTC ATCOGACTC CAAGCACA WOCTTTTGG TTGATTTTCC AGAAAGCTCA
340 350 360 370 380 390 400 410 420 430
GTAAGCAATG CCAGCAC AGATCTGTCC AAAGCAGTTT CACTCTCAAT GCC01GTAT ATOGGAGAGA CAGAAACAAA AGTGATGGGA AATGACCTGG

440 450 460 470 480 490 S00 510 520 530

GATTCCCACA GCAG UGCCAA ATCAOCCTTT CCTCOGGGGG AACAGACTTA AAGCTTTTGG AAGAAACCT TGCAAACCTC AATAGGTCGA CCAGTGTTCC

540 550 560 570 580 590 600 610 620 630

AGAGAACCCC AAGAGTTCAG CATCCACTGC TGTGTCT6CT OCOCCOACG 40G60 0T1 TCCAAAAACT CACTCTGATG TATCTTCOGA ACAGCAACAT

640 650 660 670 680 690 700 710 720

TTG6AAG0CC AGACTGWOAC CAACGGTGGC AATGTGAAAT TOTATACCAC 060AG 666C ACCTTTGACA TTTTGCAGGA TTTGGAGTCT TCTTCTGOGT

740 750 760 770 780 790 Bo 810 820 830
CCCCAGGTA AGAGACGAAT GAGAGTCCTT WGATCAGA CCTGTTGATA GATGAAAACT GTTTOCTTTC TCCTTCGGCG GGAGAAGCCG ATTCATTCCT

840 850 860 870 080 890 900 910 920 930

TTTGGAAGGA AACTCGAATG AGGACTGCAA GCCTCTCATT TIACCOGACA CTAAACCCAA ATTAAGAT AATGGAGATC TGGTTTTGTC AAGCCCCAGT

940 950 960 970 980 990 1000 1010 1020 1030

AATGTAA6A TGCCCC10 T0GAAACAGAA AAAG6AGGTT TOATCGAACT CT000CCCCT OGGGTAATTA A600AA60 ACTGGGCACA GTTTACTGTC

1040 1050 1060 1070 1060 1090 1100 1110 1120 1130

AG6CAACTT TCCTGGAGC AATATMATTG GT06TAAAAT CTCTGCCATT TCTGTTCATG GTGT0GTAC CTCTGGAGGA 6CA0TGTACC ACTATGACAT

1140 1150 1160 1170 1180 1190 1200 1210 1220 1230

GAATACA660 TCCCTTTCTC A6060060GA TCAG0ACCCT ATTTTTaATG TCATTCCACC AATTCCCGGGT00TTCC00 ATTGGA0TAG GTGCGAAGGA

1240 1250 1260 1270 1280 1290 1300 1310

TCTGGAGATG 0ACAATTAC6 TTCTCTGGGG ACTCTGAACT T0CC0G0TCG AACAIGTTTT TCT0ATGGCT ATTCAgto *9otcagtgt ttttctgttt

cttogmotg gtocottto ggtogotto togotgtaaa tcttc tg9t ttatatgtgt t0t0tgmw tte0t9t0t tOttotamtgaoatOgttta

0gtw9c9ttt t900t0g9 ooggtogac aaoctagtOg *catctgtog t000cctttc o0 tttttt0 ettastag0t 80ttttC00t0atoccttW
cc0 09tgo ggmttttatt tootttttt 0000t00tgt tgetcattO c080tat0tt *a gaooot tatataaott cOoUogto totgtctca

t00tatc0ta ttgtgttgtg ctggtctt c gotgttt ga0t0tgttc ttatattac 00t00t00t0 ccOtttettO 00tagtc_0 90tt0t0990

cOttatttgt 033tt0gtta *gtgttag0 t t099tt0a0 909t003 g c0033gt06t g0 ct0 ttettC 000tg0 t0 t0t0t0t0

g9tttgogt tttgmgttg etaoogooot gcagtgoo9t000g0 oc taogtatt 0900c09t 0ttg 0tcaca g80ttttgc catoogtog

0c 9gttat0 t0tg9tg0 tgt0 tttta 990gg9 t tg0tgtc9 0c 0t 0tgc0 00tttt 0tt c0 0t 9tt0ct009 9tt0tc000t

agotOOctga tggcc000t tgtt00 0tt ca0tttt00 ctttcgtttg atttttctct tttttttaot cogtcgttta t00 0t0ct 90tatttttg

tctgO ""Mt"" 000t_90tt 0tc09

FIG. 3. Nucleotide sequence of exon 2 and an additional part of
intron 1 and intron 2 of the hGR. Capital letters indicate exon

sequences, and lowercase letters indicate intron sequences. Trans-
lation start site is at 133 to 135.

mRNA by glucocorticoids in certain cells (10, 15) is the
result of secondary regulation. The two perfect half-GREs at
-2526 and -2838 might act as binding sites for single GR
molecules and thereby prevent the action of some positive
factor, but they do not seem to do so by impinging on a

cyclic AMP-responsive element, as described for the a
subunit gene (1). Such half-GREs occur in other genes, up
regulated by glucocorticoids, e.g., mouse mammary tumor
virus, but do not act to mediate GR gene induction there (3,
11). It is generally felt that such free-standing hexamers are
not positive regulatory elements for glucocorticoids. It is
possible that the negative GRE at -1786 and the reversed
negative GRE at -1482 could be utilized for direct control of
the GR gene, and theoretically it is possible that functional
GREs could be found even farther upstream or even in an
intron. Either would represent a novel usage. However, the
data presented here should enable workers to examine a key
region of the gene for the hGR for regulatory function by
direct tests.

Nucleotide sequence accession number. The GenBank ac-
cession number for the sequences shown in Fig. 1 and 3 is
M32284.

This study was supported by Public Health Service grant 5R01
CA 41407 from the National Institutes of Health.
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