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Glucocorticoid receptor (GR) is a steroid hormone receptor that has been shown to play impor-
tant roles in diverse cellular and physiological processes. More and more evidence has revealed
that the effects of glucocorticoids are mediated by the glucocorticoid receptor through genomic
or nongenomic mechanisms. A growing number of glucocorticoid receptor splice variants have
been identified in human tissues, but few are known in rat tissues. In this work, a novel rGR
c¢DNA, called rGRp, was cloned from Sprague Dawlay (SD) rat liver. Sequence analysis revealed
that the rtGRB mRNA was 39 base pairs (bp) shorter than the rGR mRNA reported earlier. The
deleted segment is located in exon 1 and encodes 13 repeated glutamine residues. Both the rGR
and rGRP mRNAs were quantitated by Northern blot hybridization using non-homologous glu-
cocorticoid cDNA probes. Results showed that the rGR and rGRp mRNAs were most abundant
in the lung, the least abundant in the heart, and there were more rGR and rGRp mRNAs in the
kidney than in the liver. The identification of rGRP may contribute to the understanding of the
genomic or nongenomic effects of glucocorticoids.
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INTRODUCTION

Glucocorticoid receptor (GR), which belongs
to the large nuclear receptor family as an impor-
tant endocrine signaling molecule, controls repro-
duction, development, metabolism, salt balance
and specialized cellular responses, such as inflam-
mation and immunity (Barnes & Adcock, 2003).
GR is present in the cytoplasm as a multiprotein
complex containing (co)chaperones like heat shock
proteins (HSPs) and immunophilins (Pratt et al.,
2004). After binding with glucocorticoids (GCs)
in the cytoplasm, the activated receptor is trans-
located into the nucleus and subsequently binds

to negative or positive GR responsive elements
(GREs) in the promoter regions of target genes
(Franchimont, 2004), resulting in the enhance-
ment or inhibition of mRNA and protein synthe-
sis (Yamamoto, 1985; Ito et al., 2006). This theory,
which is also called the genomic effects of GCs,
is the underlying mechanism for the use of GCs
in the treatment of allergic and autoimmune dis-
orders (Keller-Wood & Dallamn, 1984; Scadding,
2001; Busse et al., 2002). In recent years, it has
been suggested that many effects of glucocorti-
coids were mediated by a nongenomic mechanism
through classic glucocorticoid receptors (Hafezi-
Moghadam et al., 2002; Lowenberg et al., 2005).
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The GR gene is located on chromosome 18
and consists of 8 exons and 7 introns spanning more
than 60 kb of the rat genome, with protein coding
beginning from exon 1. Two different isoforms of
GR, GRa and GRf, which are derived from alterna-
tive splicing of the GR primary mRNA, have been
identified in humans. GRa plays an important role
in the genomic effect of glucocorticoids, while GRf3
has a dominant negative effect on GRa through the
formation of GRa/GRP heterodimers (Bamberger
et al., 1995; Oakley et al., 1997). The structures and
functions of human GRa and GRP have been re-
viewed in several articles (Pujols ef al., 2004; 2007;
Rhen & Cidlowski, 2005).

In the 1980s, the intracellular rat glucocor-
ticoid receptor (rGR) was identified (Yamamoto,
1985; Miesfeld et al., 1986). It was reported that the
strength of the transcription activation correlates
with the length of the protein (Lavery & McEwan,
2005). Gearing et al. (1993) reported that the Sprague
Dawlay rat genomic DNA gave 2 rGR PCR products
that encoded either 7 or 17 glutamines at this posi-
tion, which was different from the 19 glutamines
of the published rGR sequence. Until now, no rGR
splice variant has been described and the function
of the rGR isoform is unclear, A novel rGR cDNA
(Ensembl accession number, ENSRNOT00000044287)
was predicted by the Ensembl automatic analysis
pipeline using a GeneWise/Exonerate model from a
protein database or a set of aligned cDNAs followed
by an ORF prediction (named predicted rGRp).
In this work, we identified and cloned a new rGR
mRNA splice variant, rtGRP. In addition, we exam-
ined the distribution of rGRf and the early reported
rGR mRNA in main tissues of rats. Our identifica-
tion of a new rGR variant may contribute to the un-
derstanding of the genomic and nongenomic actions
of glucocorticoids mediated by classic glucocorticoid
receptors. It is possible that the genomic and non-
genomic effects of glucocorticoids are mediated by
different splice variants of the same glucocorticoid
receptor.

MATERIALS AND METHODS

Animals. Adult Sprague Dawlay rats (male
and female) weighing 180-220 g were used in all ex-
periments. Animals were maintained in groups of 2—
3 under controlled temperature (25°C) and lighting
conditions (12:12-hour light-dark cycle) and with
free access to rat chow and water. The procedures of
the experiment and animal handling practices were
approved by the Animal Care Committee of the
Third Military Medical University.

Cloning of rGRP cDNA. The rats were an-
esthetized and sacrificed. Total RNA was extracted

from the rat liver using Trizol according to the man-
ufacturer’s protocol (Invitrogen, Carlsbad, CA, USA).
The AB domain fragment of GR was synthesized by
RT-PCR with total RNA using one step RT-PCR fol-
lowing the manufacturer’s instructions (TaKaRa,
Shiga, Japan; Product # DRR0O18A). The initial PCR
program used was 94°C for 5 min, 94°C for 30 s,
60°C for 30 s, and 72°C for 1 min, repeat steps 2—4
for 39 cycles, then 72°C for 10 min. This reaction
utilized a GR-AB sense primer (nucleotide, nt 66),
5-ataGAATTCCCAATGGACTCCAAAGAATC-3,
with the anti-sense primer (nt 1427), 5-aatGGATC-
CCCCGTAATGACATCCTGAAG-3'. The restriction
enzyme sites for EcoRl and BamHI were incorpo-
rated into the forward and reverse primers, respec-
tively. Purified PCR products were ligated into the
pGADT7 vector, which was used to transform the
E. coli DH5a cells. The positive colonies were se-
lected for the preparation of plasmid DNA using a
crude alkaline lysis protocol. Purified plasmid DNA
was prepared for sequencing, and the obtained se-
quences were aligned with Genbank database by
BLAST. The plasmid with the novel rGR was named
pGADT7-GRB.

Probe preparation. The cDNA probes were
synthesized by Nest-PCR, with rat genomic DNA
and pGADT7-GRp as the templates. For these reac-
tions, two pairs of primers were utilized. The outer
pair was the sense primer 5-ACGAAGTCCCT-
GGCAGTTTG-3’ and antisense primer 5-CAGTT-
GCAGACGTTGAACTC-3". The inner pair of primers
was sense primer 5-CAATGTGCAGCAGCGACAG-
3 and antisense primer 5-GGACAGTGAAACG-
GCTTTG-3'. The 5 end of the inner pair of primers
was labeled with biotin. The PCR program used was
94°C for 5 min, 94°C for 30 s, 55°C for 30 s, and 72°C
for 30 s, repeat steps 2—4 for 34 cycles, then 72°C for
5 min. Biotin activity of the two PCR products was
measured by Detector™ AP Chemiluminescent Blot-
ting Kit (KPL, Gaithersburg, MD, USA; Catalog No.
54-30-01). A single stranded probe specific for glyc-
eraldehyde phosphate dehydrogenase (GAPDH) was
synthesized by Invitrogen and its 5 end was labeled
with  biotin  (5-AAGGCCATGCCAGTGAGCTTC-
CCGTTCA-3’). The specificity of all the probes was
verified by dot blot analysis.

RNA isolation and Northern blot analysis.
Rat lung, liver, heart and brain were freshly excised,
and total RNA was extracted using Trizol accord-
ing to the procedure described by the manufacturer.
mRNA was isolated using the Innogene Kit (Singa-
pore). Samples of isolated mRNA (10 pg/lane) were
electrophoresed in 1% (w/v) formaldehyde agarose
gel, blotted onto a nylon membrane and crosslinked
by exposure to UV. Hybridization for Northern blot
analysis was performed in 50% (v/v) formamide at
42°C. Membranes were washed in 0.2xSSC, 0.1%
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(w/v) SDS at 55°C, and detected with rGR and
rGRp, respectively, using Detector™ AP Chemilu-
minescent Blotting Kit (KPL, Catalog No. 54-30-01).
The membranes were placed in a hybridization bag
and exposed to an X-ray film for about 5 min. X-Ray
film was scanned using a scanner to quantitate the
bands. To assure specificity of the results obtained
with the GR probe, the membranes were subse-
quently hybridized with the GAPDH probe. The
gray scales for GR and GAPDH were quantitated
by Image Pro Plus software (v. 4.5). The gray scale
for GR in each sample was normalized with that of
GAPDH for minor variations in the amount of RNA
loaded in each well.

RESULTS

Characterization of rtGR ¢cDNA and amino-acid
sequence of the deduced polypeptide

The rGR (UniProtKB/Swiss-Prot accession
number, P06536) consists of three domains: modu-
lating domain (rGR-AB, aa 1-439), DNA-binding
domain (rGR-CD, aa 440-505) and steroid-binding
domain (rGR-EF, aa 547-795). The PCR products
of the rat genomic DNA amplified with the rGR-AB
primer had the same sequence as that of the report-
ed rGR (GenBank accession number, NC_005117,
NM_012576). A novel rGR-AB subunit variant, des-
ignated as rGR-AB@, was isolated from rat hepatic
tissue and identified by sequencing. The full-length
of rGR-AB consisted of 1275 bp (Fig. 1A, rGR-ABp)
coding a polypeptide containing 425 amino acids
(Fig. 1B, rGR-ABp aa). In rGR-ABp, the 245 nt to 283
nt region was deleted as compared with the report-
ed rGR cDNA sequence. The deletion was located at
exon 1, which encoded 13 glutamine (Q) residues.

The cDNA sequence of the rGR-ABP and deduced
polypeptide aligned with the sequence of rGR and
their sequences along with the predicted rGRp se-
quence (ENSRNOT00000044287) are shown in Fig. 1.

Preparation of the rGR and rGRp probes by PCR

The preparation of rGR and rGRp probes were
carried out by Nest-PCR with rat genomic DNA and
pGADT7-GRp. Separation of the PCR products by
polyacrylamide gel electrophoresis (PAGE) showed
that the lengths of the products were consistent with
the sequencing data. The size of PCR products with
rat genomic DNA as the template was approx. 100
bp, and the size of the PCR products with pGADT7-
GRp as the template was approx. 60 bp. When the
cDNA of rat liver was used as the template, there
were two PCR products detected by agarose gel
electrophoresis. This result suggested that there were
two splice variants at the cDNA level (Fig. 2).

Distribution of rGR and rGRP mRNAs in tissues

Poly(A)-enriched mRNA derived from heart,
liver, lung and kidney of normal Sprague Dawlay
rats was denatured, separated by agarose gel elec-
trophoresis, and detected by hybridizing with rGR
and rGR{ probes. As shown in Fig. 3, a single broad
band of 5-7.0 kb corresponding to glucocorticoid
mRNA and a single band about 2.0 kb correspond-
ing to GAPDH mRNA was identified in all tissues.
Densitometric scanning of the autoradiographs indi-
cated that rtGR and rGR3 mRNAs were most abun-
dant in the lung (Fig. 3D). The rGR mRNA levels in
the kidney, liver and heart were 58%, 38%, and 10%
of that in the lung, respectively. The rGR mRNA
levels in the kidney, liver and heart were 89%, 38%,
and 18% of that in the lung, respectively.

rGR genomic DNA 819 age aat gtg cag cag cga cag cag cag cag cag cag cag cag cag cag cag cag cag cag cag

rGR c¢DNA

rGRp ¢DNA 214 age aat gtg cag cag cga ...

predicted rGRpP ¢DNA 214 age aat ...

rGR  aa
rGRp aa S NV Q Q R
predicted rGRp aa S N

214 age aat gtg cag cag cga cag cag cag cag cag cag cag cag cag cag cag cag cag cag cag

...... cag cag

. cag cag cag cag cag cag cag cag

SNVQQRQ QQ QQ Q QQQ Q QQQ QQqQ

QQ
QQQ QQQ QQ

Figure 1. Nucleotide and deduced amino-acid sequences alignment of the rGR genomic DNA, rGR ¢cDNA, rGRf and

predicted rtGRf ¢cDNAs

Ensembl accession number, ENSRNOT00000044287). The deletion in rGR-ABB, rGR-ABP and predicted rGRf amino-acid
sequence was represented by dotted lines. The nucleotide and amino-acid sequence of rGR is from GenBank (GenBank
accession number, NM_012576, NC_005117). The nucleotide sequence of rGR-AB@ has been deposited into the GenBank

database under the accession number EF495208.
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Figure 2. Electrophoresis of the rGR and rGRf probes on
agarose gel.

Nest-PCR products separated on a 2.5% agarose gel is
shown. The Marker lane was the DNA marker DL2, 000
(Takara, Catalog No. D501A). PCR was carried out with
plasmid pGADT7-GRf (lane pGADT7-GRp), rat cDNA
of liver (lane cDNA) and genomic DNA (lane genomic
DNA). There were two products in lane cDNA (rGR and
rGRp) and only one product in lane pGADT7-GRp (rGRf)
or lane genomic DNA (rGR).

DISCUSSION

The difference between the sequences of the
rGRp and reported tGR cDNA lies at the modulat-
ing domain of rGR, which is structurally flexible and
contains surfaces involved in both the activation and
repression of gene transcription. We obtained one
rGR PCR product with rat genomic DNA as the tem-
plate and two PCR products with rat cDNA as the
template, indicating the existence of splice variants
as predicted. However, there were some differences
between the predicted rGR{ and the rGRp that was
cloned by us (Fig. 1). The function of the modulating
domain of rGR is still unclear, but there is evidence
that it might be important in mediating transcrip-
tional repression by rGR (Iniguez-Lluhi et al., 1997).
Many transcription factors contain glutamine rich re-
gions in their activation domains (Mitchell & Tjian,
1989). The length of the glutamine region may affect
the transcriptional activity. Based on this assumption,
the biological effect of rGRP may be different from
rGR, one of the splice variants may be involved in
the genomic effects and the other may be involved in
the nongenomic effects of glucocorticoids.

We used Northern blot analysis to examine
the distribution of rGR and rGR mRNA in normal
rat tissues. Most of the early studies of rGR with a
rGR probe could not distinguish the two rGR mR-
NAs effectively (Kalinyak et al., 1987; Levy et al,
1989; Kitraki et al., 1999; Pfeiffer & Barden, 1988). In
our study, we designed two different probes based
on their non-homologous region. The specificity of
the probes was verified by dot blot analysis. Hy-
bridization results showed that the probes can dis-
tinguish rat genomic DNA and pGADT7-GRB. A
major transcript of approx. 7-kb was detected in
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Figure 3. Northern blot analysis of rGR and rGRp
mRNA in different rat tissues.

Poly(A)-enriched mRNA (10 pg per lane) obtained from
heart (lane 1), liver (lane 2), lung (lane 3) and kidney (lane
4) of normal rats was denatured with glyoxal and sepa-
rated on 1% formaldehyde agarose gel. The mRNA was
transferred to a nylon membrane and hybridized with
rGR, rGRpB, and GAPDH probes, separately. A. Hybridiza-
tion with rGR probe. B. Hybridization with rGRB probe.
C. Hybridization with rat GAPDH oligonucleotide probe.
D. A plot of the relative levels of rGR mRNA in different
rat tissues. E. A plot of the relative levels of rGRf mRNA
in different rat tissues.

rat tissues. We found that both the rGR and rGRf
mRNA were most abundant in the lung. The higher
levels of rGR and rGRf3 mRNAs in the kidney than
in the liver suggested that the total tGR mRNA in
kidney was more than that in the liver, which was
different from the early report (Kalinyak et al., 1987).
The probe used in their experiments was located at
the 3’ nontranslated region (Miesfeld et al., 1984; Ka-
linyak et al.,, 1987), which could not distinguish the
rGR and rGRP mRNA. Up to now, it is still unclear
whether the different distribution of the two types
of rGR in tissues is related to their functions in dif-
ferent tissues.

The traditional GR receptor blocking agents,
such as RU486, mainly exert their antiglucocorti-
coid activity through the prevention of complete
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GR transformation and alteration of the steps after
GR-DNA binding (Mao ef al., 1992; Beck et al., 1993).
It is unclear whether RU486 can interact with the
N-terminal domain of GR and block its function. It
would be interesting to identify ways to specifically
modify the actions of tGR and rGRp and study their
specific biological functions. Specific antibody, RNA
interference, or some specific agents could be used
for this purpose.

In conclusion, we showed that the novel rGR
mRNA splicing occurred at different degrees in dif-
ferent rat tissues. Our identification of a novel splice
variant of rGR could aid the further study of the ge-
nomic and nongenomic effects of GCs-mediated by
rGR or rGRp.
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