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A Mutation of the Glucocorticoid Receptor Gene in
Patients with Systemic Lupus Erythematosus
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LEE, Y. M., Fuinmwara, J., MUNAKATA, Y., Isum, T., Sucawara, A., Kaku, M.,
KokuBun, S., Sasaki, T. and Funato, T. A Mutations of the Glucocorticoid Receptor
Gene in Patients with Systemic Lupus Erythematosus. Tohoku. J. Exp. Med., 2004,
203 (2), 69-76 — We screened for mutations of the glucocorticoid receptor (GR)
gene in patients with systemic lupus erythematosus (SLE), a typical autoimmune dis-
ease. Polymerase chain reaction-single-strand conformation polymorphism analysis
(PCR-SSCP) revealed a single mutation in exon 9 of the GR gene in 11/132 (8.3%)
among 66 patients with SLE. No mutations were detected in 52 healthy individuals
(0/104, 0.0%), but the same mutation was detected in other autoimmne diseases
(4/108, 3.7%). DNA sequencing showed a T to C substitution at codon 766 (position
2430) of the GR gene, which does not alter the amino acid sequence of the GR. Fur-
ther analysis using a LightCycler generated different melting curves indicates that the
pattern with this mutation is different from that of wild type. The identified mutation
of the GR gene may represent a polymorphism associated with SLE. gluco-
corticoid receptor (GR); mutation; systemic lupus erythematosus (SLE); polymerase
chain reaction-single-strand conformation polymorphism (PCR-SSCP); LightCycler
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The etiology and pathogenesis of systemic
lupus erythematosus (SLE), an autoimmune dis-
ease characterized by the production of a variety
of autoantibodies (Marion et al. 1994), remains
unclear. However, much progress has been made
in searching for SLE susceptibility genes, particu-
larly by several genome-wide screening studies

(Gaffney et al. 1998; Arkachaisri and Lehman
1999; Shai et al. 1999). Genetic susceptibility to
SLE is undoubtedly complex and presumably in-
volves multiple loci. Linkage of SLE to D1S229
at chromosome 1g41 has been demonstrated in an
independent cohort of 127 patients with extended
multiplex microsatellite markers (Moser et al.
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1999). Candidate genes within this region include
PARP, a poly ADP-ribose polymerase that en-
codes a zinc-finger DNA-binding protein, TGFB2,
which encods a transforming growth factor (TGF),
and HLX1, which encods a homeobox protein
(Tsao et al. 1999). Variant alleles in the mannose-
binding lectin (MBL) gene may also be associated
with increased susceptibility to SLE and concomi-
tant infections (Garred et al. 1999). Thus, efforts
to identify a gene linked to SLE, a non-organ-spe-
cific autoimmune disease, are justified.

Glucocorticoids have various effects upon
lymphocyte function, including the induction of
apoptosis (Schwartzman and Cidlowski 1994;
Bamberger et al. 1997). These effects are exclu-
sively mediated by the intracellular glucocorticoid
receptor (GR). The GR regulates the expression
of human interleukin-2 (IL-2) during glucocorti-
coid-induced apoptosis (Helmberg et al. 1995;
Crispin and Alcocer-Varela 1998). Furthermore,
the mechanism by which IL-2 inhibits T-cell func-
tion involves a direct interaction between the GR
and nuclear factor (Northrop et al. 1992). The
production of IL-2 is impaired in SLE (Talal et al.
1982; Russel et al. 1991; Tsokos 1992). In spite
of the wide use of corticosteroids in SLE or in-
flammatory diseases, pathogenetic events such as
steroid resistance or drug-induced lupus are poor-
ly defined. The glucocorticoid receptor gene may
not be one of the candidate genes identified by
genome-wide screening in SLE, but it is interest
of whether this receptor is related to steroid sensi-
tivity in SLE. Thus, we investigated whether mu-
tations in exon 5, 7, or 9 of the GR gene are asso-
ciated with SLE. These exons of the GR gene
have previously been identified as hot-spot for
mutation in this receptor, which belongs to the
large family of nuclear receptors (Karl et al. 1993,
1996; de Lange et al. 1997). These observations
prompted us to study the association between the
glucocorticoid receptor and autoimmune diseases.
The present study investigates whether mutations
or polymorphisms in the GR gene are associated
with SLE.

MATERIALS AND METHODS

Patient samples

Blood samples were obtained from 66 pa-
tients (aged 18-72 years) with SLE, 54 patients
with autoimmune diseases other than SLE (23
with SLE-like symptoms but not meeting the cri-
teria for diagnosis of SLE, 7 with mixed connec-
tive tissue disease [MCTD], 7 with dermatomyo-
sitis or polymyositis, 3 with progressive systemic
sclerosis, 4 with rheumatoid arthritis, 3 with
adult-onset Still’s disease [AOSD], 1 with polyar-
teritis, 2 with Wegener’s granulomatosis, 3 with
Behcet’s disease, 1 with Sjogren’s syndrome) and
52 healthy controls (aged 23-48 years). All pa-
tients and healthy volunteers gave informed con-
sent to participate in the study. DNA was extract-
ed from blood cells by conventional methods
using a SepaGene extraction kit (Sanko Junyaku,
Co., Tokyo).

PCR-SSCP analysis

Primers for the GR gene were prepared on
the bassis of the nucleotide sequence of GR
cDNA (GeneBank accession number U80946;
Karl et al. 1993; Koper et al. 1997) (Table 1).
Primers for exons 5, 7 and 9 were synthesized and
fluorescence-labeled. The PCR sample mixtures
(final volume of 50 ul) included 1 ug of DNA,
1U of Tag DNA polymerase (Toyobo, Co.,
Tokyo), 25 uM of each primer, 1.0 mM of dNTP,
and 5 ul of reaction buffer. The mixtures were
amplified over 30 cycles at 94°C for 2 minutes,
55°C for 30 seconds and 72°C for 90 seconds in a
DNA thermal cycler (GeneAmp PCR system
9600: Perkin-Elmer, Foster City, CA, USA) and
were then subjected to electrophoresis at 30 W
and 25°C on an 8% polyacrylamide gel for
3hours. The fluorescence of the gel was then read
immediately with a FMBIO II Multi-View image
analyzer (Hitachi Co., Tokyo)

LightCycler system
Satisfactory melting curve have been ob-
tained by monitoring the denaturation profile of a



GR Mutation in SLE 71

TaBLE 1. Oligonucleotide primers designed for PCR-SSCP and fluorogenic probes for

LightCycler system

PCR-SSCP
Exon 5 sense

5-CCTGGTGTCACTGTTGGAGG-3’

antisense  5-TTTGCCCATTTCACTGCAGC-3’

Exon 7 sense

5-GAAAGTTCTCCAAAATTCTG-3’

antisense  5-TGAAGAGAGAAGCAGTAAGG-3

Exon 9 sense

5-GGAATTCCAGTGAGATTGG-3

antisense  5-CGACTTTCTTTAAGGCAACC-3’

LightCycler
Exon 9 sense
antisense

5-CCGAGATGTTAGCTAAAATCATCACCAATCAGAT-3"-LCRed 640
FITC-5-CCAAAATATTCAAATGGAAATATCAA-3’

PCR product in the presence of hybridization
probes with a LightCycler system (Roche
Molecular Biochemicals, Mannheim, Germany).
This system may also be used to determine the
relative contributions of mutated versus wild-type
sequences to signal levels. To analyze the melting
curves of PCR mixtures during the present study,
sequence-specific fluorescence detectors were
prepared from oligonucleotide hybridization
probes coupled to a 5’-fluorescein label at the 3" end
(anchor) and to 3”-LightCycler-Red 640 at the
5" end (mutation). The PCR mixtures included
template DNA, Tag DNA polymerase, PCR prim-
ers (1 ul of each), MgCl, (25 mM, 1.6 ul), a master
mixture of deoxynucleotides (ANTPs, 2 ul), the
two hybridization probes (mutation 0.4 ul, anchor
0.8 ul) and distilled water (11.2 ul) per capillary.
The mixture was denatured using the LightCycler
system at 95°C for 60 seconds and amplified over
45 cycles at 94°C for 0.1 second, 65°C for 10 sec-
onds, and 72°C for 5 seconds, then subjected to a
melting step (95°C for 0.1 second, 40°C for 15
seconds, 85°C for 0.1 second) followed by cool-
ing at 40°C 30 seconds. The level of fluorescence
was continuously measured during amplification
to monitor the dissociation of the fluorescein-la-
beled detection probe. The fluorescence signal
was plotted in real time against the temperature to
produce a melting curve (Tm) for each sample.
The melting curves were generated by plotting the

negative derivative of the fluorescence level with
respect to temperature against temperature.

Sequencing analysis

PCR products that exhibited abnormally mi-
grating bands during the PCR-SSCP analysis were
subjected to sequencing. These products were
subcloned into the pGEM-T vector (Promega,
Madison, WI, USA) and at least three indepen-
dent clones were sequenced using a cycle se-
quencing kit containing 7-deaza-dGTP
(Amersham International plc, Buckinghamshire,
UK) with an automated DNA sequencer (DSQ-
1000L: Shimadzu, Co., Tokyo).

Statistical analysis

When allele frequency distortion was ob-
served between the three groups (SLE, other auto-
immune diseases and normal) by x* test, we used
the Chi-squared test of independence to compare
subjects with and without mutations in the gluco-
corticoid receptor gene. Differences at p<0.05
were considered statistically significant.

RESULTS

We screened exons 5, 7, and 9 for GR gene
mutations in samples from 66 patients with SLE,
54 with autoimmune diseases other than SLE and
52 healthy controls. PCR-SSCP analysis revealed
mutations, detected as extra bands, only in exon 9
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Fig. 1. Map of the glucocorticoid receptor (GR) gene (a) and detection of mutations in exon 9 of the GR
gene by PCR-SSCP analysis (b).
B: Lanes 3, 12, 14, mutated type; lanes 1-2, 4-11 and 13, wild type.

Exon IX

AAT—AAC

Normal 766

TCA AAT GGA
Ser Asn Gly

Patient TTCAAAXCGGAAAT 766

TCA AAC GGA
Ser Asn Gly

X718 . .

Fig. 2. Partial nucleotide sequence of exon 9 in the region surrounding codon 766, amplified from pa-
tients and from a control.
The mutation site is underlined in the DNA sequence.
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Fig. 3. Derivative melting curves from the LightCycler system, showing two genotypes detected.
The relative change in the fluorescence curve during the cycles is shown on the Y axis. The fluores-
cence data for the eight samples with mutations (arrow) differ from those for normal controls.

TaBLE 2. Allele frequencies of this mutation

Group(n) Base alteration Allele frequency x? values p values
SLE (66) 766 T/C 11/132 (0.083) 10.01253 0.006696
Other autoimmune 766 T/C 4/108 (0.034) 3.784367 0.051733
Disease (54)
Normal (52) 766 T/C 0/104 (0.0)

of the GR gene in 11 patients with SLE and 4 pa-
tient with autoimmune diseases other than SLE (2
with MCTD, one with AOSD and one with SLE-
like symptoms), but not in the 52 normal controls
(Fig. 1). We did not detect any differences in ex-
ons 5 or 7 of the gene (data not shown).
Sequencing showed alteration of the nucleotide at
position 2430 in codon 766 in only 8 of the 13
PCR-SSCP positive samples (Fig. 2). This muta-
tion in exon 9 was a silent T to C point mutation
(AAT to AAC, both encoding asparagine).
Furthermore, LightCycler analysis showed differ-
ent melting curves, indicating the presence of the
mutation (Fig. 3). The presence of two broad
peaks in the melting curves showed that the pa-
tients with this mutation were all heterozygous.
The curves also confirmed the absence of the mu-
tation in all of the healthy individuals.

The x? test for allele frequencies was used
to compare the SLE and other autoimmune dis-
ease samples with normal subjects, the control
group in this study. The contingency tables re-
vealed significant association between this muta-
tion and SLE, but no association with other auto-
immune diseases (Table 2).

DiscussioN

Although mutations or polymorphisms in the
GR gene may not always reflect the results of in
vitro function assays (Soufi et al. 1995), it has
been proposed that mutations of codon 641 in
exon 7 of the GR gene might be responsible for
reduced glucocorticoid sensitivity (Hurley et al.
1991), and that a microdeletion in exon 7 of the
GR gene could cause glucocorticoid resistance
(Karl et al. 1993). We performed PCR-SSCP
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analysis on regions where mutations in the GR
gene are known to occur and found a change in
codon 766 of exon 9 only in patients with SLE.
Sequence analysis showed that this base change
was a heterozygous mutaion. However, we clear-
ly cannot exclude the possibility that this mutation
affects splicing or methylation. A mutation in this
area has previously been demonstrated in one pa-
tient with chronic lymphocytic leukemia (Soufi et
al. 1995). However, the relationship of this silent
mutation at position 2430 to the physiology or
pathological characteristics of the GR is un-
known. Koper et al. also detected the same muta-
tion of codon 766 in 11 of 80 (13.7%) elderly
people, showing an association with glucocorti-
coid resistance as assessed by the dexamethasone
suppression test (Koper et al. 1997). However,
the mutation of the GR gene demonstrated here
was predominantly in younger patients with SLE.
This discrepancy may be due to differences in sex
(Hurst and Ellegren 1998) or race (Ott et al.
1997), or to the increased prevalence of methyla-
tion associated with aging (Ahuja et al. 1998; Post
et al. 1999). Although the mutation of the GR
gene in patients with SLE is silent, it may repre-
sent a polymorphism associated with SLE. T
cells produce lower than normal levels of IL-2 in
SLE (Russel et al. 1991; Tsokos et al. 1992), and
the impaired activity of IL-2 seen in SLE may be
associated with steroid sex hormones (Suzuki et
al. 1996). In patients with SLE, GR levels are
significantly higher than those in healthy controls
(Gladman et al. 1991). Although the molecular
link between T cell function and glucocorticoid
sensitivity remains unknown (Kam et al. 1993),
an inheritable mutation in the GR gene may be re-
sponsible for the clinical phenotype or the magni-
tude of the immune response associated with this
disorder. The pathogenesis of SLE is thought to
be related to intrinsic hyposensitivity to glucocor-
ticoid secreted by the adrenal gland, impairing the
regulation of the immuno-neuro-endocrine axis
(Jiang et al. 2001). Exon 9 of the GR gene is lo-
cated in the C domain of the receptor, which has
ligand binding functions (Warriar et al. 1994).

Further studies should address how mutation of
codon 766 in exon 9 influences the expression,
structure, and function of the GR, contributing to
better understanding of the mechanisms of gluco-
corticoid resistance and the pathogenesis of SLE.

Another finding of this report was the useful-
ness of the LightCycler system in screening for
the prevalence of mutations in genes, which is be-
coming increasingly important for the understand-
ing of various diseases. PCR-SSCP analysis is
likely to become a standard procedure for this
purpose, and is currently the most common meth-
od of detecting unknown sequence changes
(Hayashi 1993). However, among the 13 extra
bands in exon 9 of the GR gene detected by this
method, 5 were wild type indicating that PCR-
SSCP is not the optimal method for detecting pu-
tative SLE mutations. New methods such as
TaqMan chemistry (De Kok et al. 1998) and the
LightCycler system (Wittwer et al. 1997) can de-
tect mutations accurately without gel electropho-
resis. We developed a homogeneous assay using
a closed tube that allowed rapid genotyping with
the LightCycler, and used it to identify homozy-
gotes or heterozygotes for the GR gene. This as-
say involves allele-specific analysis of probe
melting curves on completion of amplification. In
contrast with the PCR-SSCP, the results obtained
with the LightCycler system were consistent with
those of sequencing. Genotyping with the
LightCycler system is rapid and reliable, and is
suitable for typing large numbers of samples.

The present study focused on a silent muta-
tion in codon 766 of the GR gene in patients with
SLE. Whether this change represents a simple
mutation or is related to the development of glu-
cocorticoid resistance in SLE patients remains
unknown. We cannot say whether this mutation is
involved in the etiology of SLE, but it is possible
that it is one of several causative factors. Further
investigations are therefore needed to determine
whether this mutation is a sensitive genetic indi-
cator for variability in treatment responsiveness
of SLE.
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