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Glucocorticoid receptor subunit gene expression in thyroid gland and
adenomas
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Abstract

The present study was undertaken to investigate whether the glucocorticoid receptor —a (GR-o) and —f (GR-) mRNA
may be expressed in thyroid gland. Ten normal thyroid gland and 14 follicular adenomas were studied using a real-time
fluorescent quantitative RI-PCR (FQ-RT-PCR) method. The results demonstrated that there was a lower expression of
GR-o. mRNA ( x 10° GR-0. cDNA copies/jig total RNA) in thyroid adenoma (1.27 +0.26) than that in normal thyroid gland
(3.53+1.22) (p <0.001). The expression of GR-p mRNA was lower in all the thyroid tissues. Of note, there was a
significant difference in GR-p mRNA expression ( x 10* GR-B cDNA copies/ug total RNA) between thyroid adenoma
(80.8 +£13.9) and thyroid gland (1.78 +0.59) (p <0.001). The GR-0/GR-p ratios in thyroid adenoma and normal thyroid
gland were 1.67 +0.68 and 207.57 +84.41 respectively (p <0.001). These results revealed, for the first time, that both GR-
o and GR- mRNA expression were detectable in both thyroid gland and adenomas tissues. We therefore conclude that
down-regulation of GR-o0 and up-regulation of GR-f mRNA expression may play an important role in the thyroid

adenomas.

The actions of glucocorticoids are mediated by the
glucocorticoid receptor (GR) which belongs to the
steroid—thyroid—retinoid super-family of nuclear
receptors [1]. The human glucocorticoid receptor
(hGR) is a transcriptional factor activated by gluco-
corticoids (GC), and regulates the expressions of
various inflammatory cytokine genes by interacting
with DNA bound NF-[kappa] B or activator protein
1. The hGR gene is located on chromosome five
(locus 5g31) and consists of nine exons and eight
introns [2]. GR exists in at least two isoforms, GR-a
and GR-B, originating from the same gene by
alternative splicing of the GR primary transcript.
GR-a is the predominant isoform of the receptor.
Significant expression of GR-a was found in brain,
skeletal muscle, lung, liver, kidney, and so on. The
lowest GR-a expression was found in heart, colonic
mucosa, and neutrophils. GR-f mRNA was detected
in all inflammatory cells and tissues, except the
colonic mucosa, its concentration was at least 400
times lower than the GR-a message [3].

Systemic glucocorticoids treatment combined
with orbital radiotherapy is an effective method of

treatment of Graves’ ophtahlmopathy in terms of
both rapid regression of inflammatory changes in
orbital soft tissues and in prevention of recurrence of
the disease [4]. Pain and systemic symptoms of
subacute thyroiditis (SAT) relief is achieved with
glucocorticoids therapy, but such therapy does not
prevent early- and late-onset thyroid dysfunction [5].
Glucocorticoids are probably the drug of choice for
more rapidly curing type II amiodarone-induced
thyrotoxicosis (AIT) [6] and Riedel’s thyroiditis [7].

However, up to date, no author has presented an
analysis of glucocorticoid receptor and its subunit in
thyroid gland. In the present study, the real-time
fluorescent quantitative RT-PCR (FQ-RT-PCR)
method was used to investigate the expressions of
glucocorticoid receptor subunits in human thyroid.

Materials and methods
Tissue preparation

We studied a total of 24 thyroid specimens that were
immediately frozen in liquid nitrogen after operation
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and stored at —70°C for RNA extraction. The
sample consisted of 14 follicular adenomas and
ten normal thyroid glands adjacent to adenomas.
Hematoxylin and eosin-stained sections from each
case were evaluated histologically.

All thyroid specimens were obtained without any
particular therapy before surgery. Informed consent
was obtained from all patients. Eight male and
sixteen female donors ranged in age from 18 to 65
years (mean 39.8 years).

Real-time fluorescent quantitative RT-PCR

Total RNA was prepared from either thyroid
adenoma or thyroid gland tissues using Trizol
reagent (Invitrogen, Carlsbad, CA) following the
manufacturer’s instructions. Isolated total RNA was
quantified using a spectrophotometer (Amersham
Biosciences Ultraspec 3100 Pro). Aliquots of total
RNA (1 pg) were reverse-transcribed using random
primers and Superscript II-Reverse Transcriptase
(Invitrogen) according to the manufacturer’s proto-
col. cDNA equivalent to 20 ng of total RNA was
subjected to real-time PCR analysis (ABI7000;
Appliedbiosystem, USA) following standard proto-
cols. PCR Primers (Invitrogen) and Tagman probes
for GR-a, GR-§ were designed by Primer Express
2.0 software (Appliedbiosystem, USA). The primer
and probe for GAPDH and GR-a and GR-B (Table
I) were commercially synthesized by DaAn Gene
Co. Ltd. of Sun Yat-sen University (China). Each
reaction (25 pl) contained 2.5 pl of reaction buffer
(10 x), 6 mM of MgCl,, 0.2 uM of ANTP, 0.6 uM
of each primer, 0.25 pl of SureStar TagDNA
Polymerase, and 2 pl of cDNA dilutions. The cycling
condition consisted of one cycle at 93°C for 10 min
and 40 two-segment cycles (93°C for 30 s and 55°C
for 60 s). In each run a negative control (distilled
water) was included. Briefly, 10-fold serial dilutions
of control cDNA were amplified by the ABI7000
PCR machine (Appliedbiosystem, USA). C; Value
(initial amplification cycle) of each standard dilution

Table I. The sequences of the primer and Tagman probe.

GR-o amplification primer and fluorescent probe sequences
Forward primer 5-TGAAAATGGGTTGGTGCTTCTA-3’
Reverse primer 5'-GACAAGAATACTGGAGATTTGAGT-
CAA-3’

Fluorescentprobe 5-FAM-CCTGATGGCACTTAGCTATCA-
GAAGACCACAA-TAMRA-3’

GR-B amplification primer and fluorescent probe sequences
Forward primer 5'-TGGCCACCCCAAAAGGA-3’

Reverse primer 5-GAGCTCATCCCATGCTAATTATCC-3’
Fluorescentprobe

5’-FAM- AACTAACATGATTTGTGTCTATGAAGTGC-
TAMRA-3’

was plotted against standard cDNA copy numbers.
On the basis of the standard curves for each gene,
the sample cDNA copy number was calculated
according to the sample C, value. Standard curves
and PCR results were analyzed using ABI7000
software (Appliedbiosystem, USA).

Mathematical analysis

Data were expressed as the mean + SEM. Data was
analyzed by one-way analysis of variance (ANOVA).
P value of less than 0.05 was considered significant.

Results
Fluorescence intensity curve and standard curve

After amplification using Lightcycler fluorescent
PCR system, positive samples showed a classical
“S”-type curve (Figures 1 and 2), whereas negative
controls showed an interrupted wavy line (Figure 3),
the correlation coefficients for standard curves of
GR-o and GR-ff were 0.997 and 0.996; the standard
curves were produced automatically (Figures 4 and
5). The horizontal coordinate of the standard curve
represented the logarithm of concentration of the
standard and the vertical coordinate represented
Ct. The regression equations of the standard curve
were Ctgr.o =47.89-4.84lg [Cgr.a] and Ctgr.p =
38.12—4.16lg [Cgr -B]

Expression of GR-« and GR-$ mRNAs

There was a lower expression of GR-o mRNA
( x10° GR-0o. cDNA copies/ug total RNA) in thyroid
adenoma (1.27 £0.26) than that in normal thyroid
gland (3.53+1.22) (p <0.001). The expression of
GR-p mRNA was lower in all the thyroid tissues, and
significant difference was found in GR-f mRNA
expression (x10* GR-Bp cDNA copies/ug total
RNA) between thyroid adenoma (80.8+13.9) and
thyroid gland (1.78+0.59) (p <0.001). The GR-a /
GR-p ratios in thyroid adenoma and normal thyroid
gland were 1.67 +£0.68 and 207.57 +84.41 respec-
tively (p <0.001).

Discussion

The present study showed that both GR-o and GR-3
mRNA expression were detectable in the thyroid
gland and adenoma tissues. The expression of
GR-oo mRNA was much higher and is about 208
times than that of GR-f mRNA in thyroid glands.
Furthermore, we showed that GR-oo mRNA expres-
sion decreased and GR-f mRNA expression
increased remarkably in thyroid adenomas than
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Figure 1. Fluorescent intensity curves for GR—a standard, from left to right the concentration of standard is 1 x 10%, 1 x 107, 1 x 10° and
1 x10° copies/ml.
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Figure 2. Fluorescent intensity curves for GR—B standard, from left to right the concentration of standard is 1 x 105, 1 x 107, 1 x 10° and
1 x 10 copies/ml.

that in thyroid glands, GR-o/GR-f ratio in thyroid the gene and the protein levels [8—13]. An over

adenoma was about two-fold. expression of GR-B in pathological conditions,

Recent studies have characterized the expression together with a GR-B -hsp90 unstable binding,

of GR-o and GR-B in several human tissues at both might increase the dimerization of GR-f with
4
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Figure 3. Fluorescent intensity curves for negative control (distilled water) standard.
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Figure 4. The standard curve for GR—a.

GR-a and therefore inhibit GR-a activity. Increased
expression of GR-3 has been reported in patients
with glucocorticoid-insensitive asthma [13-15],
ulcerative colitis [16], chronic lymphocytic leukemia
[17], and nasal polyposis [18]. Perhaps over
expression of the GR-B protein contributes to the
glucocorticoid insensitivity. By preventing GR-o
from binding GREs, forming transcriptionally
inactive GR-o/GR-B heterodimers, and/or titrating
a co-activator needed by GR-a for full transcrip-

65 7 75 6

tional activity, increased levels of GR-f would
prevent GR-a from activating target genes. Exogen-
ous glucocorticoids play an essential role in the acute
and chronic therapy of many inflammatory and
immune thyroid diseases because of their immuno-
suppressive and anti-inflammatory actions. High
expression of GR-f mRNA and low ratio of GR-o/
GR-f may be an important reason that thyroid
adenomas are not generally treated with glucocorti-
coids.
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Figure 5. The standard curve for GR-f.
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The mechanisms associated with the differentially
down-regulation expression of GR-o and up-regula-
tion expressions of GR-f in thyroid adenomas are
currently unknown. The regulatory mechanisms
controlling steroid hormone actions are beginning
to be understood at a cellular and molecular
level. The potential for interaction or cross talk
between the different classes of hormones, especially
the ability of one hormone to regulate the abundance
of the receptors for a second hormone, is being
increasingly appreciated [19]. The expression of
estrogen receptor (ER) in human thyroid gland
cells was reported [20—22]. As mediators of gluco-
corticoid and estrogenic hormones, the GR and
ER play a critical role in a diverse array of physio-
logical processes, including metabolism, immunity,
cell growth and proliferation, reproduction, and
development. Both GR and ER exert important
actions in tissues other than their primary target
tissues. In tissues that express both receptors,
glucocorticoids often oppose the actions of estro-
gens.  Glucocorticoids exert anti-proliferative
effects, whereas estrogens promote cell growth and
proliferation in the mammary gland. In contrast,
glucocorticoids induce bone resorption, whereas
estrogens inhibit this action. Although glucocorti-
coids and estrogens act within the same cellular
context in these biological processes, little is known
about the cross talk between the GR and ER
signaling pathways. As ER, GR-B antagonizes GR
activity, we postulated GR-f was increasing ob-
viously may play an important role in the thyroid
adenomas.

In summary, our results revealed that both GR-a
and GR-fp mRNA transcripts are expressed in
thyroid gland and adenoma. To our knowledge,
this is the first report about the expressions of
GR subunits in thyroid gland and adenoma. It seems
that down-regulation of GR-o mRNA expression
and up-regulation of GR- mRNA expression may
play an important role in the thyroid adenomas.
The expression of protein levels of GR subunits
as well as its potential significance in thyroid
gland and adenoma needs further and profound
investigation.
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