UNIVERSITY OF AMSTERDAM
X

UvA-DARE (Digital Academic Repository)

Glucocorticoids decrease thyrotropin-releasing hormone messenger ribonucleic
acid expression in the paraventricular nucleus of the human hypothalamus

Alkemade, A.; Ummehopa, U.A.; Wiersinga, W.M.; Swaab, D.F.; Fliers, E.

DOI
10.1210/jc.2004-1430

Publication date
2005

Published in
Journal of clinical endocrinology and metabolism

Link to publication

Citation for published version (APA):

Alkemade, A., Ummehopa, U. A., Wiersinga, W. M., Swaab, D. F., & Fliers, E. (2005).
Glucocorticoids decrease thyrotropin-releasing hormone messenger ribonucleic acid
expression in the paraventricular nucleus of the human hypothalamus. Journal of clinical
endocrinology and metabolism, 90(1), 323-327. https://doi.org/10.1210/jc.2004-1430

General rights

It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations

If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, P.O. Box 19185, 1000 GD Amsterdam, The Netherlands.
You will be contacted as soon as possible.

UVA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)
Download date:15 May 2026


https://doi.org/10.1210/jc.2004-1430
https://handle.uba.uva.nl/personal/pure/en/publications/glucocorticoids-decrease-thyrotropinreleasing-hormone-messenger-ribonucleic-acid-expression-in-the-paraventricular-nucleus-of-the-human-hypothalamus(ce56e228-438c-494d-b7de-2ce6c81b6816).html
https://doi.org/10.1210/jc.2004-1430

0021-972X/05/$15.00/0
Printed in U.S.A.

The Journal of Clinical Endocrinology & Metabolism 90(1):323-327
Copyright © 2005 by The Endocrine Society
doi: 10.1210/j¢.2004-1430

Glucocorticoids Decrease Thyrotropin-Releasing
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The way glucocorticoids affect TRH mRNA expression in the
paraventricular nucleus of the hypothalamus is still unclear.
In view of its relevance for Cushing’s syndrome and depres-
sion, we measured TRH mRNA expression in human hypo-
thalami obtained at autopsy by means of quantitative TRH
mRNA in situ hybridization. In corticosteroid-treated sub-
jects (n = 10), TRH mRNA hybridization signal was decreased

as compared with matched control subjects (n = 10) (Mann-
Whitney U test, P = 0.02). By inference, hypercortisolism as
present in patients with Cushing’s syndrome or major depres-
sion may contribute to lower serum TSH or symptoms of de-
pression by lowering hypothalamic TRH expression. (J Clin
Endocrinol Metab 90: 323-327, 2005)

N CLINICAL CONDITIONS such as Cushing’s syndrome,
nonthyroidal illness (NTI), and major depression, an en-
dogenous hypercortisolism is often present. In these condi-
tions changes in the hypothalamus-pituitary-thyroid (HPT)
axis also occur (1-3). A possible role for glucocorticoids as
attenuating modulators of the HPT axis has been proposed
for patients with Cushing’s disease (4) and major depression
(5). In these patients complex associations occur between
TSH and ACTH responses to specific stimulation with TRH
and CRH (5). TRH neurons in the paraventricular nucleus
(PVN) are involved in the neuroendocrine regulation of the
HPT axis (6), and a clear correlation with thyroid hormone
serum levels indicated that TRH in the PVN can be consid-
ered a major determinant of thyroid hormone status in pa-
tients with NTI (7). The mechanism by which glucocorticoids
influence TRH gene expression in the PVN is still unclear,
although a glucocorticoid receptor has been identified in
TRH neurons in the PVN, and a glucocorticoid response
element is present on the TRH gene (8). In vitro experiments
have shown that dexamethasone can either stimulate or in-
hibit TRH expression in cultured hypothalamic neurons, de-
pendent on the dose in the medium (9, 10). Dexamethasone
treatment decreases hypothalamic CRH mRNA and TRH
mRNA in the rat PVN, whereas opposite effects are observed
after adrenalectomy (11). In humans glucocorticoids de-
crease TSH secretion (12), whereas TSH is increased during
metyrapone-induced hypocortisolemia (13). No data were,
however, present on the effects of glucocorticoids on the HPT
axis at the level of the hypothalamus in humans. In the
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Abbreviations: a.u., Arbitrary units; HPT, hypothalamus-pituitary-
thyroid; NTI, nonthyroidal illness; PVN, paraventricular nucleus; SSC,
standard saline citrate.
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present study, we investigated, therefore, the effect of cor-
ticosteroids on TRH mRNA in the PVN of the human hy-
pothalamus. TRH mRNA was measured in corticosteroid-
treated patients by means of in situ hybridization in
combination with quantification by computer-assisted image
analysis. For a matched control group, we studied subjects
without corticosteroid treatment and without a primary psy-
chiatric or neurological disease.

Subjects and Methods
Subjects

We studied the hypothalamus of 10 subjects that were treated with
corticosteroids until death and 10 matched controls. Doses of cortico-
steroids varied among patients but exceeded the normal daily produc-
tion rate of 20 mg hydrocortisone in at least eight of 10 cases (14). Daily
doses and cortisol equivalents are presented in Table 1 (15). Brain ma-
terial was obtained from The Netherlands Brain Bank at The Nether-
lands Institute for Brain Research in accordance with the formal per-
mission for a brain autopsy and the use of human brain material and
clinical information for research purposes. All the brains were system-
atically investigated by a neuropathologist. Exclusion criteria for corti-
costeroid-treated patients were: 1) use of antiepileptics, dopamine, or
opiates within 4 wk before death or use of amiodarone; 2) known
thyroidal disease; 3) mechanical ventilation; and 4) psychiatric or neu-
rodegenerative disease. Patients and control subjects were matched for
sex and, as closely as possible, severity and duration of fatal illness in
an attempt to match for possible interference by NTI (7, 16). Exclusion
criteria for control subjects were identical with the addition of cortico-
steroid treatment within 4 wk before death. Clinicopathological data are
presented in Table 1.

Histology

Hypothalami were fixed in 10% phosphate-buffered formalin at room
temperature for 3-14 wk. Tissues were dehydrated in a graded ethanol
series, cleared in xylene, and embedded in paraffin. Coronal serial sec-
tions (6 um) were made from the level of the lamina terminalis to the
mammillary bodies. Depending on availability, either the left or right
hemihypothalamus was used. Every 100th section was collected on a
chromealum gelatin-coated slide with 0.5% BSA (Sigma, Zwijndrecht,
The Netherlands) in distilled water followed by Nissl staining (0.5%
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thionine in distilled water) for the establishment of the anatomical
boundaries of the PVN. Additional immunocytochemical staining for
vasopressin was performed for more precise delineation of the rostral
and caudal border of the PVN as described previously (17, 18).

In situ hybridization for TRH mRNA

In situ hybridization was performed through the entire PVN using a
systematic random sampling procedure. Every 100th section of the area
in which the PVN was located was mounted on RNase-free 2% amino-
alkyl-silane-coated slides. The hybridization procedure has been de-
scribed previously (19).

In short, sections were dried in a stove set at 37 C for at least 2 d.
Sections were deparaffinized in xylene, brought through graded eth-
anols, treated with 0.2 M HCl, and washed in PBS. Subsequently sections
were deproteinated with proteinase K (10 wg/ml, 37 C, 30 min). The
protease treatment was stopped in glycine buffer and slides were
washed in PBS. Probes were diluted in hybridization buffer. Seventy
microliters of hybridization buffer containing 8 X 10°> dpm of **S-labeled
TRH probe complementary to bp 330-549 of the human prepro-TRH
c¢DNA (10) was applied to each section. Sections were coverslipped and
hybridized overnight at 66 C. Coverslips were removed in 2 X standard
saline citrate (S5C) at 37 C, and sections were washed sequentially for
45 min at 60 C in 1X SSC, 0.1X SSC, 0.01X SSC, and finally three times
for 1 hin 0.001X SSC. Sections were dehydrated in 300 mM ammonium
acetate (pH 5.5)/ethanol 100% at volume ratios of 1:1, 3:7, 1:9, and 0:1,
respectively and dried in a stream of cool air for 5 min. Sections were
apposed directly to autoradiography film (Amersham, Buckingham-
shire, UK) and exposed for 2 d. The time of exposure was determined
experimentally. Films were developed for 2.5 min in D-19 developer
(Kodak) and fixed in Maxfix (Kodak) for 10 min. After rinsing in running
tap water, the films were dried.

Sections were hybridized in two sessions within 1 wk using one batch
of labeled probe. Matched couples of control subjects and subjects
treated with corticosteroids were hybridized in the same session. We
used RNase-treated sections (0.2 mg/ml RNase in PBS for 1 h at 37 C
before protease treatment) as a negative control in both sessions.

Quantitative analysis of TRH mRNA in situ hybridization

For quantification of the TRH mRNA in situ hybridization signal, we
used radioactive standards. The methods of densitometry and quanti-
fication have been published elsewhere (14). In short, gray values of the
film autoradiograms were analyzed by computer-assisted densitometry
using an Interaktives Bild-Analysen system image analysis system (Kon-
tron Elektronik, Munich, Germany) and software developed at our in-
stitute. The relationship between the gray values and the amount of
radioactivity was assessed with radioactive standards. The labeled area
of the PVN and the structure-weighted, background-corrected mean
density of each section were determined and used to estimate the total
amount of radioactive label present in the PVN. This was used as a
relative measure for the amount of TRH mRNA in the PVN and ex-
pressed in arbitrary units (a.u.).

Statistical analysis

Differences between groups (corticosteroid treated vs. control) were
tested with a Mann-Whitney U test (0.05 level of significance). A mul-
tivariate regression analysis (stepwise, dependent variable total TRH
mRNA hybridization signal; 0.05 level of significance) of the factors
postmortem delay, fixation duration, side of the hypothalamus, and age
was performed.

Results

All subjects showed a clear hybridization signal in the
region of the PVN using the TRH mRNA antisense probe.
The RNase-treated sections yielded a completely negative
hybridization signal on the film autoradiograms, supporting
specificity of the procedure. The intensity of the signal
showed a strong interindividual variation (Fig. 1). The TRH
mRNA hybridization signal was significantly decreased in
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Fia. 1. Film autoradiograms of representative sections of a cortico-
steroid-treated subject, no. 96419 (A), showing weaker TRH mRNA
hybridization signal than a control subject, no. 94076 (B). Bar, 1 mm.

subjects who were treated with corticosteroids (median
6.21 a.u.), compared with control subjects (median 10.49 a.u.,
P = 0.02) (Fig. 2).

A multivariate regression analysis of the factors postmor-
tem delay, fixation duration, side of the hypothalamus, and
age showed no influence of these factors on TRH mRNA
hybridization signal.

Discussion

The specificity of the TRH cRNA probe was supported in
an earlier study by displacement studies with unlabeled
probe, by the absence of hybridization signal using a labeled
sense probe and the absence of interfering homologies (19).
In agreement with earlier studies (7), we observed a strong
interindividual variation, which can be explained in part by
NTL

Borson-Chazot et al. (20) reported lateralization of TRH
concentrations in the human hypothalamus, with a left
prominence for TRH. However, lateralization was not ob-
served by a later study in suicide victims (21). We studied

30-
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Fic. 2. TRH mRNA hybridization signals and medians in corticoste-
roid-treated subjects (CST) and controls. Each dot represents one
subject. Statistical analysis was performed using a Mann-Whitney U
test.
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mostly the left side of the hypothalamus (n = 15) but also the
right side (n = 5) when the left side of the PVN was not
available for our research. A possible interference of later-
alization was tested with a linear regression analysis but
showed no effect.

TRH mRNA expression is influenced by nutritional status.
In rats a decrease in TRH mRNA is observed during star-
vation (22). In the present study, two cachectic patients were
included. Because these two patients were in the control
group, the decrease in TRH mRNA expression in the corti-
costeroid-treated group may in fact have been underesti-
mated in the present study.

Because discrete changes in thyroid hormone levels, in-
cluding slightly lower serum free T3, have been described in
healthy elderly people, age can be considered a possible
confounder for TRH mRNA in the hypothalamus (23). How-
ever, no effect of age has been observed in our previous
studies on TRH expression in the human PVN (7, 19, 24),
whereas NTI can be considered a major determinant of TRH
expression. We therefore matched subjects in the present
study for severity and duration of illness in an attempt to
match for NTI rather than age. We did analyze a possible
effect of age using a multivariate regression analysis but
again found no effect on TRH mRNA in this study.

Cortisol equivalents in this study were based on peripheral
action of glucocorticoids (15), whereas it is unknown what
concentrations are reached in the brain. Rat studies have
indicated that brain uptake of exogenous corticosteroids is
very low (25), but postmortem studies in humans treated
with corticosteroids have shown that pharmacological doses
similar to the ones the patients in the present study received
are able to diminish expression of CRH in PVN neurons (26).

The effect of glucocorticoids that we observed in the
present study is in agreement with rat studies showing de-
creased TRH mRNA in the PVN after dexamethasone treat-
ment (11). In vitro, however, variable effects have been de-
scribed. Both stimulation and inhibition of TRH mRNA in
hypothalamic cells cultures were observed, dependent on the
concentration of dexamethasone in the medium (9, 10). The
discrepancy between inhibitory effects in vivo and stimula-
tory effects in vitro of corticosteroids on TRH mRNA may be
partly explained by an indirect effect of glucocorticoids. The
absence of afferent input to cultured neurons indicates that
glucocorticoids may affect the PVN in vivo directly as well as
indirectly, e.g. via the hippocampus (27).

In the present study, we found a decrease in TRH mRNA
expression in the PVN of corticosteroid-treated patients. This
may explain somewhat lower serum TSH in patients treated
with pharmacological doses of corticosteroids. By inference,
endogenous hypercortisolism as may be present in patients
with Cushing’s syndrome, critical illness, and major depres-
sion (1-3) may also decrease TRH mRNA expression in the
PVN. Indeed, decreased TRH mRNA has been reported by
our group in the PVN of patients with nonthyroidal illness
and in patients with major depression (7, 16). This decrease
in TRH mRNA may be of importance in the pathogenesis of
depression, which is often seen in patients treated with cor-
ticosteroids (28) and patients with Cushing’s syndrome (29,
30). Because intrathecal administration of TRH in refractory
depression has marked beneficial effects (31), a diminish-

Alkemade et al. ® TRH Gene Expression in CST-Treated Patients

ment of TRH may contribute to the signs and symptoms of
depression.
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Erratum

In the article “Specificity and Regioselectivity of the Conjugation of Estradiol, Estrone, and Their Catechol-
estrogen and Methoxyestrogen Metabolites by Human Uridine Diphospho-glucuronosyltransferases Ex-
pressed in Endometrium” by Johanie Lépine, Olivier Bernard, Marie Plante, Bernard Tétu, Georges Pelletier,
Fernand Labrie, Alain Bélanger, and Chantal Guillemette (The Journal of Clinical Endocrinology & Metabolism
89:5222-5232, 2004), there are two errors in Table 3. The relative V., for the formation of 4-OHE1-3G by
UGT1A8 was reported as 1975 pmol/min/mg but should have been reported as 197.5 pmol/min/mg.

Similarly, the catalytic efficiency (V
authors regret the errors.

max

/K,,) should be 1.07 pul/min/mg instead of 10.7 ul/min/mg. The
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