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Abstract. The regulation of renal 11 j3-hydroxysteroid dehydrogenase type 2 (11 jIHSD2) gene expression is poorly 
understood. Inhibition of expression can result in hypertension. An example of this is in ectopic adrenocor-
ticotropin (ACTH) syndrome (EAS). Inhibition of 11~3HSD2 activity is suggested by the observed increased ratio of 
cortisol to cortisone in both plasma and urine. To investigate whether ACTH or ACTH-dependent steroids can 
modulate renal 11 1jIHSD2 gene expression we analysed renal 11~3HSD2 mRNA levels after treatment with ACTH of 
1 H and 24 H and demonstrated no change in the levels of gene expression. We have demonstrated in this study that 
the expression of 11 1jIHSD2 in the kidney is unaltered by ACTH. The reduced inactivation of cortisol by 11 1jIHSD2 
observed in EAS is likely to be in part due to end product inhibition or substrate overload of the enzyme by endo-

genous substrates (cortisol, corticosterone, etc) rather than inhibition of 11~3HSD2 at the transcriptional level by 
either ACTH or ACTH regulated steroids.
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In vitro studies have demonstrated that the miner-

alococrticoid receptor (MR) has equal affinity for 

aldosterone and the glucocorticoids, cortisol and 

corticosterone [1, 2]. Although glucocorticoids are 

present in the circulation at 100-1000 fold higher 
levels than aldosterone, under normal physiological 

conditions they do not bind to the MR. The aldo-

sterone specificity of the MR, in aldosterone target 

tissues, is maintained by the enzyme 11 j3-hydroxy-

steroid dehydrogenase type 2 (11~9HSD2), which 

converts glucocorticoids to their receptor inactive 
metabolites [3, 4]. 

 Inhibition of 11j3HSD2 activity enables glucocorti-

coids to inappropriately bind to the MR and results 

in hypertension as illustrated by glycyrrhetinic acid
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(liquorice) abuse [5] and the congenital syndrome 
of Apparent Mineralocorticoid Excess (AME) [6]. 
AME is a recessive disorder that is characterised by 
severe hypertension, hypokalemia and low plasma 
renin activity. Mutations in the 11(3HSD2 gene have 
been determined in nearly 50 AME cases to date and 
was the third single-gene defect causing hypertension 
identified [7, 8]. Impaired enzyme activity has also 
been observed in some patients with essential hyper-
tension [9] and in patients with ectopic ACTH syn-
drome [10]. 
 Deficiency of 11 f3HSD2 in AME type 1 and in the 

ectopic ACTH syndrome is associated with an in-
creased ratio of cortisol to cortisone in plasma, an 
increased ratio of the urinary metabolites of cortisol 
relative to cortisone and an increased half life for 

[lla-3H]cortisol [10]. However in essential hyper-
tension and AME type 2 the plasma and urinary 
ratios are unaffected and only the [1la-3H]cortisol 
half life is altered [9].
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  Unlike Cushing's syndrome ectopic ACTH syn-
drome (EAS) is characterised by symptoms of miner-
alocorticoid excess, including hypokalemic alkalosis 
and decreased plasma renin levels. In EAS the ratio 
of cortisol to cortisone in both plasma and urine 
is decreased indicating a decrease in renal 11 f3HSD2 
activity due to ACTH or by ACTH-dependent 
steroids [10] . The increase in the cortisol and corti-
sone ratio in both plasma and urine is observed in 
humans also during ACTH infusion, but not fol-
lowing cortsiol infusion [10, 12]. Thus the inhibito-
ry effect of ACTH on renal 11 ~3HSD2 appears not 
to be mediated by increased cortisol levels, but either 
directly by ACTH or ACTH-dependent steroids 
other than cortisol. We postulated that the effect of 
ACTH on renal 11 j3HSD2 activity may in part be at 
the level of gene transcription. We have therefore 
investigated the effect of ACTH infusion on renal 
11 ~3HSD2 gene expression in the sheep. 
 We have chosen the sheep as our model of inves-
tigation as it has a similar adrenalcortical profile of 
steroid production as human eg the primary gluco-
corticoid is cortisol unlike rodents where the pre-
dominant glucocorticoid is corticosterone. This is 
an important consideration when investigating fac-
tors affecting 11 ~3HSD2 as the enzyme, in all species 
studied to date has approximately an order of magni-
tude greater affinity for corticosterone compared with 
cortisol [13, 14].

Animals

Materials and Methods

  Adult cross-bred Merino ewes were treated with 

ACTH (synacthen 1-24) 0.5 pg/kg/hr for 1 or 24 h, 

control animals were treated with saline for 24 h. 

Each groups had an n = 4 and samples were indi-

vidually analysed for both mRNA and enzyme ac-

tivity levels. Animals were sacrificed with an intra-

venous bolus dose of sodium barbitone (Lethobarb, 

Arnolds. Reading, UK.). Kidneys were collected 
and immediately snap frozen in liquid nitrogen. 

 To confirm the efficacy of the ACTH treatment 

plasma cortisol levels were determined for samples 
taken before treatment and before sacrifice and are 

given as mean + / - standard error.

mRNA Quantitation 

 Total RNA was extracted from sheep kidneys using 
the method of Chirgwin et al. (1979) [15]. Levels of 
11fHSD2 mRNA and Glyceraldehyde Phosphate 
Dehydrogenase (GAPDH) mRNA determined as an 

(internal control) were determined using a quantita-
tive S 1 nuclease protection assay. This method has 
been described previously [16]. [a-32P]UTP (Dupont, 
Boston, Ma, USA) labelled antisense RNA probes 
were synthesised using the Promega Riboprobe kit 

(Promega, Sydney, Australia). The ovine GAPDH 
probe has previously been described [16] and the 
ovine 11j3HSD2 probe was generated from a PCR 

product corresponding to nucleotides 396-892 of the 
published sequence and subcloned into a KS vector 
[17] . Results given as mean + / - standard error, 
standardized against GAPDH mRNA levels. Statis-
tical analysis was by one-way analysis of variance.

11 f3HSD2 Activity Assay 

  11j3HSD2 activity was determined as previously 
described [14]. Kidney samples were homogenised in 
10 mM sodium phosphate buffer (pH 7.4), 0.25 M 
sucrose, 1 mM PMSF. Duplicate assay tubes con-
taining 100,000 cpm of [1,2,67-3H(N)]cortisol 

(Amersham International, Sydney Australia), 0.1 teM 
Cortisol, 0.5 mM NAD in 10 mM NaP04 buffer 

(pH 7.4) were pre-incubated for 10 min @ 37 C be-
fore the addition of 10 ig of protein, giving a final 
volume of 500 tcl. Samples were incubated for 15 
min @ 37 C followed by steroid extraction with ethyl 
acetate. Steroids were separated using thin layer 
chromatography in the solvent system chloroform: 
ethanol, 92 : 8. Results given as mean + / - stan-
dard error, percent conversion of cortisol per pg of 

protein. Statistical analysis was by one-way analysis 
of variance.

Results and Discussion

 Serum levels of cortisol were shown to increase 

significantly in all sheep treated with ACTH; In the 

one hour treatment plasma levels of cortisol were 316 

+ / - 20 nM and with the 24 h treatment the levels 

rose to 398 +/- 63 nM. This is an increase of ap-

proximately three-four fold over maximal diurnal
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levels of plasma cortisol in untreated sheep. In hu-
mans with EAS plasma cortisol levels are generally 
two to four fold higher than maximal, normal diur-
nal levels [1 1]. As shown in Fig. 1, ACTH infusion 
for 1 H or 24 H had no effect on renal 11 j3HSD2 
mRNA levels (P >0.05). Therefore neither ACTH 
nor ACTH-dependent steroids appear to modulate 
the 11fHSD2 gene in the kidney. Activity levels of 
11 j3HSD2 were also unaffected by ACTH treatment 
indicating that the level of renal enzyme present 
remains unaltered. Control: 3.8+/-0.2, 1 h ACTH: 
3.8+/-0.6, 24h ACTH: 3.2+/-0.4 (P>0.05). 
Results given as mean + / - standard error, percent 
conversion of cortisol per ~€g of protein. 
  It is therefore unlikely that ACTH is having a 

direct effect on renal 11 j3HSD2. Diederich et al., 

(1996) suggest that the inhibition of 11 j3HSD2 activi-
ty in EAS is due to the elevated levels of glucocorti-
coids potentially overloading the enzyme [18]. The 

primary factor resulting in renal 11J3HSD2 inhibition 
in EAS may be the elevated level of corticosterone 

present. In all species 11RHSD2 has a ten fold higher 
affinity for corticosterone compared to cortisol and 
therefore the elevated circulating levels of cortico-
sterone in EAS (10- 8 - 2 x 10-' M) may contribute 
significantly to the inhibition of renal 11jIHSD2. 
11 J3HSD2 activity is also under the regulation of end 

product inhibition and therefore elevated cortisone 
and 11-dehydrocorticosterone levels may also play a 
role in the inhibition of 11j3HSD2 activity in EAS. 
  Studies by Li et al. (1996), in the rat, demonstrated 
the down regulation of renal 11j3HSD2 gene expres-
sion, after treatment with adrenocorticoids (gluco-
corticoids and mineralocorticoids) [19] . In contrast 
we did not observe an effect of ACTH-dependent 
steroids on renal 11 J3HSD2 mRNA levels or activity 
in the sheep. A conundrum of the study in rats was 
the observation of increased enzyme activity levels 

parallel to decreased mRNA levels [19]. 
 Up to 15% of untreated essential hypertension 

patients demonstrate renal 11 /3HSD2 inhibition. 
Whether this decrease is a primary or secondary 
cause is unclear. It is therefore important to deter-
mine factors inhibiting renal 11RHSD2 at the protein 
and gene level. Given that 11j3HSD2 is clearly re-

quired for normal homeostasis, factors that alter its 
activity either at the gene level or the enzyme level are 
of potential (patho) physiological significance. To 
date little is known about the regulation of 11 13HSD2

at the gene level. Pasquarette et al. [20] have shown 
an increase in mRNA levels in the human placental 
cell line, JEG-3, mediated by CAMP. In contrast we 
have observed a marked decrease in sheep, adrenal 
11jSHSD2 mRNA levels in the adrenal gland after 
ACTH treatment (Albiston & McDougall, unpub-
lished observation). 
 We have demonstrated in this study that the ex-

pression of 11 JSHSD2 in the kidney is unaltered by 
ACTH. The reduced inactivation of cortisol by 
11j3HSD2 observed in EAS is likely to be in part due 
to end product inhibition or substrate overload of 
the enzyme by endogenous substrates (cortisol, cor-
ticosterone), rather than inhibition of 11 1SHSD2 at 
the transcriptional level by either ACTH or ACTH 
regulated steroids [18].
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