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The symptoms and signs of Cushing’s syndd
drome result directly from chronic exposure 
to excess glucocorticoids. Most actions of 

glucocorticoids are mediated by the glucocorticoid recd
ceptor. Several polymorphisms in the gene coding for 
the glucocorticoid receptor have been described and 
these may contribute considerably to the observed variad
ability in glucocorticoid sensitivity.1 At the tissue level, 
the enzyme 11β-hydroxysteroid dehydrogenase type 
I modulates the effect of glucocorticoids. Both animal 
and human studies have demonstrated that alterations 
in 11β-hydroxysteroid dehydrogenase type I activity in 
adipose tissue and liver are associated with the metabd
bolic syndrome, thus possibly reflecting a tissue-specific 
(omental) Cushing’s syndrome.2. Cellular hyperreactivid
ity to glucocorticoids at the mRNA level has also been 
demonstrated.3 It is not surprising, therefore, that cases 
of Cushing’s syndrome with putative receptor dysfunctd
tion exist, and we report one such likely case and review 
the literature on this topic.

Case 
A 32-year-old female was referred to our department in 
August 2000 for evaluation of cushingoid features. She 
gave a history of recurrent abdominal pain and renal 
stones from 1987 to1993. Hypertension and diabetes 
mellitus were diagnosed in 1994 and she had since been 
on treatment with lisinopril and insulin. In 1995, her 
treating doctor observed that she had clinical features of 
Cushing’s syndrome. Evaluation of her condition then 
revealed very low serum cortisol levels without diurnal 
variation and undetectable 24-hour urinary cortisol. 
CT of her adrenals demonstrated a picture suggestive 
of left supra-renal myelolipoma while MRI of the pitd
tuitary was normal. In November 1995, she went to 
a private practice where she underwent left adrenalectd
tomy (with unavailable histopathology report) and was 
replaced with glucocorticoids for one year for a short 
period of time. Thereafter she received no glucocorticd
coids or other steroid-containing drugs. Occasionally 
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she complained of difficulty in standing from a sitting 
or lying position without aid. She had normal and reguld
lar menses. 

On examination she was conscious, oriented, and 
her blood pressure was moderately high (150/110 mm 
Hg) with a regular and normal pulse rate. She had a 
round plethoric face with an increased amount of supd
praclavicular fat. She was centrally obese with thin extd
tremities and her skin was thin with purple striae on 
the abdomen. She had proximal muscle weakness in 
the lower limbs. Axillary and pubic hairs were presed
ent and she was not hirsute. The thyroid was not enld
larged. The rest of her examination was unremarkable. 
Her work-up demonstrated undetectable cortisol in a 
24-hour urine (repeated twice). The morning cortisol 
at 8 AM was low at 28 nmol/L (repeated twice) and 
the morning adrenocorticotropic hormone (ACTH) at 
8 AM was low at <10 pg /mL (normal range, 10-46 pg 
/mL). There was a very poor cortisol response to the 
synacthen (ACTH [1-24]) 250 µg stimulation test (0 
min: 14.9 nmol/L; 30 min: 42.4 nmol/L; 60min: 67.5 
nmol/L). No ACTH or cortisol response to corticotropd
phin releasing hormone (CRH) stimulation was seen 
and all samples had ACTH <10.0 pg/mL and cortisol 
<13.8 nmol/L. Urine analysis for 17-ketosteroids by 
gas chromatography-mass spectrometry revealed totd
tal 17-ketosteroids of 17.33 µmol/24h (normal range, 
11.50-38.00 µmol/24h), androsterone 7.24 µmol/24h 
(normal range, 3.50-9.30 µmol/24h) and dehydroepiad
androsterone of 1.06 µmol/24h (normal range, 1.20-
4.60 µmol/24h). She had normal thyroid function (free 
T3 5.4 pmol/L, free T4 22.7 pmol/L, sensitive TSH 
3.6 mU/L). Her luteinizing hormone (LH) was 33.9 
IU/L (normal range, 2.4-16.7 IU/L), follicle-stimuld
lating hormone was 16.6 IU/L (normal range, 2.1-9.0 
IU/L), and estradiol was 808 pmol/L (normal range, 
35-285 pmol/L). She was hyperandrogenic with a totd
tal testosterone of 3.2 nmol/L (normal range, 0.3-3.0 
nmol/L), sex-hormone binding globulin of 27 nmol/
L (normal range, 20-118 nmol/L) and free androgen 
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index of 11.9% (normal range for females, <4.5%). 
Dihydroepiandrosterone sulfate was suppressed at 0.6 
µmol/L (normal range, 0.9-11.7 µmol/L), but 17-hydd
droxyprogesterone was normal at 4.1 nmol/L (normal 
range, 0.3-14.5 nmol/L) while androstenedione was 
low at 1.9 nmol/L (normal range, 1.6-9.4 nmol/L). 
Fasting plasma glucose was elevated at 7.3 mmol/L. 
The complete blood count was normal and there was 
no liver dysfunction or renal impairment. Serum electd
trolytes and mineral profile were normal. Total cholestd
terol was high at 7.05 mmol/L, but triglycerides were 
normal 0.59 mmol/L and high-density lipoprotein was 
2.30 mmol/L. During follow up, she was taking eitd
ther lisinopril or amlodipine in addition to insulin and 
there was no change in her clinical condition, biochemicd
cal profile or in repeated cortisol measurements in the 
urine or serum. 

DISCUSSION 
The glucocorticoid receptor is a ligand-dependent transd
scriptional regulator that mediates a panoply of develod
opmental, physiological, and behavioral processes.4 The 
glucocorticoid receptor is not the sole determinant of 
the cellular response to ligands; other cellular factors 
are known to modulate glucocorticoid receptor actd
tion. For example, hormone transporters,5,6 molecular 
chaperones,7 chromatin remodeling factors,8,9 coactivd
vators,10 as well as other transcription factors such as 
AP-111 interact with the glucocorticoid receptor and 
affect its function. Mutations of the glucocorticoid 
receptor result in syndromes of local and generalized 
glucocorticoid resistance, glucocorticoid hypersensitivid
ity, hypercortisolism, and increased cortisol response to 
stress.12 Whereas decreased sensitivity to the corticosd
steroid receptor is described more frequently, Iida and 
colleagues first described increased sensitivity to the 
glucocorticoid receptor in 199013 in a patient that had 
clinical characteristics of Cushing’s syndrome and low 
cortisol concentrations on several occasions. Exogenous 
corticosteroids were the best explanation for the clinicd
cal picture and laboratory abnormalities, but this could 
not be confirmed and the patient’s history lacked any 
information. Other possibilities that should have been 
considered include intermittent Cushing’s syndrome, 
promiscuous receptor-induced Cushing’s syndrome 
and silent pituitary infarction of ACTH-producing 
adenoma. Intermittent Cushing’s was excluded by the 
lack of raised cortisol levels (urine and serum) on repd
peated measurements at different intervals, whereas 
promiscuous receptor-induced Cushing’s could not be 
confirmed. Silent pituitary infarction was also excluded 
by the normal level of anterior lobe pituitary hormones 

and by the normal pituitary gland by MRI. The authors 
therefore considered a cortisol hyperreactive syndrome 
as a plausible possibility in this patient. In vitro experimd
ments with the patient’s skin fibroblasts supported the 
concept of an increased sensitivity to glucocorticoids. 
More recently, Huizenga and colleagues14 described a 
polymorphism in the glucocorticoid receptor that was 
associated with increased receptor sensitivity. In that 
study, 13 patients carrying a mutation in the glucocortd
ticoid receptor (N363S carriers) were identified. The 
patients with this mutation had a significantly higher 
body mass index (BMI) and there was a trend towards 
a lower bone mineral density, which suggests that they 
were more sensitive to the effects of glucocorticoids. A 
low-dose dexamethasone suppression test, using 0.25 
mg instead of 1 mg dexamethasone, demonstrated signd
nificantly larger cortisol suppression in the N363S carrd
riers.14 Another case has been described by Newfield 
and colleagues of cushingoid features in prepuberty 
in the presence of normal cortisol levels. This patient 
was subsequently reported to have markedly elevated 
glucocorticoid receptor sites per peripheral lymphocyte 
with normal binding affinity as a potential cause of her 
phenotype.15 

In another report, a patient who received two intra-
articular triamcinolone acetonide injections developed 
the clinical characteristics of Cushing’s syndrome and 
had asymptomatic adrenal insufficiency, which resd
solved after 6 months. Therefore, increased sensitivity 
may also be subclinical and manifest after exposure 
to exogenous glucocorticoids. In this patient, a dexamd
methasone suppression test, using 0.25 mg instead 
of 1 mg dexamethasone, demonstrated a significant 
decrease in the morning cortisol. The response of perd
ripheral blood mononuclear cells to dexamethasone in 
a mitogen-stimulated proliferation assay in this patient 
showed a lower IC50 than normal controls, supportid
ing the diagnosis of increased glucocorticoid sensitivid
ity.16 Hyperreactivity of our patient to glucocorticoids, 
either at the receptor or at the post-receptor level could 
explain her cushingoid features if she had ingested 
even very small amounts of glucocorticoids. However, 
her hypocortisolemia predates her adrenal surgery and 
glucocorticoid use suggesting that she had overt activd
vation of the glucocorticoid receptor (or post-receptor 
mechanisms). 

The diagnosis of hypocortisolemic Cushing’s syndd
drome is based on clinical suspicion, followed by documd
mentation that low cortisol levels are not associated 
with steroid intake. In our patient we documented a 
low cortisol level, a flat response to ACTH stimulation, 
no response to the CRH stimulation test and after a 
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careful history, observation and intensive investigation, 
we excluded any possible steroid intake. In Cushing’s 
disease, the chronic hypercortisolemia inhibits hypotd
thalamic CRH secretion and also inhibits ACTH secd
cretion by the normal, nonadenomatous pituitary cortd
ticotrophs, which atrophy. The concentrations of CRH 
in the cerebrospinal fluid, and presumably in the hypd
pophysial-portal circulation, are reduced.17 Also, exoged
enous glucocorticoids inhibit CRH and ACTH secretd
tion, causing bilateral adrenocortical atrophy. Plasma 
ACTH, serum and salivary cortisol concentrations, 
and urinary 17-hydroxycorticosteroids and cortisol 
excretion (unless cortisol is the steroid administered) 
are all low.18 We suggest that in patients with wild-type 
receptors, minimal amounts of glucocorticoids will 
suppress the hypothalamic-pituitary-adrenal axis effectd
tively. Although not reported before, we thought about 
the effect of lisinopril on aberrant receptors, but substitd
tuting it with amlodipine resulted in no improvement 
in her clinical condition or her biochemical profile. 

The possible approach to treatment of these patd
tients is the use of the progesterone and glucocorticoid 
receptor antagonist RU-486 (mifepristone), which is a 
potent antagonist of both of these receptors. It is the 
only drug administered to humans with these actions.19 
In normal subjects, it inhibits dexamethasone suppd
pression and raises endogenous cortisol and ACTH 
values.20 To date, RU-486 has been used in a handful 
of patients with Cushing’s syndrome. In a placebo-contd
trolled trial of the acute effects in seven patients given 
200 mg orally every 12 hours, plasma and urinary glucd
cocorticoids were raised in five patients with Cushing’s 

disease after 2 days.21 Other reports describe treatment 
of a few patients, with symptomatic improvement at 
doses of 5-20 mg/kg/day.22-25 Prompt reversal of neurd
ropsychiatric symptoms has been reported in two cases 
of hypercortisolemic psychosis.24 However long-term 
data are unavailable as the longest period of treatment 
reported was 10 weeks.22 The main drawback with use 
of this agent is the induction of an iatrogenic cortisol 
deficiency state, but Addisonian crisis responds to a 
dose reduction. Because of its novel site of action, with 
receptor antagonism leading to increased cortisol and 
ACTH levels, the diagnosis of treatment-induced 
glucocorticoid insufficiency rests on clinical grounds. 
Limited clinical experience with RU-486 in Cushing’s 
syndrome suggests that it is highly effective in reversid
ing the manifestations of hypercortisolism, but it is 
not known if the same will hold true for glucocorticoid 
hypersensitivity. While RU-486 has been effective in 
small numbers of patients treated for relatively short 
periods of time, the long-term efficacy and side effects 
of glucocorticoid and progesterone receptor blockade 
remain to be determined. 

The inter-individual response to glucocorticoids 
varies considerably; thereby diagnosis of Cushing’s syndd
drome should be based on clinical suspicion. In certain 
circumstances, an absence of hypercortisolemia should 
not exclude the diagnosis of Cushing’s, as other factors 
at cellular levels can determine the individual response 
to cortisol. To date, most of these factors are still undd
der investigation. Full knowledge of these factors may 
result in new diagnostic criteria for Cushing’s with a 
potential for new pharmacological therapies.



case reportcushing’s syndrome

Ann Saudi Med 28(2)  March-April 2008  www.saudiannals.net 127

1.  van Rossum EF, Lamberts SW. Polymorphisms 
in the glucocorticoid receptor gene and their ass-
sociations with metabolic parameters and body 
composition. Recent Prog Horm Res 2004; 59: 
333-57.
2. 	 Kerstens MN, Wolffenbuttel BH, Dullaart RP. 
[Tissue-specific changes in cortisol metabolism 
and their potential role in the metabolic syndrome]. 
Ned Tijdschr Geneeskd 2005; 149: 871-6.
3. 	 Fujii H, Iida S, Gomi M, Tsugawa M, Kitani T, 
Moriwaki K. Augmented induction by dexamethas-
sone of metallothionein IIa messenger ribonucleic 
acid in fibroblasts from a patient with cortisol hyp-
perreactive syndrome. J Clin Endocrinol Metab 
1993; 76: 445-9.
4. 	 Tronche F, Kellendonk C, Reichardt HM, Schutz 
G. Genetic dissection of glucocorticoid receptor 
function in mice. Curr Opin Genet Dev 1998; 8: 532-
8.
5. 	 Kralli A, Bohen SP, Yamamoto KR. LEM1, an 
ATP-binding-cassette transporter, selectively 
modulates the biological potency of steroid horm-
mones. Proc Natl Acad Sci U S A 1995; 92: 4701-5.
6. 	 Mahe Y, Lemoine Y, Kuchler K. The ATP bindi-
ing cassette transporters Pdr5 and Snq2 of Sacc-
charomyces cerevisiae can mediate transport of 
steroids in vivo. J Biol Chem 1996; 271: 25167-72.
7. 	 Picard D, Khursheed B, Garabedian MJ, Fortin 
MG, Lindquist S, Yamamoto KR. Reduced levels of 
hsp90 compromise steroid receptor action in vivo. 
Nature 1990; 348: 166-8.
8. 	 Yoshinaga SK, Peterson CL, Herskowitz I, 
Yamamoto KR. Roles of SWI1, SWI2, and SWI3 
proteins for transcriptional enhancement by ster-
roid receptors. Science 1992; 258: 1598-604.
9. 	 Fryer CJ, Archer TK. Chromatin remodelling 
by the glucocorticoid receptor requires the BRG1 

complex. Nature 1998; 393: 88-91.
10. Glass CK, Rose DW, Rosenfeld MG. Nuclear 
receptor coactivators. Curr Opin Cell Biol 1997; 9: 
222-32.
11. 	Miner JN, Diamond MI, Yamamoto KR. Joints 
in the regulatory lattice: composite regulation by 
steroid receptor-AP1 complexes. Cell Growth Diff-
fer 1991; 2: 525-30.
12. 	Yudt MR, Cidlowski JA. The glucocorticoid rec-
ceptor: coding a diversity of proteins and response-
es through a single gene. Mol Endocrinol 2002; 16: 
1719-26.
13. 	Iida S, Nakamura Y, Fujii H, Nishimura J, 
Tsugawa M, Gomi M, Fukata J, Tarui S, Moriwaki 
K, Kitani T. A patient with hypocortisolism and 
Cushing’s syndrome-like manifestations: cortisol 
hyperreactive syndrome. J Clin Endocrinol Metab 
1990; 70: 729-37.
14. 	Huizenga NA, Koper JW, De Lange P, Pols HA, 
Stolk RP, Burger H, Grobbee DE, Brinkmann AO, 
De Jong FH, Lamberts SW. A polymorphism in the 
glucocorticoid receptor gene may be associated 
with and increased sensitivity to glucocorticoids 
in vivo. J Clin Endocrinol Metab 1998; 83: 144-51.
15. 	Newfield RS, Kalaitzoglou G, Licholai T, Chilton 
D, Ashraf J, Thompson EB, New MI. Normocort-
tisolemic Cushing’s syndrome initially presenting 
with increased glucocorticoid receptor numbers. 
J Clin Endocrinol Metab 2000; 85: 14-21.
16. 	van Tuyl SA, Slee PH. Are the effects of local 
treatment with glucocorticoids only local? Neth J 
Med 2002; 60: 130-2.
17. 	Kling MA, Roy A, Doran AR, Calabrese JR, Rub-
binow DR, Whitfield HJ Jr, May C, Post RM, Chrous-
sos GP, Gold PW. Cerebrospinal fluid immunoreact-
tive corticotropin-releasing hormone and adrenoc-
corticotropin secretion in Cushing’s disease and 

major depression: potential clinical implications. J 
Clin Endocrinol Metab 1991; 72: 260-71.
18. 	Quddusi S, Browne P, Toivola B, Hirsch IB. 
Cushing’s syndrome due to surreptitious glucocort-
ticoid administration. Arch Intern Med 1998; 158: 
294-6.
19. 	Sartor O, Cutler GB Jr. Mifepristone: treatment 
of Cushing’s syndrome. Clin Obstet Gynecol 1996; 
39: 506-10.
20. 	Bertagna X, Bertagna C, Luton JP, Husson JM, 
Girard F. The new steroid analog RU 486 inhibits 
glucocorticoid action in man. J Clin Endocrinol 
Metab 1984; 59: 25-8.
21. 	Bertagna X, Bertagna C, Laudat MH, Husson 
JM, Girard F, Luton JP. Pituitary-adrenal response 
to the antiglucocorticoid action of RU 486 in Cushi-
ing’s syndrome. J Clin Endocrinol Metab 1986; 63: 
639-43.
22. 	Nieman LK, Chrousos GP, Kellner C, Spitz IM, 
Nisula BC, Cutler GB, Merriam GR, Bardin CW, Lor-
riaux DL. Successful treatment of Cushing’s synd-
drome with the glucocorticoid antagonist RU 486. 
J Clin Endocrinol Metab 1985; 61: 536-40.
23. 	Beaufrere B, de Parscau L, Chatelain P, Morel 
Y, Aguercif M, Francois R. RU 486 administration 
in a child with Cushing’s syndrome. Lancet 1987; 2: 
217.
24. 	van der Lely AJ, Foeken K, van der Mast RC, 
Lamberts SW. Rapid reversal of acute psychosis in 
the Cushing’s syndrome with the cortisol-receptor 
antagonist mifepristone (RU 486). Ann Intern Med 
1991; 114: 143-4.
25. 	Chu JW, Matthias DF, Belanoff J, Schatzberg 
A, Hoffman AR, Feldman D. Successful long-term 
treatment of refractory Cushing’s disease with 
high-dose mifepristone (RU 486). J Clin Endocrinol 
Metab 2001; 86: 3568-73.

References


