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Summary--Pnmary cortlsol receptor resistance has been reported m 6 patients and 14 
asymptomatlc famdy members We observed an addmonal 6 patients (2 males and 4 females) 
The male patients presented with hypertension The female patients presented with acne, 
lursuUsm and irregular menstruations Dexamethasone therapy (1-1 5 mg/day) was of con- 
s~derable chnlcal benefit All 6 patients showed insufficient suppression of co . so l  after 1 mg 
dexamethasone The dmmal rhythm of ACTH and cortlsol was intact, albeit at an elevated 
level There was a normal increase of ACTH, corhsol, and GH to msuhn-mduced hypo- 
glycemm, whde cortlsol producUon was (shghtly) elevated Adrenal androgen levels were 
mcreased m all paUents GlucocorUco~d receptors measured m a whole cell dexamethasone 
binding assay m mononuclear leukocytes showed a lowered aflimty in 1, and lowered numbers 
of receptors m 4 patients In 1 patient no abnormalmes were found As a "b~oassay" for 
glucocort~cold action dexamethasone suppresslbdlty of mltogen-sUmulated mcorporaUon of 
[3H]thymldme m mononuclear leukocytes was measured In this last patient dexamethasone 
suppressibility of [3H]thymldme lncorporauon was slgmficantly lowered Twelve months' 
treatment with 200 mg RU 486 per day m menmgloma patients induced a s~mdar biochemical 
p~cture as observed m primary cortlsol receptor resistance Partml cort~sol receptor resistance 
might be less rare than prewously thought In the 6 patients presented at least 3 different forms 
can be recogmzed Therapy with dexamethasone was successful in female patients with ache 
and hlrsutlsm, as the secondary overproducUon of adrenal androgens was effectwely con- 
trolled Chromc therapy wtth RU 486 causes a biochemical picture similar to primary cortlsol 
receptor resistance 

INTRODUCTION 

End organ resistance to steroid hormones m 
man has been described for androgens, vitamin 
D, aldosterone, progesterone and cortlsol [see 
1]. Generahzed primary resistance to glucocortl- 
colds was originally described by Vlngerhoeds 
et al [2] in a patient who presented with hyper- 
tension and hypokalemla Subsequently It was 
shown to be a famdlal disease involving an 
abnormahty  of  cortlsol receptors [3] The dis- 
ease has been considered to be extremely rare 
and up till recently, a total of  only 6 symp- 
tomatic and 14 asymptomauc farmly members 
have been described [4-9] However, careful 
analysis of  a group of patients m our own chnlc 
who were found to have abnormahtles of  
the hypotha lamo-pl tmtary-adrena l  (HPA)-axls 
0 e, decreased sensmwty to dexamethasone) 
without the signs and symptoms of  Cushing's 
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syndrome, revealed an addmonal  group of  6 
patients[10] Interestingly, the biochemical 
changes m the HPA-axts observed m these 
patients were s~mllar to those found in a number  
of  normal individuals which had been treated 
chromcally with the progesterone and glucocor- 
tlcold receptor blocking drug RU 486 In the 
present review we analyze how to optlmahze 
the diagnosis of  patients with glucocortlcold 
receptor resistance 

FAMILIAL CORTISOL RECEPTOR RESISTANCE 

Primary (partial) corUsol receptor resistance 
ts charactenzed blochemtcally by an increased 
actlwty of  the HPA-axls resulting in elevated 
circulating A C T H  and corUsol levels in order to 
overcome the peripheral decreased "efficacy" of 
corttsol at the target cell level Depending on the 
severity of  end-organ resistance eqmhbrlty is 
eventually reached by an actwat~on of the HPA-  
axis reset at a higher level, resulting m elevated 
c~rculatlng cortlsol levels This by itself does not 
result In chmcal symptomatology The elevated 
circulating A C T H  levels necessary to stimulate 
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adrenal cortlsol production in these patients, 
however, activate as a "side-effect" both adrenal 
androgen, as well as to a lesser extent mineralo- 
cortlcold production Elevated adrenal andro- 
gens cause only in female patients hlrsutism, 
ache and Irregular menstruations, but are 
asymptomatlc in most males, because testlcular 
androgen production is so much higher that a 
change in adrenal androgen production is not 
recognized clinically In one boy, isosexual pre- 
cocity was observed to be the first symptom of 
cortisol receptor resistance [5] Elevated adrenal 
mlneralocorticold production causes both in 
male and female patients hypertension, as well 
as hypokalemla Interestingly, in the patients 
described so far it seems that a low degree of 
cortlsol receptor resistance will reduce clinically 
recogmzable adrenal androgen overproduction 
only, while signs and/or symptoms of mlneralo- 
corticold hypersecretlon were only observed in 
a few patients with a more severe glucocortlCold 
receptor abnormahty I1 l] 

Biochemlcally the syndrome of cortlsol recep- 
tor resistance is characterized by increased 
serum cortlsol concentrations (and/or cortlsol 
production) Both ACTH (at the upper limit of 
normal or slightly elevated) and cortlsol levels 
show a normal circadian pattern, while there 
is a normal Increase of ACTH, cortlsol as well 
as of GH and prolactin (PRL) secretion in 
response to an lnsuhn-induced hypoglycemia 
The sensitivity of  the HPA-axIs to the negative 
feed-back of dexamethasone is diminished 
Most patients recognized so far, showed an 
abnormal suppression of early morning cortlsol 
levels In the overnight 1 mg dexamethasone 
test Depending on the degree of cortlsol 
receptor resistance, circulating androgens (e g 
androstenedione) and/or mlneralocortlCOlds 
(desoxycortlcosterone) are elevated [10] 

The hallmark of the clinical and biochemical 
diagnosis of cortisol receptor resistance is the 
recognition of signs and symptoms related to 
androgen and/or mlneralocortlcold excess in a 
patient with high cortlsol levels and a disturbed 
dexamethasone suppression test, who does not 
have the classical clinical stigmata of Cushing's 
syndrome [10] 

In several families of patients with cortisol 
receptor resistance, evidence has been presented 
for an autosomal dominant inheritance pattern 
with variable penetrance[l-4] However, a 
sporadic case has also been reported [9] 

Functional studies of the glucocortlcold re- 
ceptors on peripheral mononuclear leucocytes 

and/or on cultured fibroblasts of patients with 
cortlsol receptor resistance showed either 
changes in the apparent dissociation constant 
(Ka)  and/or in the number of receptors in 
most patients However, changes in thermo- 
lability of  the glucocortlcold receptor were 
also recognized [8] We studied as a "bioassay" 
for glucocorticold action dexamethasone sup- 
presslblhty of mltogen-stimulated Incorporation 
of [3H]thymldlne in mononuclear leukocytes of 
patients with cortisol receptor resistance[10] 
In all patients studied so far the concentration 
of  dexamethasone needed to achieve 50% 
of the maximal inhibition of [3H]thymldIne 
incorporation was higher than in healthy con- 
trois Interestingly in 1 male patient with clinical 
and biochemical characteristics of  cortlsol re- 
ceptor resistance we found normal numbers, 
and a normal affinity and thermolablhty of 
the dexamethasone receptors on his peripheral 
leucocytes, while only the dexamethasone 
suppresslbdlty of mitogen-stlmulated Incor- 
poration of [3H]thymldlne was significantly 
diminished [10] 

Apart from these functional studies, molecu- 
lar studies of the glucocorticoid receptors 
have also been carried out recently[l l]  In 2 
patients, this has resulted In the characterization 
of the defect In both instances it only involved 
the substitution of a single amino acid within 
the glucocortlcoid binding domain of the 
receptor [12, 13] 

The recognmon of  patients with cortisol 
receptor resistance is of importance because 
part of  the clinical and biochemical picture 
can be similar to that of Cushing's syndrome, 
especially the pituitary-dependent variety Also 
hirsutism, acne and irregular menstruations 
related to overproduction of adrenal androgens 
respond well in most patients to chronic therapy 
with low-dose dexamethasone [10] 

THERAPY WITH THE GLUCOCORTICOID 
RECEPTOR ANTAGONIST RU 486 

RU 486 or mlfeprlstone is a compound 
with powerful progesterone and glucocortICold 
receptor-blocking activities without agonlst 
effects on these receptors [14, 15] In previous 
studies we showed that RU 486 exerts an 
inhibitory effect on growth and hormone 
secretion by transplantable PRL/ACTH-secret- 
lng 7315a rat pituitary tumors m v w o  [16] and 
tn v t tro  [17], whale the compound also antago- 
nized the inhibitory effect of dexamethasone on 



Cortlsol receptor resistance 387 

cortlcotropm-releasmg hormone (CRH)- 
stimulated ACTH release by cultured normal 
rat p~tmtary cells and human ACTH-secretmg 
pttmtary tumor cells Most human menm- 
gmmas contam l'ugh numbers of hlgh-affintty 
progesterone receptors [18] We dectded to m- 
vestagate whether chrontc therapy wtth RU 486 
(200 mg/day) might reduce vm its anttprogesta- 
t~onal effects control of menmgloma tumor 
growth m pauents with recurrent, inoperable 
tumors Indeed, a benefictal effect of therapy on 
tumor size and cllmcal symptomatology was 
recogmzed mpart  of the paUents[19] However, 
the antlglucocort~cotd effect of the compound 
also became evident wtthm days m all 
pattents [20] Both basal plasma cortlsol levels 
and the unnary cort~sol secretmn increased m 
the first 5 patients from 330+40nmol/1 at 
8 a m and 210 + 56 nmol/day before the start 
of therapy to 910 + 138 nmol/1 at 8 a m and 
860_ 156 nmol/day, respectwely, after 8 days 
of therapy (P <001 m both instances) In 
addmon, the response of ctrculatmg corUsol 
levels to the t v admlmstraUon of 1 #g/kg CRH 
was slgmficantly increased wtth regard to both 
the maxtmal levels and the duratton of the 
response The dturnal varlatmn of corttsol 
remained mtact at a much htgher level, whde 
the suppresswe effect of dexamethasone had 
decreased considerably [see 20] These obser- 
vattons are in hne wtth earher reports on the 
short-term effects of RU 486 admmtstratmn on 
the HPA-axls m normal mdtvtduals[21-23] 
Dunng longer therapy w~th 200 mg RU 486 
datly for 1 year, we observed m postmenopausal 
pattents that apart from a continuing increase in 
circulating cortlsol levels at 9 a m ,  an mcrease 
of plasma androstenedtone levels also occurred 
from durmg therapy (Table 1) Interestingly, 
the normal postmenopausal low 17/~-estradlol 
levels mcreased to levels well within the normal 
range observed durmg the early prohferattve 
phase of the menstrual cycle No changes in the 
serum potassmm concentrattons or m the blood 
pressure were observed durmg this period 

These observations show that chrontc admm- 
lstratton of the progesterone and glucocorttco~d 

Table 1 The effect of RU 486 (200 mg/day) for 3 weeks m 4 
postrnenopausal women on circulating hormone concentrations 

Cort lsol  Androstenedlone 17p -oestradlol 
(nmol/l) (nmol/1) (pmol/l) 

Before Dunng Before  Dunng Before Dunng 

348_+38 846_+82 32_+03 94_+05 30_+8 198_+36 
P<001 P<001 P<001 

Normal 220-420 3 0-4 5 20-50 

receptor blockmg agent RU 486 reduces m 
normal ln&wduals an actavatmn of the HPA- 
ax~s, resulting m a resettmg of thts system at a 
higher level at whtch the dmrnal rhythm and the 
sUmulablhty m response to CRH are mare- 
tamed, while the sensttwxty to dexamethasone lS 
&mmtshed [20, 24] Secondary to this phenom- 
enon the productmn of androstenedlone (pre- 
sumably from adrenal origin) increases to 
pathologacal values, while thts results (pre- 
sumably wa peripheral aromaUzatton) m a con- 
slderable increase in circulating estrogen levels 
It ~s concluded that it ts possible to induce m 
normal women the (partial) cortlsol receptor 
reststance syndrome mcludmg htgh androgen 
levels as an mtrogentc side effect of RU 486 
therapy It remains to be seen whether this wtll 
also result m the development of hlrsutlsm 

REFERENCES 

I Llpsett M B, Chrousos G P ,  Tonuta M,  Brandon D 
D and Lonaux L The defectwe glucocomcold recep- 
tor m man and nonhuman pnmates Recent Prog 
Horm Res 41 (1989) 199-247 

2 Vmgerhoeds A C M,  Thljssen J H H and Schwarts 
F J Spontaneous hypcrcorUsohsm without Cuslung's 
syndrome J Chn Endocr Metab 43(1976)1128-1133 

3 Chrousos G P ,  Vmgerhoeds A C M,  Brandon D ,  Ell 
C ,  Pegeat M,  de Vroede M ,  Lonaux D L and Lipsett 
M B Pnmary corttsol resistance m man a glucocorU- 
cold receptor-mediated disease J Chn Invest 69 (1982) 
1261-1269 

4 Lamberts S W J ,  Poldermans D ,  Szeens M and de 
Jong F H Famdlal corUsol resistance &fferentlal 
diagnostic and therapeutic aspects J Chn Endocr 
Metab 63 (1986) 1328-1333 

5 Malchoff C D ,  Javler E C,  Malchoff D M,  
Martin T,  Rogol A,  Brandon D ,  Lonaux D L and 
Reardon G E Primary corUsol resistance presenting as 
lsosexual precocity J Chn Endocr Metab 70 (1990) 
503-507 

6 Chrousos G P ,  Vmgerhoeds A C M ,  Lonaux D L 
and Llpsett M B Primary corhsol resistance a family 
study J Chn Endocr Metab 56 (1983)1243-1245 

7 hda S,  Goml M ,  Monwakl K ,  Itoh Y,  Hlrobe K ,  
Matsuzawa Y,  Katagm S, Yonezawa T and Tarta 
S D Primary cortlsol resistance accompanied by a 
reduction in glucocort~cold receptors m two members of 
the same family J Chn Endocr Metab 60 (1985) 
967-971 

8 Bronnegard M,  Werner S and Gustafsson J -A  Pri- 
mary corttsol resistance associated with a thermolabde 
glucocort~cold receptor in a patient with fatague as the 
only symptom J Chn lnvest 78 (1986)1270-1278 

9 Nawata H ,  Seklya K ,  Htguchl K ,  Kato K-I  and 
Ibayashl H Decreased deoxyribonucleic and binding 
of glucocortlcold-receptor complex in cultured skin 
fibroblasts from a patient with the glucocorUcold resist- 
ance syndrome J Chn Endocr Metab 65 (1987) 
219-226 

10 Lamberts S W J ,  Koper J W,  Blemond P ,  den 
Holder F H and de Jong F H Cortlsol receptor 
resistance The vanabdlty of its chmcal presentatmn and 
response to treatment J Chn Endocr Metab 74 (1992) 
313-321 



388 S W J LAMBERXS et al 

11 Brandon D D ,  Markwlck A J, Chrousos G P 
and Lonaux L D Glueocortlcold resistance m humans 
and nonhuman primates Cancer Res 49 (1989) 
2203S--2214S 

12 Hurley D M ,  Acefli D ,  Stratakls A ,  Karl M ,  Vam- 
vakopoulos N ,  Rorer E ,  Constantine K ,  Taylor S I 
and Chrousos G P Point mutataon causing a single 
armno acad subslatutlon in the hormone binding domain 
of the glucocortleold receptor m famlhal glucocortleold 
resistance J Chn Invest 87 (1991)680--686 

13 Brufsky A M ,  Malchoff D M ,  Javler E C ,  Reardon 
G ,  Rowe D and Malchoff C D A glucocortlcold 
receptor mutation m a subject vath pnmary cortlsol 
resistance Trans Ass Am Physns CIH (1990) 53-62 

14 Mogtalewskl M ,  Deraedt R ,  Teutsch G and Phlhbert 
D RU 38486 an antlglucocortlcold with a new mechan- 
zsm of antlhormonal therapy J Steroid Bwchem 17 
(1982) 68 

15 Proulx-Terland L ,  Cote J ,  Pluhbert D and Deraedt R 
Potent antlglucocortlcold activity of RU 38486 on 
ACTH secreUon m vitro and m vwo m the rat J Steroid 
Bwchem 17 (1982) 66 

16 Lamberts S W J ,  Ultterhnden P ,  Bons E G and 
Verleun T Companson of the actmns of RU 38486 and 
megestrol acetate m the model of a transplantable 
adrenocorticotropm- and prolactm-secretmg rat pitu- 
itary tumor Cancer Res 45 (1985) 1015-1019 

17 Lamberts S W J ,  van Koetsveld P and Verleun T 
Prolactm release-mtubitory effects of progesterone, 
megestrol acetate, and mffepnstone (RU 38486) by 

cultured rat pitmtary tumor ceils Cancer Res 47 (1987) 
3667-3671 

18 Blankenstem M A ,  Blaauw G and Lamberts S W J 
Presence of progesterone receptors and absence of 
oestrogen receptors m human lntracramal menmgmma 
cytosols Eur J Cancer Chn Oncol 19 (1983)365-370 

19 LambertsS W J , T a n g h e H  L J , A v e z a a t C  J J ,  
Braakman R ,  Wljngaarde R ,  Koper J W and de Jong 
F H Mlfepnstone (RU 486) treatment of menm- 
gmmas J Neurol Neurosurg Psych (1992)In press 

20 Lamberts S W J , K o p e r  J W and deJong  F H 
The endocnne effects of long-term treatment w~th 
mlfepnstone (RU 486) J Chn Endocr Metab 73 
(1991) 187-192 

21 Bertagna X ,  Bertagna C ,  Luton J and Girard F The 
new steroid analog RU 486 inhibits glucocorucold 
action in man J Chn Endocr Metab 59 (1984)25-33 

22 Galliard R C ,  Raondel A ,  Muller M F ,  Herrman W 
and Bauheu E E RU 486 a steroid with antiglucocor- 
tlcosterold actlwty that only &smhlblts the human 
pituitary-adrenal system at a specific t~me of day Proc 
Natn Acad Sct U S A  81 (1984) 3879-3884 

23 Bertagna X ,  Bertagna C ,  Laudat M H ,  Husson J M ,  
Girard F and Luton J P Pituitary-adrenal response to 
the antlglucocortlcold action of RU 486 In Cushing's 
syndrome J Chn Endocr Metab 63 (1990)639--643 

24 Lamberts S W J ,  Koper J W, Blemond P,  den 
Holder F H and de Jong F H Familial and latrogemc 
cortlsol receptor resistance Cancer Res 49 (Suppl) 
(1989) 2217s-2219s 


