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A CASE OF PRIMARY GLUCOCORTICOID
RESISTANCE
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ABSTRACT

A 79-year-old woman developed hypokalemia and metabolic alkalosis after breast cancer surgery. She
was suspected of having primary glucocorticoid resistance on the basis of high plasma ACTH and serum cor-
tisol levels without the features of Cushing’s syndrome. To clarify the end-organ resistance to cortisol, we
characterized the glucocorticoid receptors (GR) in cultured skin fibroblasts from the patient. The GRs in
whole cell assays decreased binding affinity (Kd=11.1 + 0.6 nM) and the number of binding sites for
[*H]dexamethasone (binding capacity was 15,600 + 1,255 sites per cell). These results strongly suggest that
our patient had primary glucocorticoid resistance caused both by a decreased number of GRs and a reduc-
tion in the affinity of GRs to cortisol.
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INTRODUCTION

Primary glucocorticoid resistance is characterized by hypercortisolism without the features of
Cushing’s syndrome, which was first described in 1976.1 Clinical manifestations are usually ab-
sent; however, when present, they are caused by overproduction of nonglucocorticoid adrenal
steroids, resulting in hypertension and hypokalemic alkalosis,'™ isosexual precocity in boys¥
and hirsutism in women.>® It has been reported that this resistance is due to a decreased num-
ber of glucocorticoid receptors (GR),*™” decreased binding affinity of glucocorticoid to
GR,*8-11) ingstability of GR,!" decreased binding of the GR complex to DNA,” and thermola-
bility of GR.1

In this study, we report a case of a woman with primary glucocorticoid resistance, in whom
end-organ insensitivity to cortisol was caused by a decrease in both the number of GRs and the
binding affinity of glucocorticoid to GR.

METHODS

Dexamethasone binding to GR in cultured fibroblasts

A fibroblast strain was established from skin specimens obtained by a punch biopsy taken
from the patient’s right shoulder (4-mm diameter). The specimens were minced in 90-mm
diameter dishes in 10 mi of Dulbecco’s modified Eagle’s medium (DMEM) containing 10%
fetal calf serum (FCS), and maintained at 37°C in a humidified atmosphere of 5% CO,/95%
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air. The cells (5 X 10*) were seeded into 35-mm diameter dishes in 2 ml of DMEM containing
10% FCS. The medium was exchanged every 3 days. After confluency, the medium was ex-
changed for 2 ml of DMEM and the cells were used for experiments after 48 h. The cultured
cells were subjected to the binding assay, essentially as described,'? with a minor modification.
In brief, the cells were incubated in 1 ml of HEPES-buffered DMEM (pH 7.4) containing vari-
ous doses of [6,7-°H]dexamethasone (47.9 Ci/mmol; Dupont/New England Nuclear, Boston,
MA, U.S.A.) with or without a 500-fold molar excess of nonradioactive dexamethasone (Sigma
Chemical Co., St. Louis, MO, U.S.A.) at 20°C for 2 h. The binding assay was done 3 times.
Binding capacity, expressed as the number of binding sites per cell, and the apparent dissoci-
ation constant were calculated according to Scatchard.' To assess the number of cultured cells,
the cells were detached by 0.5% trypsin with 0.53 mM EDTA. The cell number was then deter-
mined by direct counting with a hemocytemeter. The radioactivity of *H-samples was deter-
mined with a Beckman LS-6000IC liquid scintillation spectrometer. All data are presented as
the mean *+ S.D. of triplicate determinations. The patient gave informed consent to the test.

CASE REPORT

A 79-year-old woman presented with a left breast nodule and eczema in December 1992,
She had a total hysterectomy for myoma of the uterus in 1956 and a ventrico-peritoneal shunt
for a cerebellum tumor in 1986, both without complications. She had two children, but another
2 pregnancies had ended in spontaneous abortion.

She was diagnosed as having breast cancer and was admitted to our hospital in June 1993.
On admission, her body weight was 48.0 kg and her height was 145 c¢cm. She had slight facial
hypertricosis, especially above her upper lip; however, she showed none of the features of Cush-
ing’s syndrome such as truncal obesity, plethoric moon face, acne, buffalo hump, purple striae
or emotional disturbance. Her blood pressure was normal and routine laboratory tests during
the preoperative period yielded normal results. She underwent a mastectomy in June 1993, and
was well after the operation except for hypokalemia and alkalosis. Blood chemistry showed
serum sodium at 145 mmol/L, potassium at 2.6 mmol/L and chloride at 98 mmol/L; blood gas
analysis showed arterial blood with a pH of 7.46, PCO, of 6.8 kPa, HCO,™ of 36.5 mmol/L
and base excess of 11.7 mmol/L. Subsequent studies revealed elevated levels of plasma adreno-
corticotropic hormone (ACTH) to 27 pmol/L (normal: <13), serum cortisol to 920 nmol/L
(normal: 160—540), 11-hydroxycorticosteroid (OHCS) to 1970 nmol/L (normal: 190—630),
corticosterone to 36 nmol/L (normal: 1—23), and increased urinary 17-OHCS levels to 43, 64
and 91 umol/day (normal: 6—20). Plasma renin activity was undetectable, and serum aldos-
terone was within the normal range (120 pmol/L; normal: <500). Her serum testosterone level
of 2.2 nmol/L was slightly high (normal: <2.0), although her 24-h urinary 17-ketosteroids level
was within the normal range.

Computed tomography scans (CT) and magnetic resonance imaging (MRI) of the pituitary
gland and hypothalamus were normal, and no adrenal mass was demonstrated by abdominal
CT. She was normotensive throughout her clinical course.

To test the hypothesis that her hypercortisolism was not due to Cushing’s syndrome, the diur-
nal variation in plasma ACTH and serum cortisol (and the responses of these variables to corti-
cotropin releasing hormone (CRH) and dexamethasone) was determined. ACTH and cortisol
levels were elevated and diurnal rhythms had vanished (Table 1). The administration of 100 pg
CRH failed to affect ACTH and cortisol levels (basal value of ACTH was 34 pmol/L and that
of cortisol was 1,980 nmol/L; peak value of ACTH was 40 pmol/L and that of cortisol was
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Table 1. The Diurnal Rhythm of Circulating ACTH and Cortisol in a Patient
with Glucocorticoid Resistance.

0000h 0600h 1200h 1800h

ACTH (< 13 pmol/L¥) 25 39 35 29
Cortisol (160—540 nmol/L?) 1210 1550 1560 1710

® normal range

2,020 nmol/L, which were obtained at 60 min after the CRH injection). In addition, cortisol le-
vels were not suppressed by 1 and 8mg dexamethasone suppression tests (control, 1080 nmol/
L; 1 mg dexamethasone, 1030 nmol/L; 8 mg dexamethasone, 1340 nmol/L).1%

Scatchard analysis of [*H]dexamethasone binding to the GR of cultured fibroblasts demon-
strated a single class of receptors, with a Kd of 11.1 + 0.6 nM. The receptor-binding capacity
was 15,600 + 1,255 sites per cell (Fig. 1). The receptor binding affinity of our patient was de-
creased, as was binding capacity compared with the previously reported value in cultured skin

Kp=11.1 £ 0.6 nM
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Fig. 1. Binding of [*H]dexamethasone to glucocorticoid receptor in cultured fibroblasts from the patient. The
cells were incubated with various concentrations of [*H]dexamethasone at 20°C for 2 h, as described in
METHODS. Inset, Scatchard analysis of the binding data.
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fibroblasts from normal subjects (the average binding capacity of normal controls was 103,800
+ 16,144 per cell; the Kd of normal controls was 5.0 + 1.0 nM; all data are expressed as mean
* S.D.)512

The hypokalemia and alkalosis did not worsen without treatment. However, the patient de-
veloped multiple organ failure and died in July 1993,

We also examined the family of the patient. She had 6 siblings, but 3 of them and her parents
were already dead. We were able to study her 3 living siblings, all of whom had normal plasma
ACTH and cortisol levels.

DISCUSSION

Primary glucocorticoid resistance is a rare disorder characterized by hypercortisolism without
other clinical or biochemical features of Cushing’s syndrome. As far as we know, this syndrome
has only been reported in a total of 35 patients (five families and 14 individuals). In this report,
we described a case of primary glucocorticoid resistance with hypokalemia and alkalosis dis-
covered after breast cancer surgery. We demonstrated that our patient had hypercortisolemia;
high plasma ACTH, 11-OHCS and corticosterone levels; and an increased urinary 17-OHCS
level without any symptoms or signs of Cushing’s syndrome. We also showed that ACTH and
cortisol levels were elevated. The diurnal rhythms of both ACTH and cortisol were absent.
ACTH and cortisol did not respond to stimulation by CRH, as the basal levels of ACTH and
cortisol were high. Cortisol was not suppressed by dexamethasone. These findings strongly sug-
gest that our patient had primary glucocorticoid resistance. Her serum potassium level and
blood gas analysis were normal preoperatively; however, it has been reported that the routine
laboratory data of patients with glucocorticoid resistance may fluctuate.!) Therefore, it is likely
that an increase in cortisol demand induced by the operation uncovered the glucocorticoid re-
sistance of our patient,

To clarify the mechanism of end-organ resistance to cortisol, we characterized the GR of cul-
tured skin fibroblasts from our patient. The Kd value was 11.1 + 0.6 nM, and the number of
binding sites was 15,600 + 1,255 per cell. Both the receptor binding affinity and the binding
capacity of our patient were decreased compared with previously reported values in cultured
skin fibroblasts from normal subjects.””'? Therefore, our findings suggest that our patient had
primary glucocorticoid resistance caused by both a decreased number of GRs and reduced af-
finity of GR to glucocorticoid. It has been reported that glucocorticoid resistance is due to a dis-
order of GR numbers or in the binding affinity of glucocorticoid to GR.*~'Y) However, as far as
we know, glucocorticoid resistance resulting from both lowered affinity and a decreased number
of GRs has been reported in only 2 cases.%!® Although the relationship between the clinical
presentation and the features of end-organ resistance is still unclear, it is probable that severe re~
sistance to high-dose (8 mg) dexamethasone is due to both a decrease in the number of GRs
and lowered affinity of GR to glucocorticoid. Glucocorticoid resistance occurs sporadically and
in familialies.””'® Since our patient’s siblings had normal laboratory data and did not display
hypercortisolemia, it is likely that her case was sporadic.

In conclusion, our patient had primary glucocorticoid resistance, in which end-organ insensi-
tivity to cortisol was due to decreases in both the number of GRs and the binding affinity of glu-
cocorticoid to GR.
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