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Abstract

Over a 15-year period, our university-based laboratory obtained 125
adrenal tumors, of which 15 (12%) were adrenal cortical carcinomas.
Of these, 6 (40% of the carcinomas) occurred in patients with clear
clinical manifestations of steroid hormone excess. Adrenal cortical
carcinoma cells derived from the surgically resected tumors in 4 of
these patients were isolated and established in primary culture. Ra-
diotracer steroid interconversion studies were carried out with these
cultures and also on mitochondria isolated from homogenized tissues.
Large tumors had the lowest steroidogenic activities per weight,
whereas small tumors had more moderately depressed enzyme activi-
ties relative to cells from normal glands. In incubations with preg-
nenolone as substrate, 1 mM metyrapone blocked the synthesis of
corticosterone and cortisol and also the formation of aldosterone.
Metyrapone inhibition was associated with a concomitant increase in
the formation of androgens (androstenedione and testosterone) from
pregnenolone. Administration of metyrapone in vivo before surgery in
one patient resulted in a similar increase in plasma androstenedione,
though plasma testosterone levels were not significantly affected. In
cultures of two of four tumors examined, dibutyryl cAMP stimulated
11ß-hydroxylase activity modestly; ACTH also had a significant
stimulatory effect in one of these tumors. Unlike results obtained with
normal or adenomatous adrenal cortical tissues, mitochondria from
carcinomatous cells showed a lack of support of either cholesterol
side-chain cleavage enzyme complex or steroid 11ß-hydroxylase ac-
tivity by Krebs cycle intermediates (10 mM isocitrate, succinate or
malate). This finding is consistent with the concept that these carcino-
mas may tend to function predominantly in an anaerobic manner,
rather than through the oxidation of Krebs cycle intermediates.

Correspondence
J.W. Brown

Adrenal Research Laboratory (151)

VA Medical Center

1201 NW 16th Street

Miami, FL 33125

USA

Fax: +1-305-324-3126

E-mail: brown@rsmas.miami.edu

Presented at the First

International Meeting on Adrenal

Disease: Basic and Clinical

Aspects, Ribeirão Preto, SP, Brazil,

August 31-September 2, 1999.

Research supported by the U.S.

Department of Veterans Affairs.

Received December 20, 1999

Accepted March 29, 2000

Key words
· Adrenal carcinoma
· Cell culture
· Steroids
· Metyrapone
· Dibutyryl cAMP
· ACTH
· Krebs cycle intermediates

Introduction

Adrenal cortical carcinoma is a rare dis-
ease whose course is often fatal within a
short time of recognized onset. This malig-
nancy represents approximately 0.02% of all

cancers (1,2) and within the general popula-
tion occurs with a frequency of about two
cases per million individuals per year (3).
Nearly two-thirds of diagnosed patients are
women. There are numerous reports in the
literature describing animal models of adre-
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nal carcinoma (4-9). Comparatively few bio-
chemical studies, however, have been re-
ported with primary human tumors (10-14),
although a substantial literature now exists
concerning the clinical presentation, diagno-
sis and treatment of this disorder (15-19).

Functional tumors often present with
manifestations of prolonged glucocorticoid
excess (e.g., central obesity, glucose intoler-
ance, abdominal striae, protein wasting and
psychiatric disturbance). Occasionally, the
malignant nature of this disorder may result
in the masking of some symptoms, such as
the emaciating effects of a rapidly growing
tumor nullifying the tendency to weight gain
otherwise seen with glucocorticoid excess.
Adrenal carcinoma can also result in presen-
tation with clinical and laboratory evidence
of androgen excess, including hirsutism and
virilization in women and increased levels of
testosterone and related androgens. More
rarely, mineralocorticoid excess occurs (2,
20), with high aldosterone and hypokalemia
(i.e., Conn�s syndrome); two malignancies
of this type are included in the current study.
Most of the other tumors reported here were
nonfunctional (and thus similar to those re-
ported by Shons and Gamble (21) and Terzolo
et al. (22)). Two glucocorticoid-producing
neoplasms and two androgen-producing ad-
renal carcinomas are also described in the
present study.

Adrenal carcinomas, like adenomas, usu-
ally produce glucocorticoid hormones inde-
pendently of pituitary-adrenal axis ACTH
control. This phenomenon results in an ab-
sent or blunted ACTH response, although
ACTH-responsive tumors have been reported
in some animal models (23). To date, there is
no definitive biochemical information to lo-
calize the site of the defect in ACTH respon-
siveness; potential mechanisms might in-
clude defective ACTH receptors (24), al-
tered ACTH receptor enzyme coupling or
adenylate cyclase activity (25,26), or defects
in the cAMP cascade (27). Various combi-
nations of these factors could, of course, be

involved and might vary in different tumors.
We present in this communication the

results of studies of the biosynthesis of ste-
roid hormones in cell cultures from human
adrenal carcinomas and of the in vitro modu-
lation of steroidogenesis in these tumor cells
by physiologic and pharmacologic agents.

Material and Methods

Isolation and culture of cells

Adrenal carcinomas were obtained from
individuals undergoing surgery for adrenal
tumors. Subsequent pathologic examination
confirmed the diagnosis of malignancy.

Excised tissue was immersed in sterile
Dulbecco�s phosphate-buffered saline (PBS),
pH 7.4, at 5oC, and then transported on ice to
the laboratory, where it was dissected under
sterile conditions and sectioned into frag-
ments measuring approximately 0.5 x 0.3
x 0.3 cm. Forty ml of PBS containing 0.3%
w/v type IV collagenase was added to
these fragments. Tissue was then digested
for approximately 20 min using magnetic
stirring bars (140-200 rpm) at room temper-
ature (24oC). Free cells and cellular debris
were aspirated and transferred with the su-
pernatant to an equal volume of Medium 199
supplemented with 15% v/v dialyzed fetal
calf serum (FCS). Fresh collagenase-supple-
mented PBS (40 ml) was added to tissue
residue and reincubated for 20 min under the
conditions indicated previously. Dislodged
cells were aspirated and added to the earlier
fraction. Cells were then centrifuged in plas-
tic tubes for 60 s at 2,000 rpm in a Damon
IEC HN-S centrifuge. Cell pellets from 4 to
6 tubes were pooled and washed with 40 ml
of Medium 199 supplemented with 15% FCS.
Cells were re-washed with 40 ml of this
solution before final centrifugation and sus-
pension in Medium 199 (supplemented with
15% FCS and 1X Gibco Antibiotic-Antimy-
cotic Mix) to cell densities of 0.2 to 1.0 x 106

cells per ml of medium. Three ml of this
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suspension was added to separate 3.0 x 3.0-
cm Falcon tissue culture plates and then
transferred to a humidified 37oC incubator
equilibrated with 5% CO2 and 95% air.

Studies of steroidogenesis in culture

Cells were allowed to equilibrate by in-
cubation for 2 days before assays were initi-
ated. The conversion of tritium-labelled sub-
strates into steroid hormones and intermedi-
ates was studied. Tritium-labelled substrates
(11-deoxycorticosterone (DOC) or preg-
nenolone) were added to 1.0 ml of Medium
199 supplemented with 15% FCS and antibi-
otics, yielding a solution containing 1.0 µCi
per ml ([3H]-DOC specific activity = 41.8 Ci
per mmol; [3H]-pregnenolone specific activ-
ity = 19.3 Ci per mmol). DOC was used as
substrate for 11ß-hydroxylase assays rather
than 11-deoxycortisol because our studies
have shown that the latter can be channeled
to a quantitatively significant extent into
non-11ß-hydroxylase pathways (e.g., andro-
gen synthesis). Furthermore, by using DOC
as substrate we were able also to estimate the
biosynthetic potential for the formation of
aldosterone in these cultures without com-
promising the analysis of 11ß-hydroxylase
activity.

Dibutyryl cAMP (1 mM), ACTH (10 nM),
an NADPH-generating system (consisting
of glucose-6P, glucose-6P-dehydrogenase
and NADPH) and metyrapone (1 mM) were
each examined for their ability to alter the
rate and nature of steroid product formation.
Incubations of cells with labelled substrates
were terminated after 24-h periods by aspi-
ration of medium and steroid extraction with
methylene chloride. Culture dishes were
washed once with 1.0 ml of PBS prior to this
separation. The supernatant fractions (medi-
um + PBS wash) were vortexed with 10 ml
of redistilled methylene chloride and further
extracted 3 times with this solvent. Methyl-
ene chloride fractions were then pooled and
dried under nitrogen. Both radiolabelled sub-

strates and products were found almost ex-
clusively in the aspirated medium; cell mono-
layers contained negligible quantities of ra-
dioactive materials.

Mitochondrial studies of steroidogenesis

Subcellular fractionation techniques to
obtain purified mitochondria were carried
out on tumor tissue after homogenization.
Tissue was coarsely minced and homog-
enized in a solution containing 0.3 M su-
crose using an all-glass homogenizer. This
homogenate was centrifuged at 380 g for 20
min at 4oC to precipitate nuclei and residual
large cell fragments. Mitochondria were then
obtained by centrifugation at 10,000 g for 20
min at 4oC. The resultant pellet was sus-
pended in incubation buffer and assayed for
cholesterol side-chain cleavage enzyme com-
plex activity ([14C]-cholesterol conversion
into pregnenolone and progesterone; choles-
terol specific activity = 59.4 mCi/mmol) and
steroid 11ß-hydroxylase activity ([14C]-DOC
conversion into corticosterone; DOC specif-
ic activity = 58.5 mCi/mmol). Assay incuba-
tions were carried out for 60 min at 37oC
before termination.

The effects of succinate, isocitrate and
malate (each, 10 mM) and of an NADPH-
generating system were studied for support
of both mitochondrial cholesterol side-chain
cleavage enzyme complex and steroid 11ß-
hydroxylase activities. The NADPH-gener-
ating system contained the following agents
at indicated concentrations: 3.0 mM glu-
cose-6P, 0.6 mM NADP, and 5.0 units per
ml glucose-6P-dehydrogenase.

Purification of steroids

Steroids were purified on silica gel thin
layer chromatography plates (Kieselgel 60
F-254) in different combinations of the se-
lected solvent systems described below. Rf

values were compared with known standards
for product identification. In mitochondrial
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determinations of testosterone, androstene-
dione, DHEA and 11-deoxycortisol were
carried out in a commercial laboratory.
Deoxycorticosterone and 18-hydroxycorti-
costerone were assayed by Interscience Labo-
ratories, Inglewood, CA, USA; cortisol and
aldosterone were analyzed at the University
of Miami Medical Center, Miami, FL, USA.

Source of chemicals and radioisotopes

Radioisotopes used for in vitro studies
were obtained from New England Nuclear
(Boston, MA, USA). Metyrapone for in vitro
studies was a gift from Ciba Pharmaceutical
Co. (Summit, NJ, USA). Dibutyryl cAMP,
NADP, glucose-6-phosphate, glucose-6-
phosphate dehydrogenase, isocitrate, succi-
nate, and malate were obtained from Sigma
Chemical Company (St. Louis, MO, USA).
Unlabelled steroid hormones and intermedi-
ates were obtained from Sigma or Mann
Research Laboratories (New York, NY,
USA). All culture media, PBS, serum and
antibiotics were purchased from Gibco
(Grand Island, NY, USA).

Results and Discussion

Clinical experience with adrenal tumors

The data in Table 1 summarize the vari-
ous types of adrenal tumors studied in our
laboratory over a 15-year period. Adrenal
cortical tumors (46%) were slightly more
common than adrenal medullary tumors
(38%). Other types of identified adrenal neo-
plasms (neurofibrosarcomas, myelolipomas,
neurofibroma, neuroblastoma, and cystic li-
poma) together accounted for 6%. An addi-
tional 10% of adrenal neoplasms were not
identified pathologically. Fifteen (26%) of
the 58 adrenal cortical tumors were carcino-
mas; of these 15, 40% (6 tumors) were non-
functional, 20% (3 tumors) were unclassi-
fied or unknown with regard to function,
13% (2 tumors) caused Cushing�s syndrome,

Table 1 - Clinical experience with adrenal tumors (1983-1998).

Other identified adrenal tumors were neurofibrosarcomas (2), myelolipomas (2), neu-
rofibroma (1), neuroblastoma (1), and cystic lipoma (1).

Type of adrenal tumor Number % of Total

Adrenal cortical tumors 58 46
Adrenal medullary tumors 48 38

Other identified adrenal tumors 7 6

Unknown adrenal neoplasms 12 10

Total 125 100

studies, [3H]-labelled substrates and prod-
ucts were added and copurified with the
fractions being characterized. Recoveries
were estimated for each sample (mitochon-
drial fractionation studies) or average recov-
eries were determined (cell culture steroid
biosynthesis studies) and used in the calcu-
lation of product formation. Samples were
run 2-3 times in combinations of the follow-
ing solvent systems: methylene chloride,
methanol, water (225:15:1.5, v/v/v); petro-
leum ether, ethyl ether, acetic acid (48:50:2,
v/v/v); benzene, acetone (4:1, v/v), or meth-
ylene chloride, ethyl ether (50:20, v/v). These
chromatography procedures and the re-crys-
tallization studies of the products isolated
are described in detail elsewhere (28-31).

Steroid hormones were eluted from chro-
matograms by three consecutive extractions
with a solution containing methylene chlo-
ride and methanol (9:1, v/v). Radioactivity
was then quantitated in Liquifluor-toluene
scintillation fluid using a Packard Tri-Carb
counter. Where appropriate, dual-labelling
experiments were employed to determine
steroid recovery by analysis of both [3H] and
[14C] isotopes.

In vivo studies

A 24-h metyrapone study was carried out
before surgery in one individual bearing an
aldosterone-producing adrenal carcinoma.
Serum samples were obtained both before
and after metyrapone administration (750
mg every 4 h). Steroid radioimmunoassay
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13% (2 tumors) were associated with Conn�s
syndrome, and 13% (2 tumors) caused viril-
ization (Table 2).

Steroid enzyme activity

Table 3 shows a comparison of 11ß-hy-
droxylase activities measured in cell cultures
from four adrenal carcinomas relative to cell
cultures from two normal human adrenal
glands. Data on the conversion of [3H]-la-
belled DOC into corticosterone and aldoste-
rone are presented. Rates of aldosterone for-
mation in tumor cells were found to be low.
Corticosterone formation by tumor cells was
also markedly lower than in normal cells and
cells from progressively larger neoplasms
yielded consistently lower steroid intercon-
version. The largest tumor we studied (in ex-
cess of 500 g), in fact, had no detectable 11ß-
hydroxylase activity by our analyses; using
DOC as substrate, we observed neither corti-
costerone nor aldosterone formation by these
cells. The correlation of size and enzyme ac-
tivity is depicted graphically in Figure 1.

In one carcinoma (tumor weight = 401 g),
very low steroid 11ß-hydroxylase activity
was demonstrated, as measured by rates for
the conversion of DOC into corticosterone,
but there was a relatively normal rate of
aldosterone biosynthesis on a per cell basis.
The finding that aldosterone could be pro-
duced from DOC at normal rates in vitro in
the presence of an 11ß-hydroxylase defect is
not surprising since this enzyme is not typi-
cally rate-limiting for aldosterone formation.

Another patient (tumor weight = 144 g)
showed clear evidence of mineralocorticoid
excess, with elevated plasma aldosterone
and 18 OH-DOC (Table 4). Cortisol, how-
ever, was not elevated and, in studies de-
scribed below, was found to be normally
inhibited by metyrapone. In vitro (Table 3),
cells from this tumor produced somewhat
decreased amounts of aldosterone on a per
cell basis and also showed a depressed bio-
synthetic capacity for glucocorticoids. In this

tumor, 11ß-hydroxylase activity was greatly
depressed as judged by conversion of la-
belled DOC to corticosterone, thus perhaps
accounting for the absence of cortisol over-
production even though plasma levels of
aldosterone were relatively high. Again, this
finding may be accounted for by the fact that
11ß-hydroxylase is not the rate-limiting en-
zyme for aldosterone formation but is for
cortisol biosynthesis.

Plasma DHEA and androstenedione were
within normal limits in this individual, but
plasma testosterone was markedly elevated.
It is probable that this finding could also
have been related to the 11ß-hydroxylase
defect. The observation of elevated plasma

Table 3 - Conversion of [3H]-11-deoxycorticosterone ([3H]-DOC) into corticosterone
and aldosterone in cell cultures from primary human adrenal carcinomas and normal
adrenal cortex.

Assays were performed in the absence of an NADPH-generating system. Data are
reported as the mean ± SEM of 3-6 determinations.

Tissue Tumor [3H]-DOC®products (dpm 103 cells-1 24 h-1)
weight (g)

[3H]-Corticosterone [3H]-Aldosterone

Normal adrenal cortex 25,008 ± 3,716 76 ± 36
24,493 ± 792 249 ± 106

Adrenal carcinoma
Experiment

1 >500 0 ± 0 0 ± 0
2 401 89 ± 9 130 ± 4
3 144 4,239 ± 513 35 ± 14
4 90 5,621 ± 97 15 ± 5

Table 2 - Classification of adrenal cortical carcinomas studied by presenting clinical
syndrome (1983-1998).

*Overproduction of DHEA, DHEA-S, and testosterone. Note that both of the tumors
causing predominant Cushing’s syndrome were also associated with some virilization
and androgen excess.

Presenting clinical No. of patients Average weight (g) % of Total
syndrome (total: 15) (mean ± SEM (N) tumors) carcinomas

Cushing’s syndrome 2 199 ± 154 (2) 13
Conn’s syndrome 2 570 ± 330 (2) 13

Virilization* 2 ³675 ± 325 (2) 13

Nonfunctional 6 ³464 ± 160 (6) 40

Unclassified or unknown 3 177 ± 62 (3) 20
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11-deoxycortisol levels (shown in Table 4)
supports this concept, as do the in vitro cell
culture studies with metyrapone described
below.

In vivo metyrapone responses

One might anticipate that a deficiency in
11ß-hydroxylase activity, either inherent in
the neoplastic tissue or induced by pharma-
cologic inhibition of this enzyme by metyra-
pone, could result in increased androgen
formation since substrate availability for an-
drogen synthesis would be increased as a

result of decreased conversion of 11-deoxy-
cortisol into cortisol. When metyrapone was
administered to the patient with the aldoste-
rone-producing adrenal carcinoma, serum
cortisol and aldosterone levels both declined
by 70% or more (Table 4). There was a
concurrent 9-fold increase in plasma 11-
deoxycortisol and >2-fold increase in plasma
androstenedione levels. As described subse-
quently, in vitro cell culture studies from
another tumor showed a similar pattern of
enhanced androgen pathway activity during
11ß-hydroxylase inhibition with metyrapone.

In vitro metyrapone responses

Figure 2 illustrates changes in the corti-
costerone-aldosterone biosynthetic pathway
after in vitro exposure of adrenal carcinoma
cells to 1 mM metyrapone. The rate of DOC
accumulation increased markedly, while cor-
ticosterone formation from pregnenolone was
almost completely suppressed. Of note is the
fact that 11ß-hydroxylase inhibition was evi-
dently severe enough in this instance to re-
sult in a decrease in the formation of aldoste-
rone. Small increases were observed in pro-
gesterone biosynthesis. These findings are
all consistent with the well-known inhibito-
ry effects of metyrapone on 11ß-hydroxy-
lase activity and on the utilization of inter-
mediates dependent on this enzyme for fur-
ther conversion.

The cortisol pathway (Figure 3) showed
similar effects of metyrapone, with an inhi-
bition of cortisol biosynthesis and an in-
crease in 17 OH-progesterone accumulation.
An unexpected result in this experiment was
the finding of a slight (yet statistically not
significant) decrease in the rate of 11-
deoxycortisol accumulation in the presence
of metyrapone. This observation might be
explained in part by the rechanneling of
steroid synthesis intermediates into the an-
drogen pathway, as previously suggested.
As might be expected from this formulation,
androstenedione and testosterone biosynthe-
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Figure 1 - Relationship of steroid
11ß-hydroxylase activity to tu-
mor size.

Table 4 - Effects of metyrapone on plasma steroid concentrations in a patient with a
mineralocorticoid-producing adrenal carcinoma.

N.D. = No data available.

Steroid (normal values) Metyrapone test

Before After

Intermediates and glucocorticoids
11-Deoxycortisol (<120 ng/dl) 639 5,908
Cortisol (5-20 µg/dl) 18.6 5.7

Mineralocorticoids
Aldosterone (recumbent: 1-16 ng/dl) 62 12.7
18 OH-DOC (0-12 ng/dl) 24 N.D.

Androgens
DHEA (130-980 ng/dl) 450 506
Androstenedione (50-250 ng/dl) 123 269
Testosterone (8-35 ng/dl) 96 80

Adrenal carcinomas
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sis were both increased in the presence of
metyrapone (Figure 4).

In vitro responses to ACTH and cAMP

The effects of ACTH and dibutyryl cAMP
on cell cultures from different tumors were
studied to explore the well-documented phe-
nomenon of unresponsiveness of adrenal
carcinomas in vivo to stimulation by this
trophic hormone. The efficacy of an NADPH-
generating system was also assessed in order
to determine whether steroidogenesis could
be stimulated by these co-factors in the ab-
sence of responses to ACTH or dibutyryl
cAMP. Since tumor cells may have inad-
equate NADH, and therefore NADPH gen-
eration, because of an anaerobic shift away
from Krebs cycle metabolism, exogenously
generated NADPH was provided to study its
effect on the depressed 11ß-hydroxylase ac-
tivity described earlier. As indicated in Table
5, exogenous NADPH only very modestly
enhanced (<2 times) 11ß-hydroxylase activ-
ity in two of three tumors examined, so it is
unlikely that lack of endogenous NADH/
NADPH is the major factor causing decreased
11ß-hydroxylase activity in these tumors.

Three tumors were examined for response
to ACTH stimulation, with one demonstrat-
ing a modest steroidogenic response (Table
5). Dibutyryl cAMP also stimulated steroid
interconversions in cells from this tumor, as
well as in cells from one of three other
carcinomas tested. Two of the four tumors
examined showed no response whatever to
either ACTH or dibutyryl cAMP. It is inter-
esting to note that the two unresponsive tu-
mors were the two largest tumors studied
(401 and >500 g).

These preliminary observations using
primary cell cultures from human adrenal
carcinomas suggest that defects occur in both
ACTH receptor and/or post-receptor response
mechanisms. It is likely that the specific
biochemical nature of these defects varies in
different tumors.

Figure 2 - Conversion of [3H]-labelled pregnenolone (Preg) to progesterone (Prog), 11-deoxycorti-
costerone (DOC), corticosterone (B) and aldosterone (Aldo) in primary adrenal carcinoma cultures in
the absence (C) and presence of 1 mM metyrapone (M). Data are reported as the mean ± SD of 4-
6 determinations. Conditions of incubation and assay are described in Material and Methods.
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In vitro effects of Krebs cycle intermediates
on steroidogenesis

Many types of tissue are known to show
an increase in anaerobic metabolism after
malignant transformation. Therefore, we in-
vestigated the effect of Krebs cycle interme-
diates (i.e., substrates involved in aerobic
NADH and NADPH generation) in support
of mitochondrial 11ß-hydroxylase activity.
Unlike results obtained with mitochondria
from normal adrenal cortical tissues, adrenal
carcinoma mitochondrial 11ß-hydroxylase
and cholesterol side-chain cleavage enzymes
both showed a lack of effectiveness of
isocitrate, succinate, or malate but were
readily stimulated by NADPH (Figure 5).
These results are consistent with the hypo-
thesis that these tumors, in common with
other malignancies, may shift toward partial
anaerobic function and may be deficient in a
number of Krebs cycle enzymes found in
normal tissues.

Conclusions

Using cell culture and subcellular frac-
tionation techniques, we have examined the
steroid biosynthetic activities and related
biochemical characteristics of human adre-
nal cortical carcinomas. Our studies of these
primary malignant adrenal neoplasms indi-
cate the following: 1) Not surprisingly, tu-
mors vary greatly in their steroidogenic ac-
tivity. 2) There is a clear trend for small
tumors to have higher 11ß-hydroxylase ac-
tivities per cell than large tumors. 3) In vitro
responses to ACTH and cAMP are uniformly
low and usually absent in large tumors. 4)
Metyrapone inhibits 11ß-hydroxylase activ-
ity in vitro in adrenal carcinomas, as it does
in normal adrenal tissue; a concomitant mod-
est increase in androgen formation often
occurs. 5) Steroidogenesis in adrenal carci-
noma tissue is not readily supported by Krebs
cycle intermediates, which typically are as-
sociated with enhancement of this activity in
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Figure 5 - A, Conversion of [14C]-labelled cholesterol to pregnenolone (P5) and progesterone (P4). B,
Conversion of [14C]-labelled 11-deoxycorticosterone (DOC) to corticosterone (B). Mitochondrial
fractions (10,000 g) of an adrenal carcinoma were studied in the absence and presence of an
NADPH-generating system and 1 mM of the following Krebs cycle intermediates: isocitrate (ISO),
succinate (SUC) and malate (MAL). Conditions of incubation and assay are described in Material and
Methods.
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the normal adrenal cortex.
Preliminary data suggest that a minor

role in the deficiency in 11ß-hydroxylase
activity may be played by defective NADPH
generation. It is more likely, however, that
the process of neoplastic dedifferentiation
results in deficient transcription of ste-
roidogenic genes and in decreases in levels
of steroidogenic enzymes (e.g., 11ß-hydroxy-
lase). Immunocytochemical and cDNA hy-
bridization studies may shed further light on
this matter. Further studies are needed to
elucidate more specific mechanisms for the
deficiency in 11ß-hydroxylase activity ob-
served and for the loss of ACTH responsive-
ness.
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Stimulatory effect >2-4 times (note that this tumor was derived from an individual with
markedly elevated mineralocorticoid production, i.e., both 18 OH-corticosterone and
aldosterone were increased).

Experiment Tumor Reaction
weight (g)

DOC®corticosterone DOC®aldosterone

db cAMP ACTH NADPH db cAMP ACTH NADPH

1 >500 0 0 0 0 0 0

2 401 0 0 + 0 0 0

3 144 + + N.D. ++ ++ N.D.

4 90 + N.D. + + N.D. +

and Drs. Paul Jellinger and Richard Sayet
(Hollywood Medical Center, Hollywood, FL)
for their help in making available surgical
specimens for these studies. We note with
deep respect and affection the key contribu-
tions of our late colleague and collaborator,
Dr. Andres Carballeira, to these studies.
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