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The role of ACTH, forskolin and 8Br-cAMP on the regulation of mRNA abundance, protein levels
and enzymatic activity of cytochrome P450 21-hydroxylase (P450¢21, CYP21) were investigated in
guinea pig adrenal cell cultures. In untreated cells, 21-hydroxylase activity was diminished through-
out a 48h period of incubation. Although incubation with forskolin and 8Br-cAMP restored
21-hydroxylase activity to normal levels, the addition of ACTH did not prevent the decrease
of 21-hydroxylase activity. Treatment of cells with RU486 for 24 h inhibited 21-hydroxylase activity
by 939%; however, after removal of the drug a slight increase of enzyme activity was observed; this
rise was enhanced by the addition of ACTH. Forskolin and 8Br-cAMP increased the levels of
21-hydroxylase activity to the same range as seen in untreated cells. In cells that were not pretreated
with RU486, incubation with cycloheximide for 1 h had no effect on 21-hydroxylase activity and could
not prevent the modest increase of 21-hydroxylase activity induced by forskolin or 8Br-cAMP after
48 h of incubation. In RU486-treated cells, cycloheximide blocks the stimulation of enzyme activity
induced by ACTH, forskolin and 8Br-cAMP. Our findings indicate that 21-hydroxylase activity can
be stimulted by ACTH, forskolin or 8Br-cAMP solely in the presence of reduced enzymatic activity.
Western immunoblot analysis of P450c21 protein levels in untreated or RU486-treated adrenal cells
indicate that P450c21 protein levels were in the same range and further incubation with ACTH
caused a similar elevation of P450c21 protein levels in both the untreated and RU486-treated cells.
Northern blot analysis on RNA isolated from adrenal cells showed that RU486 did not alter the basal
steady state levels of P450c21 mRNA. As well, incubation with ACTH or 8Br-cAMP increased the
levels of P450c21 transcript to the same extent in both untreated and RU486-treated cells. These
results taken together provide additional evidence for the presence of an adrenal specific protein
factor(s) modulating 21-hydroxylase activity.
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INTRODUCTION ACTH plays a predominant role as regulator of the
CYP21A gene expression [2]. Although these obser-
vations indicate that a direct relationship between
protein levels and enzymatic activity controlled by
ACTH might exist, the existence of other factors
involved in the regulation of 21-hydroxylase activity
has also been suggested [3]. Using bovine adrenal
cells in culture, it was previously shown that ACTH
stimulates gene expression, protein synthesis and enzy-
matic activity of cytochromes P450scc, £450¢17 and
P450c11 [4] while there was no effect on 21-hydroxyl-
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Cytochrome P450 21-hydroxvlase (P450c21, CYP21)
1s a steroidogenic enzyme expressed exclusively in
the adrenals that converts progesterone to 11-deoxy-
corticosterone and 17-hydroxyprogesterone to 11-
deoxycortisol [1]. Transfection of the cloned murine
P450c21 cDNA into the mouse Y1 adrenocortical
tumor cell line led to expression of P450c21 mRNA
and 21-hydroxylase enzymatic activity; the expression
was further stimulated by ACTH which suggests that
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depends on the conditions under which bovine adreno-
cortical cells are cultured, thus also suggesting the
existence of controlling factors for 450c21 gene ex-
pression other than cAMP. Previous studies by our
group also showed that ACTH was unable to stimulate
21-hydroxylase activity despite the 25-fold stimulation
of P450c21 mRNA abundance [6].

C19 steroids have been found to interact with
several steroidogenic enzymes and alter their activity
[7]. Using bovine adrenal cells, Hornsby er al. [8,9]
demonstrated an inhibition of 11f-hydroxylase and
21-hydroxylase activities after incubation with andros-
tenedione. Decreases of Leydig cells P450¢17 protein
levels and 17-hydroxylase enzyme activity by testoster-
one were also reported by Perkins er af. [10] showing
that the alteration of steroidogenic enzymes by
C19 steroids was not limited to the adrenals. It has
been proposed that the alteration of adrenal 11f-
hydroxylase and testicular 17«-hydroxylase occurs
through the same mechanism, e.g. binding of C19
steroids to the steroidogenic enzyme as well as
the enhancement of the generation of oxvgen-derived
radicals which directly or indirectly inactivate the
enzyme [11]. However, the mechanism involved in
the inhibition of 21-hyvdroxylase activity is much less
understood. Androstenedione also causes, in guinea pig
adrenal cells, an inhibition of 21-hydroxylase and 11f3-
hydroxylase activities, while it was shown that the
reduction in oxygen from 19 to 2%, in guinea pig cells
partially prevents the decrease of 11f-hydroxylase
activity caused by androstenedione but failed to protect
21-hydroxylase activity, thus suggesting that the for-
mation of oxygen-derived radicals is not involved in
the reduction of 21-hydroxylase activity [12]. In ad-
dition, Hornsby [13] also observed that 11f-hydroxyl-
ase activity in bovine adrenal cells may be more
efficiently protected by concomitant treatment with
antioxjdants which reduce peroxide formation. It
must also be mentioned that, in contradiction to the
inhibition of 17x-hydroxylase activity by C19 steroids
observed in Leydig cells, a marked stimulation
of 17x«-hydroxylase and 17,20-lyase activities was
found in guinea pig adrenal cells incubated with
androstenedione [12]. In fact, a marked increase of
17a-hydroxylase and 17,20-lyase activities occurs con-
comitantly with the decrease of guinea pig adrenal
21-hydroxylase activity in guinea pig adrenal cells
treated with RU486, a synthetic C18 steroid having a
4-ene-3-ketosteroid with an aryl group at position 11
[14].

In the present study, the role of ACTH, forskolin
and 8Br-cAMP in the regulation of mRNA abundance,
protein synthesis and enzymatic activity of the cyto-
chrome P450c21 enzyme was investigated in guinea pig
adrenal cell cultures previously treated with RU486.
Our data show that guinea pig adrenal 21-hydroxylase
activity could not be increased by ACTH although
P450c21 mRNA and protein levels were elevated.

When cells were treated with RU486, there was
inhibition in 21-hydroxylase activity. The addition
of ACTH to RU486-treated cells caused a marked
increase of 21-hydroxylase activity accompanied by a
stimulation of P450c21 mRNA and protein levels to
the values seen in non-treated cells.

MATERIALS AND METHODS
Chemicals

Trypsin inhibitor (from soybean), trypsin, deoxyri-
bonuclease 1 (from bovine pancreas) and collagenase
(from Clostridium histolyticum) were purchased from
Boehringer Mannheim (Indianapolis, IN, U.S.A..
Eagle’s minimum essential medium (MEM), bovine
serum albumin (BSA; fraction V), Hanks’ balanced salt
solution and HEPES (N-2-hydroxyethylpiperazine
N 2-ethanesulphonic acid) were obtained from Gibco
(Grand Island, NY, U.S.A.). Fetal calf serum was
obtained from Hyclone Laboratories (LLogan, UT,
U.S.A.) and 24-well culture plates from Flow Labora-
tories {McLean, VA, U.S.A.). The synthetic tetracosa-
peptide ACTH (Cortrosyn) was supplied by Organon
{West Orange, NJ, U.S.A.). 8-bromoadenosine 3’,5 -
cyclic monophosphate (8Br-cAMP), forskolin, cyclo-
heximide and all of the chemicals used for mRNA
preparation and analysis were purchased from Sigma
Chemicals Co. (St Louis, MO, U.S.A.) with the excep-
tion of guanidine thiocyanate which was obtained from
Clonetech Inc. (Palo Alto, CA, U.S.A.). RU486 (17f -
hydroxy-11f-(4-dimethylaminophenyl)-17x-(prop-1-
vnyl)-estra-4,9-dien-3-one) was obtained from Roussel
UCILAF (Paris, France). [1,2,6,7-*H]17-hydroxy-
progesterone (74 Cijmmol) was obtained from
Amersham (QOakville, Ontario, Canada). Unlabelled
17-hydroxyprogesterone was purchased from Stera-
loids Inc. (Wilton, NH, U.S.A.).

Preparation of dispersed adrenal cells

Adult male guinea pigs (Hartley), weighing approx.
900 g, obtained from Charles River Canada Inc. (8t
Constant, Quebec, Canada) were used for the prep-
aration of primary culture of adrenal cells. Animals
were decapitated and adrenals were quickly removed
using sterile instruments, trimmed of fat and placed :n
cold Hanks’ solution. The adrenal cells were isolated
using an adaptation of the procedure described by
Black er al. [15] and modified as previously reported
(16]. Adrenal cells were plated at a density of 1.25 x 19°
cells/ml in 10 ml MEMS in 100 x 20 mm petri dishes
for the measurement of mRNA and protein levels, and
in 24-well petri dishes in 1 ml MEMS at a density
of 2.5 x 10° adrenal cells/ml in order to determine
enzymatic activity. Cells were placed under 59, carbon
dioxide in humidified air at 37°C and were used 24 h
after plating. Treatment with various compounds was
initiated for the indicated periods of time. RU486 was
added from ethanolic stock solution and the final
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ethanol concentration was 0.01°, (v/v) in all treatment
media.

Enzymatic activity

At the end of the period of incubation, medium was
then removed and cells were incubated with MEM
alone for 10min to remove steroids. The enzyme
activity was then assayed as follows. Tritiated 17«-
hydroxyprogesterone (0.36 ¢Ci) and 17x-hydroxy-
progesterone (5 x 10~ M) were incubated for 120 min
and values, in duplicate, for P450c21 activity were
obtained by calculating conversion of 17-hydroxypro-
gesterone into deoxycortisol and cortisol. The enzy-
matic reaction was stopped by adding 75 ul acetic acid
(0.5 M) to the culture wells, the medium was recovered
and frozen at —20°C until assayed. The products of
metabolism were assaved as follows. The medium was
extracted twice with 5ml of ethyl ether:acetone (1:1,
v/v) and the extract was evaporated to dryness. The
remaining residue was dissolved in a mixture of
methanol:water (1:1, v/v) and subjected to high-
performance liquid chromatography (HPLC) analysis
using a Waters model 510 chromatograph (Waters
Instruments, Milford, MA, U.S.A.) and a C18 column
(Radial-Pak, Waters Instruments). A gradient of
100°%, methanol-water (1:1, v/v) to 41°, tetrahydro-
furan—acetonitrile (1:1, v/v) over a 35 min period was
used for the analysis of 17x-hydroxyprogesterone
metabolism. Radioactive compounds were detected
with a Berthold model LB 506 HPL.C radioactivity
monitor (Weldbrod, Germany) and subsequently inte-
grated using a Waters 740 single-channel recorder/
integrator (Waters Associates, Milford, MA). The for-
mation of tritiated metabolites was calculated by divid-
ing the amount of radioactivity in the product peak
by the sum of the radioactivity in all peaks recovered
after chromatography, thus obtaining the percentage of
substrate converted to that product. Enzyme activity
was expressed in pmol metabolites formed by 10° cells
per hour. The rate of conversion of steroid substrate
was linear for the times indicated.

mRNA preparation and analysis (Northern blot analvsis)

At the end of the period of incubation, adrenal cells
were harvested and collected by centrifugation at 200 g
for 5min at 4°C and resuspended in 900 ml of 4 M
guanidine thiocyanate, 0.1 M 2-mercaptoethanol,
2%, N-laurylsarcosine, 0.05 M Tris~=HCI (pH 7.5) and
0.05M EDTA. Cellular RNA was obtained by cen-
trifugation at 120,000 g for 16 h at 20 C through 5.7 M
CsCl[17]. The RNA pellets obtained were dissolved in
0.5%, sodium dodecyl sulphate (SDS) and 0.01 M
Tris-HCI (pH 7.5), and then precipitated twice with
ethanol.

Northern blots were performed as previously
described [18]. Briefly, 25 ug of total mRNA was
denaturated in glyoxal [19], electrophoresed, trans-
ferred to nylon membranes (Hybond-N, Amersham,
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Arlington Heights, IL, U.S.A.) in 20 x SCC
[1 x SCC=0.150M NaCl, 0.015M sodium citrate
(pH 7.0)] overnight at 25°C. RNA was immobilized
covalently by cross-linking under short wavelength UV
for 1 min. Hybridization was performed under high-
stringency conditions as previously described [19].
Filters were washed in 0.1 x SSC with 19, SDS for
20 min at room temperature, followed by three 20 min
washes in the same solution at 65°C.

For RNA dot blot hybridization assays, RNA was
denaturated by heating at 65°C for 15 min in 6 x SCC
containing 7.5°, formaldehyde. Two-fold serial di-
lutions of RNA in 10 x SCC were blotted onto nylon
membranes using a 96-well Hybri-dot Manifold
(Bethesda Research Laboratories, Gaithersburg, MD,
U.S.A.). All dots for each experiment were on a single
filter. Dot blots were processed as described above
for Northern blots. The Northern and dot blots were
then autoradiographed at —80°C with intensifying
screens.

The intensities of the autoradiographic spots were
quantified using an Amersham RAS Image Analyzer
system. The slopes of the dot intensities of each
dilution series were calculated by linear regression
using Cricket Graph (Cricket Software, Malvern, PA,
U.S.A.).

Probes

The P450c21 probe was a 1200 bp EcoR1 frag-
ment of human P450c21 ¢cDNA [20]. The probe was
labeled with [x-*P]dCTP to a specific activity of
10”-cpm/ug using a random primer kit purchased from
Amersham. An oligonucleotide probe [21] specific for
rat 18S ribosomal RNA was synthesized (Bioresearch
DNA synthesizer) and end-labeled with [y *P]ATP and
used to assess the amount and the integrity of RNA
loaded.

Protein extraction and immunoblor analysis

Protein was isolated from guinea pig adrenal tissue
cell cultures using the Tri Reagent protocol accord-
ing to the manufacturer (Molecular Research Center,
Cincinnati, OH, U.S.A.). 50 ug of protein was frac-
tionated by NaDodSO,/polyacrylamide gel electro-
phoresis, eclectroblotted onto nitrocellulose, treated
with anti-rabbit P450c21, and exposed to a horse-
radish-peroxidase-labeled donkey anti-rabbit immuno-
globulin G. Rabbit antibodies against P450c21 were
developed in collaboration with Dr Walter L. Miller
of San Francisco, who purified the truncated human
P450c21 protein obtained from overexpression in
E. coli. This truncated P450c21 protein (38 kDa)
does not contain the amino portion of the enzyme.
‘The antibody revealed a unique band migrating at
50,000 Da, and the specificity of the antiserum was
tested against purified P450c21 protein and guinea pig
adrenal purified microsomes. The antigen-antibody
complex was detected by enhanced chemiluminescence
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after the addition of luminol and hydrogen peroxide
(ECL, Amersham, Arlington Heights, 1L, U.S.A.).

Data analyses

Data presented are the mean + SD of duplicate
determinations. Each experiment was repeated three
times and similar results were always obtained; the
results shown are those of one representative exper-
iment.

RESULTS

The effects of ACTH, an activator of adenylate
cyclase or 8Br-cAMP, a cAMP agonist on basal and
RU486-treated adrenal cells are shown in Fig. 1. In
cells that were not treated with RU486, the levels of
21-hydroxylase activity decreased throughout a 48h
period of incubation. Treating the cells with ACTH
for the same 48h did not avoid the decrease of
enzyme activity. However, the presence of forskolin or

8Br-cAMP restored 21-hydroxylase activity to normal
levels. When the cells were treated with RU486 for
24 h, there was a decrease of 21-hydroxylase activity by
939, and this inhibitory effect remained essentially
unchanged throughout the subsequent 48 h period of
incubation in the presence of RU486. When RU486
was removed after the initial treatment of 24 h, the
21-hydroxylase activity was increased from 1120 + 912
to 4325 4+ 895 pmol/10® cells per hour over a 48h
period. The enzyme activity was further increased to
3354 + 455 and 8226 + 585 pmol/10° cells per hour in
the presence of ACTH for an incubation period of 24
and 48 h, respectively. Only forskolin and 8Br-cAMP
increased the levels of 21-hydroxylase activity to the
range seen in cells not treated with RU486.

We then studied whether de novo protein synthesis
was required for the induction of 21-hydroxylase
activity by ACTH, forskolin or 8Br-CAMP. Adrenal
cells were first treated with RU486 for 24 h, after
which 50 ug/ml of cycloheximide, a protein synthesis
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Fig. 1. Effects of ACTH (10 nM), 8-bromoadenosine 3’,5’-cyclic monophosphate (8Br-cAMP) (1 mM) and

forskolin (FORSK) (1 uM) on 21-hydroxylase activity in non-treated (----) and RU486-treated (—) cells.

Adrenal cells were preincubated for 24 h in the absence or presence of RU486 (1 uM). Medium was changed

and cells were incubated for 24 or 48 h in the presence of the appropriate chemical product. Results are

expressed in pmol of metabolites form/10® cells/h. Each measurement was done in duplicate and each point
represents the mean + SD.
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Fig. 2. Effects of cycloheximide after a 24 h pretreatment with RU486 (1 #M) and treatment with ACTH

(10 nM), 8Br-cAMP (1 mM) or forskolin (1 #M) on 21-hydroxylase activity. In adrenal cells pretreated for 24 h

with RU486, cycloheximide (50 ug/ml) alone was added for 1h and then treated with cycloheximide in

combination with ACTH, 8Br-cAMP or forskolin for another 4 h. Cells were washed and further incubated

in the presence of the appropriate product alone for 24 h. In control plates, cycloheximide was added for Sh

before incubation with ACTH, 8Br-cAMP or forskolin. Each measurement was done in duplicate and each
point represents the mean 1 SD.

inhibitor, was added for 1 h and then treated with
cycloheximide in combination with ACTH, 8Br-cAMP
or forskolin for another 4h and finally cells were
incubated with or without ACTH, forskolin or 8Br-
cAMP for 24 h. As illustrated in Fig. 2, cycloheximide
had no effect on 21-hydroxylase activity either in
untreated or in RU486-treated adrenal cells. Although
cycloheximide could not prevent the slight increase of
21-hydroxylase activity induced by forskolin or
8Br-cAMP in untreated cells, it was capable of block-
ing the stimulation of 21-hydroxylase activity induced
by ACTH, forskolin or 8Br-cAMP in RU486-pre-
treated cells.

To determine the levels of P450¢21 protein ex-
pressed in the non-pretreated and RU486-treated
guinea pig adrenal cells, we performed Western blot
analysis using the cells in culture (Fig. 3). Treatment
of cells with RU486 alone had no effect on P450c21
protein levels. In non-pretreated cells, a marked stimu-

lation of P450c21 protein level was observed in the
presence of ACTH and a similar increase was also
observed in cells pretreated with RU486. In cyclo-
heximide-treated cells, there was no further increase
of P450¢21 protein levels induced by ACTH both in
untreated and RU486-treated cells (data not shown).

To determine the effects of ACTH and 8Br-cAMP
on the steady state levels of P450c21 mRNA in guinea
pig adrenal cells, we performed Northern blot analysis.
In cells which were not pretreated with RU486, a
subsequent incubation with ACTH increased the levels
of P450c21 transcript by 9-fold while treatment with
8Br-cAMP lead to a 15-fold induction. A similar
response to ACTH and 8Br-cAMP was observed when
a parallel experiment using cells pretreated with
RU486 was performed. As well, prolonged treatment
or pretreatment with just RU486 did not alter the levels
of P450c21 mRNA when compared to the untreated



36 Michel Vallée er al.

6-.
;
9 s
w T
&
- ;:’T 4_
z & \
nt
g s
- 2
g \ \
o
2
a 1 \ \
N &
PRETREATMENT - - RU486 RU486
TREATMENT - ACTH - ACTH

Fig. 3. Effects of ACTH (10 nM) on P450¢c21 protein levels in

adrenal cells pretreated with RU486. Adrenal cells were

pretreated for 24 h with RU486 (1 gM). Medium was changed

and adrenal cells were incubated for 48 h in the presence of

ACTH. Cells were recovered and protein was analysed as
described in Materials and Methods.

control. It is thus apparent that RU486 does not alter
the levels of P450c21 transcript.

DISCUSSION

It is well established that ACTH elicits a chronic
response of various steroid hydroxylase enzymes in the
adrenals. Its effects on gene expression encoding the
cytochromes P450ssc, P450c17, P450c21 and P450c11
concomitantly with protein synthesis have been clearly
demonstrated using several in vitro models. It is gener-
ally believed that the corresponding enzyme activity
would also increase. However, in studies performed
in vitro using bovine adrenal cells {3] and in vive in
the rabbit [22-24], 21-hydroxylase activity remained
unaltered by ACTH despite an elevation of approx.
2-3-fold in P450c21 protein synthesis. In agreement
with those results, we now report that guinea pig
adrenal 21-hydroxylase activity was not increased by
ACTH although P450c21 mRNA and protein levels
were elevated. Together, these observations suggest
that an additional intra-adrenal factor(s) may be essen-
tial for the activation of 21-hydroxylase activity.
The proposal that cellular activation of hydroxylase
enzymes is influenced by a protein is not unique to
P450c21. As an example, it has been reported
that binding of lipoxygenase to a membrane-bound
18 kDa protein, called S-lipoxygenase-activating pro-
tein (FLAP), was necessary for its activation [25].
Furthermore, a synthetic product that prevents the
membrane association of FLLAP and lipoxygenase was
also identified [25].

The present study demonstrates that 21-hydroxylase
activity is not stimulated by ACTH, although P450c21
mRNA abundance and protein synthesis were in-
creased by more than 20- and 5-fold, respectively.
Forskolin, an activator of adenylate cyclase, and
8Br-cAMP, an agonist of cAMP, also produced ap-
proximately the same stimulation of P450c21 mRNA
and protein levels (data not shown). Although the
treatments with forskolin and 8Br-cAMP prevent the
decrease in 21-hydroxylase activity observed in un-
treated or ACTH-treated cells, the results obtained
with concomitant incubation with cycloheximide indi-
cate that the mechanism by which intracellular 21-
hydroxylase activity was maintained does not involve de
novo protein synthesis. However, this was not the case
in RU486-treated cells where the marked stimulation
of 21-hydroxylase activity, observed after addition of
ACTH, forskolin and 8Br-cAMP, was completely pre-
vented by cycloheximide. These observations indicate
that new P450c21 protein synthesis is absolutely
required to restore 21-hydroxylase activity in RU486-
treated cells. This is in agreement with data indicating
that in cells pretreated with RU486 the P450c21 pro-
tein levels were increased in response to ACTH.

The mechanism by which RU486 inhibits 21-
hydroxylase activity likely occurs by direct interaction
between the drug and the P450c21 protein,
Previous studies [7-9,12] demonstrated that C19 ster-
oids, namely androstenedione, testosterone and syn-
thetic RU486 [14] interact with the protein P450c21
causing a marked inhibition of enzymatic activity. We
have also shown that neither the androgen receptor nor
the alteration of CYP21 gene expression is involved
in the mechanism of inhibition by C19 steroids [12]. In
addition, we demonstrate that the anti-glucocorticoid
or the anti-progesterone properties of RU486 as well
as the regulation of CYP21 gene expression are not
involved in repression of 21-hydroxylase activity by
RU486. Furthermore, we have shown, for the first
time, that the inhibition of 21-hydroxylase activity
induced by RU486 is irreversible and the return of
enzymatic activity requires conditions that involve de
novo protein synthesis. Taken together, these results
strongly suggest that RU486 probably interacts with
the P450c21 protein itself and irreversibly inhibits its
enzymatic activity by preventing the P450c21 protein
becoming enzymatically activated. Our data, as well
as those of other groups, also indicate that an excess of
the P450c21 protein has no effect on 21-hydroxylase
activity [3], thus suggesting that the amount of
P450c21 protein is not limiting. Using the activation
of lipoxygenase by FLAP as a model [25], our data
suggest the presence of an intra-adrenal factor where
the interaction of P450c21 protein to this factor is a
requirement for its activation.

It is also important to mention that concomitantly
with the decrease of 21-hydroxylase activity induced by
treatment of guinea pig adrenal cells with RU486,
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Fig. 4. Effects of ACTH (10 nM) and 8Br-cAMP on P450c21 mRNA levels in adrenal cells pretreated with

RU486. Adrenal cells were pretreated for 24 h with RU486 (1 uM). Medium was changed and adrenal cells were

incubated for 24 h in the presence of the appropriate chemicals. Cells were then recovered and mRNAs were
analysed as described in Materials and Methods.

there was a stimulation of 17x-hydroxylase and 17,20-
lyase activity and, in addition, the ratio between 17x-
hydroxylase and 17,20-lyase activities was increased
[14]. Recently, the cotransfection of P450c¢17 and P450
reductase cDNAs in COS-1 cells indicates that an
increase in P450 reductase levels stimulates 17,20-lvase
activity by 3-fold without altering 17x-hydroxylase
activity. By contrast, an increase expression of cyto-
chrome b5 protein by cotransfection of P450¢17 and
cytochrome b5 cDNAs could not enhance 17,20-lyase
activity [26]. These results suggest that availability of
P450 reductase may alter one of the two enzymatic
conversions of P450c17 activity. Unfortunately,
studies with cells cotransfected with P450c21 ¢cDNA
and other 450 enzymes have not been performed vyet.
A better understanding of the relationship between
P450c21 protein and cofactors present in the adrenal
is important for the elucidation of the mechanism

that regulates 21-hydroxylase activity. This issue is
currently under investigation in our laboratory.
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