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ABSTRACT

The 118-hydroxysteroid dehydrogenase type 2 (118HSD-2) enzyme
is thought to confer aldosterone specificity upon mineralocorticoid
target tissues by protecting the mineralocorticoid receptor from bind-
ing by the more abundant glucocorticoids, corticosterone and cortisol.
We have developed a Chinese hamster ovary cell line stably trans-
fected with a plasmid containing the rat 118HSD-2 complementary
DNA. This cell line has expressed the enzyme consistently for many
generations. The 118HSD-2 was located primarily in the microsomes,
but significant amounts also existed in the nuclei and mitochondria.
The enzymatic reaction was unidirectional, oxidative, and inhibited
by the product, 11-dehydrocorticosterone, with an IC;, of approxi-
mately 200 nM, The K, for corticosterone was 9.6 = 3.1 nM, and that
for NAD* was approximately 8 uM. The enzyme did not convert
dexamethasone to 11-dehydrodexamethasone. Tunicamycin, an N-
glycosylation inhibitor, had no effect on enzyme activity. 11a-Hy-
droxyprogesterone (11«OH-P) was an order of magnitude more potent

a competitive inhibitor of the 11HSD-2 than was glycyrrhetinic acid
(GA) (approximate ICy, = 0.9 vs. 15 nM). 1180H-P, progesterone, and
GA were almost equipotent (IC;, = 10 and 6 nM, respectively), and
5a-pregnandione and 5B-pregnandione were less potent (IC5, = 100
and 500 nM, respectively) inhibitors of the enzyme.

When the inhibitory activities were examined with intact trans-
fected cells, 11«OH-P was more potent than GA (IC;, = 5 and 150 nMm,
respectively). 11cOH-P was not metabolized by 118HSD-2. We were
unable to demonstrate the presence of 11¢OH-P in human urine.

In conclusion, a cell line stably transfected with the rat 118HSD-2
was created, and the enzyme kinetics, including inhibition, were
characterized. 11¢OH-P was found to be a potent relatively specific
inhibitor of the 118HSD-2 enzyme. Its potential importance is that it
is the most specific inhibitor of the 118HSD-2 so far encountered and
would aid in the study of the physiological importance of the isoen-
zyme. (Endocrinology 137: 2308-2314, 1996)

ALDOSTERONE acts through the mineralocorticoid re-
ceptor (MR) in the kidney to produce sodium reten-
tion and potassium excretion, whereas corticosterone (B) and
cortisol, although 100-1000 times as abundant as aldosterone,
normally produce very few renal mineralocorticoid effects.
The 118-hydroxysteroid dehydrogenase (11BHSD) enzymes
inactivate B and cortisol by converting them to 11-dehydro-
corticosterone (A) and cortisone. The MR has similar affinity
for aldosterone, B, and cortisol (1-4). Rather than having
intrinsic properties that confer binding specificity, selectivity
for aldosterone is conferred by the presence of 118HSD ac-
tivity in aldosterone target tissues. Oxidation of cortisol and
B allows aldosterone, which is not metabolized by 118HSD,

Received October 24, 1995.

Address all correspondence and requests for reprints to: Celso E.
Gomez-Sanchez, M.D., Division of Endocrinology and Metabolism,
Harry S. Truman Memorial Veterans Hospital, 800 Hospital Drive, Uni-
versity of Missouri, Columbia, Missouri 65201.

* This work was supported by Medical Research Funds from the
Department of Veterans Affairs and NIH Grants HL-27727 and HL-
27255.

access to the receptor (5-7). 118HSD activity has also been
shown to modulate glucocorticoid binding to the glucocor-
ticoid receptor (8, 9). This is particularly crucial in the pla-
centa, where 118HSD maintains normal fetal blood levels in
the face of elevated maternal glucocorticoids (10), and in the
hypothalamus, where it modulates access of cortisol and B to
the hypothalamo-pituitary-adrenal feedback system (9).

Two 11B-hydroxysteroid dehydrogenases have been
cloned (11-13). Assignment of the title of MR gatekeeper to
the first 118HSD isolated provided an imperfect answer to
the question of MR specificity. 11BHSD-1 is NADP™ depen-
dent, has a high K, for cortisol and B (1-3 uMm) that is above
the physiological range of circulating free glucocorticoids
(~10 nMm), does not colocalize with the MR in the kidney, and
exhibits bidirectional activity (14, 15). 11BHSD-2, more re-
cently described, is NAD" dependent, has a K,,, of 4-14 nm
(closer to the range that would be relevant to physiological
amounts of glucocorticoids), and colocates with the MR in
the kidney (13, 16). It has been cloned from human (13), sheep
(12), rabbit (17), and rat (18) complementary DNA (cDNA)
libraries.
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11«OH-P INHIBITS 118HSD-2

Glycyrrhetinic acid (GA; the principal constituent of lic-
orice) and carbenoxolone (CBX; a hemisuccinate derivative
of GA) are inhibitors of 118HSDs, cause sodium retention
and hypertension, and have been used to study the role of the
enzyme(s) in mineralocorticoid action (6, 7, 19). GA-like fac-
tors (GALFs), which inhibit 118HSD and steroid 58-reduc-
tase activity, were found in extracts of human urine, and their
excretion was increased in pregnancy and congestive heart
failure (20, 21). Recently, it was reported that 11a- and 113-
hydroxyprogesterone (11a¢OH-P and 11 OH-P) were potent
inhibitors of 118HSD-2 both in vitro and in vivo and may be
important endogenous inhibitors of the enzyme (22).

We recently cloned a rat cONA and demonstrated that
modified Chinese hamster ovary (CHO) cells transiently
transfected with the rat 118HSD-2 cDNA convert B to A (18).
The level of enzyme expression in transiently transfected cell
lines, however, is variable, and the kinetic properties of the
enzyme are difficult to establish with consistency. We have
established a stably transfected CHO cell line that consis-
tently expresses 118HSD-2 and provided enough enzyme for
characterization. We now report studies of the kinetics of the
11BHSD-2 and quantitative effects of exogenous and possi-
bly endogenous inhibitors on the enzyme activity in vitro.

Materials and Methods
Materials

Steroids, CBX, GA, tunicamycin, NAD™, and NADH™ were pur-
chased from Sigma Chemical Co. (St. Louis, MO). Reagent grade sol-
vents were obtained from Fisher Scientific (Medford, MA). Lipo-
fectamine and geneticin were obtained from Life Technologies (Grand
Island, NY). [1,2-*H]B (SA, 25 Ci/mmol) and [1,2,4,6,7-*H]dexametha-
sone (SA, 70 Ci/ mmol) were obtained from Amersham Corp. (Arlington
Heights, IL). [1,2-*H]A was synthesized from [1,2-*H]corticosterone-21-
acetate by oxidation with Jones reagent and hydrolysis with potassium
bicarbonate. Channeled TLC plates (silica gel 60 A) were purchased from
Whatman (Clifton, NJ). RPMI 1640 and fetal clone II serum (FCII) were
supplied by the campus core resource and HyClone Laboratories (Lo-
gan, UT), respectively. The CHO-KT1 cell line was obtained from Amer-
ican Type Culture Collection (Rockville, MD) and was chosen for stable
transfection because it has no detectable intrinsic 118HSD-2 activity.

Stable transfection of rat 118HSD-2 ¢cDNA into a CHO
cell line

The plasmid pcDNA3/neo-118HSD-2, which contains the entire cod-
ing region of the rat 118HSD-2, was prepared as described previously
(18).

CHO cells were grown in RPMI 1640 supplemented with 10% FCII
in a T-75 culture flask at 37 C to about 70% confluence. The cells were
washed once with serum-free RPMI 1640 and incubated with 8 ml
serum-free RPMI 1640 premixed with 6 pug plasmid DNA and 48 pul
lipofectamine for 5 h at 37 C. Additional medium (8 ml) containing 20%
FCII was added, and the culture was continued for 48 h. The cells were
then transferred to five 96-well culture plates and cultured with medium
containing 10% FCII and 300 pg/ ml geneticin for 3 weeks, with medium
changes every 3 days, unti] the surviving clones were large enough to
be seen easily. Medium containing 10 ng/ml B was added to wells
containing clones, incubated overnight, and collected for assay of A by
enzyme-linked immunosorbent assay (ELISA) to identify the clones
expressing the cONA. The positive clones were amplified, and those
with the highest enzymatic activity were used for the studies.

Cells expressing the highest enzymatic activity were cloned by lim-
iting dilution in 96-well plates by plating at concentrations of 0.5, 1, and
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10 cells/well. Positive wells at the lowest dilution were expanded, and
aliquots were frozen in liquid nitrogen.

Preparation of nuclei, mitochondria, microsomes, and
cytosols from stably transfected CHO cells

Stably transfected CHO cells were cultured in several 225-cm? flasks
until confluent, then scraped and washed. The cells were resuspended
in ice-cold homogenizing buffer (50 mm Tris-HCl, 1 mm MgCl,, and 0.25
M sucrose, pH 8.0) and homogenized in a Polytron homogenizer (Brink-
mann Instruments, Westbury, NY). Organelles were isolated by differ-
ential centrifugations. Briefly, the lysate was centrifuged at 680 X g for
10 min at 4 C for a pellet containing the nuclei. The supernatant was then
centrifuged at 9,000 X g for 10 min to obtain the mitochondrial fraction.
This supernatant was centrifuged at 100,000 X ¢ for 60 min to obtain the
microsomes, and the resultant supernatant was used as the cytosolic
fraction. Pellets were reconstituted in incubation buffer (50 mm Tris-HCI
and 1 mm MgCl,, pH 8.0). Nuclei were further purified according to a
two-step procedure (23). In short, the crude nuclei fraction (nuclei-1) was
centrifuged at 70,000 X ¢ for 70 min using a discontinuous sucrose
gradient of 0.25/2.4 m sucrose in 10 mm HEPES (pH 7.5; nuclei-2), and
the pellet was centrifuged over a 2.2-m sucrose cushion in 10 mm HEPES
(pH 7.5) at 70,000 X g for 60 min (nuclei-3). Microsomal contamination
was estimated by measuring the microsomal marker glucose-6-phos-
phatase (24). Subcellular distribution was examined immediately after
all fractions were obtained. Protein concentrations were determined by
a BCA protein assay kit (Pierce Chemical Co., Rockford, IL). Extra
microsomes were frozen at ~80 C in 50% glycerol for future use in other
studies with no significant loss of activity.

Measurement of enzymatic activity

Five micrograms of protein were incubated for 15 min at 37 C with
200,000 dpm [1,2-*H]B in 500 ul of the incubation buffer containing 0.5
mM NAD". To determine whether dexamethasone is oxidized, [1,2,4,6,7-
*H]dexamethasone was similarly incubated, and conversion to the 11-
keto derivative wasmeasured. Reductase activity was measured by in-
cubation with 200,000 dpm [1,2-*H]A in a buffer containing 0.5 mm
NADH. The incubations were terminated by the addition of 5 ml meth-
ylene chloride, 20 ug unlabeled B and A or unlabeled dexamethasone
and 11-dehydrodexamethasone were added as markers, and the steroids
were extracted. Extracts were concentrated, and the steroids were sep-
arated by TLC in acetone-methylene chloride (18:82, vol/vol). Areas
corresponding to the steroids were located under UV light, scraped,
eluted with 500 ul isopropanol, and counted by scintillation spectrom-
etry. All experiments were performed in triplicate and included tritium
steroid / buffer blanks.

Subcellular distribution of 11BHSD-2

Five micrograms of protein from each fraction were incubated for 15
min at 37 C with 200,000 dpm [1,2-*H]B in 500 ul incubation buffer
containing 0.5 mm NAD™ and processed as described above.

Inhibition of 11BHSD-2 activity by licorice derivatives and
other steroids

Microsomes (5 ug) were incubated for 15 min in 500 ul incubation
buffer containing 0.5 mM NAD* with 100,000 dpm [1,2-*H]B with serial
dilutions of 1 nm to 1 um B, progesterone, 5a-dihydroxyprogesterone,
5B-dihydroprogesterone, 11B-hydroandrostenedione, 1180H-P, CBX,
GA, and 10 pM to 1 um 11aOH-P.

Inhibition of 11BHSD-2 activity by B, GA, and 11«OH-P in
intact stably transfected CHO cells

Cells were grown in 24-well plates until confluent. The medium was
substituted with 0.5 ml RPMI 1640 containing 200,000 dpm [1,2-°H]B
with 1 nM to 3 uM B or GA, or 10 pm to 100 nM 11eOH-P, and the cells
were incubated for 15 min.
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Effect of tunicamycin on 118HSD-2 activity in intact cells

11BHSD-2 has a potential glycosylation site (18). To determine
whether glycosylation was important for activity, cells were preincu-
bated with 1 ng/mlto 1 ug/ml tunicamycin for 24 h (25). They were then
incubated for 60 min with 0.5 ml RPMI 1640 containing 200,000 dpm
[1,2-"H]B and the same concentrations of tunicamycin. The supernatant
was processed as described above.

Metabolism of 11aOH-P

To explore the possibility that 11aOH-P is also a substrate for
11BHSD-2, 1 mg microsomes from the transfected cells was incubated
in 20 ml buffer containing 0.5 mm NAD™ and 20 nM 11aOH-P for 1 h
at 37 C. At the end of the incubation, the buffer was extracted with
dichloromethane, washed, and evaporated. The extract was dissolved in
acetonitrile and subjected to HPLC quantification of 11aOH-P and the
putative product 11-ketoprogesterone. The system used was with a
Hypersil ODS 5-um column (Alltech Associates, Inc., Deerfield, IL)
cluted with an isocratic system of acetonitrile-water (35:65, vol/vol).

Excretion of 11c¢OH-P in human urine

Ten milliliters of urine from a normal subject (male), a pregnant
woman, and a patient with glucocorticoid-suppressible aldosteronism
were extracted with 10% dichloromethane in hexane and subjected to
HPLC as described above. The eluate was followed by UV detection at
240 nm and collected in 1-ml fractions. The fractions were evaporated,
reconstituted in an ELISA buffer (PBS, 0.5% BSA, and 0.05% Tween 20),
and subjected to ELISA using a monoclonal antibody against 11«OH-P
hemisuccinate (26). This antibody has a sensitivity of about 5 pg/well.

Inhibition of 11aOH-P and GA of the NADP™ -dependent
dehydrogenase and NADPH oxidoreductase activities in rat
kidney

Rat kidney microsomes (100 ug) were prepared as described above
and incubated with 200,000 dpm [1,2-*H|B with serial dilutions of 0.1 um
to 100 um B, GA, and 11a-OH-P in the presence of 0.5 mm NADP' for
15 min at 37 C. To measure the reductase activity, they were also
incubated with 200,000 dpm [1,2-*H]A with serial dilutions of 0.1 uM to
100 uM A or 11aOH-P in the presence of 0.5 mm NADPH for 15 min at
37 C. The conversion was measured as described above.

Statistical analysis

The K,, of the enzyme for B and NAD' was obtained using
Lineweaver-Burk plots (double reciprocal plots). The ICy, values of
inhibitors for the enzyme were calculated from a dose-response curve
in comparison to either B (dehydrogenation) or A (oxido-reductase).
Lineweaver-Burk plots were also used to determine whether the inhib-
itor was competitive or noncompetitive. All data were expressed as the
mean * sD.

Results
Subcellular distribution

The highest enzymatic activity was found in the micro-
somal fraction (14.7 + 0.7 pmol/min-ug protein), as shown
in Fig. 1. Significant activity was also observed in the crude
nuclear (nuclei-1; 8.7 = 0.1 pmol/min-ug protein) and mi-
tochondrial (6 * 0.9 pmol/min-ug protein) fractions, and
very low activity was present in the cytosol (0.4 = 0.1 pmol/
min-ug protein). To decrease the degree of microsomal con-
tamination in the nuclear fraction, nuclei were purified as
described above. The partially purified nuclei (nuclei-2 in
Fig. 1) had an activity of 7.8 pmol/ug protein. Further pu-
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F1G. 1. Subcellular distribution of rat 118HSD-2 in cells transfected
with rat 118HSD-2 plasmid ¢cDNA into CHO cells. Subcellular or-
ganelles were prepared by differential centrifugation. Crude nuclei
(nuclei-1) were further purified by centrifugation over a discontinuous
gradient of 0.25/2.4 M sucrose (nuclei-2), followed by centrifugation
over a 2.2-M sucrose cushion (nuclei-3). Five micrograms of organelle
protein were assayed for 11HSD-2 activity for 15 min at 37 C. The
results are presented as picomoles of A formed per pg protein (mean
* SD).
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Fi1G. 2. Determination of dehydrogenase and oxido-reductase activ-
ities of rat 118HSD-2 measured using different concentrations of
microsomal protein. Cells were incubated with 0.5 mM NAD™ or
NADH for dehydrogenase and oxido-reductase reactions, respec-
tively. Results are presented as the mean percent conversion (+5D) of
[*H]B to [*H]A (dehydrogenase) or of [*H]A to | *H|B (oxido-reductase).

rification decreased the activity to 3.5 = 0.2 pmol/ ug protein
in the nuclei-3 fraction. The microsomal marker glucose-6-
phosphatase activity was 142 pmol phosphate liberated / ug
protein in the microsomal fraction, 3.6 pmol/ ug protein in
the nuclei-1 fraction, 1.2 pmol/ug in the nuclei-2 fraction,
and undetectable in the nuclei-3 fraction. Glucose-6-phos-
phatase activity was also undetectable in the mitochondrial
fraction and cytosol.

Measurement of enzymatic activity

The enzymatic activities after the addition of either NAD™
plus [1,2-"H]B or NADH plus [1,2-*H]A in relation to mi-
crosomal protein concentration are shown in Fig. 2. The
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dehydrogenase reaction increased in a protein-dependent
manner. The reductase activity was much lower than the
dehydrogenase reaction, and only a small amount of con-
version was observed at higher concentrations of protein.
These studies indicate that the reaction is almost exclusively
unidirectional.

The K, for B conversion to A by the microsomes was 9.6
= 3.1 nm (n = 7). This value is similar to that reported using
homogenates of transiently transfected modified CHO cells
(10.2 = 2.2 nMm) (18). The K, for the cofactor NAD* was 8 uM.

Conversion of dexamethasone to 11-dehydrodexamethasone

The enzgfme in the stably transfected cells did not metab-
olize [ H]dexamethasone to [1,2-*H]11-dehydrodexam-
ethasone (1.4 * 0.01% conversion, which was not signifi-
cantly different from the blanks). In simultaneous control
incubations, [1,2-°H]B  was efficiently metabolized to
[1,2-*H]A (46.5 + 2.9% conversion).

Product inhibition

Transfected cell microsomes were incubated with
[1,2-’H]B and increasing concentrations of unlabeled A. The
conversion of [1,2-’H]B to [1,2-’H]A is shown in Fig. 3. The
reaction was inhibited by A, the product, with an IC5, of
approximately 200 nm.

Effect of inhibitors on microsomal enzyme

Log dose-response curves of eight different steroid inhib-
itors of 11HSD-2 enzymatic activity are shown in Figs. 4 and
5. Progesterone was slightly more potent than B (ICs, = 6 vs.
10 nm). The ICs, values for the progesterone metabolites,
5a-dihydroprogesterone and 58-dihydroprogesterone, were
100 and 500 nM, respectively. The ICy, for 110OH-P was 10
nM. 11aOH-P was the most potent inhibitor, with an 1C, of
0.9 nM, which is more than 10 times as potent as GA (ICs, =
15 nm) or CBX (IC5, = 10 nm). The Lineweaver-Burk plot (Fig.

6) of 11«OH-P and GA inhibition of the conversion of [1,2-
“HJB to [1,2-*H]A indicates that they are competitive inhib-
itors.
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FiG. 3. End product inhibition. Microsomes (8 ug) were incubated
with increasing concentrations of B or A and 200,000 dpm {*H]B. The
conversion of [*H]B to [*HJA was measured by TLC, and results are
presented as a percentage of control conversion (=SD).
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Effects of B, 11aOH-P, and GA on the conversion of
[1,2-°H]B to [1,2-°HJA in intact stably transfected cells

The inhibition was also measured in intact cells, which
present a membrane barrier for access of the steroids to the
intracellular enzyme. The inhibition of [1,2->’H]B conversion
to [1,2-°H]A in cells incubated with log increasing doses of
unlabeled B, 11¢OH-P, and GA is shown in Fig. 6. 11aOH-P
was the most potent inhibitor of the conversion, with an
apparent ICs, of 5 nM, about one fifth its potency in the
microsomal preparation. 1C5, values for B and GA were
approximately 150 and 500 nm, respectively, 15 and 33 times
lower than their ICy, values in microsomal preparations.

Effect of tunicamycin on enzyme activity

Inhibition of glycosylation with concentrations of up to 1
ug/ml tunicamycin did not inhibit 118HSD-2 activity.

Metabolism of 11a«OH-P

Microsomes incubated with 11a¢OH-P showed no modi-
fication of the steroid, as estimated by sensitive HPLC mea-
surements.

Excretion of 11a«OH-P in human urine

As 11a¢OH-P is a potential metabolite of progesterone, we
investigated the possible presence of the steroid as an en-
dogenous GALF (20), but were unable to demonstrate its
presence in the urine of normal men, pregnant hypertensive
women, or a single patient with glucocorticoid-suppressible
hypertension using a very sensitive HPLC separation fol-
lowed by ELISA.

Effects of 11aOH-P and GA on the conversion of [*H]B to
[PHJA and [*H/A to [H]B in rat kidney microsomes

Rat kidney microsomes containing primarily the
11BHSD-1 isoenzyme converted [*H]B to ["H]A with a K,,, of
1.5 um, as described by others (27). The ICy, of GA was

gproximately 80 nM; that of 11a«OH-P was 0.7 um. [*H]A to

["H]B conversion was inhibited by A and 11a¢OH-P with ICs,
values of 3 and 10 uM, respectively. These results are similar
to those reported previously (22).

Discussion

The enzyme 118HSD-2 is found in mineralocorticoid tar-
get organs, including the distal tubules of the kidney, sali-
vary glands, distal colon, and adrenal, and in select areas of
the brain (18, 28). Study of the enzymatic characteristics of
11BHSD-2 has been difficult because of its restricted distri-
bution and coexpression with 118HSD-1 in several tissues,
including the kidney (29). The CHO cell line does not have
innate 11BHSD activity, but when stably transfected with the
rat 118HSD-2 ¢cDNA, it expressed significant 118HSD-2 ac-
tivity. The enzyme is located primarily in the microsomes
and is unidirectional and NAD™ dependent. The apparent
K., values for the 118HSD-2 enzyme for Band NAD ' are 9.6
nM and 8 um, respectively. These results are consistent with
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those of our previous report using transiently transfected
cells (18). The enzyme exhibits dose-dependent product in-
hibition; the ICs, of A for the enzyme was approximately 200
nM. Product inhibition is a characteristic of 118HSD-2, but
not of 11BHSD-1 (12). Dexamethasone was reported to be a
substrate for the human 118HSD-2; however, the kinetic
characteristics of the metabolism of dexamethasone by hu-
man 118HSD-2 have not been reported. It is possible that a
statistically significant metabolism may be demonstrated
that is too low to be biologically insignificant. In our studies,
the conversion of dexamethasone to 11-dehydrodexametha-
sone by cells transfected with rat 11BHSD-2 was not statis-
tically different from that in our blanks.

N-Glycosylation occurs by the transfer of core oligosac-
charide by the enzyme oligosaccharyl transferase to the as-
paragine residue of a conserved tripeptide sequence, Asn-
X-Ser/Thr. Dehydrogenase activity of rat 118HSD-1, in
which there are two such potential glycosylation sites, de-
creased in transfected cells grown in the presence of tuni-
camycin (25). Rat 11 8HSD-2 has a potential glycosylation site
at residues 392-394. The 11BHSD-2 activity of transfected
cells incubated with tunicamycin was unchanged, suggest-

Steroid Concentration (nM)

ing that either glycosylation is not important for full expres-
sion of the enzymatic activity or the potential site is not
glycosylated.

Since Semafuko ¢t al. (20) reported the existence of GALFs
in human urine, especially that of pregnant individuals and
those in congestive heart failure, several substances have
been studied as possible endogenous inhibitors of 118HSD
activity, including bile acids (30) and progestagens (31).
Murphy (32) showed that at term, fetal blood contained high
concentrations of inhibitors of placental 118HSD, and these
inhibitors were probably 118-hydroxymetabolites of proges-
terone, specifically 11BOH-P and 11B-hydroxypreg-
nenolone. Recently, Souness et al. (22) demonstrated that
11¢OH-P and 11BOH-P are potent inhibitors of 11gHSD-2
both in vitro and in vivo and suggested their possible role as
endogenous 11BHSD inhibitors. Both steroids conferred
mineralocorticoid activity upon B in adrenalectomized ani-
mals at doses substantially lower than those required for
CBX or GA to exert a similar effect (20 ug vs. 2.5 mg). We
demonstrated that 11«OH-P inhibition of rat 118HSD-2 was
15 and 100 times more potent than that of GA in microsomes
(0.9 vs. 15 nM) and intact cells (5 vs. 500 nm), respectively. Our
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Fic. 5. Lineweaver-Burk plots of inhibition of 11HSD-2 activity by
11aOH-P and GA. Microsomes (8 ug) were incubated with increasing
concentrations of [*H]B with and without 0.5 and 1 nM 11«OH-P or
5 and 20 nM GA. The conversion of [*’HIB to [*H]A was measured by
TLC, and the results are presented as a double reciprocal plot.

ICs, values for 118HSD inhibition by 11aOH-P were signif-
icantly lower than those reported by Souness et al. (22); how-
ever, these differences may be due to different enzyme
sources, as they used lysates of a human choriocarcinoma cell
line, JEG-3 (22). Monder et al. (33) reported that the K, of GA
with rat kidney microsomes ranged from about 107 %-10 % v,
whereas that of intact tubules was about 107°-10"° m. They
concluded that intact tissues had a low permeability to GA.
The reported ICs, for GA in microsomes was similar to the
value we found. The difference in inhibitory activity between
11aOH-P and GA was larger in intact cells than in micro-
somes, suggesting that 11«OH-P is more permeable to the
cells than GA and partially explains the greater bioactivity of
11aOH-P compared to that of GA in conferring mineralo-
corticoid activity to B in the intact animal (22). Accordingly,
20 g 112OH-P, 500 ug 11B0OH-P, and 2.5 mg CBX admin-
istered with 100 ug B had similar bioactivities (natriuresis
and kaliuresis) in adrenalectomized rats (22). The inhibition
of 11-oxido-reductase by 11«¢OH-P was significantly lower
than that by GA, indicating that 11«OH-P is a more specific
inhibitor of 118HSD-2 than GA.

Progesterone, which is not hydroxylated at the 11 position,
also inhibited 118HSD-2 with a potency similar to that of B.
Progesterone is a potent ligand for the mineralocorticoid
receptor, with an affinity even higher than that of aldoste-
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Fic. 6. Inhibition of 11HSD-2 activity in intact transfected cells by
11a0OH-P and GA. Cells were grown in 24-well plates and incubated
with [*H|B and increasing concentrations of unlabeled B, 11¢OH-P,
and GA. The conversion of [°HIB to [*H]A was measured by TLC.
Results are presented as a percentage of control conversion (+sD).

rone, but it has only antagonistic properties (34). The bio-
logical significance of progesterone as an inhibitor of
11BHSD-2 is unclear, but it is unlikely that it acts as a GALF,
conferring mineralocorticoid properties to B, because it has
concurrent antagonistic properties at the MR level.

11a¢OH-P is a competitive inhibitor of rat 118HSD-2, sug-
gesting that 11«OH-P may serve as a substrate of the enzyme.
However, neither the synthesis of 11«¢OH-P nor the existence
of an 11a-hydroxylase required for its synthesis, has been
demonstrated in mammalian tissues or urine. We were un-
able to demonstrate metabolic conversion of 11¢OH-P into
the putative 11-ketoprogesterone even when a very large
concentration of microsomes was incubated for a relatively
long period of time, nor could we demonstrate the excretion
of 11¢OH-P in humans using a combination of HPLC and
ELISA.

These studies indicate that 11aOH-P is a more potent and
specific inhibitor of the 118HSD-2 enzyme and penetrates
cells more easily than the licorice derivatives GA or CBX,
which is concordant with the report that 11aOH-P has sig-
nificantly greater ability to confer mineralocorticoid prop-
erties upon B (22). Although it almost certainly is not patho-
physiologically important, 11aOH-P could be a useful tool
for study of the role of the 118HSD-2 enzyme in the phys-
iology of mineralocorticoid or glucocorticoid action.
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