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We have previously described two distinct isoforms of 11f-hydroxysteroid dehydrogenase
(11p-HSD) with respect to enzymatic activity in the ovine liver and kidney. To determine which
isoform(s) is expressed in the ovine placenta, we studied the characteristics of 11-HSD activity in
placental tissues collected at days 140-143 of pregnancy. 118-HSD activity was determined by a
radiometric conversion assay using cortisol and cortisone as physiological substrates. At 100 nM
cortisol, the placental 118-HSD utilized NAD as cofactor, but displayed preference for NADP
at 10 uM cortisol. Kinetic characteristics were examined in the presence of alternate cofactors,
in order to determine whether this difference in the cofactor requirement represents distinct
enzymes. With NAD as cofactor, the placental 118-dehydrogenase had a K, (110 + 18 nM) compatible
with the kidney enzyme, but displayed a K,, (12 + 2 gM) similar/identical to the liver 11§-HSD when
NADP was used. By contrast, the placental 11-oxoreductase showed preference for NADPH
regardless of cortisone concentration. Kinetic analysis, using NADPH as cofactor, revealed a single
species of 11-oxoreductase activity with a K,, of 4+ 0.9uM and a I/, of 3.1 + 0.5 pmol/mg/min.
Finally, since the NAD-dependent 118-HSD in the ovine placenta displayed similar/identical kinetic
characteristics to the enzyme described previously in the ovine kidney where a truncated 11§-HSD
transcript was identified, we have also determined whether this transcript is expressed in the
placenta by Northern blotting. It was found that the truncated 118-HSD transcript was undetectable
in the total RNA samples. These results demonstrate that both liver- and kidney-types of 11-HSD
activities are expressed in the ovine placenta, thus providing further evidence for the existence of
a NAD-dependent 118-HSD distinct from the well-characterized hepatic NADP-dependent enzyme.
Furthermore, the lack of the truncated 118-HSD transcript in the placenta suggests that the
NAD-dependent enzyme identified in placenta and kidney is the product of a gene distinct from
114-HSD.
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INTRODUCTION expression [7—15]. It contains both dehydrogenase and
reductase activities and has a K, in the M range.

Recently, there has been renewed interest in It has been purified from the rat [7] and most

elucis:iating the structure and function of 11f-hydroxy- recently from the mouse liver microsomes [15]. It is a
steroid dehydrogenase (115-HSD), an enzyme respon-  1ycoprotein with an apparent molecular weight of
sible for the interconversion of active glucocorticoids 34 kDa [7, 15]. The cDNAs encoding this isoform have
(cortisol and corticosterone) and their inactive metab- been cloned from a number of species, including rat [8],
oliFes (cortisone and 11-dehydrocorticosterone) [1].  iuman [12], sheep [13] and squirrel monkey [16].
[tis now widely accepted that at least two isoforms of - Ajhough ts biological function in individual organs
115-HSD are present in mammals [2-6]. The first is  Lomaing largely speculative, it is thought to regulate the
a NADP—depende?nt enzyme which is ub'lqmtouS.lY access of glucocorticoids to their receptors [17-24].
expressed with liver being the major site of its The other isoform is NAD-dependent, contains only
dehydrogenase activity and has a K,, in the nM range
Received 11 Jul. 1994; accepted 17 Nov. 1994, [3, 4, 6,25, 26]. Very recently, the purification of this
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isoform from human placenta has been reported in an
abstract form [27]. It is a 40 kDa protein with little
sequence homology to the liver-type 115-HSD. It is
predominately expressed in placenta and in aldosterone
target organs, such as kidney. In kidney, this enzyme
confers aldosterone specificity on the mineralocorticoid
receptor [28-30]. It achieves this by rapid conversion
of active glucocorticoids into their inactive metabolites,
and thus preventing glucocorticoids which circulate
at 100-1000-fold higher levels than aldosterone from
competing with aldosterone for the non-selective
mineralocorticoid receptor [31, 32]. The physiological
role of this isoform in placenta is relatively poorly
understood although it has been proposed to be a
mechanism by which the fetus is protected against high
circulating levels of maternal glucocorticoids [33, 34].

Despite its potential physiological significance,
placental 118-HSD has been relatively poorly
characterized until recently when a NAD-dependent
118-HSD was purified from human placenta [27].
Furthermore, studies on placental 1158-HSD have
been largely using human tissues [33,35-43], and
there is a lack of comparative studies in other mammals.
In addition, those human studies have generated
controversy as to its reversibility and cofactor depen-
dence. We have previously cloned the ovine liver
115-HSD cDNA [13], and have demonstrated the
presence of 118-HSD mRNA in ovine placenta. How-
ever, there are no reports on the characterization of
ovine placental 118-HSD. In the present study, we
determined the characteristics of 115-HSD activity,
and also examined the expression of 11-HSD mRNA,
In ovine placental tissues at late pregnancy.

EXPERIMENTAL
Reagents and supplies

(1,2,6,7-°’H(N)]cortisol  (70.1 Ci/mmol) was pur-
chased from Du Pont Canada Inc. (Markham,
Ontario). Purity was improved regularly by thin layer
chromatography. Non-radioactive steroids were ob-
tained from Steraloids Inc. (Wilton, NH). Co-factors
(NAD, NADH, NADP, and NADPH) were purchased
from Sigma Chemicals (St Louis, MO). Polyester-
backed thin-layer chromatography (TLC) plates
were obtained from Fisher Scientific Ltd. (Unionville,
Ontario). All solvents used were OmniSolv grade from
BDH Inc. (Toronto, Ontario).

Preparation of [1,2,6,7->H(N)]cortisone

[1,2,6,7-*H(N)]cortisone ~ was prepared from
[1,2,6,7-*H(N)]cortisol by the method of Shaw and
Quincey [44]. Briefly, the labelled cortisol (10 uCi) was
incubated in 1 ml of 509, aqueous acetic acid contain-
ing 1%, (w/v) chromium trioxide at room temperature
for 20 min. The residue from the dichloromethane
extract of the reaction products was chromatographed
by TLC using chloroform/methanol (9:1, v/v) as
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solvent, and non-radioactive cortisol and cortisone as
reference markers. The cortisone-containing region
was scraped off and eluted with ethyl acetate.

Protein estimation

Protein concentration was determined by the
Bradford method using a Bio-Rad (Mississauga,
Ontario) protein assay kit with bovine serum albumin
as standard.

Assay of 118-HSD activity

Preparation of tissue homogenates. Placental tissues
(4-5 g), obtained from pregnant sheep at days 140-143,
were homogenized in 5 vol. of ice-cold 10 mM sodium
phosphate buffer, pH 7.0, containing 0.25 M sucrose
(Buffer A). The homogenate was used immediately
in assays for the respective 11f-dehydrogenase and
11-oxoreductase activity, as described below.

Assay of 11B-dehydrogenase activity. 11f-Dehydro-
genase activity was determined by measuring the rate
of conversion of cortisol to cortisone, as described
previously [26, 45]. Briefly, the assay tubes contained
approx. 100,000 cpm of the labelled cortisol, non-
radioactive cortisol at final concentrations of 0.1, 5 or
10 uM, and 250 uM cofactor (NAD or NADP).
Buffer B (0.1 M sodium phosphate buffer, pH 7.5)
was added to bring the volume up to 0.4 ml. After
10 min incubation at 37°C, 100 1 of tissue homogenate
containing 200-300 ug protein was added. After
incubation for 30 min (preliminary studies indicated
that the rate of reaction was linear with time from
15 to 120min, and with the amount of tissue
homogenates containing between 0.1-1.2 mg protein),
the reaction was stopped and the steroids were
extracted with 4ml ethyl acetate containing 40 ug
mixture of non-radioactive cortisol and cortisone as
carrier steroids. The extracts were dried, and the
residues were resuspended in 100 ul methanol.
A fraction of the resuspension was spotted on a TLL.C
plate which was developed in chloroform/methanol
(9:1, v/v). The bands containing the labelled cortisol
and cortisone were identified under UV light by
the non-radioactive carriers, cut out into scintillation
vials and counted in Scientisafe™ Econol 1 (Fisher
Scientific, Toronto, Canada). From the specific activity
of the labelled cortisol and the radioactivity of
cortisone, the rate of cortisol to cortisone conversion
was calculated, and expressed as the amount of
cortisone (pmol) formed per min per mg protein.

Assay of 11-oxoreductase activity. 11-Oxoreductase
activity was determined similarly except that cortisone
was used as substrate, NADH or NADPH as cofactor,
and Buffer C (0.1 M phosphate buffer, pH 6.0) replaced
Buffer B.

Kineric analysis. Kinetic analyses were performed
as described previously [26], for the respective
dehydrogenase and reductase, and also separately for
the dehydrogenase using NAD or NADP as cofactor.
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Conversion assays were conducted using a fixed
amount of cofactor (250 uM), enzyme preparation
(200-300 g protein), and reaction time (30 min), but
with varying amounts of substrate. The conditions
were chosen so that the initial velocity was linear
with the reaction time and the amount of enzyme
preparation. In addition, the amount of the labelled
substrate was increased proportionally with increasing
amounts of non-labelled substrate in the kinetic studies
such that the rate of conversion in the experimental
tubes was always more than twice that in the blank
tubes (no enzyme). In all cases, the rate of conversion
in the blank tubes (ranging from 1 to 39 of the total
substrate radioactivity) was subtracted from that in
the experimental tubes (ranging from 48 to 89, of
the total substrate radioactivity) before analysis. Each
experiment was carried out in duplicate, and a total
of four experiments were conducted. The data were
plotted as a straight line of s /v against s according to the
Michaelis—-Menten Equation [46], and the K, and V.
values were calculated from the intercepts of these plots
as described [46].

RNA extraction and Northern blot analysis

Total cellular RNA was extracted from the same
placental tissues as were used in enzyme activity
assays, and also from one maternal liver and kidney,
with lithium chloride/urea [47]. The size as well as the
relative abundance of 115-HSD mRNA was assessed
by Northern blot analysis as described previously [13].
Briefly, denatured RNA samples (30 pug) were
subjected to agarose gel (1%,) electrophoresis in the
presence of formaldehyde, and transferred overnight
by capillary blotting to a Zeta-Probe membrane
(Bio-Rad Canada Ltd., Mississauga, Ontario). The
RNA was fixed by UV cross-linking (Gene Cross-
Linker, Bio-Rad) to the membrane which was then
baked under vacuum at 80°C for 60 min. The blot
was hybridized at 42°C for 16 h in the presence of
formamide (50%) and [*P]sheep 118-HSD cDNA.
The ovine liver 118-HSD cDNA [13] was labelled
with [¥P]dCTP (ICN Biomedicals Canada Ltd.,
St Laurent, Quebec; 3000 Ci/mmol) by random
priming [48]. We used a ¢cDNA for mouse 18S rRNA
as an internal control for gel loading and efficiency
of RNA transfer. The same blot was stripped and
reprobed with the radiolabelled 18S rRNA cDNA, as
described previously [13, 49].

RESULTS
Cofactor preference

At 10 uM cortisol, the placental 11f-dehydrogenase
displayed a tendency towards NADP preference, but
showed clear preference for NAD (P < 0.05 when
compared with NADP activity) at 100 nM cortisol
(the activity in the presence of NAD and NADP
was 2704+40 and 150 + 30 fmol/min/mg protein,
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respectively) (Fig. 1). By contrast, the placental
11-oxoreductase displayed marked preference for

NADPH regardless of cortisone concentration
(P < 0.05 in both cases; Fig. 2).
Kinetic characteristics

With cortisol as physiological substrate, the

placental 118-HSD exhibited two distinct levels of
118-dehydrogenase activity, one with higher affinity
(K,, =110 4+ 20 nM) and lower capacity (V. = 630 £+
80 fmol/min/mg protein) and NAD-dependent, the
other with lower affinity (K, = 12 + 2 uM) and higher
capacity (V.. = 6.3 + 1.5 pmol/min/mg protein), and
NADP-dependent (Fig. 3 and Table 1). However,
the placental 115-HSD showed a single NADPH-
dependent 11-oxoreductaseactivity (K, =4.0 + 0.9 uM
and V. = 3.1 + 0.5 pmol/min/mg protein) (Fig. 3 and
Table 1).

118-HSD mRNA

As shown in Fig. 4, there was a single 1.8kb
11-HSD mRNA in the placenta, although its
abundance was much lower than that in the liver.
However, the 1.5kb truncated 115-HSD mRNA,

0.4

No NAD NADP

4.0

3.0

2.0

11B-HSD Dehydrogenase Activity (pmol/min/mg protein)

1.0+

0.0

No

Fig. 1. Cofactor dependence of 11f-dehydrogenase activity in
the presence of different substrate concentrations. Placental
homogenates were incubated with 0.1 (A) and 10 uM (B) of
cortisol in the absence and presence of NAD or NADP for
determining 118-dehydrogenase activity, as described in the
Experimental. Each bar represents mean + SEM (n =4).
Differences in NAD- and NADP-activities were analyzed by
Student’s t-test (*P < 0.05).
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Table 1. Kinetic parameters of placental 118-HSD in the
presence of different cofactors

K V

m

max

115-HSD activity (pM) (pmol/min/mg protcin)
Dehydrogenase (NAD) 0.11 £0.02 0.63 + 0.08
Dehydrogenase (NADP) 12+2 6.3+ 1.5
Reductase INADPH) 49409 3.1+0.5

Kinetic studies were carried out using the placental homogenate as
described in the Experimental. 50, 100, 200 and SO0 nM of
cortisol were used for the NAD-dependent 11f-dehydrogenase,
and S, 10, 20 and 50 uM of cortisol for the NADP-dependent
11f3-dehydrogenase, respectively. For placental 11-oxoreductase,
NADPH was used as cofactor, and 1, 2, 5 and 20 uM of cortisone
were used as substrate. Values are mean + SEM of four separate
experiments.

which was present in the kidney, was not detectable in
the placental total RNA samples by Northern blotting.

DISCUSSION

Placental 115-HSD regulates the transfer of
maternal glucocorticoids to the fetus, and therefore
protects the fetus from exposure to the growth-
inhibiting effects of maternal glucocorticoids [33, 34,
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Fig. 2. Cofactor dependence of 11-oxoreductase activity in the
presence of different substrate concentrations. Placental
homogenates were incubated with 0.1 (A) and 5 uM (B) of
cortisone in the absence and presence of NADH or NADPH
for determining 11-oxoreductase activity, as described in the
Experimental. Each bar represents mean + SEM (n =4).
Differences in NADH- and NADPH-activities were analyzed
by Student’s f-test (*P < 0.05).
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Fig. 3. Plots according to the Michaelis—Menten equation for
determining kinetic parameters. Data from a representative
experiment for the NAD-dependent dehydrogenase (A),
NADP-dependent dehydrogenase (B) and NADPH-
dependent reductase (C) are shown. Assays were conducted
with varying amounts of cortisol (for dehydrogenase) or
cortisone (for reductase), as described in the Experimental.
s, substrate concentration (#¢M); v, velocity (pmol/min/mg
protein).

50]. In the present study, we have characterized
115-HSD activity in the ovine placenta. Qur results
demonstrate that two distinct species of 118-HSD are
expressed in the ovine placenta. One is a reversible
NADP(H)-dependent enzyme, and the other is
NAD-dependent with little reductase activity.
Furthermore, since the truncated 115-HSD mRNA is
absent from the placental tissues, our results reinforce
the notion that the NAD-dependent enzyme identified
in placenta and kidney is the product of a gene distinct
from 115-HSD [3, 25].

In our previous studies, we cloned the ovine liver
115-HSD cDNA which encodes a protein of 292 amino
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-a——— 1.5 kb

Fig. 4. Northern blot of 11§-HSD mRNA. Total RNA samples (30 ug) were analyzed, and the top panel is an
autoradiograph of the blot probed with [**P]sheep 118-HSD cDNA (3 days exposure time). As a control, the
same blot was rehybridized with [*?P]mouse 18S rRNA c¢cDNA (bottom panel; exposure time 1 h).

acids with two potential sites for N-glycosylation [13].
We also characterized 115-HSD activity in the ovine
liver and kidney [26]. We showed that the hepatic
enzyme was reversible, NADP(H)-dependent, and
had a K,, of 8 uM for cortisol. By contrast, the renal
118-HSD contained only dehydrogenase activity that
was NAD-dependent and had a K, of 69nM for
cortisol [26]. In the present study, we have shown
that the ovine placenta contains NADP-dependent
dehydrogenase and NADPH-dependent reductase
activities. Furthermore, the kinetic characteristics of
these activities are similar/identical to those described
previously for the liver 115-HSD [26]. In addition,
the 1.8 kb 115-HSD mRNA, which is predominantly
expressed in the liver [13], is present in the placental
tissues. Thus, the NADP(H)-dependent 118-HSD
in the ovine placenta represents the well-defined liver-
type enzyme and is encoded by the 115-HSD gene.
On the other hand, the placental NAD-dependent
activity represents the kidney-type enzyme since it
has a similar K, for cortisol and lacks the corre-
sponding NADH-dependent reductase activity. Taken
together, these results provide strong evidence for the
co-existence of two distinct species of 115-HSD in the
ovine placenta.

Unlike the rat kidney where both the 1.8 kb and the
1.5kb truncated 115-HSD transcripts are expressed
[51], the sheep kidney contains only the truncated
transcript [13]. It is known that the truncated
11-HSD transcript gives rise to a truncated protein
lacking 26 (rat) [52] or 30 (human and sheep) [12, 13]
amino acids at the N-terminus of the liver protein.
If the distinct 115-HSD activity we characterized
previously in the ovine kidney is associated with this
truncated protein, it is reasonable to expect that
the placenta, which contains the kidney-type activity,
expresses the truncated transcript. Qur results indicate
that this is unlikely to be the case since under the
conditions of the present study we were unable to

detect the truncated 118-HSD transcript in the
placenta. This conclusion is consistent with the find-
ings that the expressed truncated protein in CHO
cells is enzymatically inactive [53]. Thus, the NAD-
dependent 115-HSD activity in the placenta resides in
an enzyme distinct from the well-defined liver protein.
Direct evidence in support of this came from a recent
study in which a 40 kDa NAD-dependent 118-HSD
was purified from human placental tissues [27].
Although the characteristics of NAD-dependent 11f-
HSD activity are similar in kidney and placenta, it
remains to be determined whether the same protein is
produced in the two organs.

115-HSD activity in human placenta was first
demonstrated by Osinski in 1960 [35]. This was
later confirmed and extended by several independent
studies in which the question of cofactor-dependence
[36, 38,42, 54] and reversibility [33, 37-39, 55] was
addressed. Although conflicting results were reported,
the general consensus, based largely upon more recent
studies [43], is that placental 115-HSD in the
human, as we showed here in the sheep, is reversible
and displays preference for both NAD and NADP.
Although the K, of the placental NAD-dependent
118-HSD is similar between human {3] and sheep, the
K, of the placental NADP-dependent 115-HSD in the
sheep is about five times higher than in the human
[42, 43]. The precise reasons for this difference are not
clear at present, although it remains possible that
this may reflect species differences in the placental
115-HSD-mediated control of cortisol transfer
between mother and fetus. If these iz virro data can be
extrapolated to the physiological reactions occurring
in the intact placenta, they suggest that the NAD-
dependent 115-HSD may function much more effec-
tively than the NADP-dependent enzyme since the
former has an affinity for cortisol similar to the physio-
logical level of this hormone in circulation [56].
The potential physiological significance of placental
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115-HSD will be fully appreciated when the relative
cellular distribution of these two isozymes, and changes
associated with advancing pregnancy have been deter-
mined. It has been shown that 11f-dehydrogenase
activity in human placenta decreases towards term
[39, 42]. However, there were no changes in human
placental 115-HSD activity in relation to parturition
[40]. In the baboon placenta, 118-HSD activity
changed from reduction at mid-gestation to oxidation
at term [57]. Further studies in other mammalian
species are required to establish whether species
differences exist with respect to characteristics of
placental 118-HSD activity and changes associated
with pregnancy and labor.

The physiological significance of placental 118-HSD
has been, for many years, a matter of speculation.
It has been proposed that placental 118-HSD protects
the fetus from the growth-retarding effects of maternal
glucocorticoids [33, 34, 50]. Thus, abnormally low
placental 115-HSD activity, by increasing fetal
exposure to maternal glucocorticoids, leads to intra-
uterine growth retardation and high blood pressure in
adulthood. This exciting hypothesis is supported by
the experimental evidence that rat placental 115-HSD
activity correlated positively with term fetal weight.
Furthermore, offspring of rats treated during preg-
nancy with dexamethasone (which is not metabolized
by 115-HSD) had lower birthweights and higher blood
pressure when adult than did offspring of control rats
[50]. If this proves to be true in the human, it will have
significant clinical implications.
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