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Effective glucocorticoid inactivation is currently thought to be an indispensable feature of mineralo-
corticoid target cells. The enzyme 11f-hydroxysteroid dehydrogenase (118-HSD) inactivates gluco-
corticoids and prevents them from binding to the non-selective mineralocorticoid receptor. In the
kidney it is the NAD dependent high affinity isoform (118-HSD2) which is thought to endow
specificity on the receptor. The recent cloning of the human, sheep and rabbit 11§-HSD2 enzymes
permits a comparison of the enzyme from the three species. Human and rabbit enzymes are 879%,
identical and of similar length, while the human and sheep enzymes have only 759, identity. The last
12 residues in all three species were found to be highly divergent, but most of the ovine dishomology
can be accounted for by the deletion of a single nucleotide toward the C-terminus of the protein
resulting in a shift in reading frame generating a protein 27 residues longer than the human isoform.
Numerous other deletions were also observed in this region of the sheep cDNA sequence. Further-
more, the rabbit cDNA also displayed a large degree of dishomology with the human sequence a
short distance downstream from the termination codon. Conserved overlapping cytoplasmic
translocation signals were observed in all three species, suggesting a topology whereby the enzyme
is anchored into the endoplasmic reticulum by multiple hydrophobic regions in the N-terminus and
the bulk of the 118-HSD2 peptide is sited in the cytoplasm. A polyclonal antibody generated against
the C-terminus of human 118-HSD2 was used to localize the enzyme within the kidney. A high level
of immunoreactivity was observed in distal tubules and collecting ducts, localizing the enzyme to
the same part of the nephron as the mineralocorticoid receptor. Moderate levels of staining were
also seen in vascular smooth muscle cells. These results support the notion that 11-HSD2 is an
autocrine protector of the mineralocorticoid receptor and that it plays an important role in
cardiovascular homeostatic mechanisms.
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INTRODUCTION coid receptor [3]. A low affinity isoform of the enzyme
(113-HSD1) exists in the liver where it performs the
reverse reaction, producing active glucocorticoid by
converting cortisone to cortisol. In the distal tubule of
the kidney, however, a high affinity unidirectional
118-HSD isoform (118-HSD2) converts glucocorti-

coids to their inactive 11-keto metabolites [4]. Inhi-

The study of the regulation of active hormone concen-
trations at the level of the target cell has recently
become an important subject. In the kidney glucocorti-
coids are inactivated [1,2] by the enzyme 118-
hydroxysteroid dehydrogenase (118-HSD) allowing

aldosterone to occupy the non-selective mineralocorti-
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bition of 118-HSD activity by licorice leads to sodium
retention, hypokalemia and elevated blood pressure [5],
symptoms similar to those observed in the congenital
syndrome of apparent mineralocorticoid excess (AME)
where patients also display low cortisone to cortisol
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ratios and reduced 5f-reductase metabolites in the
urine [6]. The parallel modulation of these two en-
zymes has led some workers to suggest that a common
circulating factor may be responsible [7]). However,
recent clinical data has failed to show any correlation
between inhibitors extracted from urine, and mineralo-
corticoid receptor activation and 115-HSD activity [8].

Numerous studies have provided evidence for a high
affinity NAD-dependent 118-HSD enzyme distinct
from the NADP dependent 118-HSD1 [9, 10-13].
An early study showed that the rat kidney contained
an NAD-dependent activity localized to the distal
nephron [9], clearly distinct from the medullay localiz-
ation of 118-HSDI1. In retrospect, the rat kidnev
proved to be a complex tissue to study with both
isoforms of the enzyme present in high amounts, while
human kidney appears not to contain appreciable
amounts of the 115-HSD1 isoform [14]. While the role
of 118-HSDI1 in the rat medulla remains unknown it
is possible that, consistent with transfection studies
with the cloned ¢cDNA [15], this enzyme serves as an
oxidoreductase in the proximal tubule.

The human 115-HSD2 enzyme was recently cloned
from a kidney expression library [16]. Characterization
of the cloned species showed the enzyme to be NAD-
dependent, have a high affinity for glucocorticoids, to
be exclusively dehydrogenase in directionality and in-
hibitable by glycyrrhetinic acid, the active component
of licorice. Northern blot analysis showed the 11§-
HSD2 gene to be highly expressed in kidney and
placenta, with undetectable levels in the liver. These
results are in excellent agreement with previous in vitro
studies, confirming the authenticity of the cloned
enzyme [9,11-13]. The 118-HSD1 and 118-HSD2
enzymes belong to the short-chain alcohol dehydro-
genase superfamily (17, 18] but there is only 149,
identity between the two isoforms. Instead, 11-HSD?2
is almost closely related to 17-HSD2 [19] with which
it is 349, identical. Ovine and rabbit 11§-HSD2 en-
zymes [20, 21] have also been cloned recently and this
study will compare all three species.

Further work from our laboratory has focused on the
localization of the enzyme within various tissues. We
have recently raised a polyclonal antibody to human
114-HSD2 and performed immunohistochemicial
studies in the kidney and placenta [22]. The present
report also includes additional localization studies in
the kidney.

MATERIALS AND METHODS
Clonming strategy

Full details of the cloning strategy have been pre-
sented elsewhere [16]. Briefly, a human kidney cDNA
library in pcDNA1 was transfected into CHOP [23]
cells. Three days later radioactive corticosterone was
added to the culture medium, incubated overnight and
the medium assayed for the presence of steroid metab-
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olites by thin layer chromatography. Positive pools
were identified and a single clone isolated by sibling
selection.

Immunohistochemistry

A peptide corresponding to the last 15 residues of
human 115-HSD2 was synthesized. Generation of the
antiserum, immunopurification of the antibody and
immunohistochemistry were performed as previously
described [22].

RESULTS

The human 118-HSD2 ¢DNA clone isolated by
expression screening is 1872 bases in length and con-
tains an open reading frame of 405 amino acids (Fig. 1.
Two features of the cDNA sequence are immediately
apparent. First, the 5 untranslated region is highly
GC rich, suggesting the possibility of significant
mRNA secondary structure. However, computer
analysis for secondary structure revealed only one pair
of seven nucleotide elements which may form a signifi-
cant stem in the classical stem and loop structure.
Secondly, nucleotides surrounding the initiator codon
(GGCCGCCATGG) conform well with the Kozak
[24] consensus sequence (GCCAGCCAUGG).

A comparison of the human, rabbit and sheep 11f-
HSD2 enzymes is shown in Fig. 2. The respective
lengths of these proteins are 405, 406 and 427 residues.
The extra length of the ovine protein is due to frame
shifts resulting from the deletions of nucleotides
starting at a position corresponding to 1181 nucleotides
in the human cDNA. There is an 879, identity between
human and rabbit sequences and a 759% identity
between human and sheep. The highest degree of
sequence dissimilarity is seen in the C-terminal region,
in particular the last 12 residues in each sequence are
highly divergent. However, despite frame shifts in the
ovine sequence comparison of the three proteins by the
Clustal4 algorithm [25] shows an interesting alignment
of Proline residues in this region. Five positions con-
tain conserved prolines in all three species over a
stretch of 25 amino acids. Potential N-linked glycosyla-
tion sites are not conserved and occur at residues
394-396 in the human, at 272-274 in the rabbit, and at
96-98 and 245-247 in the sheep. In the human enzyme
there are cytoplasmic translocation signals, Arg—-Arg, at
positions 335, 336 and 359, 360. The motif at position
335 is conserved in the rabbit while the one at position
359 is conserved in the sheep sequence.

We further explored the divergence of the ovine and
human C-terminal regions by aligning the correspond-
ing cDNA sequences (Fig. 3). The ovine sequence was
found to contain numerous deletions and one insertion
of three nucleotides when compared to the human
¢cDNA. Overall the region 1164-1330 nucleotides in the
sheep contains the highest degree of divergence with
the human ¢cDNA while sequences immediately 5" and
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3" remain highly conserved. The overall degree of
conservation suggests that the differences are not due
to splicing events. Comparison of the rabbit and human
sequences over the same region showed a high degree
of dishomology beginning at nucleotide 1380 in the
human sequence, well beyond the termination codons
in both species (results not shown). The high degree of
dissimilarity here may be due to either a gene insertion
event or to RNA splicing.

As part of on-going studies to characterize the 118-
HSD2 enzyme we have raised a polyclonal antibody

(HUH23) to a synthetic peptide deduced from the
human cDNA. Figure 4 shows a low power view of a
section of human kidney cortex stained with the
immunopurified antiserum. Intense staining was
observed in distal convoluted tubules and collecting
ducts. Occasionally populations of distal tubules
showed only moderate staining.

In Fig. S is shown a high power magnification of a
section of human kidney cortex. Again intense staining
was observed in distal convoluted tubules while smooth
muscle cells of an artery showed moderate reactivity.

——— r—
ccccccccp.Gccccc'rGTAcccccccACchsccccccGccc'mcuccTcch-cchcccc'rccccccgccccccccgg
10 3 40 0 0 7

METE R W P W P S G G A W L L V A A
CCCCGCCCCECCCCAGCCCGCTEEGCCGCCATGGAGCGCTGGCCTTGGCCGTCGGGCGGCGCCTGGCTGCTCGTCGCTGC
90 100 110 120 130 140 150 160

R A L L QLLURSODULZ RTLGRTPTULTLA A ATLATLLAARA
CCGCGCGCTGCTGCAGCTGCTGCGCTCAGACCTGCGTCTGGGCCGCCCGCTGCTGGCGGCECTGGCGCTGCTGGCCGCGC
170 180 190 200 210 220 230 240

L DWULCQRILILU®PPZPAATLA AVILAAAMLG®WTIATLS
TCGACTGGCTGTGCCAGCGCCTGCTGCCCCCGCCGGCCGCACTCGCCGTGCTGGCCGCCGCCGGCTGGATCGCGTTGTCC
250 260 270 280 230 300 310 320

R L AR P Q RLPV AT RUAUVLTITTGTCDSTGTFGK E
CGCCTGGCGCGCCCGCAGCGCCTGCCGGTGGCCACTCGCGCEETGCTCATCACCGGCTGTGACTCTGGTTTTGGCAAGGA
330 340 350 360 370 380 390 400

T A K K L D SMETG F T V L A T VvV L E L N S P G A 1 E
GACGGCCAAGAAACTGGACTCCATGGGCTTCACGGTGCTGGCCACCGTATTGGAGTTGAACAGCCCCGGTGCCATCGAGC
410 420 430 440 450 460 470 480

L. RTcc s PRULRTILTIULI QMETD L T XK P G D I S R L L E
TGCGTACCTGCTGCTCCCCTCGCCTAAGGCTGCTGCAGATGGACCTGACCAAACCAGGAGACATTAGCCGCTTGCTAGAG
490 500 510 520 530 540 550 560

F T K A HT T S T G L WG L V NNAGHNEUV V A D A
TTCACCAAGGCCCACACCACCAGCACCGGCCTGTGGGGCCTCGTCAACAACGCAGGCCACAATGAAGTAGTTGCTGATGC
570 580 590 600 610 620 630 640

E L S P V AT F R S CMETE V N F F G A L E L T K G L
GGAGCTGTCTCCAGTGGCCACTTTCCGTAGCTGCATGGAGGTGAATTTCTTTGGCGCGCTCGAGCTGACCAAGGGCCTCC
66 670 680 690 700 710 720

L PLLRSSRUGRTIUVTV G S P AGDMETP Y P C L G
TGCCCCTGCTGCGCAGCTCAAGGGGCCGCATCGTGACTGT AGCCCAGCH ACATGCCATATCCGTGCTTGGGG
730 740 750 760 770 780 790 800

A Y G T S K A A V A L LMETD T F S C E L L P W G V K V
GCCTATGGAACCTCCAAAGCGGCCGTGGCGCTACTCATGGACACATTCAGCTGTGAACTCCTTCCCTGGGGGGTCAAGGT
810 820 830 840 850 860 870 880

S 1 1 Q P G C F KTE SV RNUVGO QWET KT RTI KT GQTLL
CAGCATCATCCAGCCTGGCTGCTTCAAGACAGAGTCAGTGAGAAACGTGGGTCAGTGGGAAAAGCGCAAGCAATTGCTGC
890 900 910 920 930 940 950 960

L A N L P Q E L L Q A Y¥Y G KD Y I EHULUHTGT QTFTLH S
TGGCCAACCTGCCTCAAGAGCTGCTGCAGGCCTACGGCAAGGACTACATCGAGCACTTGCATGGGCAGTTCCTGCACTCG
970 980 990 1000 1010 1020 1030 1040

L R L AMETS D L T P V V D A I T D A L L A A R P R R R
CTACGCCTGGCCATGTCCGACCTCACCCCAGTTGTAGATGCCATCACAGATGCGCTGCTGGCAGCTCGGCCCCGCCGCCE
1050 1060 1070 1080 1090 1100 1110 1120

Y Y P G Q G L G LMETY F I H ¥ Y L P E 6 L R R R F L
CTATTACCCCGGCCAGGGCCTGGGGCTCATGTACTTCATCCACTACTACCTGCCTGAAGGCCTGCGGCGCCGCTTCCTGC
1130 1140 1150 1160 1170 1180 1190 1200

QA F F I s HCUL PRAILUW QPGOGQTPGTTTUPUZPGQGD a A
AGGCCTTCTTCATCAGTCACTGTCTGCCTCGAGCACTGCAGCCTGGCCAGCCTEGCACTACCCCACCACAGGACGCAGCC
1210 1220 1230 1240 1250 1260 1270 1280

D P N L S PG P S P A V AR
CAGGACCCAAACCTGAGCCCCGGCCCTTCCCCAGCAGTGGCTCGGTGAGCCATGTGCACCTATGGCCCAGCCACTGCAGC
1290 1300 1310 1320 1330 1340 1350 1360

ACAGGAGGCTCCGTGAGCCTTGG TTCCTCCCCGAAAACCCCCAGCATTACGATCCCCCAAGTGTCCTGGACCCTGGCCTA
370 1380 1390 1400 1410 1420 1430 1440

AAGAATCCCACCCCCACTTCATGCCCACTGCCGATGCCCAATCCAGGCCCGGTGAGGCCAAGGTTTCCCAGTGAGCCTCT
1450 1460 1470 1480 14%0 1500 1510 1520

GCGCCTCTCCACTGTTTCATGAGCCCAAACACCCTCCTGGCACAACGCTCTACCCTGCAGCTTGGAGAACTCCGCTGGAT
1530 1540 1550 1560 1570 1580 1590 1600

GGGAGTCTCATGCAAGACTTCACTGCAGCCTTTCACAGGACTCTGCAGATAGTGCCTCTGCAAACTAAGGAGTGACTAGG
1610 1620 1630 1640 1650 1660 1670 1680

TGGGTTGGGGACCCCCTCAGGATTGTTTCTCGGCACCAGTGCCTCAGTGCTGCAATTGAGGGCTAAATCCCAAGTGTCTC
1690 1700 1710 1720 1730 1740 1750 1760

TTGACTGGCTCAAGAATTAGGGCCCCAACTACACACCCCCAAGCCACAGGGAAGCATGTACTGTACTTCCCAATTGCCAC
1770 1780 1790 1800 1810 1820 1830 1840

ATTTTAAATAAAGACAAATTTTTATTTCTTCTAAAAAAAAAAA
1850 1860 1870 1880

Fig. 1. Complete cDNA and deduced protein sequences of the human 113-HSD2 enzyme. Arrows indicate the
position and extent of secondary structure formation in the 5’-untranslated region.
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HUM~HSD2 MERWPWPSGGAWLLVAARALLQLLRSDLRLGRPLLAALALLAALDWLCQRLLPPPAALAV
RAB-HSD2 MERWPWPSGGAWLLVAARALIQLLRADLRLGRPLLAALALLAALDWLCQSLLPPSAALAV
SHE-HSD2 MESWPWPSGGAWLLVAARALLQLLRADLRLGRPLLAALALLAALDWLCQRLLPPLAALAV
KR KARRRRIRNRIRRRRI, KAk AR RRRA AR AR AR A RR IR Hhhh Ak Rk
HUM=-HSD2 LAAAGWIALSRLARPQRLPVATRAVLITGCDSGFGKETAKKLDSMGFTVLATVLELNSPG
RAB-HSD2 LAAAGWIALSRLARPQRLPVATRAVLITGCDSGFGKETAKKLDAMGFTVLATVLEMNGPG
SHE-HSD2 LAATGWIVLSRLARPQPLPVATRAVLITGCDSGFGNATAKKLDAMGFTVLATVLDLNSPG
hkk hkd hhkhhkhh Ahkhhhhhkh kA hkh ok  kkdkkh hhhhhhhhhdh ok k¥
HUM~HSD2 AIELRTCCSPRLRLLOMDLTKPGDISRLLEFTKAHTTSTGLWGLVNNAGHNEVVADAELS
RAB-HSD2 ALELRACCSPRLKLLQOMDLTKPADISRALEFTKAHTTSTGLWGLVNNAGHNDVVADVELS
SHE-HSD2 ALELRACCSSRLQLLQMDLTKPADISRVLEFTKVHTASTGLWGLVNNAGQNIFVADAELC
Ko kkk hkk kk AARAhRRAE ARk RkkAk Ak AhAhh Rk hhhhd & hkk kk,
HUM-HSD2 PVATFRSCMEVNFFGALELTKGLLPLLRSSRGRIVTVGSPAGDMPYPCLGAYGTSKAAVA
RAB-HSD2 PVATFRNCMEVNFFGALELTKGLLPLLHHSRGRIVTLGSPAGEMPYPCLAAYGTSKAAMA
SHE-HSD2 PVATFRTCMEVNFFGALEMTKGLLPLLRRSSGRIVTVSSPAGDMPFPCLAAYGTSKAALA
ARAIRK RRRRKRRARER KARXARAN | * _dkhkhk kR Ah *h Khk Fhkkkrkhd &
HUM-HSD2 LILMDTFSCELLPWGVKVSIIQPGCFKTESVRNVGQWEKRKQLLLANLPQELLQAYGKDYI
RAB~-HSD2 LLMDAFSCELLPWGVKVSVIQPGCFKTESVSNVSHWEQRKQLLLANLPGELRQAYGEDY I
SHE-HSD2 LLMGNFSCELLPWGVKVSIILPACFKTESVKDVHQWEERKQQLLATLPQELLQAYGEDYI
hhk  khhkhhhhhhhhh ok ok hkhkhAk Kk kR khh kkk_kk Kk khkk khk
HUM-HSD2 EHLHGQFLHSLRLAMSDLTPVVDAITDALLAARPRRRY YPGQGLGLMYFIHYYLPEG~LR
RAB-HSD2 EHLHREFLHSLRLALPDLSPVVDAITDALLAARPRPRYYPGRGLGLMYFIHYYLPEG-LR
SHE~-HSD2 EHLNGQFLHSLSQALPDLSPVVDAITDALLAAQPRRRYYPGHGLGLIYFIHYYLPEGCGR
Tk,  hRRkR, Kk Ak RARARRRRARRIR R RRRAA AARA Ak khhkhhkr &
HUM-HSD2 RRFLQAFFISHC-==~- LP--RALQPGQ-PGTTPPQDAAQD-PNLSPGPSPAVAR-=~~~
RAB-HSD2 RRFLQSFFIIPC~———-- LP--RALRPGQ-PGATPAPDTAQDNPNPNPDPSLVGAR=~~——
SHE-HSD2 VSCSPSSSVPMCQEHYRLPAWPYLCPGHSPGPRPQTGPLSHCPVSRAHVEQLQQRRFLVP
P L AL L L U S S P T ox
HUM-HSD2 = =  —==——mo
RAB-HSD2 = = W —~===we-
SHE-HSD2 LLFFQVF

Fig. 2. Multiple alignment of the human (HUM-HSD?2), rabbit (RAB-HSD2) and sheep (SHE-HSD2) 115-HSD2
protein sequences [16, 21, 20]. Asterisks denote positions of identity in all three enzymes and dots indicate
conservative changes. Alignment was performed by the CLUSTAL4 algorithm [25].

Furthermore, HUH23 also showed some staining of preincubation of the antibody with the immunizing
visceral epithelial cells of the outer capillary loop of a peptide [22].
glomerulus. Figure 6 shows a high powered view of a

renal artery stained with HUH23 more clearly illustrat- DISCUSSION
ing staining of all smooth muscle cells surrounding the
blood vessel. We have previously validated the specifi- The recent expression cloning of the 115-HSD2

city of HUH23 immunoreactivity in the kidney by enzyme from three species has permitted a comparison

HUM~HSD2 1209 TTCATCAGTCACTGTCTGCCTCGAGCACTGCAGCCTGGCCAGCCTGGCACTACCCCACCA

SHE-~-HSD2 1097 TTCATCAGTCCCTATGTGCCAAGAGCACTACAGGCTG-CCAGCCTGGCCTTACCTCTGCC
hkRhAhAhhr hk k khkdk  hhkhkhhk khkk khdk khkhhkhkhkhkhkd kkkk * ok

HUM-HSD2 1269 CAGGACGCAGCCCAGGACCCAAACCTGAGCCCCGGCCCTTCCCCAGCAGTGGCTCGC@

SHE-HSD2 1156 CGGGACATA-CCCAGGACCAAGGCCCCAGACTGGACCCCTCTCC--CACTG-CCCAGTGA
* kkkk ok kkhhkhkdhh k  kk  kk ok Kk kkk kk kk kk kk k k kkkk

HUM-HSD2 1329 GCCATGTGCACCTATGGCCCAGCCACTGCAGCACAGGAGGCTCCGTGAGCCTTGGTTCCT

SHE-HSD2 1212 GC-AGG-GCACATGTAG-—--AGCAGCTCCAGCAGAGGAGGTTCCTTGTGCCCTTGCTCTT
kk k Kk kkkk x % * ddk  kk kkkkh hhkkkhkhk kkk kk kkk Kk * kk *

HUM-HSD2 1389 CCCCGAAAACCCCCAGCATTACGATCCCCCAAGT--GTCCTGGACCCTGGCCTAAAGAAT

SHE~-HSD2 1267 CTTCCA-=-===w=== GGTATT CCCCAAGGTCTGCCCTAGAGCCTGGCCCAAAGGAC
* ok & x khk khhkk Kk kk Kk hkhk khk hhkhkhkkk hhkk *

HUM-HSD2 1447 CCCACCCCCACTTCATGCCCACTGCCGATGCC~CAATCCAGGCCCGGTGAGGCCAAGGTT

SHE-HSD2 1319 CCCAACCC—====—~ ATGC~~ACTGCCGATGCCACAGGCCAGGCCTGGTGAGGTGAAGGCT
khkkdk hkk hhkkhk hkhhkkkhkkkhkhkk hk  KAkhhkkk khkkkkrkk Khkkk X

Fig. 3. Alignment of human (HUM-HSD2) and sheep (SHE-HSD2) ¢cDNA sequences surrounding termination
codons. Stop codons are boxed. Alignment was performed by the CLUSTAL4 algorithm [25].
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of protein sequences. Human and rabbit sequences are
of similar length and most highly conserved save for 12
residues at the C-terminus. The sheep sequence differs
from both these proteins in that it is significantly longer
due to single nucleotide deletions which result in frame
shifts in the coding sequence. These deletions may have
arisen as part of the same evolutionary process which
gave rise to the more extensive divergence further
downstream. The frame shifts in the sheep cDNA
sequence produce a non-conserved peptide of 69 amino
acids starting from residue 358. However, despite the
changes in reading frames comparison of 11§-HSD2
from all three species showed an interesting alignment
of prolines in the C-terminal region. Proline residues
are often found at f-turns, suggesting that 115-HSD2
is extensively folded in this region.

Little is currently known about the topology of the
microsomal 11-HSD2 enzyme. Recent studies on the
115-HSD1 isoform have revealed a single trans-
membrane segment at the N-terminus, with the bulk
of the polypeptide chain projecting into the lumen of
endoplasmic reticulum [26]. Hydropathy analysis

of the 118-HSD2 protein sequence suggests that the
enzyme is anchored by three transmembrane segments
at the N-terminus [27]. The identification of conserved

461

cytoplasmic translocation signals suggests that 118-
HSD2 projects into the cytoplasmic side of the endo-
plasmic reticulum. The two isoforms of 115-HSD thus
appear to be localized within different intracellular
compartments.

Previous studies on the 11§-HSD1 enzyme in the rat
showed that it was localized in proximal tubules [28]
while the mineralocorticoid receptor was sited in distal
tubular elements [29], leading workers to suggest a
paracrine mode of protection. However, other studies
have shown that 118-HSD1 is unlikely to protect the
receptor on the grounds of its proximal tubular
localization, low affinity for glucocorticoids and the
observation that it acts as an oxidoreductase in miner-
alocorticoid responsive toad bladder cells [15]. In the
present study we used a highly specific antibody [22] to
demonstrate that 118-HSD2 colocalizes with the
mineralocorticoid receptor in distal tubules and collect-
ing ducts; these results suggest a mechanism consisting
of autocrine protection of the receptor:

Occasionally distal tubules showed only moderate
staining. This suggests that the concentration of the
enzyme varies between populations of tubules. This
variation may be a reflection of a normally low ex-
pression in some distal tubules or it may be due to the

Fig. 4. Immunohistochemical localization of 11-HSD2 in a section of human kidney cortex using the HUH23

antibody. D, distal convoluted tubule; C, collecting duct; G, glomerulus; T, distal tubules (tnagnification x 124).
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modulation of enzyme expression by the surrounding
milieu. The role of the low amounts of 115-HSD2
staining in the visceral epithelial cells of the outer
capillary loop of the glomerulus must remain speculat-
ive, but it is interesting to note that the mesangial cells
do not appear to be immunoreactive with the HUH23
antiserum. Studies on the 115-HSD activity in isolated
tubules and glomeruli from the human kidney have also
shown considerable variability [30].

Smooth muscle cells of the vasculature also showed
moderate staining with the HUH23 antibody. The rat
mesenteric vascular arcade has previously been shown
to be highly aldosterone-selective in vivo, and in vitro
shows considerable levels of 115-HSD activity [31].
These observations are consistent with a more recent
study suggesting that glucocorticoids and mineralo-
corticoids modulate vascular smooth muscle cell con-
tractility by affecting the Na* and/or Ca®* transport
systems in these cells [32]. In vvo studies in human
subjects also support an important role for 118-HSD?2
activity in the vasculature [33]. By including AME
patients in their study, and the use of enzyme inhibi-
tors, these authors concluded that 115-HSD modulates
the access of cortisol to vascular receptors and thereby
influences vascular sensitivity to noradrenaline, confir-

Z. Krozowski et al.

ming previous results obtained in a study on cortiscl
induced hypertension in man [34]. In another study,
11-HSD activity was found to be defective in a
proportion of patients with essential hypertension. The
defect was not associated with mineralocorticoid excess
and it was suggested that it may cause hypertension by
increasing exposure of vascular steroid receptors to
cortisol [35]. Given the present identification of 11f-
HSD?2 in both the distal tubule and vascular smooth
muscle cells the above observation in hypertensive
patients would suggest that the enzyme may be differ-
entially regulated at the two sites.

The recent expression cloning of 11-HSD2 from
the kidneys of three species and the localization of the
enzyme to the distal nephron and vasculature has
implications for the type I form of AME. The fact that
the same protein was cloned in all three instances
suggests that it is the most abundant renal 115-HSD
in these species. The identification of 118-HSD2 in
mineralocorticoid target cells and vascular smooth
muscle cells is consistent with a defect in this enzyme
leading to sodium retention and the development of
hypertension in these patients. What remains to be
explained is why 5f-reductase activities are also com-
promised in this syndrome and in some hypertensives

Fig. 5. HUH23 localization of 118-HSD2 in human kidney cortex. A, artery; D, distal convoluted tubule;

E, visceral epithelial cells; G, glomerulus; V, vascular smooth muscle cells (magnification x 310).
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Fig. 6. Staining of an interlobular renal artery with the HUH23 antibody. A, artery; V, vascular smooth muscle
cells (magnification x310).
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