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Membrane-bound peptidases are critical regulators of peptide hormones. We therefore characterized aminopeptidase A {(APA) activity in human
glomerular epithelial cclls (HGEC) and studied the control of its expression. APA, which splits off the N-terminal Asp from angiotensin {1 (AID,
was present al the surface of HGECs (55% of the total enzyme). APA activity was calcium-dependent and was inhibited by amastatin. Treatment
of HGECs by dexamethasone (DEX) increased ecto-APA activily in a dose- and time-dependent manner. Maximal incrcase of APA activily {x
2) occurred after treatment with 0.5 #M DEX for 5 days. Higher concentrations {1- 10 M) of aldosterone (ALD) stimulated APA activity to a
lesser extent (x 1.25). Actinemycin ID and cycloheximide prevented and RU 38486, & glucocorticoid receptor antagonist, suppressed the DEX-
induced increase in APA activity. These results indicate that All availability at glomerular receptor sites may be reduced by DEX and supggest a
role for glucocorticoids in 'A]l-dependcm changes of glomerular filtration rate.

Aminopeptidase A: Glomcerular epithelial cells; Glucocorticoids; Angiotensin 11

1. INTRODUCTION

Aminopeptidase A (angiotensinase A, APA, L-a-
aspartyl(L-a-glutamyl)-peptide hydrolase. EC 3.4.11.7)
is a membrane-bound peptidase which modulates the
physiological responses to angiotensin 11 (All) and
other peptides by degrading them to inactive metabo-
lites. Vascular endothelial cells [1}, placental microvilli
{21, pre-B and immature B lymphocytes [3]. and various
regions of the kidney [4,5] are rich in APA activity. The
cDNA encoding the BP-1/6C3 antigen, which is identi-
cal to APA, has been isolated and characterized in mu-
rine pre-B cells [6]. BP-1/6C3 expression was induced by
interleukin 7 in pre-B cells but not in mature B-cells [7].
In the kidney, APA activity is high in the glomerulus,
particularly in the podocytes, and in the proximal tu-
bule, where its activity is mostly located in the brush
border [4,5].

To evaluate the possible regulation of this enzyme, we
investigated the effects of glucocorticoids on APA in
human glomerular epithelial cells (HGEC). Aminopep-
tidase N (APN, EC 3.4.11.2), another epithelial cell
surface peptidase, was studied in parallel. The results
show that glucocorticoids induce APA expression in
HGECs. Evidence is also presented that this effect oc-
curs through a receptor-mediated mechanism.
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2. MATERIALS AND METHGUGDS

2.V, Materials

Cell culture medium, antibictics and other malterials for culture
were from Flow Laboratories (Irvine, UK). Ceill ¢culture Petri dishes
and plates were from Nunc (Roskilde, Denmark) or Costar (Cam-
bridge. MA). L-glutamic acid-4-nitroanilide was from Scrve (Heidel-
berg, Germany): ["Hlithymidine (25 Cimmol) was from Dositek
(Orsay, France); alanine p-nitroanilide, gly-pro-p-nitroanilide, dexa-
methasone, aldosterone, actinomycin D, cycloheximide and amastatin
were from Sigma (St. Louis, MO). The glucocorticoid antagonist. RU
38486, was a gift from Rousscl-Uclaf (Paris. France); angiotensin I
{Asn', Vai® All) was donated by Ciba Geigy (Basel, Switzerland).

2.2. Epithelial cell culture

Isolation and characterization of HGEC werc performed as previ-
ously described [8]. Glomeruli were prepared by differential sieving and
centrifugation from human cadaver kidneys judged unsuitabie for
transplaniation. A homogeneous population of epithelial cells was
obtained by collagenase digaestion of isolated glomeruli. These cells
were celtured at 37°C in RPMI 1640 medium buffered with 29 mM
HEPES to pH 7.4 and supplemented with 10% fetal calf serum, 100
U/ml penicitlin, 100 gg/ml streptomycin and 2 mM glutamine under
an atmosphere of 5% CO,95% air. HGEC reached confluence after
10--15 days. They were subcultured and studiced after one to three
passages.

2.3. Enzyme assays
Surface APA activity was determined on confluent cultures of
HGEC in 24-well plates. Cells were rinsed three times and incubated
at 37°C in 50 mM Tris-HCI buffer, pH 8.0, containing 130 mM NacCl
and 10 mM CacCl,. The enzymatic reaction was started by addition of
10 mM L-gluta.nic acid-a-4-nitroanilide. Incubation was carried out
with gentle agitation for 10- 30 min under zero-order kinetic condi-
tions. The amount of p-nitroanilide formed was measured in the super-
natant by reading at an OD of 405 nm. Celi-free and substrate-free
blanks were run in parallel.
Surface APN activity was determined similarly but in phosphate-
buffered salinc, pH 7.8, containing NaCl (140 mM), MgC1, (1.0 mM).
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Na . HPO, (9 mM NaH . PO, (9 mM). KHPO, (1.5 mM). KCl 3
mM). Alanine p-nitroanilide (1.5 mM) was used as substrate. Dipepti-
dylpeptidase 1TV was assaved in a 50 mM Tris-HCI buffer. pH 8.0,
containing NaC (130 mM), MgCT, (1 mM)and gly-pro-p-nitroamlbide
(1.5 mM) as substrate. Total enzyme activity was measured in cells
which were sonicated using a Branson sonicator (model W 185 D,
Branson Sonic Power Co, Danbury, USA) at position 3. The tube
containing the cells was immersed in iced water and the sample was
sonicated for 60 s.

2.4. Determination of cel protein and DN A syvnthesis

Cell protein was estimasted according to Lowry et al. [9] using
bovine serum albumin as standard. DNA synthesis was assessed using
(‘Hlthymidine incorporation. Cells were incubated with dexametha-
sone at increasing concentrations for 72 h. PHthymidine (1 g2Cirwell)
was added 17 h before harvesting. At the end of incubation, the celis
were washed and TCA-precipitable radioactivity was measured by
liguid scintitlation spectroscopy.

2.5, Statisrical analyvais

Enzyme activily was expressed as nmol p-nitroanilide formed per
minute and per mg of cell protesn. Values are given as means * SE.
Comparisons between groups were analysed using Student’s s-1est and
analysis of variance. Correlation betwecn two parameicrs was estimat-
ed by regression analysis.

3. RESVLTS

3 1. Characterization of swurface arminopeptidase 4
Surface APA activity was determined on viable celis
in culture. Viability was determined by the Trypan blue
exclusion method. The amount of substrate hydrolysed
was lincar over 10-30 min making it unlikely that a
significant portion of substrate was hydrolysed after
entering the cells. Most of the APA activity (55% of the
total enzyme) was expressed at the cell surface. At a
substrate concentrtaion of glutamyl p-nitroanilide of 1.5
mM. APA activity was inhibited by 43.1% with | mM
A 1I. Aspartic and giutamic acid (10 mM) inhibited
APA activity by 20.2% and 15.2%, respectively. Ama-
statin {30 #M), an inhibitor of aminopeptidases, reduc-
e’ the activity of APA by 82.5%. Preircatment of
HGE( with EDTA {5 mM) and omission of divalent
cations in the incubation medium reduced APA activity
to 33% of that obtained in the presence of 1 mM CacCl,.

3.2. Induction of surface aminopepridases

APA, but not APN activity, increased significantly
with time in cells exposed to 0.5 uM dexamethasone
(Fig. 1). Stimulation was significant after 24 h incuba-
tion (£ < 0.01) and increased progressively over the 5
days of study. Dose—response curves of APA and APN
activities as a function of the concentration of dexame-
thasone in the incubation medium are shown in Fig. 2.
APA activity increased significantly (P < 0.01) (1.8
times basal value) at 0.5 4M dexamethasone. Increasing
concentrations of dexamethasone produced similar or
slightly lower increases. APN activity was also stimulat-
ed by dexamethasone but to a lesser extent (1.14 times
basal value at 0.5 #M) than for APA activity. In con-
trast with APA, APN stimulation increased progressiv-
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Fig. 1. Aminopeplidase A (open circles, APA) and aminopeptidase N

(closed circles, APN) activities in the presence of 3.5 uM dexametha-

sone as a fluaction of time. Mcans + SE of 4 determinaiions z re shown.

Data were analysed by regression analysis. APA activity increases

significantly with time (r = + 095, P=<0.001). There is no significant
correlation for APN.

ely with dexamethasone concentration to reach a pla-
teau at 5-10 gM. The stimulation of APA and APN
activities was not the result of an effect of dexametha-
sone on cell growth since PHthymidine incorporation
was unchanged at concentrations between 0.1 and 5 uM
and even diminished (— 34%) at 10 #M. Dose-responsy
curves with aldosterone arc presented on Fig. 3. Aldo-
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Fig. 2. Aminopeptidase A (open circles, A) and aminopepticiasc N

(closed circles. B) activitics as a function of dexamecthasone concentra-

tion. HGEC were cultured with dexamethasone for 72 h. Means +SE

of 4 determinations are shown. Data were analysed using Student’s

r-test. Aminopeptidase A and N activities at concentiations of dexa-

methasone oqual to or higher than 0.5 4M are significantly greater
than control (£ < 0.05).
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sterone stimulated APA activity but higher concentra-
tions (1- 10 u#M) were required and stimulation was less
(1.25 times basa! value) than with dexamethasone. APN
activity also increased with aldosterone treatment (1.34
times basal value). Surface HGEC dipeptidylpeptidase
1V activity (DDP IV) remained unchanged after 72 h
exposure to 0.1-10 uM dexamethasone (data not pre-
sented).

To evaluate whether the effect of dexamethasone on
APA required synthesis of a new enzyme protein,
HGEC were pretreated with actinomycin D, an inhibi-
tor of RNA synthesis, or cycloheximide, an inhibitor of
protein synthesis. Stimulation by dexamethasone was
inhibited by both cycloheximide and actinomycin D.
Receptor occupancy by RU 38486, a glucocorticoid re-
ceptor antagonist, also prevented APA induction by
dexamethasone (Table I).

Dexamethasone stimulated both surface and total
APA activities. Surface APA activity was 1.72 + 0.14
and 3.25 + 0.45 nmol-min ''mg™' and total APA activity
was 3.35 + 0.55 and 5.89 * 0.75 nmoi-min '-mg ' before
and after dexamethasone treatmernt, respectively. The
results were obtained with 3 batches of HGEC and with
3-8 determinations for each of them.

4. DISCUSSION

Dexamethasone at concentrations between 0.1 and 10
MM increased APA activity of HGEC with a maximal
stimulation observed at 0.5 #M. This effect was time-

Table 1

Effect of cycloheximide, actinomycin D and RUJ 3%486 on dexametha-
sone-induced aminopeptidase A activity in human glomerular epithe-

hal celis
Treatment Ammopeptidase A activity
(nmol'min 'mg "

Control 1.22 + 0.03
Dexamethasone (0.5 uM) 1.87 + 0.07
Cycloheximide (0.1 yg-ml ') 1.1t £ 0.02
Dexamethasone (0.5 uM) 1.24 = 0.08

+ Cycloheximide (0.1 zg-ml')

Actinomy<in D (0.1 gg-ml '} 1.04 + 0.03
Dexamethasone (0.5 uM) 1.19 # 0.06

+ Actinomycin D (0.1 ygml ')

Control 1.45 + 0.09
Dexamethasone (0.5 uM) 2.16 + 0.07
RU 38486 (10 uM) 1.50 * 0.04
Dexamethasone (0.5 4M) 1.61 + 0.03

+ RU 38486 (10 uM)

Cells were preincubated with cycloheximide, actinomycin > or RU
38486 for 1 h before addition of dexamethasone and were then incubat-
ed for a further period of 48 h. Values are means *SE of 4- 8 determi-
nations. Data were analysed using two-way analysis of variance for
repeated data. The effect of dexamethasone was statistically signifi-
cant (P < 0.001). Interactions between dexamethasone and each of the
agents tested (cycloheximide, actinomycin, RU 38486) were also sig-
nificant (P < 0.001).
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dependent increasing steadily for up to 5 days of treat-
ment. The increase in APA activity was prevented by
pretreatment with actinomycin D and cycloheximide
suggesting that transcription and enzyme synthesis are
responsible for the increased activity. Direct demonstra-
tion by Northern blotting, cannot be performed since
cDNA clones for human APA hLave not yet been isola-
ted. RU 38486, a glucocorticoid receptor antagonist,
also prevented the increase in APA showing thereby
that the dexamethasone efiect on APA activity is recep-
tor-mediated. Aldosterone, a mineralocorticoid, also in-
creased APA activity, but much less than dexametha-
sone and only at higher concentraticns (5-10 uM). APA
belongs to the family of peptidases which modulate the
responses to various peptides mostly by degrad ng them
to inactive metabolites. APA splits off the N-terminal
Asp from A I and A 1I and regulates the action of tise
latter in the glomerulus and other tissues where expres-
sion of a local renin-angiotensin system has been dem-
onstrated. APA has been cloned from murinc pre-B
cells [6]. However, little is known about the regulation
of its gene.

Glucocorticoids can induce different protein« like an-
giotensin converting enzyme [10.11], neutral endopepti-
dase [12] or immunoglobulin E [13]. Induction of pepti-
dases and increase in immunoglobulin E synthesis may
represent mechanisms whereby these proteins are regu-
lated under physiologic conditions and the therapeutic
actions of glucocorticoids are mediated. Kidney APA
regulation has not been extensively studied. APA is lo-
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Fig. 3. Aminopeptidase A (open circles. A) and aminopeptidase N

(closed circles, B) activities as a function of aldosterone concentration.

HGEC were cultured with aldosterone for 72 h. Means *SE of 4

determinations are shown. Data were analysed using Studeat’s r-test.

Aminopeptidase A and N activities were significantly greater than

control values at concentrations equal to or higher than 0.5 4M and
I M, respectively.
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calized in the epitheliai and endothelial cells of the glo-
merular tuft and probably modulates glomerular func-
tions by inactivating A 1. In keeping with this possibil-
ity, Wolf et al. [14] suggested that glomerular APA
might be involved in the early regulation of the intrare-
nal renin-angiotensin systern and modify glomerular
adaptations after renal mass ablation.

Several peptidases which metabolize A I and A 11 are
present in the kidney [15]. The results of the present
study indicate that glomerular receptor site availability
of A 11 is controlled by APA.

This is the first demonstration that glucocorticoids
control the expression of APA in HGEC. The effect is
specific for glucocorticoids and was obtained with phy-
siologic conc. atrations of dexamethasone (0.5 uM) sug-
gesting that the control of APA expression can be in-
fluenced by normal corticoid secretion as well as by
nharmacologic drug administration. Moreover, it may
well be that A II-dependent changes in glomerular fil-
tration rate arc modulated by glucocorticoids.
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