that of the normal subjects and to the
Scatchard plots from other patients with
insulin resistance (/-/0, 13, {4). Further
analysis of the data indicated that the de-
crease binding observed in the diabetic
subjects was associated with a decreased
number of receptor sites per cell as com-
pared to the normal subjects. Erythro-
cytes from normal subjects had approxi-
mately 50 percent more insulin binding
sites than those from patients with adult-
onset diabetes mellitus, whereas the
monocytes from normal subjects report-
ed by Olefsky and Reaven (7) also had
approximately 50 percent more sites
than those from patients with chemical
diabetes.

Although the physiological signifi-
cance of the decrease in receptor number
is unclear, it is possible that this de-
creased number of receptors in the dia-
betic subjects is in part responsible for
the cellular metabolic deficits that en-
hance the morbidity associated with this
insulin resistant state. '

In summary, these studies demon-
strate that insulin binding to erythro-
cytes is decreased in patients with adult-
onset diabetes. This defect of insulin
binding is associated with a decrease in
the number of insulin receptor sites per
cell. The erythrocyte is a readily avail-
able cell for the evaluation of cellular in-
sulin receptor activity. Human erythro-
cytes may also be useful for studying the
actions of other hormones at the cellular
level.
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Angiotensin Convertase Activities in Human Alveolar

Macrophages: Effects of Cigarette Smoking and Sarcoidosis

Abstract. Angiotensin I convertase activity has been found in human alveolar
macrophages from normal volunteers and patients with pulmonary sarcoidosis. This
activity is higher in the alveolar macrophages from smokers than from nonsmokers,
and is even more elevated in sarcoid patients. The activity can be detected with both
angiotensin I and bradykinin analogs and appears to require protein synthesis, but
the enzyme is not secreted by alveolar macrophages in culture.

The activity of angiotensin I convert-
ase (ACE) in the serum is increased in
patients with the granulomatous disor-
der, sarcoidosis (/-5). The enzyme ACE
is well recognized as a vascular endo-
thelial cell ectoenzyme (6), and is also
present in sarcoid granulomata (7). The
cell types present in granulomata in gen-
eral include the tissue macrophage and
its close relative, the epithelioid cell (8).
One type of tissue macrophage, the pul-
monary alveolar macrophage (AM) of
the rabbit does not normally exhibit
ACE activity, but such activity may be
induced when the cells are cultured in
the presence of 10-"M dexamethasone
(9). We confirmed this observation and
obtained similar results with the addition
of beclamethasone dipropionate (10-7M)
to the culture medium (2). In the experi-
ments described here, we examined the
ACE activities of human AM’s from
both healthy subjects (cigarette smokers
and nonsmokers) and patients with sar-
coidosis to determine whether such cells
contribute to the increased serum ACE
activity in sarcoidosis.

The ACE activities in the cells from
the three groups of subjects are shown in
Fig. 1. In Fig. 1A, the ACE activity is
expressed per milligram of cell protein.
On this basis, when compared with the
activity in nonsmokers, the ACE activity
is increased in the cells from both
smokers and sarcoidosis  patients
(P < .05). Although the lavage cells
from all three groups contained from 1 to
2 percent polymorphonuclear leuko-
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cytes, the cell populations in these
groups differed. The cells from smokers
were 98 + 2 percent AM [mean = 1
standard deviation (S.D.)]. However, in
nonsmokers and patients with sarcoid-
osis, the AM comprised 88 =+ 8 percent
and 77 + 10 percent, respectively. The
remaining cells were lymphocytes as
judged by morphologic examination of
cells treated with Wright's stain and the
failure of these cells to stain with non-
specific esterase stains. The differential
counts by these two methods were in
close agreement. Since we could not de-
tect ACE activity in a lymphocyte-rich-
(75 percent) human peripheral blood
mononuclear cell preparation (separated
by Ficoll-Hypaque gradient), we have
expressed the ACE activity on the basis
of 107 AM (Fig. 1B). These data indicate
that, compared with AM’s from non-
smokers, the ACE activities in AM’s
from smokers and patients with sarcoid-
osis are, respectively, three and five
times greater (P < .01).

To define further the characteristics of
the ACE activity in AM’s, we used SQ
20881  (H-<Glu-Trp-Pro-Arg-Pro-Gln-
Ile-Pro-Pro-OH), a specific inhibitor of
angiotensin convertase (/0). With hippu-
ryl-l-histidyl-l-leucine as substrate, SQ
20881 (1073 M) totally inhibited the activ-
ity of the macrophage enzyme. A single
enzyme acts as a dipeptidyl carboxy-
peptidase catalyzing both the conversion
of angiotensin I to angiotensin II and the
hydrolysis of bradykinin (//, 12). Since
the hippuryl-I-histidyl-I-leucine substrate
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is an angiotensin I analog, its cleavage
indicates an ability to convert angioten-
sin T to active angiotensin II. To deter-
mine whether this AM enzyme likewise
has features of a more generalized di-
peptidyl carboxypeptidase, we measured
this activity with p-[3H]benzoyl-Phe-Ala-
Pro-OH, a carboxy-terminal analog of
bradykinin potentiating peptide S5a (/3,
14). Assays of AM activity with this sub-
strate were performed in 0.05M Hepes
[4-(2-hydroxyethyl)-1-piperazine ethane
sulfonate] buffer, pH 8.0, and 0.15M
NaCl at 37°C for 1 hour. The reaction
product was extracted in toluene and
counted in Biofluor. Such assays corre-
lated with activities measured with hip-
puryl-l-histidyl-l-leucine compound and
showed > 90 percent inhibition with the
relatively specific ACE inhibitor SQ
14225 [1-(D-3-mercapto-2-methyl-3-0xo0-

propyl)-L-proline] at 107°M concentra-

tion. These results indicate that the ACE
activity in AM’s has some features of the
peptidyl dipeptidase (kininase II), and is
therefore probably a true angiotensin
convertase.

Evidence for the synthesis and secre-
tion of ACE was sought with cultures of
AM’s from 11 smokers and 3 patients
with sarcoidosis. First, the intracellular
specific ACE activity persisted essen-
tially unchanged for up to 5 days in the
cultured cells which were morphologi-
cally all macrophages. This persistence
suggests, but does not prove, the active
synthesis of ACE. Second, in three ex-
periments with AM’s from smokers, cy-
cloheximide (15 wug/ml) sharply de-
creased the cellular ACE content and al-
so enhanced LDH (lactate dehydroge-
nase) release into the medium. Thus,
both cell viability and ACE content
depend on protein synthesis. Third, no
ACE activity could be detected in the
medium in eight experiments in which
the percentage of LDH released was
= 25 percent. There were detectable
amounts of ACE in the media of five cul-
tures in which the percentage of LDH
was > 35. Thus, either ACE appears to
be a cellular enzyme whose release re-
flects cell turnover rather than secretion,
or the rate of destruction of ACE under
these conditions exceeds its secretion
rate.

These data establish that ACE activity
is present in human AM’s, cells present
in lung granulomata, including sarcoid-
osis. Unlike rabbit AM’s, human AM’s
“‘normally’” contain ACE activity. This
activity increases five times in AM’s la-
vaged from sarcoid patients. This may be
another manifestatioh of macrophage ac-
tivation, a characteristic of granulomata
in general (/5, 16) and possibly also in
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sarcoid granulomata. The increase in
ACE activity in the AM’s of cigarette
smokers is of interest and is also compat-
ible with macrophage activation. Such
activation of AM’s in the human ciga-
rette smoker is suggested by heightened
glucose oxidation (/7), the increased ad-
herence of these cells, the increased se-
cretion of lysozyme (/8), and a report of
increased elastase secretion (/9).

We suggest that the increase in serum
ACE in sarcoidosis derives from two fac-
tors, namely the increased ACE activity
of the macrophage and the increased
numbers of macrophages present in sar-
coidosis, a disease characterized by mul-
tisystem granulomata. The failure of
smokers to show increased serum ACE
activity in the presence of increased
macrophage ACE activity is presumably
due to two factors, the largely intra-
alveolar, as opposed to intrapulmonary,
location of the macrophages and the ab-
sence, in the “‘normal’’ smoker, of sys-
temic granulomata characteristic of sar-
coid. o

We offer two interpretations. First, we
have already suggested that ACE of
AM’s has features of the peptidyl di-
peptidase capable of degrading bradyki-
nin. Second, the accumulation of ACE in
the serum of patients with sarcoidosis
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Fig. 1. Angiotensin convertase activity. Bron-
choscopic pulmonary lavage with 200 ml of
sterile saline was performed on 34 normal vol-
unteers (25 cigarette smokers and nine non-
smokers) and on ten patients with biopsy-
proved pulmonary sarcoidosis (two smokers
and eight nonsmokers). The recovered lavage
fluid (100 to 120 ml) was centrifuged at 2000
rev/min, the supernatant decanted and the
cells resuspended. The cells were counted by
means of differential staining with Wright’s
stain and a nonspecific esterase stain (23);
portions of the remaining cells were sonicated
(0°C, 30 seconds) and assayed both for ACE
activity, by the method of Lieberman with
hippuryl-l-histidyl-I-leucine as substrate, and
for total protein (Folin reagent) (AM, alveolar
macrophage). Data are expressed as mean * 1
S.D. In patients with sarcoidosis, the data in-
clude both smokers and nonsmokers. Ex-
clusion of the two smokers does not affect the
statistical difference between the sarcoidosis
patients and either control group.

Units/mg protein

may reflect the turnover of macrophages
in the granuloma. The biologic signifi-
cance of the ACE in AM’s and its en-
hanced activity in smokers and patients
with sarcoid is not yet clear. However, a
number of oligopeptides (bradykinin and
arginine vasopressin) regulate prosta-
glandin biosynthesis by releasing the
prostaglandin precursor, arachidonic
acid, from several cultured cell lines
such as fibroblasts (20) and renomedul-
lary cells (27). Heightened prostaglandin
biosynthesis is a well-recognized feature
of immunologically activated macro-
phages (22). The possible role of ACE in
regulating macrophage function and
prostaglandin metabolism requires fur-
ther study.
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