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Does serum angiotensin converting enzyme reflect
intensity of alveolitis in sarcoidosis?
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ABSTRACT Serum angiotensin converting enzyme activity is increased in many patients with
pulmonary sarcoidosis and has been proposed as a measure of disease activity. Assay of serum
angiotensin converting enzyme, bronchoalveolar lavage, and gallium scans were performed in 27
patients with biopsy proved pulmonary sarcoidosis. There was a positive correlation between
serum angiotensin converting enzyme activity and an index of pulmonary gallium uptake assessed
by the National Institutes of Health method (r = 0.7, p < 0.001). There was no significant
relationship (r = 0.19) between serum angiotensin converting enzyme activity and bronchoalveo-
lar lavage lymphocytes expressed as a proportion of cells recovered. Increase in the enzyme
activity had a sensitivity of 50% as a means of detecting high intensity alveolitis but specificity
was only 45%. There was no significant difference in mean angiotensin converting enzyme
activity between the following groups: (1) those with positive and those with negative gallium
scans; (2) those with bronchoalveolar lavage lymphocyte counts less than or equal to 28% and
those with counts greater than 28%. Although there was a significant correlation between the
enzyme activity and one component of the alveolitis of sarcoidosis, the data suggest that serum
angiotensin converting enzyme activity alone is neither sensitive nor specific enough for high
intensity alveolitis.

Since the observation by Lieberman in 1975 that
serum angiotensin converting enzyme activity was
increased in patients with pulmonary sarcoidosis,'
many investigations have confirmed these
findings2- but differed in their conclusions with
respect to the utility of measurements of the enzyme
in predicting disease activity. This conflict may be
due in part to a lack of uniformity in the selection of
the ancillary tests used to identify and quantify the
active alveolitic component that precedes perma-
nent structural derangement.'0

Studies on the natural history of pulmonary sar-
coidosis have shown that most patients improve
spontaneously with minimal or no impairment of
lung function, 20-25% experience appreciable
deterioration in pulmonary function, and 5-10%
eventually die from the disease."-'3 Conventional
criteria used in the assessment of disease activity,
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such as clinical features, chest radiographic appear-
ances and results of pulmonary function tests, are
insensitive markers of the alveolitis that character-
ises active disease and abnormalities usually reflect
irreversible changes in lung structure and function
due to progressive interstitial fibrosis and derange-
ment of alveolar-capillary units.'4 1' The cellular
derangements in sarcoidosis have been studied
intensively; current understanding emphasises the
dual cellular nature of the process, both activated T
lymphocytes and alveolar macrophages being crucial
to the initiation and perpetuation of alveolitis.'6 1"
Recently Crystal et al have shown that only patients
with "high intensity" alveolitis, as defined by a lav-
age T cell count greater than or equal to 28% of
cells recovered and a positive gallium scan, were at
risk for subsequent deterioration in pulmonary func-
tion.'0
Given the limitations of physiological measure-

ment as a means of assessing the alveolitis, emphasis
has been placed on analysis of lymphocytes har-
vested at bronchoalveolar lavage and uptake of gal-
lium 67 by alveolar macrophages in assessing each
component of the inflammatory response.'6 The
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present study was undertaken to examine the rela-
tionship of serum angiotensin converting enzyme
activity to each of these components and to deter-
mine its sensitivity and specificity as an indicator of
abnormal results.

Methods

The study population consisted of 27 patients with
biopsy proved pulmonary sarcoidosis with a mean
age of 49.7 (SD 14.2) years. There were 15 women
and 12 men. Twenty three (85%) were untreated at
the time of entry into the study, or had not taken
prednisone for a minimum of three months before
being studied; four patients were taking prednisone.
One patient was at radiographic stage 0 (normal
chest film), three were at stage I (hilar adenopathy
only), 11 were at stage II (hilar adenopathy and
pulmonary infiltrates), and 12 were at stage III
(pulmonary infiltrates only).

ANGIOTENSIN CONVERTING ENZYME
Serum angiotensin converting enzyme was meas-
ured by the method of Friedland and Silverstein.'8
The substrate used was hippuryl-histidyl-leucine,
which is hydrolysed by the enzyme to hippuric acid
and histidyl-leucine. The latter is reacted with an
orthophthaldialdehyde to produce a fluorescent
product. Enzyme activity was measured as a func-
tion of the fluorescence with excitation at 360 nm
and emission at 500 nm. Blood was taken from
patients within seven days of the gallium scan and
the serum separated immediately and stored frozen
until assayed within 14 days. Our reference range
for the assay is 12-52 units/litre, which is similar to
that described by Friedland and Silverstein.'8

BRONCHOALVEOLAR LAVAGE
Bronchoalveolar lavage was performed according to
previously published methods.'9 In brief, after topi-
cal anaesthesia with 4% lignocaine and intravenous
diazepam, lavage was performed in either the right
middle lobe or the lingula with five 20 ml aliquots of
normal saline. Suction of 60-100 cm H20 was
applied and the lavage fluid collected in a sterile
trap. Bronchoalveolar lavage fluid was filtered
through 5 ,um cytology filters (Millipore or Gelman)
with a negative pressure of 25 mm Hg. The filters
were immediately fixed in 95% ethanol and the
slides stained according to the Papanicolau method,
as previously described.'9 A differential cell count
was carried out on 300-500 non-epithelial cells.

GALLIUM 67 SCANNING
Gallium scans were performed with a gamma cam-
era 48 hours after the intravenous injection of 3 mCi
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of gallium 67 citrate. The scans were evaluated
blindly by one observer, the quantitative National
Institutes of Health (NIH) index being used as pre-
viously described for pulmonary sarcoidosis.20

DATA ANALYSIS
In the study group of 27 patients only the initial data
from each of the 23 untreated patients were consi-
dered in examining the correlation between
angiotensin converting enzyme activity and NIH
index, and between enzyme activity and broncho-
alveolar lavage lymphocyte differential count. In
determining the sensitivity and specificity of serum
angiotensin converting enzyme activity as a means
of detecting high intensity alveolitis, only the data
from untreated patients were considered. Correla-
tion between the serum enzyme activity and the
NIH index was determined by application of the
Spearman Rank test, and between the enzyme activ-
ity and bronchoalveolar lavage lymphocyte differen-
tial count by the method of least squares regression
analysis. The significance of differences between
mean angiotensin converting enzyme values was
determined by means of a two tailed t test.

Results

Comparison of serum angiotensin converting
enzyme activity with gallium uptake as assessed by
the NIH index showed a significant positive correla-
tion between these two variables (r = 0.7, p <
0.001; fig 1). There was no significant correlation
between serum angiotensin converting enzyme
activity and bronchoalveolar lavage lymphocytes,
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Fig 1 Relationship between serum angiotensin converting
enzyme (ACE) activity and the alveolitis ofsarcoidosis as
measured by the intensity ofthe gallium 67 scan (r = 0.70,
p < 0.001), in 23 untreated patients with pulmonary
sarcoidosis (data on four treated patients indicated by
triangles).
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Discussion

Since the initial observation that se

converting enzyme was raised in

ells recovered (r coidosis,' many investigators have attempted to
l weakly positive determine the relationship between the serum activ-

ponents of the ity of this enzyme and other indices of disease activ-
choalveolar lay-ity.4616 7 1 Results have differed widely, most authors
which just failed finding some correlation between angiotensin con-
0.06). verting enzyme activity and the results of gallium

scanS467 and others finding a correlation with bron-
choalveolar lavage lymphocytes.2' Possible explana-
tions for these discrepancies include the different
sources of the enzyme from human tissues. The
enzyme has been shown to be produced by normal
pulmonary vascular endothelium,22 by pulmonary
alveolar macrophages, and by the epithelioid cells of

0 pulmonary and extrapulmonary granulomas in sar-
coidosis.23
Our data suggest that angiotensin converting

o enzyme is related to one component of the alveolitis
o of sarcoidosis, as we have shown a significant posi-
° tive correlation between serum activity of the

enzyme and the pulmonary uptake of gallium 67.
Current understanding of the mechanism of gallium

50 60 70 uptake by the lung suggests that most of the isotope

is located in alveolar macrophages.24 Intravenouslyotensin converting injected gallium is thought to bind to iron binding
ofsarcoidosisas proteins in the serum, including transferrin,25 before
19, p = 0.36) in 23 sequestration in the tissues. Recent data have shown

dosis (data on four that alveolar macrophages in sarcoidosis have
increased numbers of transferrin receptors on their
cell surface.26

ving either high We have shown no significant correlation between
ichoalveolar lav- angiotensin converting enzyme and the percentage
was greater than of lymphocytes recovered in bronchoalveolar lavage
greater than 50 fluid. This result is not unexpected, as only one pre-

eolitis-if either vious study2' has shown a correlation between the
let (11 patients)* activity of the enzyme and bronchoalveolar lavage
ne activity failed lymphocytes in sarcoidosis, and these cells are not

Id low intensity directly responsible for producing the enzyme. We
of the enzyme did not find a significant correlation between the

% sensitivity for percentage lymphocytes recovered at bronchoalveo-
of the 12 patients lar lavage and the NIH index. These data suggest
were above this that either component of the alveolitis may be active
fthe 11 with no alone. Further studies examining the relationship of
ty alveolitis). the alveolitis to subsequent functional outcome are
:e in mean serum necessary to confirm the clinical usefulness of esti-
kctivity between mation of intensity of the alveolitis.
ed as having an Prediction of disabling fibrosis in sarcoidosis
with an indexof demands a high degree of accuracy because of the
io significant dif- small number of patients who subsequently develop
of the enzyme disability'3 and because of the side effects of cor-
lymphocyte dif- ticosteroids. Because current methods of staging the
ithe remainder. alveolitis are invasive or expose the patient to high

doses of radiation,20 a non-invasive test of disease
activity such as determination of angiotensin con-
verting enzyme activity would be useful. Our data

rum angiotensin do not, however, suggest that this enzyme is reliable
pulmonary sar- as a marker of high intensity alveolitis, being neither
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particularly sensitive nor specific.

We are indebted to Ms LC Allen for her help in this
study and to Ms MT Berk for secretarial assistance.
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