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Diagnostic potential of lysosomal hydrolases in
body cavity effusions
MALCOLM McCORMACK
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SYNOPSIS Hexosaminidase, at-mannosidase, f3-galactosidase, /-glucuronidase, and arylsulphatase A
were measured in peritoneal and pleural effusions from patients with benign, malignant, and inflam-
matory disorders. Compared with the benign transudates, all enzyme activities were moderately
elevated in malignant effusions and markedly elevated in inflammatory effusions. The assay of
hexosaminidase and a-mannosidase indicated clearly the underlying pathology in most specimens
studied. This method could be of clinical value when the cause of an effusion is in doubt, particularly
since the diagnostic criteria are independent of the presence or absence of tumour cells in the aspirate.

The diagnosis of a body cavity effusion as malignant
is most convincingly made by the demonstration of
malignant cells in the aspirate. However, the ac-
curacy of effusion cytology is very variable, ranging
from 56O%-91% (Rome, 1964; Graham, 1964), and
malignant cells are found more readily in peritoneal
than in pleural effusions. Many non-cytological
methods for the differentiation between benign and
malignant effusions have been proposed, but none
has enjoyed more than transient popularity. They
have included estimation of the effusion erythrocyte
content (Tinney and Olsen, 1945), protein concentra-
tion (Carr and Power, 1958), metallic ion content
(Dines et al, 1974), and the activities of various
lysosomal enzymes (Pineda et al, 1962). One of the
most recent and promising of the latter methods in-
volves the simultaneous measurements of the pro-
tein and lactate dehydrogenase content of both
serum and effusion (Light et al, 1972). This method
appears reliably to separate transudates from exu-
dates but cannot distinguish between inflammatory
and malignant exudates.
For several years there has been interest in this

laboratory in the relationships between malignant
cells and lysosomal enzymes, and in particular that
subgroup known as the glycosidases. This interest is
relevant to the theory that malignant cells elaborate
enzymes which catabolize glycosaminoglycans (the
compounds which are largely responsible for im-
parting viscosity to intercellular ground substance)
to low-molecular weight, low-viscosity subunits.
Accordingly, malignant cells may thus infiltrate in a
medium so radically altered as to present a much
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reduced mechanical barrier to invasion. It was
decided to investigate the activities of various lyso-
somal enzymes in a variety of body cavity effusions
to assess whether any discernible patterns, possibly
of future clinical significance, emerged. The five
enzymes detailed below were chosen either because
they have been shown to be present in malignant
cells, or because their known properties make it
likely that they are involved in the breakdown of
glycosaminoglycans to soluble oligosaccharides.
Arylsulphatase A is not a glycosidase but has been
included because recent research suggests that it
shows an increased activity in malignant tumours.

1. f3-Glucuronidase (3-D-glucuronide glucurono-
hydrolase: EC 3.1.1.31)
This acid hydrolase has been extensively investigated
with respect to its possible role in malignancy. It is
known to play an important part in the catabolism
of glycosaminoglycans (Feher et al, 1971; Hall et al,
1973) and has higher activities in malignant
tumours than in their normal tissues of origin
(Fishman et al, 1947; Carr, 1965; Kroh and
Renkawek, 1973). Serum increases occur in malig-
nant disease (Goldbarg et al, 1959), but elevated
levels are not invariable, and increased serum activity
also can be found in a variety of liver disorders
(Pineda et al, 1959), varicose veins (Niebes, 1972),
and diabetes (Belfiore et al, 1972). Tissue /3-glucu-
ronidase is elevated in inflammation (Feher et al,
1971).

2. a-Mannosidase (a-D-mannoside mannohydro-
lase: EC 3.2.1.24)
Relatively little investigation of this enzyme has
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taken place, but it is increased in vaginal fluid in
carcinoma of the cervix (Lawson, 1960) and cata-
bolizes glycosaminoglycans (Woessner, 1965).

3. Arylsulphatase (aryl-sulphate sulphohydrolase:
EC 3.1.6.1)
Three arylsulphatases have been distinguished, aryl-
sulphatases A and B being associated with lysosomes,
and arylsulphatase C having a microsomal location.
The A and B isoenzymes are soluble (in common
with other lysosomal hydrolases) whereas the C
isoenzyme is insoluble. Arylsulphatase B has not yet
been assigned a natural substrate, but some authors
believe that it has a place in ground substance de-
gradation (Farooqui and Bachhawat, 1971). Aryl-
sulphatase A breaks down cerebroside sulphate
esters (Hook et al, 1973) and is probably produced
by malignant cells (Schersten et al, 1971). Total
sulphatase activity is increased in the urine of
patients with inflammatory or malignant disease
(Boyland et al, 1955; Dzialoszynski, 1957).
Baum et al (1959) developed the differential assay

of the two lysosomal arylsulphatases, but personal
experience has shown the measurement of aryl-
sulphatase B with commercially procured substrate
to be both capricious and expensive. For this reason
only arylsulphatase A was assayed in the present
investigation.

4. P-Galactosidase (fl-D-galactoside galactohydro-
lase: EC 3.2.1.23)
This enzyme can be demonstrated histochemically in
neoplastic tissues (Lanzerotti and Gullino, 1972) and
probably catabolizes glycosaminoglycans (Distler
and Jourdian, 1973). Its role, if any, in malignant
infiltration apparently has not been studied.

5. Hexosaminidase (f-N-acetylglucosaminidase: /-
2-acetamido-2-deoxy-D-glucoside acetamidodeoxy-
glucohydrolase: EC 3.2.1.30)
In recent years this enzyme has been the subject of
intense scrutiny, largely because of its role in the
pathogenesis of Tay-Sachs disease (Lowden et al,
1973). It is important for the degradation of glyco-
saminoglycans (Hall et al, 1973), and the serum
shows increased activity in pregnancy (Stirling, 1972)
and inflammation (Kar and Pearson, 1973). Its
lysosomal situation can be shown histochemically
(Pugh, 1972), and experimental tumours exhibit high
activity (Carr, 1965).

Patients

The series consisted of 60 pleural and 27 peritoneal
effusions from 87 patients. Only the first submitted
specimen from each patient was included, since later

experience showed that local antimitotic agents,
systemic antibiotics, and repeated aspiration could
alter enzyme activities in a rather unpredictable
manner. No effusion was included unless the under-
lying pathology was known with certainty; this re-
quired careful assessment of clinical, cytological,
histological, and necropsy information. Although
more than 200 effusions were analysed during the
course of the series, most did not meet these criteria
and could not be included.

Aspirates were submitted fresh and without added
fixative for routine cytological examination. The
specimens were immediately centrifuged at 1000 g
for 10 minutes, and smears and blocks were pre-
pared from the cellular deposit. The supernatant was
used without modification for enzyme assay as
detailed below. Assay was performed as soon as
possible after receipt of the specimen, but if delay
was unavoidable the supernatant was stored at 4°C
for not more than 16 hours. Serial assays showed
that under these conditions there was no significant
decay in enzyme activity.
The effusions ultimately were grouped according

to their known aetiology (table I).

Effusion Benign Malignant Inflammatory Total

Pleural 17 34 9 60
Peritoneal 5 22 0 27

Table I Distribution of the effusions

1. BENIGN
This group comprised patients with cardiac failure,
renal failure, and hepatic cirrhosis.

2. MALIGNANT
Patients with sarcomas and malignant lymphomas
were excluded, since only a very few specimens were
available from these sources. All the common epi-
thelial tumours were represented, with predictably
notable contributions from carcinomas of breast,
bronchus, ovary, and gastrointestinal tract.

3. INFLAMMATORY
No inflammatory peritoneal effusions were avail-
able. The nine pleural effusions in this group were
associated with oesophageal perforation, post-
thoracotomy sepsis, idiopathic chronic pleuritis,
pulmonary infarction, and post-pneumonic empy-
ema. Tuberculous effusions were not included.

Methods

Protein was measured by the method of Lowry et al
(1951).
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In all enzyme assays, tubes containing appropriate
volumes of substrate and effusion were incubated
separately and mixed immediately before the addi-
tion of terminating alkali: the resultant mixture
served as the control tube.

P-GLUCURONIDASE
0-025M phenolphthalein glucuronide was pre-

pared from the cinchonidine derivative according
to the instructions of the Sigma Chemical Company
(Technical Bulletin No. 105, p. 5, December 1958).
Of this solution 0-5 ml was incubated for 24 hours at
37°C with 0 5 ml effusion and 3-0 ml 0-05M acetate
buffer, pH 4f5. The reaction was stopped by adding
4 0 ml 0-4M glycine buffer, pH 10-8, and the re-

leased phenolphthalein was estimated by measuring
the optical density at 545 m,u in a Pye Unicam SP500
spectrophotometer. Unit enzyme activity was that
amount ofenzyme which liberated 1 ,ug phenolphtha-
lein in 24 hours.

oa-MANNOSIDASE
This is essentially a modification of the method of
Saita et al (1971). Two millilitres of 0O001M p-
nitrophenyl-ac-D mannoside in 0-2M acetate buffer,
pH 4-0, with 0 3 mM ZnSO4 was incubated with 1I0
ml effusion at 37°C for 1 hour. The reaction was

terminated with 4-0 ml 0-4M glycine buffer, pH
10-8, and the released p-nitrophenol was estimated
by measuring the optical density at 430 m,u. Unit
enzyme activity was that amount of enzyme which
liberated 1 ,ug p-nitrophenol in 1 hour.

ARYLSULPHATASE A

This was assayed by the method ofBaum et al (1959),
as described for serum.

B-GALACTOSIDASE
One millilitre effusion was incubated at 37°C for
24 hours with 2-0 ml 0-0166 M 0-nitrophenyl-f-D-
galactopyranoside in 0 1M acetate buffer, pH 4-7,
and the reaction was stopped by adding 4-0 ml
0-4M glycine buffer, pH 10-8. Optical density was

read at 405 mu and unit enzyme activity was defined
as that amount of enzyme which liberated 1 ,ug p-
nitrophenol in 24 hours.

HEXOSAMINIDASE
One millilitre effusion was incubated at 37°C for 1

hour with 2-0 ml 0-0087M p-nitrophenyl-,-N-
acetylglucosaminide in 0-05M citrate buffer, pH
4-3, with 0-1M NaCI. The reaction was stopped with
4-0 ml glycine buffer, pH 10-8, and the optical density
was read at 430 mp. Unit enzyme activity was that
amount of enzyme which liberated 1 ,ug p-nitro-
phenol in 1 hour.

In the cases of ,B-glucuronidase, hexosaminidase,
and ,-galactosidase, no attempt was made to
standardize the assay procedures with those of other
workers, which are, in any case, diverse. The
methods chosen are those which have been used for
some years in this laboratory and which have the
advantages of familiarity and reproducibility.

Results were calculated as units per ml (mIU/ml
in the case of arylsulphatase A) and as specific
activity, ie, units per mg protein.

Results

It soon became apparent that expressing results as

specific activities gave a large scatter of values with
no correlation between the benign, malignant, and
inflammatory groups. The fact that the specific
activity of any one enzyme was not constant within a

group, or between groups, indicated that the level
of these enzymes was independent of the protein
content. Consequently, the results, summarized in
table II are expressed as units per ml.
Each of the enzymes shows a gradual increase in

activity from benign through malignant to inflam-
matory lesions, and these observations accord with
the fact that lysosomal hydrolases are substantially
concerned with the dissolution of intercellular
ground substances. It is apparent that in each case

there is a spectrum of activity, with a degree of over-
lap in the various aetiological groups.
The technique of discriminant analysis was em-

ployed to find the best combination of enzymes to
discriminate between benign, malignant, and inflam-
matory effusions. The two enzymes, hexosaminidase
and a-mannosidase, gave the best separation. From
the derived graph of hexosaminidase against a-

Enzyme Benign Malignant Inflammatory

Range Mean SE Range Mean SE Range Mean SE

Hexosaminidase 16-5-97-5 64-5 4-6 555--555-0 164-0 12-8 300-0-1140-0 606 0 105-0
Arylsulphatase A 0- 0-201 0042 0-014 0- 0773 0-083 0017 04-166 0867 0-423
P-Galactosidase 0-33-0 6-8 2-1 0- 42-6 13-2 14 22-0-1140-0 1940 119-0
P-Glucuronidase 5-8-37-1 13 4 1-5 6-4-185-6 26-7 3-4 31-3-290-0 176-0 32-2
a-Mannosidase 0-26 3 9 9 15 60- 450 12-3 1i2 15-0-255-0 130-0 28-9

Table II Lysosomal activities ofbenign, nmalignant, and inflammatory effusions

126

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jcp.bm
j.com

/
J C

lin P
athol: first published as 10.1136/jcp.29.2.124 on 1 F

ebruary 1976. D
ow

nloaded from
 

http://jcp.bmj.com/


Diagnostic potential of lysosomal hydrolases in body cavity effusions

mannosidase the following limits were selected
(table III).

Application of these criteria to the individual
samples in the series showed that, on the basis of
enzyme content, 95% of malignant effusions could be
classified as malignant, but that roughly one quarter
of both the benign and inflammatory effusions also
fell into this category (table IV).

Hexosaminidase a-Mannosidase

Benign less than 80 units/ml less than 65 units/ml
Malignant more than 80 units/ml less than 65 units/ml
Inflammatory more than 80 units/ml more than 65 units/ml

Table III Diagnostic hydrolase ranges for pleural and
peritoneal effusions

True Diagnosis Total Classification by Enzyme Concordance
Measurement

Benign Malig- Inflam-
nant matory

Benign 22 17 5 0 77 Y.
Malignant 56 3 53 0 95 Y.
Inflammatory 9 0 2 7 78%

Table IV Correlation between true diagnosis and
diagnosis by enzyme assay

CYTOLOGICAL EXAMINATION
In each case, cytological examination of the effusion
was undertaken as a routine procedure by a member
of the division of cytology within this department.
No false diagnosis of malignancy was made. In the
case of malignant effusions, tumour cells were
demonstrated in 76% of the peritoneal and in 62%
of the pleural aspirates. Thus there was an overall
success rate of 67% in the cytological diagnosis of
malignancy.

CORRELATION BETWEEN CYTOLOGY AND
ENZYMOLOGY
Two malignant pleural effusions and no malignant
peritoneal effusion had hexosaminidase levels of
less than 80 units/ml and falsely fell within the
'benign' range. In neither of these specimens were
malignant cells identified.

Sixteen cases of malignant ascites contained
malignant cells; all had levels of hexosaminidase
more than 80 units/ml (ox-mannosidase less than 65
units/ml) and were in the 'malignant' range. Five
cases of malignant ascites did not contain malignant
cells but demonstrated enzyme activities within the
'malignant' range. The average hexosaminidase
activities of the malignant peritoneal effusions with
and without malignant cells were not significantly
different.

Thirty-two of the 34 malignant pleural effusions
had 'malignant' enzyme activities. Twenty-one
samples contained malignant cells, but 11 samples
did not; there was no significant difference between
the average hexosaminidase activities in either group.
Although those effusions which contained the

most numerous malignant cells tended to have
higher hexosaminidase levels, this was by no means
always the case, and the malignant effusion with the
highest observed hexosaminidase activity (555 units/
ml) did not, in fact, contain identifiable tumour cells.
Hence, there was no good correlation between hexo-
saminidase levels and the presence or absence of
malignant cells within an effusion.

Discussion

It is not necessary here to go into detailed considera-
tion of the role of lysosomal glycosidases in tissue
infiltration by malignant cells. Carr (1965) has given
a synopsis of the underlying theories along with his
own supporting experimental evidence, and a com-
prehensive monograph on the subject has been
published (Cameron, 1966).
Glycosaminoglycan breakdown occurs, as far as

we know, in its most extreme form in acute inflam-
mation (Feher et al, 1971), and it was found that
the inflammatory effusions reflected the intensity
of this process; all of the hydrolases measured
showed highest activities in inflammatory effusions,
with the exception of two cases which had previous
heavy antibiotic therapy and exhibited uncharacter-
istically low values. The fact that the majority of
malignant effusions showed higher activities than the
benign transudates seems to offer further supporting
evidence that there is significant ground substance
destruction during the process of invasion. While in
a minority of the cases this could be attributable
to co-existing inflammation, it is common histo-
logical experience that most infiltrating tumours are
not attended by visible signs of inflammation. The
most logical, and attractive, explanation is that the
tumour cells themselves release lysosomal enzymes;
a wealth of experimental evidence built up over the
last 50 years shows this to be true.

If it is accepted that carcinoma cells secrete glyco-
sidases, some comment on the nature of those
effusions which are associated with and are enzymo-
logically indicative of underlying malignancy, but
which are cytologically negative for malignant cells,
is necessary. Eleven pleural effusions of this type
containing typically 'malignant' enzyme activities
were encountered. Carr (1965) showed that viable
experimental tumour cells, free in a body cavity and
no longer actively infiltrating, to a large extent cease
secretion of glycosidases. If such a process occurs in
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human malignancy, then the glycosidase activity of
an effusion is dependent not upon free-floating
cells but upon diffusion from those cells which are
infiltrating the surrounding tissues of the body
cavity. This would explain why the enzyme levels
of effusions bear no strong relation to the number of
malignant cells observed in those effusions, and why
cytologically negative effusions may yet contain
hydrolase activities within the 'malignant' range.
Benign transudates show characteristically low

hydrolase activities, and the lowest values en-
countered in this series were found in ascites secon-
dary to cirrhosis of the liver. The hexosaminidase
levels of benign pleural effusions were more variable,
and the five specimens which comprised the 'false
malignant' results in this group had activities be-
tween 84 and 95 units/ml. No benign effusion had a
hexosaminidase level of more than 95 units/ml.
Any attempt to draw up diagnostic levels from this

information suffers from the disadvantage that the
characteristic enzyme ranges for each underlying
pathology (benign, malignant, and inflammatory)
merge into one another, a difficulty commonly
found in chemical pathology. Moreover, there are
inhibitors (and perhaps activators) of these enzymes
present in body cavity effusions, and relatively little
is known of their nature and quantity, or whether
they vary significantly from case to case. Neverthe-
less, the fact remains that 950% of all malignant
effusions have hexosaminidase and o-mannosidase
levels within definable limits, and that more than
three-quarters of all inflammatory and other non-
neoplastic effusions have levels outwith these limits.
There is a 'zone of uncertainty' which is bounded by
hexosaminidase levels of 84-95 units/ml, but
relatively few specimens are included in this range,
and it would seem that this method of typifying
peritoneal and pleural effusions could have real
diagnostic value for the clinician, especially when
repeated samples from suspected cases of malig-
nancy fail to demonstrate neoplastic cells. It is pro-
posed to carry on this work as a prospective trial for
further evaluation, and to see whether techniques
can be improved to yield a greater accuracy.

Thanks are extended to Dr A. J. Carr for encourage-
ment; Professor A. L. Stalker suggested helpful
alterations to the original manuscript. The statistical
work was performed by Dr G. Hems, Department of
Statistics, Aberdeen University, and Miss A.
Mackay typed the paper through several drafts.
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Addendum

Since this paper was submitted for publication,
further information concerning one of the patients
included in the series has become available. A
middle-aged man with recurrent pleural effusions
was diagnosed as having idiopathic chronic pleuritis
on the basis of an open pleural biopsy specimen.
However, the hydrolase content of the pleural
effusions was consistently in the 'malignant' range
(typical results: hexosaminidase 390 units/ml and
a-mannosidase 15 units/ml) and he is classed in the
series as inflammatory/false malignant.
The patient recently died at another hospital

and necropsy revealed a malignant pleural tumour,
probably mesothelioma.
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