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Nicholls, D. P. and Davies, J. S. (1977). Thorax, 32, 472-477. Acid phosphatase activity in
carcinoma of the bronchus. Two cases are presented in which an undifferentiated small-cell
carcinoma of the bronchus was associated with a considerably raised serum tartrate-labile acid
phosphatase concentration. In neither case was there any evidence of a carcinoma of the
prostate which, with a few rare exceptions, is the only condition associated with such increased
enzyme activity. A survey of acid phosphatase concentrations in 30 other male patients with
carcinoma of the bronchus showed that five patients had a raised total acid phosphatase
concentration, but only one patient had a raised tartrate-labile acid phosphatase concentration.
When the histological type was taken into account, elevated total acid phosphatase concentrations
were associated with squamous-cell and adenocarcinoma but not with undifferentiated, small-cell
carcinoma. Raised tartrate-labile acid phosphatase concentrations were associated only with
squamous-cell carcinoma, in contradistinction to the two individual cases reported. In no
group was there any correlation between acid and alkaline phosphatase concentrations.

Histological studies in one of our patients showed little tissue acid phosphatase staining in
the primary tumours but intense staining in the cytoplasm of pancreatic cells surrounding a

metastasis. Sections of pancreas from six normal subjects showed only slight tissue acid
phosphatase activity. The possible sources of the increased serum acid phosphatase are discussed,
and it is suggested that the pancreas could be the source of such increased activity in our

second case.

Acid phosphatase (AcP) activity in the serum is
derived from several sources. The fraction arising
from the prostate gland is usually isolated by
tartrate-inhibition (Abul-Fadl and King, 1949), but
the specificity of this has been questioned (Dow
and Whitaker, 1970; Yam, 1974). Both the total
and the tartrate-labile AcP in the serum may be
increased in diseases other than carcinoma of the
prostate (Sullivan et al., 1942; Herbert, 1946;
Cooke et al., 1962) or by artefact (Bonner et al.,
1954; Ozar et al., 1955). Marked elevation of either
fraction is rarely found except in carcinoma of
the prostate (Bensley et al., 1948; Cline et al.,
1955) and has not previously been described in
association with carcinoma of the bronchus.

Case reports

CASE 1

A 63-year-old man, a non-smoker, presented with

a deep vein thrombosis in the left calf. There were
no other significant findings and rectal examina-
tion was normal. Investigations included: bilirubin
23-8 mmol/l (1-4 mg/100 ml); serum aspartate
aminotransferase 124 IU/l (normal 1342);
serum alanine aminotransferase 38 IU/I (normal
11-55); alkaline phosphatase 320 IU/l (normal
25-92); total AcP 16-0 IU/I (normal 0 5-6 0); tar-
trate-labile AcP 14-5 IU/i (normal 0-2). A chest
radiograph showed two ill-defined opacities in the
right upper zone, and radiographs of the lumbar
spine and pelvis were normal. During the course
of investigation his clinical state rapidly deterior-
ated and he died three weeks after admission.

Necropsy showed a carcinoma arising from the
right upper lobe bronchus, about 2 cm in diameter,
and distal bronchopneumonic consolidation. There
were multiple secondary deposits in the liver, left
adrenal, and para-aortic lymph nodes. The pros-
tate showed moderate hypertrophy of the median
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lobe, but serial sections of the gland showed no
abnormality. Histology showed the primary
tumour to be an undifferentiated small-cell
carcinoma.

CASE 2
A 50-year-old man, a heavy smoker, presented
with pain in the arms. The pain was relieved by
analgesics but recurred some four months later
along with dyspnoea on exertion, weight loss, and
slight haemoptysis. On examination there was
diminished air entry at the right lung base. In-
vestigations included: alkaline phosphatase 73
IU/l; total AcP 11 0 IU/1; tartrate-labile AcP
10 0 IU/l; calcium 2 15 mmol/l (8 6 mg/100 ml);
phosphate 0 90 mmol/l (2 8 mg/100 ml). A chest
radiograph showed a mass at the right hilum with
heavy shadowing in the right lower zone. In
addition the left hilum was prominent with faint
shadowing in the left mid-zone.

After bronchoscopy, which confirmed bilateral
tumours, his condition rapidly deteriorated. He
died some nine months after the onset of illness,
following several episodes of profuse haemoptysis.
Necropsy showed a large tumour mass arising
from the right main bronchus with consolidation
of the middle and lower lobes and an abscess in
the lower lobe. There was also a tumour mass
arising from the left lower lobe bronchus. Several
metastases were present in the pancreas, but not
elsewhere, and the prostate appeared normal.

Histological examination of both tumours and
the metastases showed undifferentiated small-cell
carcinoma. The pattern of growth suggested two
separate primary sources. The prostate showed
focal chronic prostatitis only, and the pancreas
itself appeared normal.

Methods

The measurement of serum total and tartrate-
labile AcP was carried out on a Vitatron digital
concentration photometer at pH 4 9, using phenyl
disodium orthophosphate as substrate (Gutman
and Gutman, 1938) and tartrate inhibition (Abul-
Fadl and King, 1949). Phenyl phosphate is more
sensitive, but less specific, than other substrates
for measuring prostatic enzyme activity (Walker
et al., 1954; Woodard, 1959). Freshly separated
unbuffered serum was used. No patient was con-
stipated, catheterised, or had been examined
rectally in the preceding 24 hours. Because of the
reduced sensitivity of the photometer at low
values, readings below 0 5 IU/l cannot be ac-
curately quantified. Such values are regarded as
0 5 IU/l in the data analysis, which would tend to

reduce the difference between the sample groups.
For a control series, samples were taken from

30 male hospital inpatients with unrelated dis-
orders, age range 41-69 (mean 54) years. Samples
were then taken from 30 male patients with car-
cinoma of the bronchus proven by histology (21)
or cytology (9). The two cases described above
were not included. The age range was 40-76 (mean
58 3) and none had symptoms of prostatic disease.
Analysis of the results was carried out using
Student's two-sample t test.
From case 2 sections of both the primary tu-

mours and a pancreatic metastasis were stained
using sodium a-naphthyl-phosphate as substrate
(Grogg and Pearse, 1952). The sections were ob-
tained at routine necropsy and were fixed in
formalin. There was no evidence of autolysis.
Figure 1 shows the section of pancreas containing
a metastasis, at low and high power magnification.
To establish the normal staining of pancreas for

AcP activity, sections of pancreas were removed
at necropsy from six cases, three male and three
female, age range 6-90 (mean 69 7) years. All had
died from unrelated disorders. Each section was
divided into two, one portion being fixed in for-
malin, and the other transported in saline before
being frozen within 24 hours. Routine histological
preparations, stained with haematoxylin and eosin,
were taken from the formalin-fixed specimens.

Results

From the control series, the normal range for our
laboratory of total AcP, expressed as mean +2
standard deviations, to the nearest 0-5 IU fraction
was 0 5-60 IU/l, and for tartrate-labile AcP
0-2 0 IU/l. Table 1 compares the total AcP levels
in the various groups with the control series, and
Table 2 compares the tartrate-labile AcP levels.
There was no significant correlation in any

group between acid and alkaline phosphatase
levels.
On histochemical staining of the tumours and

metastasis from case 2, the pancreatic tissue
surrounding the metastasis showed intense AcP
activity in the cytoplasm, whereas the other tissues
showed very little activity. In the control series,
no histological abnormalities were seen. Very light
lysosomat AcP staining was noted, especially in
the islet cells. Early autolytic changes caused
some increase in this staining, and more severe
autolytic changes cauised disruption of the normal
histology and focal heavy AcP staining. There
was no apparent difference between the formalin-
fixed and the frozen sections. In no specimen was
the tissue AcP staining comparable to that seen
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Fig. 1 Case 2. (a) Low-power photomicrograph of pancreas, stained for acid phosphatase,
showing a metastasis on the right. (b) High-power view of the same section showing intense
staining of the pancreatic cells for acid phosphatase but poor staining of the tumour cells.
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Table 1 Total A cP levels

Group No. Range Mean SD No. > 6 p

Control 30 1 0-6-0 3 17 1-38 0
Undifferentiated small-cell 17 1-0-7-0 3-59 1 56 1 >0 05
Squamrus-ctll 9 2-0-9 5 5-22 2-24 3 <0-01
Adenocarcinoma 4 3 0-7 0 5 00 1 83 1 <0 05
Overall carcinoma bronzhus 30 1 0-9 5 4-82 2-00 5 <0-05

Table 2 Tartrate-labile AcP levels

Group No. Range Mean SD No. > 2 P

Control 30 0-5-2-0 0 75 0 50 0
UndiiThrentiat2d s.nall-c-ll 17 0-5-2 0 0 91 0 51 0 >0 05
Squamous-cell 9 0 5-3 0 1-39 0 78 1 <0-01
Adenocarcinoma 4 0 5-2-0 1 13 0 63 0 >0 05
Overall 30 0 5-3 0 1 08 0 53 1 <0 05

in the pancreas from case 2.

Discussion

A raised serum total AcP has previously been
associated with carcinoma of the bronchus (Sulli-
van et al., 1942: Mathes et al., 1956), but the
elevation was moderate, being less than twice the
upper limit of normal. A previous survey of serum
AcP in pulmonary disease, including carcinoma of
the bronchus, showed no marked elevations
(Pelocchino and Concina, 1956). Increased AcP
activity has also been noted in association with
carcinoma of the stomach (Simon and Nygaard,
1959), carcinoid tumour of the rectum (Davidson
and McDougal, 1976), Gaucher's disease (Tuch-
man et al., 1959), multiple myeloma (Frenkel and
Tourtellotte, 1962), leukaemias (Bases, 1966),
thromboembolic disorders (Schoenfeld et al., 1962),
and multiple endocrine adenomatosis (Mick, 1972).

Recent isoenzyme studies on AcP have sug-
gested that abnormal patterns may be more fre-
quent than is usually recognised, as the total AcP
level may be normal (Yam, 1974). This technique
may also help to distinguish the source of in-
creased serum AcP activity, as izoenzyme 2 is
produced by the pancreas and isoenzyme 4 by the
lung (Lam et al., 1973). However, both are pro-
duced by the prostate, and tartrate-inhibition can-
not distinguish between them. These variations in
the source of AcP activity may account for the
fact that tartrate-labile AcP activity is the same
in normal men and women (Ozar et al., 1955). In
the case of carcinoma of the stomach mentioned
above (Simon and Nygaard, 1959), most of the
increased serum AcP activity was tartrate-labile,
whereas in the case of carcinoid tumour of the

rectum (Davidson and McDougal, 1976) most of
the activity was not inhibited by tartrate but was
inhibited by ethanol. Unfortunately, isoenzyme
electrophoresis was not available to us.
The nuclei of almost all cells show AcP activity

on histochemical staining, but only neurones and
prostatic epithelium show significant cytoplasmic
staining (Woodard, 1942). Nuclear staining is in-
creased in human neoplasms (Lemon and Wisse-
man, 1949). Cytoplasmic staining is sometimes in-
creased, especially in carcinoma of the prostate
(Gomori, 1941). Normal bronchial mucosa shows
little activity (Gomori, 1941), and bronchial neo-
plasms do not usually stain heavily (Biressi and
Concina, 1957). Normal pancreas shows little
tissue AcP activity (Gomori, 1941), and our find-
ings seem to confirm this. In the case of carcinoid
tumour of the rectum mentioned above (David-
son and McDougal, 1976), heavy tissue AcP stain-
ing was noted in the primary tumour and its
metastases, whereas in our case 2, increased cyto-
plasmic activity was found in the pancreas
surrounding a metastasis but not in the primary
tumours or metastases. It is interesting to note
that the case of multiple endocrine adenomatosis
previously reported (Mick, 1972) included a non-,8
islet-cell carcinoma of the pancreas with liver
metastases.

It seems therefore that increased serum AcP
activity may arise in different ways. Possible
sources in our cases include thromboembolism,
liver, circulating red cells, bone, pancreas, pros-
tate, or the tumour itself.

Although case 1 had an undoubted deep vein
thrombosis at the time his serum AcP level was
noted to be high, there was no evidence of ve-
nous thrombosis in case 2. The liver has been
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suggested as the source of increased AcP activity
in carcinoma patients (Schoenfeld, 1972). Liver
AcP is tartrate-labile (Abul-Fadl and King, 1949).
There was no evidence of liver metastases in case
2, but as increased tissue AcP activity has been
noted in a histologically normal liver in a case
of myeloma (Frenkel and Tourtellotte, 1962), it is
not possible to exclude the liver as the source of
increased AcP activity in our cases. Red cell AcP
is increased in carcinoma patients (Schoonover
and Ely, 1935), but this is not inhibited by tartrate
(Woodard, 1959). Moderate elevations of AcP may
be present in metastatic bone disease (Sullivan et
al., 1942), but in our cases there was no clinical
evidence of bone metastases, and none was demon-
strated in the limited radiological and necropsy
studies.

It is more likely that the increased serum AcP
activity arose from the tumour itself, the prostate,
or (in case 2) the pancreas. Many cases of car-
cinoma of the prostate have a reduced tissue AcP
activity (Woodard, 1952), and the raised serum
AcP is presumed to be due to the breakdown of
some natural barrier around the gland, permitting
leakage of AcP into the circulation, and an in-
crease in tissue bulk (Yam, 1974). The same
mechanisms may act in carcinoma of the bron-
chus, but bronchial mucosa is not a natural reser-
voir of AcP activity. It is possible that the primary
tumour or its metastases produces an unidentified
'releasing factor' acting on the prostate gland,
but this would not seem to be the explanation in
other cases which have a raised total AcP but
normal tartrate-labile AcP.

In view of the intense pancreatic tissue AcP
activity found in case 2, it seems probable that
the pancreas could be the source of increased
serum AcP in that case at least. This may be
simply a cellular reaction to the presence of
neighbouring neoplastic tissue. This concept of a
non-specific response seems to fit the observations
already noted that increased serum AcP activity
of different types may arise in a wide variety of
seemingly unrelated disorders and that AcP itself
is found in almost all cells. Our observations con-
firm that raised serum tartrate-labile AcP con-
centrations may on occasion be associated with
conditions other than carcinoma of the prostate.

We thank Dr. W. I. Kenyon and Dr. J. Miles-
Walker for permission to report these cases, and
the many physicians and surgeons who allowed us
to take blood samples from their patients. We are
grateful to Dr. A. Jones and Dr. D. L. Bee for
the pathology findings. Finally, we thank especi-
ally Miss Godsmark, Miss C. S. Day, and the staff

of the Biochemistry Department at the Tameside
General Hospital for the numerous biochemical
estimations.

References

Abul-Fadl. M. A. M. and King, E. J. (1949). Proper-
ties of the acid phosphatases of erythrocytes and of
the human prostate gland. Biochemical Journal, 45,
51-60.

Bases, R. (1966). Evaluation of serum acid phospha-
tase in certain myelo-proliferative diseases. New
England Journal of Medicine, 266, 538-540.

Bensley, E. H., Wood, P., Mitchell, S., and Milnes, B.
(1948). Estimation of serum acid phosphatase in the
diagnosis of metastasizing carcinoma of the pros-
tate. Canadian Medical A ssociation Journal, 58,
261-264.

Biressi, P. C. and Concina, E. (1957). Studio isto-
chimico sulla fosfatasi 'acida' e sulla lipasi dei
bronchi e dei tumori bronco-polmonari. Minerva
Medica, 48, 1555-1559.

Bonner, C. D., Homburger, F., and Fishman, W. H.
(1954). Some factors other than neoplasms altering
the prostatic fraction of acid phosphatase in the
serum. Surgery, Gynecology and Obstetrics, 99,
179-183.

Cline, J. K., Burke, L. S., Cobb, W. R., Wilkinson,
M. A., and Johnson, R. B. (1955). Further studies
in detection and diagnosis of prostatic carcinoma.
Journal of Urology, 73, 384-392.

Cooke, W. B., Fishman, W. H., and Clarke, B. G.
(1962). Serum acid phosphatase of prostatic origin
in the diagnosis of prostatic cancer: clinical evalua-
tion of 2,408 tests by the Fishman-Lerner method.
Journal of Urology, 88, 281-287.

Davidson, E. D. and McDougal, W. S. (1976). Elevated
serum acid phosphatase levels with rectal carcinoid
tumor. Gastroenterology, 70, 114-116.

Dow. D. and Whitaker, R. H. (1970). Prostatic con-
tribution to normal serum acid phosphatase. British
Medical Journal, 4, 470-472.

Frenkel, E. P. and Tourtellotte, C. D. (1962). Elevated
serum acid phosphatase associated with multiple
myeloma. Archives of Internal Medicine, 110, 345-
349.

Gomori, G. (1941). Distribution of acid phosphatase
in the tissues under normal and under pathologic
conditions. Archives of Pathology, 32, 189-199.

Grogg, E. and Pearse, A. G. E. (1952). Coupling azo
dye methods for histochemical demonstration of
alkaline phosphatase. Nature, 170, 578-579.

Gutman, A. B. and Gutman, E. B. (1938). "Acid"
phosphatase activity of the serum of normal human
subjects. Proceedings of the Society for Experi-
mental Biology and Medicine, 38, 470-473.

Herbert, F. K. (1946). The estimation of prostatic
phosphatase in serum and its use in the diagnosis
of prostatic carcinoma. Quarterly Journal of Medi-
cine, 15, 221-241.

476

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.32.4.472 on 1 A

ugust 1977. D
ow

nloaded from
 

http://thorax.bmj.com/


Acid phosphatase activity in carcinoma of the bronchus

Lam, K. W., Li, O., Li, C. Y., and Yam, L. T. (1973).
Biochemical properties of human prostatic acid
phosphatase. Clinical Chemistry, 19, 483-478.

Lemon, H. M. and Wisseman, C. L., Jr. (1949). Acid
phosphomonesterase activity of human neoplastic
tissue. Science, 109, 233-235.

Mathes, G., Richmond, S. G., and Sprunt, D. H.
(1956). The use of 1-tartrate in determining "pro-
static" serum acid phosphatase: a report of 514
cases. Journal of Urology, 75, 143-150.

Mick, B. A. (1972). Abnormally high serum acid phos-
phatase (Letter). Journal of the American Medical
A ssociation, 220, 1132.

Ozar, M. B., Isaac, C. A., and Valk, W. L. (1955).
Methods for the elimination of errors in serum
acid phosphatase determinations. Journal of
Urology, 74, 150-157.

Pelocchino, A. M. and Concina, E. (1956). Modifi-
cazioni della fosfastasi alcalina ed acida e delta
lipasi nel sangue di pazienti con neoplasie del pul-
mone. Cancro, 9/4, 250.

Schoenfeld, M. R. (1972). High levels of serum acid
phosphatase (Letter). Journal of the American
Medical Association, 221, 411.

Schoenfeld, M. R., Lepow, H., Woll, F., and Edis, G.
(1962). Acid hyperphenylphosphatasia in thrombo-
phlebitis and pulmonary embolism. Annals of Inter-
nal Medicine, 57, 468-471.

Schoonover, J. W. and Ely, J. 0. (1935). Enzymes in
cancer. The beta-glycerophosphatase of the ery-
throcytes. Biochemical Journal, 29, 1809-1816.

Simon, H. B. and Nygaard, K. K. (1959). Clinical in-

terpretation of total serum and "prostatic" acid
phosphatase level. Journal of the American Medical
Association, 171, 1933-1937.

Sullivan, T. J., Gutman, E. B., and Gutman, A. B.
(1942). Theory and application of the serum "acid"
phosphatase determination in metastasizing pro-
static carcinoma: early effects of castration. Journal
of Urology, 48, 426-458.

Tuchman, L. R., Goldstein, G., and Clyman, M.
(1959). Studies on the nature of the increased serum
acid phosphatase in Gaucher's disease. American
Journal of Medicine, 27, 959-962.

Walker, B. S., Lemon, H. M., Davison, M. M., and
Schwartz, M. K. (1954). Acid phosphatases: a
review. American Journal of Clinical Pathology, 24,
807-837.

Woodard, H. Q. (1942). Acid and alkaline glycero-
phosphatase in tissue and serum. Cancer Research,
2, 497-508.

Woodard, H. Q. (1952). Factors leading to elevations
in serum acid glycerophosphatase. Cancer (Phila-
delphia), 5, 236-241.

Woodard, H. Q. (1959). The clinical significance of
serum acid phosphatase. American Journal of
Medicine, 27, 902-910.

Yam, L. T. (1974). Clinical significance of the human
acid phosphatases: a review. American Journal of
Medicine, 56, 604-616.

Requests for reprints to: Dr. D. P. Nicholls, Tutor in
Medicine, University of Manchester, Hope Hospital,
Eccles Old Road, Salford M6 8HD.

477

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.32.4.472 on 1 A

ugust 1977. D
ow

nloaded from
 

http://thorax.bmj.com/

