
AN "ACID" PHOSPHATASEOCCURRINGIN THE SERUMOF
PATIENTS WITH METASTASIZING CARCINOMAOF

THE PROSTATEGLAND

BY ALEXANDERB. GUTMANAND ETHELBENEDICTGUTMAN
(From the Department of Medicine, College of Physicians and Surgeons, Columbia University

and the Presbyterian Hospital, New York City)

(Received for publication April 8, 1938)

In 1935, Kutscher and Wolbergs (1) found
that normal prostate tissue is extraordinarily rich
in a phosphatase with optimum activity at about
pH 5.0. This observation was confirmed for nor-
mal and carcinomatous prostate tissue by Gutman,
Sproul, and Gutman (2), who further noted the
presence of "acid" phosphatase at the site of
skeletal metastases secondary to carcinoma of the
prostate gland.

The present investigation was directed toward
the possibility that invasion of lymph or blood
channels by prostate carcinoma might result in the
escape into the circulating fluids of prostate
phosphatase sufficient to cause a measurable in-
crease in the " acid " phosphatase activity of blood
serum. Significant amounts of such an "acid"
phosphatase were found in the serum of 11 of 15
patients with disseminated carcinoma of the pros-
tate gland. The " acid " phosphatase noted in the
serum of these patients corresponds closely in its
characteristics with prostate tissue phosphatase, as
described by Kutscher and Worner (3). Its
properties differ in significant respects from those
of recognized phosphatases of the blood.

With the exception of one case, no appreciable
rise in "acid" serum phosphatase activity was
noted in a variety of diseases other than car-
cinoma of the prostate gland, including conditions
presenting marked increases in " alkaline " serum
phosphatase activity. The determination proved
to be helpful in the diagnosis of disseminated car-
cinoma of the prostate gland.

METHODS

The method of King and Armstrong (4) has
been shown to be readily adaptable to the estima-
tion of phosphatase activity on the acid side of
neutrality (2). Preliminary experiments indi-
cated that pH 4.9 was within the optimum range
of activity of the serum phosphatase with which
we are here concerned, and beyond the range of

significant activity of " alkaline" serum phospha-
tase. The buffer-substrate employed was M/200
disodium monophenylphosphate in Sorensen's
M/10 citrate-Ha buffer adjusted to pH 4.8.
After addition of serum, the pH of the reaction
mixture at room temperature was 4.85 (glass
electrode measurements), and therefore approxi-
mately 4.9 at the temperature of hydrolysis, 370 C.
The time of hydrolysis was 3 to 5 hours, except
in most cases of metastatic prostate carcinoma in
which the optimum time of hydrolysis was Y/2 to 1
hour. Apart from these deviations, the procedure
followed was essentially that outlined by King and
Armstrong (4). The results are expressed in
units of phosphatase activity per 100 cc. of serum.
A unit is defined as that degree of phosphatase
activity which at pH 4.9 and 370 C. will liberate
from the specified buffer-monophenylphosphate
substrate solution 1 mgm. of phenol in 1 hour.

" Alkaline " phosphatase activity of the serum
was determined by the method of Bodansky (5).

RESULTSANDDISCUSSION

"Acid " phosphatase activity of normal serum.
Normal sera consistently show slight but measur-
able hydrolysis of monophenylphosphate substrate
buffered with citrate-HCl to pH 4.9 (6; cf.
Roche (7)). The range of variation in normal
subjects tentatively appears to be 0.5 to 2.5 units
(6), as defined above.

That the hydrolysis is enzymatic is indicated by
the absence of scission in control experiments in
which substrate-buffer mixtures were maintained
at 370 for 5 hours without the addition of serum.
A study of this reaction (6), suggests that the
enzyme involved is not " alkaline " serum phospha-
tase. Normal serum apparently contains minute
amounts of one or more phosphatases of the type
classified by Folley and Kay (8, 9) as phospho-
monoesterase A2. The properties of this " acid "
phosphatase do not coincide with those of erythro-
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TABLE I

"Acid" and "alkaline" phosphaase activity of the serum in paiet with disease of the prostate gland

Serum phosphatase
Case Age activity * Basis for diagnosis Remarks

pH 4.9 pH 8.6

years u'isper Bodausky units1sunits perper 100 cc.

A. METASTASIZING CARCINOMAOF THE PROSTATEGLAND

1 60 516. 7.2 Resection Rapid extension of osteolytic metastases to pelvis, ribs (fractures),
(Recurrence) spine (collapse), scapulae, humeri (fracture), femora

2 63 40.8 12.9 Clinical Predominantly osteolytic metastases to clavicle, pelvis. Spine
tender but x-rays negative

3 60 38.6 17.3 Resection Osteoplastic-osteolytic metastases to pelvis, spine, ribs (fracture),
(Recurrence) femur, humerus

4 60 26.3 21.4 Clinical Osteoplastic metastases to pelvis, spine, femora, clavicles, scapulae,
humeri, skull

5 75 10.7 4.2 Resection Early osteolytic-osteoplastic metastases to spine

6 60 10.6 27.7 Clinical Osteolytic-osteoplastic metastases to pelvis, femora, spine

7 7.4 19.0 Clinical Osteoplastic-osteolytic metastases to spine

8 61 6.8 9.5 Biopsy Osteoplastic metastases to pelvis, spine

9 73 5.6 4.5 Resection Osteolytic-osteoplastic metastases to pelvis
IRecurrence)

10 56 5.4 50.0 Resection Rapid extension of discrete osteoplastic metastases to pelvis, femora,
(No recurrence) spine, scapulae, humeri

11 61 4.4 21.6 Autopsy Osteoplastic-osteolytic metastases to pelvis, spine, skull

12 62 3.1 20.1 Resection Osteoplastic metastases to spine, pelvis, femora, humeri, scapulae,
(No recurrence) skull

13 70 1.6 2.8 Biopsy Questionable metastases L, and sacrum

14 67 1.6 12.0 Biopsy Osteolytic0-osteoplastic metastases to pelvis. Rectovesical fistula
after adium,

15 56 1.5 3.9 Resection No bone metastases by x-ray
(No recurrence)

B. DISEASES OF THE PROSTATEGLANDOTHERTHAN CARCINOMA

16 73 2.1 11.7 Resection Sections show only benign hypertrophy of prostate. Osteoplastic-
osteolytic metastases to skull, spine, pelvis. Primary not known

17 1.9 2.4 Autopsy Sections show only benign hypertrophy of prostate. Osteolytic
metastases to scapula, lungs secondary to hypernephroma

18 44 1.6 2.9 Resection Lymphosarcoma of prostate gland

19 30 1.2 5.0 Clinical Acute prostatitis
20 67 1.1 3.2 Clinical Benign hypertrophy of prostate; uremia

* Normal range of serum phosphatase activity:
pH 4.9 = 0.5 to 2.5 units per 100 cc.
pH 8.6 = 1.0 to 4.0 Bodansky units per 100 cc.
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cyte phosphatase (7) but show a general corre-

spondence with those of phosphatases found in
liver, spleen, and kidney, as described in particular
by Bamann and Riedel (10). That prostate
tissue is not the source is indicated by the pres-

ence of this enzyme in the serum of normal fe-
male subjects and by the differences in properties
to be described.

"Acid " phosphatase activity of the serum in
patients with disseninated carcinoma of the pros-
tate gland. As shown in Table IA, the phospha-
tase activity of the serum at pH 4.9 was found to
exceed maximal normal values in 12 of 15 cases

of disseminated prostate carcinoma. In Case 1
the phosphatase activity was so great that it was

necessary to dilute the serum 5 times in order to
make valid comparisons with our standard solu-
tions. The value thus obtained (516 units per

100 cc.) was repeatedly checked with phenylphos-
phate substrate. Roughly equivalent results were

obtained with f8 glycerophosphate substrate.
The data recorded in Table IA show a wide

spread in the " acid " phosphatase activity of the
serum in different patients with metastatic pros-

tate carcinoma. Several factors doubtless con-

tribute to this dispersion. It is known that the
phosphatase content of normal prostate tissue,
while consistently high, varies over a broad range

(2). The " acid " phosphatase of prostate carci-
noma at the site of metastases likewise exhibits
marked differences in activity. In the lumbar
vertebra of one case (2), we found 19.0 King and
Armstrong units per gram of wet tissue, in two
others (unpublished cases) 5.5 and 5.7 units.
Certain therapeutic measures appear to affect the

level of "acid" serum phosphatase activity in
these patients. In Cases 12 and 15, complete re-

section of the primary prostate tumor had been
performed without recurrence at the time of analy-
sis. Case 14 had received extended treatment by
implantation of radium seeds into the tumor mass,
sufficient to cause the development of a rectovesi-
cal fistula. The rapidity of extension of the neo-
plasm may also influence the level of "acid"
serum phosphatase activity. Our highest value
was obtained in a patient (Case 1) in whom the
development of skeletal metastases was so rapid
as to excite repeated comment. In Case 13,
whose values were within normal limits, the only
indications of metastases were two equivocal areas

of sclerosis in the fifth lumbar and the adjacent
sacral vertebrae in a patient with scoliosis of long
standing. No correlation could be made out,
however, between the level of "acid" serum
phosphatase activity and the extensiveness of
osteoplastic skeletal metastases found in roent-
genograms. In fact, the highest value observed
was in a patient with predominantly osteolytic
metastases (Case 1).

The data recorded in Table IA give no indica-
tion of any correlation between the level of
"acid" phosphatase activity of the serum and
that of "alkaline" serum phosphatase activity.
As pointed out elsewhere (11, 12, 13), the " alka-
line" phosphatase activity of the serum is often
markedly elevated in patients with widespread
osteoplastic metastases secondary to prostate car-
cinoma, the degree of elevation being roughly pro-
portional to the extent of osteoplastic skeletal me-
tastases found in roentgenograms (12, 13, 14).

TABLE II

Comparison of pH-activity curves of prostate tissue phosphatase with those of serum phosphatase in
2 cases of metastasizing carcinoma of the prostate gland

(M/200 monophenylphosphate substrate; M/10 citrate buffer; t = 370 C.)

pH (glass electrode measurements).2.2 3.5 3.86 4.37 4.76 5.06 5.97 6.54 7.31 7.65

Normal prostate tissue (mgm. phenol liberated in Mhour, per 100
cc. extract (1 gram of wet tissue: 2,360 cc. of water) ) ........... 0 7.3 8.1 11.9 12.1 14.0 14.8 12.5 7.3 2.3

Carcinomatous prostate tissue, Case 11 (mgm. phenol liberated in Y2
hour, per 100 cc. extract (1 gram of wet tissue: 648 cc. of water) ) 0.3 12.4 14.7 16.5 18.9 21.7 22.5 21.1 10.5 5.5

Serum of Case 1 (mgm. phenol liberated in Y hour, per 100 cc. of
serum diluted 1: 20) ...................................... 0.7 8.7 10.7 12.1 12.9 13.6 15.6 14.4 7.7 4.3

Serum of Case 2 (mgm. phenol liberated in 1 hour, per 100 cc. of serum
diluted 1 : 2) ............................................ 16.8 1i7.8 120.4 122.0 123.2 119.81 7.2 1 3.4
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No significant rise in " acid " serum phosphatase
activity was found in diseases of the prostate

gland other than carcinoma with metastases

(Table IB).
Comparison of properties of prostate tissue

phosphatase with those of " acid " phosphatase of
the serum of patients wuith disseminated carcinoma
of the prostate gland. The results summarized
in Table II show satisfactory agreement between
the pH-activity curves of prostate tissue phospha-
tase and those of serum phosphatase in two cases

of carcinoma of the prostate gland with metas-
tases. The dilutions indicated in the table com-

pensate for differences in concentration of the
enzyme in prostate tissue and in serum. In order
to approximate initial reaction velocities, the
time of hydrolysis was made as short as was con-

sistent with accurate readings. Comparison with
the data of Kutscher and Worner (3) shows a

general correspondence in the broad range of
optimum activity but with the concentration of
substrate and conditions of hydrolysis selected,
our peak of activity was found to be closer to
neutrality.

In confirmation of Kutscher and Worner (3),
the activity of prostate tissue phosphatase was

found to vary widely with different concentrations
of glycerophosphate substrate (Table III).
This effect was less pronounced when molarities
of disodium monophenylphosphate substrate vary-
ing within the range investigated (Table III)
were employed at the same pH. Similar results

were obtained with serum from a case of dissemi-
nated prostate carcinoma (Table III).

Prostate tissue phosphatase is unusual in that it
is rapidly and irreversibly inactivated by alcohols
(3). The " acid " phosphatase activity of the
serum in patients with carcinoma of the prostate
gland is likewise inhibited by alcohols. A 1: 20
dilution of the serum of Case 1, with 24.9 units
of phosphatase activity, yielded a value of 17.6
units after one hour's incubation with added N-
propyl alcohol in a concentration of M/1 in the
reaction mixture. The hydrolysis in both experi-
ments was conducted at 37° C. with M/200 mono-

phenylphosphate substrate in M/10 citrate buffer
at pH 5.06.

A parallel experiment performed under the
same conditions, except for the use of sodium
fluoride in a concentration of M/100 in the re-
action mixture, resulted in reducing the activity
of this serum (Case 1) from 24.9 to 5.6 units.
As regards the inhibiting effect of fluoride too,
then, the " acid " serum phosphatase corresponds
with prostate tissue phosphatase. The " alkaline "
phosphatase of serum, on the other hand, is not
significantly inhibited by fluoride (8). This fact
was utilized to contrast the effect of fluoride on
the phosphatase activity of the serum in a patient
with disseminated prostate carcinoma who pre-
sented elevated levels of both " acid " and " alka-
line " phosphatase activity (Case 3). At pH 9.0,
a sample of this serum showed no decrease in ac-
tivity when hydrolysis was carried out for one-

TABLE III
Effect of variations in substrate concentration on activity of prostate tissue phosphatase and

on activity of serum phosphatase from a case of metastasizing prostate carcinoma

A. SUBSTRATE= , GLYCEROPHOSPHATE
(Buffer M/25 citrate; time 1 hour; pH 4.37; t = 370 C.)

Molar concentration of substrate. 0.006 0.0125 0.0 17 0.025 0.034 0.05 0.10 0.15 0.20 0.30

Normal prostate tissue (mgm. phenol liberated per 100 cc. extract
(1 gram of wet tissue: 2360 cc. of water) ) .................. 4.0 5.4 11.5 13.7 14.9 14.8 12.4 9.5

Serum of Case 1 (mgm. phenol liberated per 100 cc. serum (1: 20
dilution) )..... 3.5 5.3 8.6 10.3 11.3 12.5 13.7 13.5 11.6 8.0

B. SUBSTRATE - MONOPHENYLPHOSPHATE
(Buffer M/10 citrate; time 1 hour; pH 4.37; t = 370 C.)

Molar concentration of substrate.0.0025 0.005 0.01 0.02 0.05

Normal prostate tissue (mgm. phenol liberated per 100 cc. of extract (1 gram of
wet tissue: 2360 cc. of water) ) ......... ............................. 19.8 20.9 23.7 23.5 26.9

Serum of Case i (mgm. phenol liberated per 100 cc. of serum (1 : 20 diluiion) ) 18.7 19.4 20.0 22.2 26.0
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half hour at 370 C. with sodium fluoride of M/20
concentration in the reaction mixture. The same
serum liberated 18.3 mgm. of phenol at pH 4.4
but, at this pH, the conditions of hydrolysis other-
wise unchanged, sodium fluoride of M/20 con-

centration in the reaction mixture reduced the ac-

tivity in one-half hour to 2.2 mgm. of phenol
liberated per 100 cc. serum.

A sample of the serum of Case 3 was employed
also for a similar experiment with magnesium
salts, which are known to activate " alkaline"
serum phosphatase but have no effect upon pros-
tate tissue phosphatase (3). At pH 9.0, under
the conditions of hydrolysis outlined in the pre-

ceding paragraph, 50.2 mgm. phenol were liber-
ated in the presence of magnesium chloride (M/50
concentration in the reaction mixture), as con-

trasted with 33.0 mgm. phenol without the ad-
dition of Mg ion. At pH 4.4, conditions of hy-
drolysis otherwise unchanged, 18.3 mgm. of
phenol were liberated both in the presence and in
the absence of added M/50 magnesium chloride.
In another instance (Case 9), hydrolysis of
M/200 phenylphosphate for 2 hours at pH 5.97
and 37° C. with M/20 magnesium chloride added
yielded a value of 15.7 units as compared with
15.8 units without Mg ion.

The absence of any activating effect of mag-

nesium salts on the " acid " phosphatase activity
of the serum in patients with metastasizing pros-

tate carcinoma contrasts with the marked activa-
tion of the " acid " phosphatase found in normal
erythrocytes (7). These two "acid" phospha-
tases differ also with respect to their capacity to
hydrolyze a glycerophosphate. Unlike erythro-
cyte phosphatase, the " acid " phosphatase found
in the serum of patients with disseminated pros-

tate carcinoma hydrolyzes the a isomer less rapidly
than /8 glycerophosphate. A sample of the serum

of Case 1 in 1: 5 dilution liberated 172 mgm.

of phosphorus per 100 cc. in one hour from a ,B
glycerophosphate substrate at pH 4.9, but only 87
mgm. of phosphorus from an a glycerophosphate
substrate of the same molarity and under the same

conditions of hydrolysis.1 Kutscher and Wol-
bergs (1) report that prostate tissue phosphatase
splits about 10 per cent less of a glycerophosphate
than of the isomer.

1 We are indebted to Dr. Frank L. Pyman for the a

glycerophosphate used in these experiments.

"Acid" phosphatase activity of the serum in
diseases other than carcinoma of the prostate
gland. Included in Table IV are representative

TABLE IV

"Acid" and "alkaline" phosphatase activity of the serum in
miscellaneous diseases

Berum phospha-
tase activity

Diagnosis and remarks

pH pH 8.6
c3 4.9 _ _ _ _ _ _ _ _ _ _

units Boda. b
y#ears j units per10. 100 cc.

21 cd' 55 3.4 112.8 Advanced Paget's disease
22 9 63 5.0 79.1 Advanced Paget's diseas
23 9 65 1.6 38.0 Advanced Paget's disease
24 di 49 1.8 10.3 Paget's disease of pelvis, spine
25 9 50 2.3 30.3 Hyperparathyroidism
26 ci 1 1.9 18.0 Rickets

27 9 26 1.0 5.3 Osteomalacia

28 9 15 0.2 3.9 Myositis ossificans

29 cd' 65 1.6 33.7 Carcinoma of head of pancreas, obstructive
jaundice

30 c' 73 1.2 29.1 ?Carcinoma of head of pancreas, obstructive
jaundice

31 5' 65 2.3 18.7 Stone commonduct, obstructive jaundice
32 c' 50 1.7 11.6 Stone commonduct, obstructive jaundice
33 9 65 1.0 68.6 Biliary cirrhosis, jaundice
34 ci' 19 1.6 11.4 Arsphenamine hepatitis, jaundice
35 d' 28 1.1 7.6 Catarrhal jaundice
36 ci' 53 1.4 2.3 Hemoltlc jaundie
37 e 1.2 9.2 Chronic nephritis, nonprotein nitrogen 150

38 d' 39 2.7 4.4 Uremia, nonprotein nitrogen 125

39 d' 57 1.2 4.4 Multiple myeloma
40 c' 50 0.5 8.8 Multiple myeloma
41 cd' 69 1.0 3.4 Lymphatic leukemia

42 c' 56 1.2 12.5 Lymphosarecoma
43 c' 60 2.5 6.4 Osteogenic sarcoma?

44 c' 20 0.6 14.8 Ewing's tumor, extenive bone involvement

45 9 44 1.8 9.8 Carcinoma of breast, extensve osteolytic meta-
stases

46 9 1.2 12.4 Carcinoma (primary?), extensive osteolytic meta-
----| ~~~stases

47 9 72 1.6 23.8 Carcinoma (primary?), extensive metastases

48 9 43 1.8 7.7 Hypernephroma, extensive osteolytic metastases

49 c' 70 1.8 33.3 Carcinoma of sigmoid, liver metastases
50 c' 71 0.6 4.9 Carcinoma of stomach, metastases

51 c' 60 1.6 9.7 Seminoma, extensive metsstases

52 oi 65 0.6 2.3 Carcinoma of rectum, resected, t metastases

53 c' 57 1.2 12.3 Carcinoma (primary?), liver metastases
54 c' 74 Li 9.1 Carcinoma of gallbladder, liver metastas
55 c' 66 2.6 27.4 Primary carcinoma of liver, jaundice
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results obtained in the determination of "acid"
serum phosphatase activity in diseases other than
disseminated prostate carcinoma. In selecting
cases for examination, special emphasis was
placed upon conditions associated with elevated
levels of " alkaline " serum phosphatase activity,
including neoplasms of diverse origin. A variety
of infections and miscellaneous conditions were
also studied, the number of cases examined total-
ling 88.

The only value in excess of 4.0 units per 100 cc.
encountered was in a female with widespread
Paget's disease, who was found to have 5.0 units
of " acid " serum phosphatase activity (and 79.1
Bodansky units per 100 cc. of "alkaline" phos-
phatase activity). Our series is too small, how-
ever, to warrant any statistical claim for speci-
ficity such as might be implied by this single ex-
ception.

As pointed out by Kay (15), the "alkaline"
phosphatase activity of the serum may be in-
creased in patients with neoplasm. The rise oc-
curs chiefly in the presence of metastases to the
skeleton and liver (16), the degree of elevation
depending largely on the extent and character of
these metastases (12, 13, 14). The " acid "
phosphatase activity of these patients, however,
appears not to be affected appreciably, so far as
we could determine, except when the primary tu-
mor was in the prostate gland. In this respect
(as in others), the enzyme reported here differs
from that investigated by Schoonover and Ely
(17) and others (8).

SUMMARY

Significantly increased " acid " phosphatase ac-
tivity of the serum (> 4.0 units per 100 cc.) was
found in 11 of 15 patients with metastasizing
prostate carcinoma. The increase is due to the
presence of a serum phosphatase which corre-
sponds closely in its characteristics with prostate
tissue phosphatase but differs in its properties
from recognized phosphatases of the blood.

Sera of 88 patients with diseases other than
disseminated prostate carcinoma did not, with one
exception, yield values for "acid" phosphatase
higher than 4.0 units per 100 cc. Included in this
control series are many cases with marked eleva-
tions in " alkaline " serum phosphatase activity.

The determination of serum phosphatase ac-

tivity at pH 4.9 may be of limited value in the
diagnosis of metastasizing carcinoma of the pros-
tate gland.
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