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Electrophoretic Heterogeneity of Leucocyte Alkaline Phosphatase in 
Normal Man and in Patients with Polycythemia Vera. (31437) 

S. TRUBOWITZ AND W. L. MILLER (Introduced by G .  L. Hobby) 
Hematology Research Laboratory and Medical Service, Veterans Administration Hospital, 

East Orange, N .  J .  

Interest in the alkaline phosphatase activity 
of human polymorphonuclear leucocytes was 
stimulated by the now well-established find- 
ing that the activity of this enzyme falls to 
very low values in chronic myelogenous leu- 
kemia and rises to very high levels, well be- 
yond the normal, in polycythemia Vera( 1) .  
The speculation that the decrease in enzyme 
activity of the leukemic granulocyte is the 
result of partial deletion of the small acro- 
center of chromosome 2 1, the Philadelphia 
chromosome, has been advanced ( 2,3 ) . Evi- 
dence has also been presented(4,5) purport- 
ing to relate maturity and differentiation of 
the polymorphonuclear leucocyte with alka- 
line phosphatase activity. The potential for 
phosphatase synthesis is realized during dif- 
ferentiation of the granulocyte from its pre- 
cursors, the myeloblast and myelocyte. En- 
zymes are now known to exist in multiple 
molecular forms and different isozyme pat- 
terns have been observed in different tissues 
(6).  Heterogeneity of non-specific human 
serum alkaline phosphatase and of human 
placenta has been demonstrated( 7 ) .  The pur- 
pose of the present investigation has been to 
describe the pattern of heterogeneity of nor- 
mal human leucocyte alkaline phosphatase 
and to determine the influence of polycy- 
themia rubra Vera on this pattern. 

Materials and methods. Five hundred ml 
of blood in ACD solution were obtained from 
5 presumably normal donors immediately 

after removal in a commercial blood bank. 
The alkaline phosphatase assay of their leu- 
cocytes ranged between 29.6 and 83.0 mg 
phosJl 010 polymorphonuclear leucocytes. In 
addition, 2 healthy, hematologically normal 
volunteers were phlebotomized of 500 ml of 
blood. The leucocyte alkaline phosphatase 
assay of these samples was 26 and 35 mg 
phosJl 0l0 polymorphonuclear leucocytes. 
Similarly, 500 ml of blood were removed from 
3 patients with well documented polycythemia 
rubra Vera whose leucocyte alkaline phospha- 
tase values were: 61, 192, and 465 mg 
phos/ 1 0lo polymorphonuclear leucocytes. 

The leucocytes were isolated by means of 
differential sedimentation in 5 % polyvinyl 
pyrrolidine and 2% bovine fibrinogen in nor- 
mal saline ( 5) .  The leucocyte preparation was 
freed of most of the contaminating erythro- 
cytes by exposure to hypotonic saline followed 
by restoration of tonicity with 3.5% saline 
(8). Six volumes of cold distilled water were 
added rapidly to 2 volumes of a saline sus- 
pension of the cells. After vigorous mixing 
for 30 seconds, tonicity was restored by rapid 
addition of 2 volumes of 3.5% saline. After 
one final washing with normal saline the leu- 
cocyte cell pack was resuspended in 1-2 vol- 
umes of water and stored at  -20°C. 

Upon thawing and homogenization of the 
cell pack in a tissue grinder, the enzyme was 
extracted by the method of Morton(9), as 
modified bx Trubowitz et aZ( 10). The extract 
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was taken through the first acetone precipi- 
tation and then redissolved in 0.1 M sodium 
hydrogen carbonate. The zymograms were 
developed by horizontal starch gel electro- 
phoresis in a discontinuous system of buffers 
(11,12). The pH of the gel buffer was 8.65. 
The system was run at  200V for 16 hours 
a t  4°C. Staining for enzyme activity was 
accomplished on the gel slices by the method 
of Boyer ( 7 ) .  

The results are summarized in Fig. 1 .  Three 
bands of enzyme activity were found in both 
normal and polycythemic subjects. In the 
normal, the bands were located at  the origin, 
about the 1.0 cm line and about the 3.0 cm 
line. In the polycythemic, the initial two slow 
bands resembled the normal, but a cathodal 
shift in the third band was apparent, center- 
ing about the 2.0 cm line. Since the poly- 
cythemic cells were considerably richer in 
phosphatase activity (2-1 5 times) than the 
normal cells, it is unlikely that additional 
enzyme bands were missed. 

The zymogram of normal leucocyte alkaline 
phosphatase shown above is quite similar to 
that reported by Robinson, Pierce and Gold- 
stein( 13) .  Three bands were identified with 
an identical migration pattern. The same in- 
vestigators also reported the electrophoretic 
migration of leucocyte alkaline phosphatase 
obtained from chronic myelocytic leukemia ; 
a decrease in intensity of the 2 slow bands 

and a cathodal shift of the major band to the 
2.0 cm line. A faint fourth band at  the 5.0 
cm line was observed. Thus, except for the 
faint fourth band, the zymograms of the leu- 
cocyte alkaline phosphatase of chronic myelo- 
cytic leukemia and polycythemia rubra Vera 
are quite similar. 

The significance of these findings is not 
clear. If the zymograms described by Robin- 
son et al and by us, do represent similar 
molecular species of leucocyte alkaline phos- 
phatase, then the clinical suggestion of a re- 
lationship between chronic myelocytic leuke- 
mia and polycythemia rubra may be raised 
again. 

Summary. The leucocyte alkaline phospha- 
tase of 7 normal men and 3 patients with 
polycythemia rubra Vera was examined by 
starch gel electrophoresis. Three bands of 
activity were seen in each group. A signifi- 
cant shift toward the cathode of the fastest 
band was noted in the polycythemic phos- 
pha tase. 
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