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D ESPITE MANY recent advances in hisl.ochemistry and microscopy, there

remain a number of cases of acute leukemia that are virtually impossible

to classify. Most histochemical stains currently available demand considerable

leukocyte maturity before tinctorial differences of importance are distinguished.

In the peripheral blood and bone marrow smears of many patients with acute

leukemia, very few or no mature leukocytes are seen, and these procedures are

of little help. A technic which could provide adequate numbers of mature

cells, suitable for staining, from patients with acute leukemia might overct’me

this problem.

Recently we have utilized a glass coverslip technic to study the features of

the local exudative cellular response in leukemia.”2 The results showed that

most patients with acute leukemia respond initially with mature neutrophilic

granulocytes irrespective of the degree of bone marrow or peripheral blood

immaturity. The coverslip preparations obtained from the site of the exudative

cellular reaction provided large numbers of cells suitable for staining. Satisfac-

tory results were obtained with Romanowsky, periodic acid-Schiff, peroxidase,

esterase, and alkaline phosphatase stains.

In this study the alkaline phosphatase activity of mature neutrophilic granu-

locytes on forearm coverslip preparations from a group of patients with acute

leukemia was evaluated. The feasibility of employing this technic to assist in

the classification of acute leukemia was explored.

METHODS AND MATERIALS

A total of 38 subjects was studied. The first group was made up of 10 individuals with-

out hematologic abnormalities (table 1). The second group consisted of 19 patients with

acute leukemia (table 2). All were in an active phase of their disease and were studied

before the institution of anti-leukemic therapy. The third group was composed of 9 patients

with the following disorders: 5 with chronic granulocytic leukemia, 2 with polycythemia

vera, and 2 with neutrophilic leukemoid reactions secondary to bacterial infections (table 3).

The method employed was the serial coverslip technic of Rebuck, described in detail
elsewhere.2’3 Briefly, it consists of applying sterile coverslips at intervals to lesions pro-

duced on the forearm by surgical abrasion. The cells present at the local sites of inflamma-

tion affix themselves to the undersurface of the coverslips. The coverslips then are re-
moved, quickly air-dried, stained and mounted for microscopic study.

At the beginning of the study, two methods of staining for leukocyte alkaline phosphatase

activity were used: the cobalt sulphide method of Gomori as modified by Wiltshaw and

Moloney, and the azo-dye technic of Kaplow.4’5 It was soon evident that the shorter in..
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cubation period of the latter technic permitted better preservation of the cells on the

coverslip. The method also provided a simple and accurate system of scoring for leukocyte
enzyme activity. The Kaplow technic of staining and scoring for alkaline phosphatase

activity therefore was used exclusively throughout this study.

Three coverslip preparations were examined for alkaline phosphatase activity in each

subject. These are referred to as coverslip exudates throughout the remainder of this re-

port. In addition, capillary blood smears from each subject and control capillary blood
smears with both increased and decreased leukocyte alkaline phosphatase activity were

stained with each group of coverslip preparations. When available, bone marrow smears

from the patients in the study group also were stained for alkaline phosphatase activity.

RESULTS

(1) Normal

The levels of alkaline phosphatase activity of the granulocytes in the cover-

slip exudates in the group without hematologic disorders ranged from 6 to

75 ( table 1 ) . In no case were cells with more than 2 plus activity found. The

range of scores for peripheral blood smears was from 10 to 60.

(2) Acute Leukemia

(a) Acute granulocytic leukemia. No leukocyte alkaline phosphatase activity

was demonstrated in the granulocytes in the coverslip exudates of the 4 patients

with this disorder (fig. 1). No enzyme activity was present in the small number

of mature granulocytes found on the peripheral blood films prepared from

these patients (table 2).

(b) Acute lymphocytic leukemia. The range of coverslip exudate leukocyte

scores for alkaline phosphatase activity in the 4 patients of this group was

10-40 (table 2). None had cells with greater than 2 plus activity. There were

insufficient numbers of mature granulocytes on the peripheral blood films of

any of the patients to measure enzyme activity.

(c) Acute monocytic leukemia. The coverslip exudate scores of the 11 pa-

tients in this group ranged from 6 to 180. Seven of the 11, however, had cover-

slip exudate scores above 100 (table 2). Many cells with 3 and 4 plus activity

were present on the coverslips found to have elevated scores (fig. 2). In most

cases there were too few mature granulocytes in the peripheral blood or bone

Table 1.-Alkaline Phosphatase Activity of Peripheral Blood and Exudate

Leukocytes in Normal Subjects

Case Diagnosis

Leukocyte alkaline phosphatase
(Kaplow score)

Peripheral blood Coveralip e’�udate

1 Normal 10 8
2 Normal 28 30

3 Normal 15 20

4 Normal 60 75
5 Normal 55 68

6 Normal 20 36
7 Normal 40 30

8 Normal 10 20

9 Normal 45 34

10 Normal 19 29
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Fig. 1.-Exudative coverslip preparation from a patient with acute granulocytic
leukemia showing no leukocyte alkaline phosphatase activity.
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marrow smears of these patients to score accurately for alkaline phosphatase

activity. In 4 patients it was possible to measure the enzyme activity of the

peripheral blood granulocytes. Two had normal leukocyte alkaline phosphatase

activity and comparable scores on their peripheral blood smears. The remain-

ing two had elevated coverslip exudate scores but normal enzyme activity in

the granulocytes on their blood smears (table 2). In these two patients, how-

ever, as in most of the group with elevated coverslip scores, granulocytes with

4 plus activity were found in both the peripheral blood and bone marrow.

(3) Polycythernia Vera

The coverslip exudate scores of the 2 patients in this group were 160 and

210 respectively (table 3). The comparable peripheral blood smear scores

were 180 and 265 respectively (fig. 3).

(4) Leukenioid Reactions

Alkaline phosphatase activity scores on the coverslip exudates from these

patients were 200 and 250 (table 3). Their respective peripheral smear scores

were 220 and 300.

(5) Chronic Granuloct,tic Leukemia

The 5 patients in this category had coverslip scores ranging from 0 to 8.

Peripheral blood smear scores ranged from 0 to 6 (fig. 3).

DIscussIoN

The histochemical measurement of the alkaline phosphatase content of cir-

culating granulocytes has proved to he a useful aid in the diagnosis of chronic
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Table 2.-Alkaline Phosphatase Activity of Peripheral Blood and Exudate
Leukocyles in Patients with Acute Leukemia

Coverslip
Peripheral blood exudates

Total (/� Mature
WBC x granulo-

Case Age Sex l)iagnosis lO’/mm.’ cytes

1 62 NI 6.1 12

(1

115

15

lS(�

125

105

10

15

25

40
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Acute monocytic

leukemia

2 61 F Acute niono’:ytic
leukemia

3 66 1� Acute nonocytic

leukemia

4 79 NI Acute monocytic

leukemia

5 6() NI Acute monocytic

leukemia

6 6() F Acute monocytic

leukemia

7 :34 NI Acute monocytic

leukemia

8 42 NI Acute monocytic

leukemia

9 65 NI Acute monocytic

leukemia

10 34 F Acute monocytic

leukemia

11 50 NI Acute monocytic

leukemia

12 18 NI Acute lymphocytic

leukemia
13 10 M Acute lymphocytic

leukemia
14 58 NI Acute lymphocytic

leukemia
15 55 M Acute lymphocytic

leukemia
16 26 M Acute granulocytic

leukemia
17 45 M Acute granulocytic

leukemia
18 41 F Acute granulocytic

leukemia

19 58 NI Acute granulocytic

leukemia

#{176}Kaplowscore.

Leukocyte
alkaline

phosphata.�e5

Unable to

evaluate

3.() 10 Unable to

evaluate

11.5 7 Unable to

evaluate

17.0 3 Unable to

evaluate

2.0 10 Unable to

evalt�tt.

24.0 10 Unable to

evaluate

:35.() 20 65

Leukocyte
alkaline

phosphatase

11(1

75.0 10 25 40

21.5 36 50 125

100.0 8 Unable to 140

evaluate

55.0 15 20 28

35.0 4 Unable to

evaluate

60.0 2 Unable to

evaluate
18.7 5 Unable to

evaluate

5.7 4 Unable to
evaluate

25.0 15 0 0

246.0 6 0 0

10.6 30 2 0

3.6 37 0 0

granulocytic leukemia and related myeloproliferative disorders �6 Since alkaline

phosphatase activity is demonstrable only in mature neutrophilic granulocytes,

measurement of this enzyme in the leukocytes of most patients with acute

leukemia has been of little practical value because of the scarcity of mature

neutrophilic granulocytes on the peripheral blood smears. The coverslip method

employed in the present study, however, provides a method for measuring

the leukocyte alkaline phosphatase activity in the blood of patients with neutro-
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Fig. 2.-Coverslip preparation of the local cellular exudate (low and high power
magnification) from a patient with acute monocytic leukemia demonstrating elevated
leukocyte alkaline phosphatase activity.

penia associated with acute leukemia. The validity of this method is demon-

strated by the closely parallel values of leukocyte alkaline phosphatase ac-

tivity on the coverslip and peripheral blood preparations of most subjects in

whom both determinations were made (tables 1 and 3). The only exceptions

were the 2 patients classified as acute monocytic leukemia, who showed ele-

vated coverslip exudate scores but normal peripheral blood scores. It is of in-
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Fig. 3.-Coverslip preparations from the inflammatory exudates of patients with

polycythemia vera (above) and chronic granulocytic leukemia (below).

terest, however, that some of the granulocytes in the peripheral blood and bone

marrow of both these patients showed 4 plus enzyme activity. In our exper-

ience it is unusual to find granulocytes with 4 plus activity on peripheral blood

or marrow preparations with normal or subnormal total scores of leukocyte

alkaline phosphatase activity.

Although the number of observations in the present study is small, we feel

that the demonstration of increased leukocyte alkaline phosphatase activity
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Table 3.-Alkaline Phosphatase Activity of Peripheral Blood and Exudate

Leukocytes in Patients with Blood Dyscrasia

Leukocyte alkaline phosphatase
(Kaplow score)

578 PERILL1E AND FINCH

Case Diagnosis Peripheral blood Coveralip exudate

1 Polycythemia vera 180 160

2 Polycythemia vera 265 210

3 Leukemoid reaction 220 20()

4 Leukemoid reaction :300 250

5 Chronic granulocytic

leukemia

0 2

6 Chronic granulocytic

leukemia

0 0

7 Chrome granulocytic

leukemia

4 6

8 Chrome granulocytic

leukemia

6 8

9 Chronic granulocytic

leukemia

4 8

on the coverslip preparations of 7 of the 11 cases of acute monocytic leukemia

is significant. It is suggested that similar findings in untreated or active cases

of other stem cell forms of acute leukemia would indicate advisability of classi-

fying them as monocytic in type. In certain instances, b� use of peroxidase or

esterase stains, one can exclude the lymphocyte as the cell of origin. but the

problem of differentiating between the monocytic and granulocytic series is

much more difficult. The detection of increased leukocyte alkaline phosphatase

activity in such cases would favor the monocyte as the cell of origin.

There is no obvious explanation why the alkaline phosphatase levels in the

remaining cases of acute monocytic leukemia were not elevated. The total and

differential leukocyte counts in these patients were similar to cases with ele-

vated alkaline phosphatase activity ( table 2 ) . Variations in age and sex do not

account for the difference. Two of the 4 patients had clinical infections at

the time of the study, as did 3 of the 7 patients with elevated levels of enzyme

activity, so it seems unlikely that infection is the responsible factor. Since all

patients in this study were examined prior to the institution of leukemia ther-

apy, this cannot be implicated. Steroids, used eventually in all patients in this

study, have been shown to raise the alkaline phosphatase activity of leuko-

cytes.T Leonard et al. and Hayhoe and Quaglino described elevated leukocyte

alkaline phosphatase activity in cases of acute lymphocytic leukemia.� All

patients in this study were in remission and were receiving steroids at the

time of the enzyme determination. Beck and Valentine described a patient

whose reduced levels of leukocyte alkaline phosphatase activity rose after

treatment with adrenocorticotropin hormone.1#{176} It is likely that the elevated

leukocyte enzyme levels reported in these cases were secondary to the influ-

ence of the hormonal therapy employed.

The problem of classifying cells in acute leukemia is well known and cer-

tainly we have no assurance that our cases would be so classified by other
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morphologists. We based the diagnosis of acute nionocytic leukemia on re-

peated clinical and histologic observations, and included only those Patients

with clinical and laboratory observations thought to he characteristic. The

possibility remains, of course, that the patients with reduced alkaline phospha-

tase reactions may have had atypical monocytic or some other variety of

acute leukemia.

In any event, the study of the alkaline phosphatase activity of exudative

leukocytes seems promising as a tool in sub-classifying acute leukemia. A

retrospective analysis of cases based on the alkaline phosphatase activity of

the exudative granulocyte may delineate differences in clinical manifestations,

longevity or drug responsiveness between patients with low activity and those

with normal or increased levels of enzyme in their granulocytes.

SUMMARY

A method for studying the leukocyte alkaline phosphatase activity in pa-

tients with acute leukemia is described. The technic overcomes the problem

of obtaining sufficient numbers of mature granulocytes for study in such pa-

tients. Seven of 11 patients with acute monocytic leukemia were shown to have

elevated levels of alkaline phosphatase activity. It is suggested that this method

may be of assistance in classifying the stem cell forms of leukemia.

SU�1ARIo iN INTERLINGUA

Es describite un methodo pro le studio del activitate de phosphatase alcalin

in le leucocytos de patientes con leucemia acute. Le technica evita le difficul-

tate del obtention de sufficiente numeros de matur granulocvtos pro Ic studio

in tal patientes. Esseva monstrate in 7 ex 11 patientes con acute leucemia

monocytic que br nivellos de activitate del phosphatase alcalin in Ic leuco-

cvtos esseva elevate. Es stipulate le possibilitate que iste methodo va esser

de adjuta in classificar le formas de leucemia secundo le cellulas primordial.
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