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Increased activity of alkaline phosphatase in leukemic cells from patients resistant to thiopurines

(Received 25 February 1978 ; accepted 7 June 1978)

Thiopurines have an important role in the treatment of
leukemia and certain other neoplastic diseases. 6-Mercapto-
purine {6-MP), along with several other drugs. is used in the
maintenance therapy of childhood acute lymphocytic
leukemia (ALL) [1], and 6-thioguanine (6-TG) is often
combined with cytosine arabinoside in the therapy of acute
myelogenous leukemia of adults [1]. Both of these com-
pounds as well as other thiopurines must be metabolized to
the 5'-nucleotide form before they can be active as antitumor
agents. The formation of the 5'-nucleotide is catalyzed by
the enzyme hypoxanthine guanine phosphoribosyl trans-
ferase (HGPRT) [2]. Although resistance to the thiopurines
has been attributed usually to absence of or alteration of
the HGPRT enzyme [3], there have been several reports
where an increased degradation of the mononucleotide may
account for the development of resistance to these drugs
[4-6]. Wolpert et al. [7] provided evidence that, in a line
of murine ascites cells {S-180) resistant to thiopurines, the
increase in catabolism of these nucleotides was due to an
clevated activity of a particulate bound alkaline phos-
phatase. Further, Rosman et al. [8] found that in several
leukemic patients an increase in alkaline phosphatase
activity was responsible. at least in part, for insensitivity to
6-thiopurines. Thus, this enzyme is an important one in the
catabolism of thiopurine nucleotides and probably plays an
important role in the development of resistance to the purine
analogs that are used clinically. In this report, we have
assayed the activity of alkaline phosphatdse in several
patients with acute leukemia, some of whom have become
insensitive or resistant to thiopurines. The enzyme was

assayed in the white blood cells from the same patients both
before and after they became resistant to thiopurine therapy.
Our purpose was to determine if changes in the alkaline
phosphatase activity could contribute to the development
of resistance to these drugs in humans. Leukemic blood was
collected in plastic syringes containing heparin as the anti-
coagulant. Patients at the Roger Williams General Hospital
or Rhode Island Hospital with the diagnosis of acute
leukemia were studied. Blood samples from the patients
with acute myelocytic leukemia (AML) or acute myelo-~
monocytic leukemia (AMML) were taken prior to drug
treatment and all subsequently proved sensitive. Blood was
also taken from some of these same patients after developing
resistance to thiopurine therapy. White blood cells were
prepared free of contaminating erythrocytes and platelets
as described previously [9]. All cell counts were made in a
Coulter model B counter.

Preparation of enzyme extracts. After being washed, the
purified cells were suspended in water and disrupted
sonically for 75 sec intermittently with a sonifier cell dis-
ruptor (Heat systems) set at a [0 watt output while the cells
were being kept ice cold. Tris—HCl (1 M. pH 7.6) was added
to bring the final concentration in the extract to 0.05 M.
The extracts were dialyzed overnight against 4 liters of the
suspending buffer to remove endogenous nucleotides. They
could be stored over a period of several months at ~ 20°
without significant loss of enzyme activity.

Measurement of alkaline phosphatase activity. The incuba-
tion procedure was a modification of the method used by
Wolpert et al. [7]. The incubation mixture contained. unless
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Table 1. Alkaline phosphatase activity in acute leukemic
patients before and after the development of resistance to
thiopurine therapy*

P, (nmol/min/mg protein)
After
development of

Before resistance to

Patient Diagnosis therapy thiopurines
D. L AML 1.5 5.5
A.S. AML 3.6 93
B. P. AMML 3.5 7.2

* Enzyme was assayed as described in the text. AML =
acute myelocytic leukemia; AMML = acute myelomono-
cytic leukemia.

otherwise indicated: 100 mM carbonate-bicarbonate buffer
(pH 9.4). 10 mM MgCl, and 8 mM GMP; the reaction was
initiated by the addition of 30 ul of cell-free extract in a total
volume of 100 ul. Incubations were carried out at 37° for
30 min in a shaking water bath. Reactions were terminated
by the addition of 100 ul of 20, trichloroacetic acid. Pre-
cipitated protein was removed by centrifugation at 1600 g
for 30 min and a 100-ul aliquot of the supernatant solution
was assayed for Pi according to the method of Dryer et al.
[10] at 345 nm. Conditions were such that saturating levels
of substrate were present during the incubation and enzyme
activity was linear with protein concentration over the time
interval measured. Protein was measured by the method of
Lowry et al. [11].

Table 1 shows the leukocyte alkaline phosphatase activity
in three patients both before and after they became resistant
to therapy with thiopurines. Activity is expressed as units/mg
of protein. The results were similar when activity was
expressed as units/10'° cells. With all three patients the
blast content of the white blood samples was between
88 and 90 per cent, both before treatment and at the time
of development of resistance. The one exception was patient
A. S. whose white cells had a blast content of 84 per cent at
the time of resistance. In patients D. I. and A. S., with acute
myelogenous leukemia. the phosphatase activity increased
approx. 3-fold after resistance was acquired which was over
a period of 3-6 months. These patients were treated initially
with cytosine arabinoside and 6-TG and went into remission.
This was followed by a relapse over 3-6 months during which
time the patients no longer responded to either thioguanine
or mercaptopurine therapy.

In patient B. P. who had acute myelomonocytic leukemia,
the phosphatase activity was 3.5 nmol P,/min/mg of protein
before therapy and this doubled to 7.2 after resistance de-
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Department of Pharmacology. University of Nebraska
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68105, US.A.
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veloped to the drug thioguanine. As with the above two
patients, resistance was determined on the basis of relapse
of the peripheral white cells after an initial response. Al-
though GMP was used as the substrate in these studies.
Wolpert et al. [7], using the enzyme from murine S-180
cells, have measured the increase with any one of several
substrates.

The present study demonstrates an increased activity of
the enzyme alkaline phosphatase in the white blood cells of
patients who have become resistant to thiopurine chemo-
therapy. These results were from patients where the white
cells were obtained from the same patient both before and
after the development of resistance. Thus, they differ from
the results of Rosman et al. [8] who also indicated that
resistance to these drugs could at least be partially explained
by the increased activity of this enzyme: however, their study
simply compared the statistical means from a group of
-sensitive and a group of resistant patients. Therefore. our
results may be more significant.
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