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or leukocyte contamination must be considered. Fluoride stimulatiort resulted in an increase in the 
production of cyclic-AMP by the cells of the buffy coat of the cat (l.3 nmoles/mg protein), mouse 
(3.7 nmoles/mg protein) and rat (4'0 nmoles/mg protein) as compared with that of the erythrocyte 
ghosts of the mouse (0.38 nmoles/mg protein) and the rat (0.18 nmoles/mg protein). With rat platelets, 
fluoride stimulation of adenyl cyclase resulted in C-AMP production of 1-2 nmoles/mg protein. It is 
clear that the specific activity of the leukocyte and platelet adenyl cyclase is greater than that of the 
erythrocyte ghosts. It should be noted, however, that no norepinephrine stimulation could be detected 
with leukocyte and platelet preparations suggesting that these cells are responsive to some other 
hormones. In addition, microscopic examination of the erythrocyte preparations demonstrated that 
while platelet clumps with some trapped leukocytes were visible in washed erythrocyte fractions, 
none were visible in the ghost preparation. Instead, one obtains a pellet which possesses a fluoride 
but not norepinephrine-stimulated adenyl cyclase and is largely composed of platelets with some 
trapped leukocytes. We can safely say, therefore, that the fluoride and especially the norepinephrine 
stimulated adenyl cyclase of the rat and mouse erythrocyte ghosts preparations reside in the plasma 
membranes of the erythrocytes and are not derived from contaminating platelets or leukocytes. 

It is clear, therefore, that under the conditions of these experiments both NE and NaF stimulated 
adenyl cyclase can be found in non-nucleated erythrocytes such as the mouse and rat. Both of these 
species have an active sodium pump hut the barely detectable adenyl cyclase in the human, cat and 
dog makes it impossible to support the concept that the presence of this enzyme might be correlated 
with that of an active sodium pump. 

It remains to be demonstrated whether the adenyl cyclase in rat and mouse erythrocytes has an 
active role to play or only represents a residue from a functional past. Further characterization of 

the enzyme of the rat erythrocyte is underway. 
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1-Asparaginase resistance in human leukemia--Asparagine synthetase 

(Received 2[ March 1969; accepted 2 May 1969) 

#ASPARAGINASE inhibition of rodent tumors has been related to l-asparagine depletion of tumor cells 
th.at require an exogenous source of/-asparagine:. 3 It has since been demonstrated that a mechanism 
of/-asparaginase resistance in nonsensitive murine tumors is the presence of an Lasparagine synthetic 
pathway, mediated by the enzyme asparagine synthetase.4:0 Studies on the control of/-asparagine 
biosynthesis in mammals have shown product inhibition of asparagine synthetase, a lack of substrate 
stimulation of asparagine synthetase by NH4C1 or/-aspartic acid, and markedly increased asparagine 
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synthetase levels after/-asparaginase treatment. On the basis of this data it has been postulated that 
derepression of enzyme is the primary control mechanism for asparagine synthetase in resistant 
mammalian cells.9, TM The nearly complete absence of asparagine synthetase in routine tumor cells 
sensitive to the inhibitory effect of/-asparaginase represents a biochemical difference between sensitive 
and resistant tumor cells which is currently being exploited for therapy. We have studied asparagine 
synthetase levels in 18 patients with leukemia who were subsequently treated with Lasparaginase, 
in order to determine whether this enzyme may play a role in human leukemic cell resistance to 
/-asparaginase. 

E. coli/-asparaginase was obtained through the courtesy of Merck, Sharp & Dohme or through 
National Cancer Institute contract No. PH-43-65-1056 with Squibb & Co. It was given at a dose of 200 
I..U. per kg daily to eighteen patients with leukemia, all of whom had pretreatment determinations of 
asparagine synthetase. The usual duration of treatment was 3 weeks; however, a single patient with 
chronic granulocytic leukemia was treated only 3 days because of the coincident development of 
both toxicity and response. The following patients were treated, with the number of patients with 
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Fie. I. Asparagine synthetase levels in eighteen patients with leukemia determined prior to therapy 
with/-asparaginase and in nine cases during or after therapy. For each group the bar gives the mean 
level of asparagine synthetase expressed as rap.moles asparagine formed per mg protein per hr of 
incubation. The number in parentheses below each bar represents the number of patients in each 

group, and the bracket with each bar shows one standard deviation. 

leukemia resistant to/-asrapaginase (R) or sensitive (S) being indicated in parentheses: acute lympho- 
blastic leukemia (SR, 4S); acute granulocytic leukemia (3R); chronic granulocytic leukemia (4R, 1 S); 
and chronic lymphocytic leukemia (1R). The nine patients with repeat determinations during or after 
therapy included the following: acute lymphoblastic leukemia (2R, 3S); chronic granulocytic leukemia 
(2R, IS); chronic lymphocytic leukemia (1R). 

Cells were obtained from bone marrow aspirates or from peripheral blood specimens obtained by 
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plasmapheresis. Leukemic cells were separated by Dextran sedimentation or by differential centrifu- 
gation, and washed an average of five times with 3 to 4 vol. of a balanced salt solution. Thorough 
washing of cells was particularly critical during l-asparaginase therapy, since even trace contamina- 
tion with l-asparaginase could obliterate the l-asparagine formed in the subsequent assay. Acetone 
powder extracts were prepared and incubated in duplicate or triplicate for 30 rain at 37 ~ in a l0-ml 
incubation medium containing 100/~moles Tris at pH 7.8, 8 ~moles MgCI2, 20/zmoles l-glutamine, 
8 ~moles d isodium ATP, 2 tzmoles/-aspartic acid, 0.4 tzc 14C-l-aspartic acid (u.l., New England Nuclear 
Corp.), and I to 4 mg of enzyme protein. 11 The reaction was terminated by 1-0 ml 10% trichloroacetic 
acid, the pH was readjusted to 5-7 with 5 N KOH, and 05 mg l-asparagine carrier was added. HC-I- 
asparagine formed was then separated from ~4C-/-aspartic acid by eluting the reaction mixture through 
an Alumina column (Fisher Co.) with 0.5 N acetic acid. This represents a modification of an earlier 
method, r-' in that acetic acid is used in lieu of water as the wash solution. This change was made 
because of our repeated inability to elute J4C-l-asparagine (Nuclear-Chicago) with water alone, 
compared to 80 to 85 % elution of a4C-l-asparagine and < 2 % elution of HC-l-aspartic acid with 0-5 
N acetic acid. Radioactivity was determined in a liquid scintillation spectrometer, and results 
expressed as m/~moles asparagine formed per mg protein per hr of incubation. Confirmation of 
/-asparagine synthesis in this system was demonstrated by a 100 per cent reduction in elutable radio- 
activity after incubation of reaction product with E. coli/-asparaginase. 

The results of this study are summarized in Fig. 1. It can be seen that asparagine synthetase in 
leukemic cells was nearly undetectable prior to therapy regardless of subsequent response to /- 
asparaginase treatment. The 4 patients in whom an antileukemic effect occurred had no change in 
asparagine synthetase with therapy; however, there was a 7-fold increase in the mean level of aspara- 
gine synthetase in the five patients who were unresponsive to treatment. The difference between 
asparagine synthetase levels in the sensitive and resistant patients, determined during or after /- 
asparaginase, was highly significant (t .~-~ 0.005). ~:~ 

We conclude from this data that /-asparaginase resistance in human leukemic cells is at least in 
part related to the capacity for l-asparagine biosynthesis via asparagine synthetase. Furthermore, the 
fact that this enzymatic difference between sensitive and resistant cells could not be demonstrated 
prior to therapy underlines the importance of studying such mechanisms under the stress of treatment. 
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