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Improving AZT efficacy 
To the editor-in the August 1997 issue of 
Nature Medicine, Lavie et al. describe the 
molecular and pharmacological basis of 
the bottleneck in AZT activation'. They 
suggest that a more efficient conversion 
of AZT-monophosphate to AZT-triphos­
phate would result in a higher antiviral 
efficacy, lower toxicity and a reduced 
emergence of AZT-resistant virus strains, 
and propose a gene therapy approach 
with mutant yeast or human thymidy­
late (TMP) kinase that has an improved 
capacity to phosphorylate AZT-MP to its 
triphosphate. It is not clear how to ac­
complish such a task by simple site-di­
rected mutagenesis of the enzyme and 
instead we propose the murine wild-type 
thymidylate kinase as the enzyme of 
choice to improve AZT-MP phosphoryla­
tion since murine cells (eg. leukemia 
L1210, breast carcinoma FM3A and em­
bryo fibroblast L929) do not accumulate 
AZT-MP and are better able to convert 
AZT-MP to AZT-TP than are human cells 
(ref. 2 and unpublished data). 

However, other considerations should 
also be taken into account. In human 
cells, the rate-limiting conversion of AZT­
MP to AZT-DP not only results in AZT-MP 
accumulation but is also accompanied by 
TMP accumulation due to inhibition of 
the TMP kinase by AZT-MP3•4• Thus lower­
ing intracellular AZT-MP levels will not 
only be accompanied by an enhanced 
phosphorylation of AZT-MP to AZT-DP 
and AZT-TP, but will also lead to en­
hanced formation of TDP and TIP. The 
increased TIP levels may, in turn, dimin­
ish the inhibitory effects of AZT-TP on 
HIV reverse transcriptase (RT) since AZT­
TP needs to compete with TIP to inhibit 
HIV RT. In addition, TIP allosterically in­
hibits thymidine kinase (TK) activity, and 
thus feedback inhibition of the first acti­
vation step of AZT (by the cytosolic TK) 
by the increased TIP pool levels, may in­
directly suppress AZT-TP formation . 
Moreover, we found that AZT-TP is also a 
potent allosteric inhibitor of cytosolic TK 
activity at physiological concentrations 
(i.e. lower micromolar range) (unpub­
lished observations). Thus, increasing 
both intracellular TIP and AZT-TP levels 
will clearly have a feed-back suppressive 
effect on the eventual conversion of AZT 
toAZT-TP. 

The observation that yeast TMP kinase 
and human TMP kinase have 42.9% se­
quence identity, and yeast TMP kinase 

and murine TMP kinase have 43.6% se­
quence identity including the same 
highly conserved amino acids that are as­
sumed to play a role in the catalysis of the 
TMP kinase reaction, may make a site-di­
rected mutagenesis approach difficult. 
Therefore, it is too optimistic to expect a 
marked improvement of the antiviral 
properties of AZT by introducing mutated 
human TMP kinase into (HIV-infected) 
cells. Instead, expression of murine TMP 
kinase in human cells will provide greater 
insight in the eventual feasibility of the 
gene therapy approach to improve the 
anti-HIV activity of AZT. 
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Lavie and colleagues reply-The objective 
of our approach is to render the cells (or 
more exactly the reverse transcriptase 
(RT)-dependent HIV-replication) more 
susceptible to 3'-deoxy-3'-azido thymi­
dine (AZT). Despite criticizing this sug­
gestion as being naive, Balzarini et al. 
also consider the idea worth testing. 
They suggest the use of murine thymidy­
late kinase, since cell culture experi­
ments have shown that AZT is converted 
more efficiently to its triphosphate form 
in murine than in human cells5• 

However, we would like to poir~ out that 
there are two different forrr of murine 
thymidylate kinase, with significantly 
different sequences and, presumably, 
structural characteristics. Unfortunately, 
the cell culture results reported by 
Balzarini et al. have not been substanti­
ated by experiments on isolated or re­
combinant proteins. As such, we do not 
know to which form of the enzyme the 
more efficient phosphorylation of AZT­
MP should be attributed, or whether 
TmpK is really responsible for the effects 
reported. Until these data have been ob­
tained it is difficult to discuss the relative 
properties of the human and murine en­
zymes with respect to AZT-MP. 

Turning to the specific points raised, it 
is true that increasing thymidylate kinase 
activity for AZT-MP may also increase the 
amount of dTIP formed. Nevertheless, 
increasing the rate of phosphorylation of 

AZT-MP relative to dTMP will tend to in­
crease the relative ratio of AZT-TP to 
dTIP, which is the important parameter 
in determining the degree of inhibition 
of RT. The allosteric feedback inhibition 
of thymidine kinase by dTIP and AZT-TP 
will have similar effects on both AZT-MP 
and dTMP production. An interesting 
possibility is to combine the gene transfer 
approach suggested with the use of a 
masked neutral AZT-MP derivative that is 
able to penetrate membranes6• Thus, if 
high AZT-TP concentrations inhibit 
thymidine kinase, dTMP production will 
be inhibited, while the conversion of a 
masked AZT-MP prodrug to AZT-MP will 
not be affected, again tending to increase 
the AZT-TP/dTIP ratio. 

We agree that any enzyme capable of 
phosphorylating AZT-MP efficiently to 
its diphosphate form is of interest and 
may be useful for gene therapy and in 
fact we have now identified such a ki­
nase' . However we believe that there are 
immunological and other advantages to 
using a mutant human enzyme. 
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