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Eﬃcient therapy of Pompe disease by an acid α-glucosidase conjugate

One of the most important issues in the drug delivery ﬁeld is the
strict control of drug destiny to selected organs, tissues, cells and subcellular compartments. There have been various attempts to deliver
drug formulations to the target site, but with little success. The so-called
“targeted” drug delivery, usually to solid tumors in small animal
models, constitutes only about 1% of the total administered dose. The
observation that it is still more eﬀective than the solution control formulation has morphed into the current notion of “tumor-targeted” delivery. In reality, there is no targeted delivery, as most of the administered dose is distributed throughout the body. The original meaning of
“magic bullet” by Paul Ehrlich is a substance that interacts with speciﬁc
disease-causing agents without harming the body itself. It is far from
delivering a drug only to the target. If a drug is only eﬀective at the
intended site without any side eﬀect, it appears to be a magic bullet with
selective delivery to the target.
In this issue, Basile et al. [1] present an approach that can improve
the eﬃcacy of a drug in a particular intracellular compartment, the
lysosome. The delivery of recombinant enzymes to lysosomes, known as
enzyme replacement therapy (ERT), has been applied to 7 among 53
genetic rare diseases associated with lysosomal dysfunctions. Each ERT
is expected to correct the deﬁciency of a particular lysosomal enzyme
and the corresponding lysosomal storage disorder (LSD) [2]. One cause
of the variable eﬃcacy of ERT is the ability of the administered enzyme
to reach lysosomes of the aﬀected organs. The main player in the delivery of circulating lysosomal enzymes is the cation-independent
mannose 6-phosphate receptor (M6PR). This receptor binds M6Pbearing ligands outside the cells, cross all endosomal compartments, and
with a fall on pH, ﬁnally liberate the enzyme to its ﬁnal destination [3].
Eﬀective ERT is dependent on the presence of suﬃcient M6P signals
on the recombinant enzymes, as well as on M6PR membrane expression
on the tissues. The addition of M6P signals to glycoproteins is a complex
enzymatic process only found in eukaryotic cells and diﬃcult to opti-
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mize during the recombinant enzyme production [3]. Basile et al. [1]
proposed chemical grafting of M6P analogue to acid α-glucosidase
(GAA) for Pompe disease therapy. The grafting of the M6P analogue was
found to increase the M6PR aﬃnity of the enzyme without alteration of
the catalytic activity. In primary cultures of patient ﬁbroblasts the
modiﬁed enzyme appeared more internalized and targeted to intracellular acidic compartments than the native enzyme. Furthermore,
the glyco-engineered enzyme showed the therapeutic response in a
mouse model representative of Pompe disease, as shown by a walking
capacity test and biological assays in muscles. Histological and biochemical evidences of therapeutic responses included the decrease of
pathological centralized nuclei in myoﬁbers, the enhancement of GAA
activity and the reduction of glycogen substrate in various tissues, and
the decreased expression of acid phosphatase, which is considered a
therapeutic marker. Interestingly, the enzyme engineering did not induce supplementary immune responses in the mouse model. The data by
Basile et al. suggest that an improved lysosomal delivery of the enzyme
is able to restore some muscle activities even in the late stage of the
disease represented by 10-month aged mice. This newly modiﬁed enzyme represents a potent drug with a particular interest for the adultonset form of Pompe disease.
It is noted that the same glyco-engineering reaction using M6P
analogue can be applied to other lysosomal enzymes corresponding to
orphan LSD. In a broader perspective, further studies are needed to
understand whether such M6P analogues might be useful for lysosomal
eﬃcacy of other types of drugs or more complex delivery systems, e.g.,
sustained release systems. The importance of the study by Basile et al. is
the development of the M6P analogue having higher M6PR aﬃnity of
the enzyme with the catalytic activity, but without side eﬀects. This is
an excellent ﬁrst step toward developing a new ERT drug with the touch
of a magic bullet.
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