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Gene Therapy for Atherosclerotic
Cardiovascular Disease

Macro-Aspartate Transaminasemia: The
Macroenzyme Phenomenon as a Diagnostic Dilemma

To the Editor: The review of gene therapy for atherosclerotic
disease by O'Brien and Simari' beautifully summarizes the current state of the art and state of the science. I am slightly perplexed, however, by the omission of intrapericardial therapy,
which deposits appropriate agents, including genes and angiogenic factors, directly on the coronary arteries and myocardium.
Intrapericardial therapy has worked extremely well under a variety of experimental circumstances (Table I and described in
detail elsewhere'). The material would have been within the scope
of the authors' concise presentation, and I wonder if they had any
newer caveats to explain the omission.

To the Editor: Macroenzymes are normal enzymes or isoenzymes
that have been complexed to an immunoglobulin, frequently of
the IgG or IgA class.':" They have a higher molecular mass than
the corresponding enzyme normally found in serum under either
physiologic or pathophysiologic conditions. I Macroenzymes
could also result from physicochemical binding to nonimmunoglobulin molecules found in the serum (such as hydroxyethyl
starch from intravenous fluids) and lipid aggregates and
complexing with <X2-macroglobulins.3 Although it remains uncertain whether macroenzymes cause disease or require treatment,'
they can cause increased enzyme levels in the absence of disease.
For example, macroamylasemia mimics pancreatic disease. Other
macroenzymes that have been described are macro-creatine
phosphokinase, macro-alkaline phosphatase, macro-aspartate
aminotransferase (AST), macro-y-glutamyltransfcrase (GGT),
macro-lactate dehydrogenase (LDH), and macrolipase.v'
Report of a Case.-We describe a 70-year-old man with a
history of depression. For more than 7 years he had been treated
by several physicians for an isolated AST elevation that was
detected on a routine blood chemistry panel. In 1996, the alanine
aminotransferase (ALT) level was 28 U/L; AST, 455 U/L; GGT,
33 U/L; and alkaline phosphatase, 73 U/L. The peak serum AST
level was 479 U/L in May 1997. He was otherwise asymptomatic.
All other liver function test values, including repeated ALT,
GGT, alkaline phosphatase, LDH, albumin and globulin, prothrombin time, and bilirubin measurements, had remained normal. Results of a hepatitis screen for viral hepatitides were negative. He was not taking any medications known to increase liver
enzyme levels. In September 1998, he reported that he drank up to
2 or 3 beers a day, and his AST level was 436 U/L; he was advised
to abstain from alcohol. Following abstinence from alcohol, the
AST level decreased to between 250 and 272 U/L but no lower. In
March 2000, the differential diagnosis of macro-aspartate
transaminasemia (macro-AST) was considered for the first time.
A diagnostic test, serum AST enzyme electrophoresis, was ordered. Macro-AST, accounting for nearly 100% of total serum
AST, was evident on the enzyme electrophoresis carried out at
Mayo Medical Laboratories. We have concluded that our patient,
who remains asymptomatic despite the persistently elevated AST
levels, needs no further work-up or treatment. Indeed, at a point
during previous follow-up for the elevated AST, he was nearly
subjected to a liver biopsy.
Discussion.-The frequency of these macroenzyme phenomena remains uncertain. Based on data from 7 previous publications, the calculated frequency of macroamylasemia is 0.98% of
subjects with normal amylase levels and 2.56% of subjects with
hyperamylasemia.' The frequency of immunoglobulin-complexed
LDH has been estimated at less than 1 in 10,000 population."
Several laboratory detection methods that measure different
physical and chemical characteristics of macroenzymes compared
with free enzymes are available. These methods include protein
electrophoresis, differential precipitation with polyethylene glycol, measurements of heat stability, energy of activation, and
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Table I. Intrapericardial Therapy
via Normal Pericardium (Experimental)*
Type
Gene
Apolipoprotein A-Milano
Oxygen
Nitric oxide
Donors
Precursor (r-arginine)
Voltage sensitive
Hypothermic
Antiarrhythmic
Procainamide
Amiodarone
L-Arginine (via nitric oxide)
Antiarrhythmic/antibody
Calcium-avid

Targets (cardiac diseases)
Vessels: mesothelium;
conduction tissues
Vessels: intima; adventitia
Damaged/ischemic myocardium
Vessels: lumen; walls
Platelets
Damaged (depolarized) cells
Damaged/ischemic myocardium
Myocardium/conduction tissues

Myosin of damaged cells
Increased cell calcium

*Modified from Spodick.'

In reply: We thank Dr Spodick for pointing out that genes may be
delivered to the heart via the pericardium. We agree with his
comments on the use of pericardial delivery for pharmacological
agents and also as a potential medium for gene delivery. However, the focus of our article was to discuss progress in approaches
to gene therapy of atherosclerosis in humans, and therefore we did
not describe animal models. Thus, while pericardial delivery has
worked well under a variety of experimental circumstances, we
considered this to be beyond the scope of our article.
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