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Tetrahydrobiopterin in Solid Organ Transplantation
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Tetrahydrobiopterin is known to date as an essential co-
factor of a set of 8 different enzymes including three nitric oxide
synthase isoforms (neuronal, endothelial, and inducible), four
tetrahydrobiopterin  dependent aromatic amino hydroxylases
(phenylalanine-, tyrosine-, and tryptophan hydroxylase 1 and 2),
and the recently described alkylglycerol monooxygenase. Since the
products of the tetrahydrobiopterin dependent reactions are crucially
involved in a wide range of biological processes it is plausible that its de
novo biosynthesis occurs in almost every cell of higher organisms [1].

While this compound is well known in cardiovascular research
and in the field of metabolic disorders (tetrahydrobiopterin deficient
hyperphenylalaninaemia) tetrahydrobiopterin is hardly present in
transplantation literature.

In cardiovascular research several experimental studies, performed
in animal models as well as in humans, revealed that the depletion of this
essential co-factor in endothelial cells leads to endothelial dysfunction.
The underlying mechanism is the “uncoupling” of the endothelial
nitric oxide synthase. The term “uncoupling” refers to a dissociation
of the electron flow occurring during the enzymatic process. As a
consequence the endothelial nitric oxide synthase switches from a
nitric oxide producing enzyme to an enzyme producing superoxide
anions (O,") due to an increased reduction of oxygen. “Uncoupling” has
been observed in diabetes, hyperlipidaemia and arterial hypertension,
all cardiovascular pathologies associated with oxidative stress and
endothelial dysfunction. Moreover, tetrahydrobiopterin substitution
has been shown to prevent endothelial dysfunction in tissues subjected
to ischemia reperfusion injury [2].

Ischemia reperfusion injury with its long term consequences
represents a major challenge in solid organ transplantation, probably
second only to organ shortage. Implementation of extended criteria
donors and organs derived from donors after cardiac death demand
further research in this field since these organs are definitely more
vulnerable to this injury.

There are only a few research groups working on this co-factor in
the field of solid organ transplantation, however, the results achieved
are interesting. Of note, tetrahydrobiopterin has been shown to
prevent not only ischemia reperfusion injury following solid organ
transplantation, but there are also consisting experimental data
showing immunosuppressive properties in acute rejection models. In
experimental pancreas transplantation it has been nicely shown that
tetrahydrobiopterin protects from ischemia reperfusion injury targeting
the donors’ nitric oxide synthases [3]. Based on cardiovascular research
findings the proposed mechanism is the prevention of nitric oxide
synthase “uncoupling”, and therefore the prevention of endothelial
dysfunction in the reperfused organ. However, the exact mechanism
has not been described so far. Recent findings showed statins, another
promising compound already popular in cardiovascular medicine,
to protect transplanted murine hearts form ischemia reperfusion
injury by increasing the activity of GTP-cyclohydrolase 1 [4]. GTP-
cyclohydrolase 1 is the key enzyme of tetrahydrobiopterin biosynthesis.
Hence, the protective role of statins is another clue for the crucial role
of tetrahydrobiopterin in ischemia reperfusion injury.

Different groups could demonstrate that tetrahydrobiopterin
prevents acute rejection in experimental heart transplantation.

These findings were independently of the presence/activity of nitric
oxide synthases [5,6]. It can be suggested that one of the other
tetrahydrobiopterin dependent enzymes might be involved in acute
rejection processes. Interestingly, the tetrahydrobiopterin dependent
tryptophan hydroxylase has been recently shown to be crucially
involved in tolerance induction [7]. This adds another exciting aspect
to this compound.

Finally, own unpublished data suggest that tetrahydrobiopterin
supplementation prevents transplant vasculopathy by suppressing
endothelial activation. Again, the exact mechanism is not clear, however,
it might be a consequence of diminishing ischemia reperfusion injury
in the transplanted organ.

Current knowledge describes, therefore, Tetrahydrobiopterin as
a compound which can prevent different pathologies in solid organ
transplantation revealing novel, interesting targets in this research
field. As with all experimental data, these results have to be interpreted
with caution since rodents are not men. However, tetrahydrobiopterin
has two big advantages: (a) the broad knowledge in cardiovascular
research which can be in part translated into transplantation
research, (b) the approvation by the FDA (United States Food
and Drug Administration) and the EMEA (European Medicines
Agency) for oral tetrahydrobiopterin administration in humans.
Apart from a few studies where it was successfully administered to
treat hypertension and hypercholesteremia, tetrahydrobiopterin is
the therapy of choice for people suffering from tetrahydrobiopterin-
deficient hyperphenylalanineamia. The oral supplementation with
the tetrahydrobiopterin precursor sapropterin dihydrochloride
(Kuvan®, BioMarin, Tiburon, CA, USA) lowers phenylalanine levels
in many patients independently of their dietary intake. So far no major
adverse events were registered for oral tetrahydrobiopterin or Kuvan®
administration [8] as well as in a recent human study for intravenous
application of 20mg/kg b.w. [9].

There are some caveats. A clinical trial showed that oral
administration of Kuvan® had no effect on endothelial functionin
patients with coronary artery disease. Systemic and vascular oxidation
of tetrahydrobiopterin limits currently its oral application in
cardiovascular diseases making new application strategies necessary
[10]. In solid organ transplantation intravenous administration would
be desirable since donor preconditioning is generally accepted to be the
best strategy to prevent ischemia reperfusion injury. A stable formula
for intravenous administration has still to be developed.

However, if familiar with the huge amount of experimental in vitro
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and in vivo studies dealing with novel and promising treatments able to
protect transplanted organs, a future clinical application of an already
FDA/EMEA approved drug like tetrahydrobiopterin seems more
likely compared to other compounds. Description of the mechanism
of action in the prevention of ischemia reperfusion injury and acute
rejection and, in parallel, development of a stable intravenous formula
could be the first step to definitely path the way into clinical trials.
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