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Severity of enzyme deficiency central to
favism

July 26 2016

The congenital disease favism causes sickness and even jaundice in
patients after they consume beans. The culprit is a particular enzyme
deficiency, which destroys red blood cells. Scientists from the University
Children's Hospital Zurich have now discovered that, in the event of a
severe or complete enzyme deficiency, patients can also suffer from an
immunodeficiency. Patients need to be treated differently depending on
the severity of their deficiency.

Favism is a common hereditary disease, affecting around 400 million
people worldwide. It is caused by a lack of the enzyme
glucose-6-phosphate dehydrogenase (G6PD). This deficiency triggers
the destruction of red blood cells (hemolysis) and anemia in patients
after they consume fava beans and certain drugs. In the case of severe
forms with a complete enzyme deficiency, life-threatening infections
with bacteria and fungi can even occur. However, most specialists who
treat these patients are unaware of this. Scientists from the Children's
Research Center at the University Children's Hospital Zurich and the
University of Zurich now reveal the mechanistic link between severe
G6PD deficiency and immunodeficiency.

A functioning G6PD enzyme plays a key role in the so-called pentose
phosphate pathway in cell metabolism. The co-factor nicotinamide
adenine dinucleotide (NADPH) is formed in this process, which has two
functions: On the one hand, it guarantees that sufficient glutathione is
available in the red blood cells, which protects these cells as an
antioxidant. In the event of a G6PD deficiency, the cells lose this
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protection against oxidative stress, which results in hemolysis. On the
other hand, the co-factor NADPH allows the formation of reactive
oxygen compounds in the immune system's phagocytes that they need to
fend off bacterial and fungal infections.

Immunodeficiency similar to septic granulomatosis

The Zurich scientists teamed up with research colleagues from Germany
to clarify the mechanism of the defective immune defense in G6PD
patients: "In the event of a complete G6PD deficiency, i.e. without any
demonstrable residual function of the enzyme, the phagocytes are unable
to form any reactive oxygen compounds such as hydrogen peroxide due
to the deficient provision of NADPH," explains Janine Reichenbach, a
professor of pediatric immunology at the University of Zurich. As with a
known immunodeficiency in phagocytes called chronic granulomatous
disease (CGD), this causes a defective formation of DNA networks — so-
called "neutrophil extracellular traps" (NETs), which are needed to
capture and kill off bacteria and fungi. "Besides the more minor G6PD
deficiency, which chiefly affects red blood cells, a severe or complete
enzyme deficiency therefore also constitutes an immunodeficiency in the
phagocytes," says Reichenbach, summarizing the results of the study.

Impact on therapy

This has consequences for the treatment of patients with a G6PD
deficiency: "In order to determine the need for permanent antimicrobial
prophylactic measures, the severity of the G6PD deficiency has to be
determined first during the diagnosis. In the event of a severe enzyme
deficiency, the formation of reactive oxygen compounds and DNA
networks ought then to be analyzed," concludes Reichenbach.

More information: Ulrich Siler et al. Severe glucose-6-phosphate
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dehydrogenase deficiency leads to susceptibility to infection and absent
NETosis, Journal of Allergy and Clinical Immunology (2016). DOL:
10.1016/j.jac1.2016.04.041
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