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Fanconi anemia: from DNA repair to metabolism
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Fanconi anemia (FA) is a genetic disease caused by
mutations in at least 21 genes. Even if the clinical pheno-
type of FA patients is heterogeneous, the main clinical
aspects are somatic malformations, bone marrow failure
and predisposition to develop cancer, in particular acute
myeloid leukemia (AML) and epithelial cancer of head
and neck [1]. Regarding the molecular causes of the disease,
the impairment of DNA repair has been considered
the principal defect in FA cells. However, in the last few
years, other contributors to DNA repair defects have
emerged. They include mitochondrial function alterations
and the consequent reduction of energy production and the
increment of oxidative stress [2], the defects in mitophagy,
the reduced ability of aldehyde detoxification, the hyper-
production and the hyper sensitivity to inflammatory cyto-
kines [3]. This view seems to be strengthened by the recent
publication in this journal about the case of a female
child with a clinical and cellular phenotype largely com-
patible with a diagnosis of FA, consisting in failure to
thrive, minor dysmorphic features and a positive chromo-
somal fragility test (29% of the cells showing ≥1 break/cell
after exposure to DEB) [4], which is still considered the
diagnostic gold standard for FA [1]. This patient did not
carry mutations in any of the currently known FA genes, but
displayed a mutation only in COX 4-1, a gene codifying for
a mitochondrial protein involved in the oxidative phos-
phorylation [4].

The case of this patient suggests shifting the focus from
defect of DNA repair to the energy metabolism alteration in

FA. Indeed, FA cells display defects in respiratory chain,
generating a decrement of energetic status and an
enhancement of the oxidative stress [2], a biochemical
framework very close to the one described in Abu-Libdeh
paper.

This suggests that even if DNA repair defects have a
clear role in determining important clinical aspects of FA
patients such as the neoplastic transformation and the
hematopoietic stem cells impoverishment, the functional
defects associated with the altered mitochondrial physiol-
ogy also provide an important contribution to FA symp-
toms. Apparently, these defects converge into a pro-
oxidation phenotype associated with FA. Indeed an
improvement of the chromosomal stability in lymphocytes
from FA patients [5] and a reduction of the cytotoxic
effects of TNF-alpha [6] have been observed after
treatment of FA cells with selected antioxidants. Moreover,
other antioxidants have been shown to improve insulin
resistance and obesity in FA mice [7] and to restore
the metallo-proteinases activity in FA cells thus
suggesting a possible role of oxidative stress in the glucose
and lipid metabolic disturbance and in somatic malforma-
tions [8].

Overall, this evidence may lead to looking at DNA repair
defect as an epiphenomenon of other perturbed functions:
the high DNA damage of FA cells may be correlated with
the oxidative stress caused by altered mitochondrial energy
metabolism, as well as the reduction of aldehyde detox-
ification. This hypothesis is in line with the heterogeneity of
the disease that better fits with an articulated and
complex metabolic defect rather than with a mere DNA-
repair disease. Under this perspective it is worth noting that
30 years ago, Joenje et al. [9] showed how chromosomal
aberrations were oxygen-dependent in Fanconi anaemia
lymphocytes.

So far, mainstream research has tried to associate FA
pathology only to the DNA repair defect perspective,
neglecting other factors that might turn out to be the root
causes. Indeed, evidence provided in Abu-Libdeh’s work

* Enrico Cappelli
enricocappelli@gaslini.org

1 Department of Pharmacy, Biochemistry Laboratory, University of
Genova, Genova, Italy

2 Hematology Unit Istituto Giannina Gaslini, Genova, Italy
3 U.O. Mutagenesi e Prevenzione Oncologica IRCCS AOU San

Martino-IST (Istituto Nazionale per la Ricerca sul Cancro),
Genova, Italy

12
34

56
78

90
()
;,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41431-017-0046-6&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41431-017-0046-6&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41431-017-0046-6&domain=pdf
http://orcid.org/0000-0002-0803-1042
http://orcid.org/0000-0002-0803-1042
http://orcid.org/0000-0002-0803-1042
http://orcid.org/0000-0002-0803-1042
http://orcid.org/0000-0002-0803-1042
mailto:enricocappelli@gaslini.org


seems to strongly invite us to consider this as a realistic
approach to the disease.

The above reported remarks pave the way for a
serious discussion upon possible antioxidant therapy,
a question that might not be limited to the Fanconi’s anemia
context but could rather be extended to a wide range of
pathologies that may well benefit from this type of
approach.

Remaining within FA it would be necessary to establish
which antioxidants may be appropriate in the context of a
pathology that demonstrates alterations in the mitochondrial
functions and in energy metabolism.

In conclusion, we believe that the evaluation of the
energy metabolism alterations could open new horizons for
FA patients diagnosis and therapy. This can also hold true
for other bone marrow failure diseases, which share with
FA some common features [10].

For reply see Brief Communication/Short Report by
Douiev et al. in this issue.
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