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F R Abstract

We have recently described the identification of a novel inherited bone marrow failure
syndrome (IBMFS). The first set of patients were identified by the exome analysis of cells
from Japanese patients with hypoplastic anemia, which have been deposited to the JCRB
cell bank some time ago. Originally, these cases were recognized as having a novel
disorder based on the increased levels of sister chromatid exchanges (SCE) in
lymphocytes, however, the causative genes were clarified only after application of the
recently developed next-generation sequencing technology. This disorder, Aldehyde
Degradation Deficiency Syndrome (ADDS), is caused by combined defects in two genes,
ADH5 and ALDH2, which are critical for degrading endogenously generated
formaldehyde. Formaldehyde is highly reactive and toxic to biological molecules
including DNA, and its endogenous generation in the absence of the degradation system
results in the levels of DNA damage that overwhelms DNA repair capacity, leading to
the development of BMF with loss of hematopoietic stem cells as well as progression to
MDS/leukemia. In this short review, we would like to summarize what is known today
about ADDS for a wide readership of hematology clinicians in Japan.
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Table 1. Inherited Bone Marrow Failure Syndromes
Disorder Causative gene Inheritance Pathogenesis
Fanconi anemia 22 FANC genes Mainly AR DNA  crosslink
repair defects
Diamond Blackfan RPS19, RPLS, etc Mainly AD  Ribosome

Anemia function defects
Congenital Type | : CDAN1, or I-II: AR Ineffective
Dyserythropoietic C150fRF41 Il : AD erythropoiesis
Anemia Type Il : SEC23B
Type 11l : KIF23
Dyskeratosis Congenita DKC1, TERT, TERC, AR, AD, Telomere
RTEL1, etc XR shortening
Schwachman Diamond SBDS AR Defects in
Syndrome ribosome
biogenesis

AR, autosomal recessive; AD, autosomal dominant; XR, X-linked recessive.



Table 2. Clinical characteristics of Aldehyde Degradation Deficiency Syndrome

Children with hypoplastic anemia  (range: 1~19 years old)
Normal MMC-induced chromosome breakage test

Increased SCE

Short stature

Microcephaly

Skin pigmentation and cafe” au lait spots

Mild mental retardation

Progression to myelodysplasia/leukemia

No malformation




Figure legends

Figure 1. Increased spontaneous SCE levels in lymphocytes with defects in
ADH5/ALDH2. (A) SCE in lymphocytes carrying variant ALDH2 treated with ADH5
inhibitor. The two panels show the same metaphase but in the right panel the positions of
SCE events are marked with red arrow heads. (B) A schema explaining our hypothesis
for increased SCE in ADDS lymphocytes but not in fibroblasts. PHA-stimulated
lymphocytes may generate more formaldehyde than fibroblasts since they may undergo

epigenetic reprogramming during blastogenesis?.

Figure 2. ADH5 and ALDH2 mutations found in ADDS patients. The Upper scheme
depicts the gene structures and the positions of the mutations. The numbered boxes
indicate the exons. The lower scheme represents the ADH5 or ALDH2 proteins.
€.564+1G>A is a splice site mutation, while ¢.966delG is a deletion mutation of a single
nucleotide, resulting in the frameshift and protein truncation. The other two ADH5
mutations affect a single amino acid (missense mutations). We have identified all of these
four ADH5 mutations resulted in the loss of protein expression. It is well known that
ALDH2 ¢.1510G>A(p.E504K) is a missense mutation, which abrogates the enzymatic

activity and displays a dominant-negative effect.

Figure 3. Simplified formaldehyde (A) or acetaldehyde (B) degradation pathway.
Exogenous or endogenous formaldehyde is spontaneously captured by glutathione (GSH),
leading to the formation of S-hydroxymethylglutathione, which is catabolized by ADH5.
Thus generated S-formylglutathione is further degraded by the enzyme called Esterase D
(ESD) (not shown here) to formic acid and GSH. As a back-up, ALDH2 can also degrade
formaldehyde to formic acid. ALDH2 also catabolizes acetaldehyde to acetic acid.This

graphic was created with the BioRender.com website.

Figure 4. A schema of ADDS or FA pathogenesis. HSPC, hematopoietic stem and
progenitor cell. we hypothesize that during hematopoietic differentiation, HSPC
undergoes epigenetic reprogramming which includes extensive histone demethylation
and accompanying formaldehyde generation. In the absence of ADH5/ALDH2,
formaldehyde induces damages to genome DNA, which overwhelms normal DNA repair
capacity. On other hand, the FA DNA repair pathway is compromised in FA, leading to
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the accumulation of DNA damage, even though endogenous formaldehyde is properly

degraded. In the end, HPSCs would be exhausted and accumulate mutations leading to

MDS/leukemia. The size of the font suggests the scale of the biological impact.
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