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CLASSIFICATION OF CONGENITAL ANORECTAL
MALFORMATIONS (ARMS)

In this issue if EJHG, Belanger Deloge et al. [1] present the
diagnostic yield of exome analysis among individuals with
anorectal malformations (ARM). ARM comprise congenital mal-
formations of the hindgut and represent the most common
malformations of the lower digestive tract. The overall prevalence
ranges from two to five per 10,000 births [2]. Mild phenotypes as
cutaneous perineal fistula may easily be missed, especially among
affected females, which may partly explain male/female ratios
being 1.2-1.6 [2]. In 2005, the Krickenbeck Conference on ARM
developed standards for an “International Classification system”
describing up to 10 distinct subtypes ranging from anal stenosis to
severe and complex cloacal malformations [3]. All of these ARMs
may occur isolated (non-syndromic ARMs), in combination with
one or more co-occurring anomalies, or as part of a genetic
syndrome (syndromic ARMs). Previous studies found up to 75% of
individuals to present with additional anomalies [4]. Most of these
co-occurring anomalies belong to the congenital anomaly
spectrum of the VATER/VACTERL association. The VATER/VACTERL
association refers to the nonrandom co-occurrence of at least
three of the following component features: vertebral defects (V),
ARMs (A), cardiac defects (C), tracheoesophageal fistula with or
without esophageal atresia (TE), renal malformations (R), and limb
defects (L) [5]. In accordance with the case classification guidelines
for the National Birth Defects Prevention Study [6], individuals
with ARM with a chromosomal or single gene disorder, a defined
clinical syndrome, mental retardation, and/or dysmorphisms have
syndromic ARM. While about 10% of syndromic ARM might be
explained by chromosomal disorders, the overall contribution of
single gene disorders remains elusive [4]. Until today about 30
known monogenic syndromes have been described with ARM as
an inherent phenotypic feature e.g., Baller-Gerold syndrome
(#218600, RECQL4), Kabuki syndrome (#147920, KMT2D), Opitz-
Kaveggia syndrome (#305450, MED12), Townes-Brocks syndrome
1 (#107480, SALLT).

HIGH DIAGNOSTIC YIELD FOR SYNDROMIC ARMS

In their study, Belanger Deloge et al. [1] describe the exome
analysis of 130 individuals with ARM, identified in a clinical
database of about 17,000 individuals referred for exome analysis.
In 45 of these individuals a definitive or probable diagnosis was

made (34.6%). Moreover, Belanger Deloge et al. [1] identified eight
phenotypic expansions of know genetic syndromes comprising
Helmsmoortel-van der Aa syndrome (# 615873, ADNP), Bardet-
Biedl syndrome 1 (# 209900, BBS1), Rubinstein-Taybi syndrome 1
(# 180849, CREBBP), Rubinstein-Taybi syndrome 2 (# 613684,
EP300), Fanconi anemia, complementation group C (# 227645,
FANCC), Kabuki syndrome 2 (# 300867, KDM6A), Luscan-Lumish
syndrome (SETD2-related disorder) (# 616831, SETD2), and Coffin-
Siris syndrome 4 (# 614609, SMARCA4). These findings suggest that
single gene disorders underly a much larger proportion of
syndromic ARMs than previously thought.

ARM IN THE CONTEXT OF THE VATER/VACTERL ASSOCIATION
On the contrary, Belanger Deloge et al. [1] suggest that tests
designed to identify monogenic etiologies may have lower
diagnostic yields in individuals with ARM in the context of the
VATER/VACTERL association (22.8% vs 44.1%). The authors suggest
that the contribution of epigenetic and environmental factors
might play a more important role in the formation of the VATER/
VACTERL association than previously thought. However, to date,
no consistent environmental risk factor has been identified that
could be specifically responsible for the development of the
VATER/VACTERL association [7]. In addition, Solomon et al. [5]
provided several lines of evidence that dominant single-gene
disorders may underlie a certain number of multiply affected
families with VATER/VACTERL association, in which environmental
risk factors are unlikely to play a significant role.

NON-CODING REGIONS OF THE GENOME: FRUITS THAT MAY
HANG LOWER THAN WE THINK?

Hitherto, the search for genetic risk factors for congenital birth
defects has mostly focused on the protein-coding genome not
encountering the multiplicity of regulatory regions and the
respective non-coding RNAs residing in disease loci [8]. One
reason, why the hunt for non-coding RNAs or regulatory elements
has been carried out with hand brakes applied in regards to the
VATER/VACTERL association, might be the difficulties to provide
functional proof of the anticipated genetic alterations in
embryonic animal models [8]. However, there are several
examples that suggest that these regions must not be neglected
any longer. De Pontual et al. [9] described hemizygous germline
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deletions of MIR17HG, encoding the miR-17~92 polycistronic
miRNA cluster, to cause Feingold syndrome (# 164280), an
autosomal dominant syndrome comprising microcephaly, short
stature, and digital anomalies. Interestingly, less penetrant defects
within the phenotypic spectrum of Feingold syndrome include
learning disabilities of variable degree, esophageal and duodenal
atresias (observed in 30-55% of cases), and cardiac and renal
malformations, representing several component features of
VATER/VACTERL spectrum. Studying the genetic basis of con-
genital limb malformations, which also belong to the VATER/
VACTERL association spectrum, Flotmann et al. [10] identified
several disease-causing CNVs that interfered with normal gene
regulation by either altering enhancer dosage or changing the
architecture of so called topologically associating domains. Finally,
Long et al. [11] showed very recently, that upregulation of miR-
92a-2-5p are implicated in the formation of ARMs in a rat model.

Hence, what is the hardest of all? What seems easiest to you. To
see with your eyes what lies before you - the non-coding genome
(Johann Wolfgang von Goethe).

REFERENCES

1. Belanger Deloge R, Zhao X, Luna PN, Shaw CA, Rosenfeld JA, Scott DA. High
molecular diagnostic yields and novel phenotypic expansions involving syn-
dromic anorectal malformations. Eur J Hum Genet. 2022. https://doi.org/10.1038/
s41431-022-01255-y.

2. van Rooij IA, Wijers CH, Rieu PN, Hendriks HS, Brouwers MM, Knoers NV, et al.
Maternal and paternal risk factors for anorectal malformations: a Dutch case-
control study. Birth Defects Res A Clin Mol Teratol. 2010;88:152-8.

3. Holschneider A, Hutson J, Pefia A, Beket E, Chatterjee S, Coran A, et al. Preliminary
report on the International Conference for the Development of Standards for the
Treatment of Anorectal Malformations. J Pediatr Surg. 2005;40:1521-6.

4. Moore SW. Associations of anorectal malformations and related syndromes.
Pediatr Surg Int. 2013;29:665-76.

5. Solomon BD, Pineda-Alvarez DE, Raam MS, Cummings DA. Evidence for inheri-
tance in patients with VACTERL association. Hum Genet. 2010;127:731-3.

6. Rasmussen SA, Olney RS, Holmes LB, Lin AE, Keppler-Noreuil KM, Moore CA.
National Birth Defects Prevention Study. Guidelines for case classification for the
National Birth Defects Prevention Study. Birth Defects Res A Clin Mol Teratol.
2003;67:193-201.

7. Wijers CH, de Blaauw I, Marcelis CL, Wijnen RM, Brunner H, Midrio P, et al.
Research perspectives in the etiology of congenital anorectal malformations
using data of the International Consortium on Anorectal Malformations: evidence
for risk factors across different populations. Pediatr Surg Int. 2010;26:1093-9.

8. Turton N, Swan R, Mahenthiralingam T, Pitts D, Dykes IM. The Functions of Long
Non-Coding RNA during Embryonic Cardiovascular Development and Its Poten-
tial for Diagnosis and Treatment of Congenital Heart Disease. J Cardiovasc Dev
Dis. 2019;6:21.

SPRINGER NATURE

9. de Pontual L, Yao E, Callier P, Faivre L, Drouin V, Cariou S, et al. Germline deletion
of the miR-17~92 cluster causes skeletal and growth defects in humans. Nat
Genet. 2011;43:1026-30.

10. Fléttmann R, Kragesteen BK, Geuer S, Socha M, Allou L, Sowinska-Seidler A, et al.
Noncoding copy-number variations are associated with congenital limb mal-
formation. Genet Med. 2018;20:599-607.

11. Long CY, Xiao YX, Li SY, Tang XB, Yuan ZW, Bai YZ. Upregulation of miR-92a-2-5p
potentially contribute to anorectal malformations by inhibiting proliferation and
enhancing apoptosis via PRKCA/B-catenin. Biomed Pharmacother. 2020;
127:110117.

AUTHOR CONTRIBUTIONS

The article was written and concepted by HR.

FUNDING
There was no specific funding. Open Access funding enabled and organized by
Projekt DEAL.

COMPETING INTERESTS

The author declares no competing interests.

ADDITIONAL INFORMATION

Correspondence and requests for materials should be addressed to Heiko Reutter.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons

BY Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

European Journal of Human Genetics (2023) 31:273-274


https://doi.org/10.1038/s41431-022-01255-y
https://doi.org/10.1038/s41431-022-01255-y
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	High molecular diagnostic yields and novel phenotypic expansions involving syndromic anorectal malformations
	Classification of congenital anorectal malformations (ARMs)
	High diagnostic yield for syndromic ARMs
	ARM in the context of the VATER/VACTERL association
	Non-coding regions of the genome: fruits that may hang lower than we think?
	Author contributions
	Funding
	Competing interests
	ADDITIONAL INFORMATION




