
Mol Genet Genomic Med. 2023;11:e2103.	 ﻿	    |  1 of 15
https://doi.org/10.1002/mgg3.2103

wileyonlinelibrary.com/journal/mgg3

Received: 17 June 2022  |  Revised: 1 November 2022  |  Accepted: 3 November 2022

DOI: 10.1002/mgg3.2103  

O R I G I N A L  A R T I C L E

A newborn male with Myhre syndrome, hearing loss, and 
complete syndactyly of fingers 3–4

Kun Yang1  |   Xi Wang2   |   Wei-Qian Wang2,3,4,5  |   Ming-Yu Han3,4,5  |   Li-Min Hu2  |   
Dong-Yang Kang3,4,5  |   Jin-Yuan Yang3,4,5  |   Min Liu2  |   Xue Gao2   |   Yong-Yi Yuan3,4,5   |    
Jin-Cao Xu2

1Postgraduate Training Base of Jinzhou Medical University (The PLA Rocket Force Characteristic Medical Center), Beijing, P. R. China
2Department of Otolaryngology, The PLA Rocket Force Characteristic Medical Center, Beijing, P. R. China
3College of Otolaryngology Head and Neck Surgery, Chinese PLA General Hospital, Chinese PLA Medical School, Beijing, P. R. China
4National Clinical Research Center for Otolaryngologic Diseases, State Key Lab of Hearing Science, Ministry of Education, Beijing, P. R. China
5Beijing Key Lab of Hearing Impairment Prevention and Treatment, Beijing, P. R. China

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any 
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2022 The Authors. Molecular Genetics & Genomic Medicine published by Wiley Periodicals LLC.

Kun Yang, Xi Wang, and Wei-Qian Wang are listed as co-first authors.  

Correspondence
Yong-Yi Yuan, College of 
Otolaryngology Head and Neck 
Surgery, Chinese PLA General Hospital, 
Chinese PLA Medical School, 28 
Fuxing Road, Beijing 100853, P. R. 
China.
Email: yyymzh@163.com

 Xue Gao and Jin-Cao Xu, Department 
of Otolaryngology, The PLA Rocket 
Force Characteristic Medical Center, 
16# XinWai Da Jie, Beijing, 100088, P. 
R. China.
Email: mixueer0110@126.com and 
xujincao@126.com

Funding information
Natural Science Foundation of Hainan 
Province, Grant/Award Number: 
819MS110; National Natural Science 
Foundation of China, Grant/Award 
Number: 81873704, 82171158, 82271177 
and 81900953

Abstract
Background: Myhre syndrome is a rare multisystem genetic disorder that is 
caused by de novo heterozygous gain-of-function variants in SMAD4. Patients 
with Myhre syndrome exhibit several phenotypes at different ages such as small 
size, autism, developmental delay, left-sided heart defects, and hearing loss and 
often have a characteristic facial appearance. The early clinical diagnosis of 
Myhre syndrome remains a major challenge, particularly in the first year of life.
Methods: A Chinese male infant with syndactyly of fingers, hypertelorism, short 
palpebral fissures, and short philtrum was enrolled into the ENT department of 
the Chinese PLA General Hospital. Whole exome sequencing analysis was used 
to detect the disease-causing variant. A literature review of Myhre syndrome was 
also performed.
Results: A recurrent de novo missense variant c.1498A > G p.I500V(p. Ile500Val) 
in SMAD4 was detected confirming the clinical diagnosis of Myhre syndrome at 
the age of 38 days. The infant appears to be the youngest reported case of Myhre 
syndrome. At 23-month follow-up, the affected infant has dysmorphic facial 
features, growth retardation, and previously undescribed complete syndactyly. 
Review the literatures noted several common features in Myhre syndrome pa-
tients including hearing loss (72.7%), characteristic facial features (26.0%–54.5%), 
finger and toe abnormalities (3.9%–48.1%), short stature (45.5%), and respiratory 
(30.0%) and cardiovascular problems (65.0%).
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1   |   INTRODUCTION

Myhre syndrome (MIM #139210) is a rare autosomal 
dominant multiple systematic disorder that was first de-
scribed by Myhre et al. in two unrelated males in 1981 
(Myhre et al.,  1981). The clinical features of this disor-
der include poor growth, variable degrees of intellectual 
disability, distinctive facial dysmorphic features, brachy-
dactyly, restricted joint mobility, hearing loss, stiff and 
thick skin, and cardiovascular and respiratory disorders 
(Caputo et al., 2012; Le Goff & Cormier-Daire, 2012; Lin 
et al., 2016).

Gain-of-function pathogenic variants in SMAD4 (MIM 
#600993) are the only molecular etiology that is known 
to cause Myhre syndrome. Currently, four pathogenic 
variants of SMAD4 (Ile500Thr, Ile500Val, Ile500Met, and 
Arg496Cys) have been described, and almost occur de 
novo (sporadic) (Asakura et al., 2012; Caputo et al., 2012, 
2014; Lin et al.,  2020). Only one familial case of Myhre 
syndrome with SMAD4 c.1486C > T (p.Arg496Cys) has 
previously been reported (Meerschaut et al., 2019). Most 
patients with Myhre syndrome are diagnosed at school 
age with postnatal progression. The dysmorphic features 
associated with the syndrome may be observed in early 
childhood, but the final diagnosis is made after the clini-
cal features are fully manifested during the late-childhood 
period.

The early diagnosis of Myhre syndrome is challenging 
and relies on the detection of characteristic clinical fea-
tures and confirmation by genetic analysis. Differential 
diagnosis includes other genetic syndromes such as ac-
romicric dysplasia (MIM #102370) (Le Goff & Cormier-
Daire, 2012) and geleophysic dysplasia (MIM ## 231,050) 
(McInerney-Leo et al., 2016). These syndromes are associ-
ated with growth retardation, facial dysmorphic features, 
finger deformity, stiff gait and cardiovascular involvement.

In this study, we report on a case of Myhre syndrome 
in a 23-month-old Chinese male infant with distinctive 
facial features, complete syndactyly of fingers and short 

stature. The diagnosis of Myhre syndrome was confirmed 
by the identification of one de novo missense variant 
c.1498A > G (p.Ile500Val) in SMAD4 at 38-day and nearly 
2 years of follow-up. This case is remarkable for the early 
diagnosis and the complete syndactyly that have not been 
previously reported in individuals with Myhre syndrome.

2   |   METHODS

2.1  |  Clinical evaluation

A 12-day-old male was admitted to the ENT Department 
of the Chinese PLA General Hospital (Beijing, China). 
Physical examinations and medical history were col-
lected on the patient through multiple interviews. An ini-
tial hearing screen was performed within 72 hours using 
transiently evoked otoacoustic emission (TEOAE) testing. 
Auditory brainstem response (ABR), auditory steady state 
response (ASSR), distortion product otoacoustic emission 
(DPOAE), and acoustic immittance were performed by 
the age of 23 months to evaluate hearing loss that was di-
agnosed according to the WHO 1997 criteria. The parents 
reported no history of stillbirth or miscarriage. Cardiac 
structure and function were evaluated by electrocardiog-
raphy (ECG) and color Doppler echocardiography.

2.2  |  Whole exome sequencing and 
bioinformatics analysis

Whole exome sequencing (WES) genetic analyses was 
performed designed on parent-offspring trios including 
two unaffected parents (I:1 and I:2) and one affected indi-
vidual (II:1). Peripheral venous blood was collected from 
the proband and his parents. Genomic DNA was extracted 
using a QIAamp DNA blood mini-kit (Qiagen, Germany) 
following standard protocols. Sequencing libraries were 
prepared and xGen Exome Research Panel probes (IDT) 

Conclusions: Clinicians should have a low threshold to perform genetic test-
ing on patients with features suggesting Myhre syndrome even in the first year 
of life. Although some individuals with Myhre syndrome have normal hearing, 
early onset or progressive hearing loss usually occur in one or both ears in most 
patients, with remarkable phenotypic heterogeneity. Syndactyly may be minor 
such as typical 2–3 toe involvement, or more complicated as was observed in our 
patient.
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were used to capture the target sequences. WES of the cap-
tured sequences was performed on an Illumina NovaSeq 
6000 by Euler Genomics (Beijing, China). Reads were 
mapped to the UCSC hg19 human reference genome. 
The reference sequence of SMAD4 used in alignment was 
NM_005359.6. Sequence variants were checked in the gno-
mAD population databases (http://gnoma​d-old. broad​insti​
tute.org/). Variant pathogenicity was interpreted according 
to the American College of Medical Genetics and Genomics 
(ACMG) guidelines (Richards et al.,  2015). The variants 
segregation analysis was confirmed by Sanger sequencing.

3   |   RESULTS

3.1  |  Clinical findings

The affected male infant (II:1) and his unaffected parents 
from the family (I:1 and I:2) (Figure  1a) were clinically 
analyzed. This Chinese male infant (II:1) was born to 
unaffected non-consanguineous parents (I:1 and I:2) by 
spontaneous vaginal delivery at 37 weeks +3 of gestation 
with a birthweight of 1.99 kg (<3rd centile). His mother 

suffered from gestational hypertension and gestational 
diabetes during pregnancy. The proband was 41 cm tall 
(<3rd centile) and had a head circumference of 29 cm 
(<3rd centile). The child had mild facial dysmorphic 
features including short palpebral fissures and a short 
philtrum (shortened distance between the nose and upper 
lip). Furthermore, we noted deformed 4 digits of the left 
hand (Figure 1d).

WES is increasingly used in the clinical analysis of pa-
tients with rare disorders and was performed on the pro-
band and his parents at 12 days after birth. At 38 days old, 
a definitive molecular diagnosis was reached, consistent 
with the clinical presentation (Table 1). In addition to the 
features in the newborn period, other later-onset features 
associated with postnatal progression (e.g., hearing loss, 
growth and intellectual retardation) were sought. Physical 
examination at 23 months showed severe growth retar-
dation with length 72 cm (<3rd centile), weight 8.5  kg 
(<3rd centile), and head circumference of 46 cm (<3rd 
centile). His psychomotor development was normal for 
age. Multiple facial dysmorphic features included short 
palpebral fissures, short philtrum, a narrow mouth with 
a thin upper lip, maxillary hypoplasia, and prognathism 

F I G U R E  1   Pedigree, variant analysis and multi-system anomalies of the patient (II:1). (a) The proband is indicated by an arrow. 
Subjects I:1, I:2 and II:1 were tested by WES. (b) The chromatogram shows SMAD4 heterozygous c.1498A > G mutated in patient II:1. (c) 
The audiogram showed normal hearing of II:1 (red, right ear; blue, left ear). (d) The left-hand panel presents complete syndactyly of fingers 
3–4. Complete syndactyly extends to the tip of the digits with the inclusion of the nail folds. (e) The right hand was normal. (f) A summary of 
facial features including short palpebral fissures, a short philtrum, a narrow mouth with a thin upper lip, an underdeveloped upper jaw, and 
a protruding lower jaw at 23 months.

http://gnomad-old
http://broadinstitute.org
http://broadinstitute.org
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T A B L E  1   A summary of the common clinical features of subjects with a clinical and molecular diagnosis of Myhre syndrome and 	
identified pathogenic variants

Study 
No.

Youngest age 
of diagnosis

Variant of SMAD4 
{counts}

Clinical features

Reference
Hearing 
loss IUGR

Short 
stature

Facial features Musculoskeletal dysplasia

Respiratory 
problem

Cardiovascular 
problem

Thick 
skin

Visual 
problem

Puberty/
genital 
problem

Short palpebral 
fissure

Midface 
hypoplasia

Short 
philtrum Prognathism Narrow mouth

Thin 
upper 
lip

Small 
ears Brachydactyly Clinodactyly

Muscular 
body build

Limited joint 
mobility

1 13yo c.1500A > G {1} 1 1 1 1 1 1 0 1 1 1 – – 1 – 1 1 1 1 0 Whiteford 
et al. (2001)

2 28yo c.1498A > G {5} 8 0 0 – 11 11 – – 6 5 – – – – 3 8 9 6 5 Le Goff 
et al. (2011)c.1499 T > C {5}

c.1500A > G {1}

3 28yo c.1498A > G {5} 8 5 1 8 8 8 8 6 6 – 8 – 8 – – 6 6 4 1 Caputo 
et al. (2012)c.1499 T > C {3}

4 12yo c.1486C > T {1} 2 1 1 2 0 1 1 2 1 2 2 – 2 – – 1 2 2 0 Al Ageeli 
et al. (2012)c.1499 T > C {1}

5 9yo c.1499 T > C {1} 1 1 1 1 1 1 1 1 1 – 1 – 1 – 1 0 1 1 – (Asakura 
et al., 2012)

6 – c.1498A > G {1} 2 2 2 2 2 2 1 1 2 2 2 – – 2 2 2 2 1 2 Lindor 
et al. (2012)c.1499 T > C {1}

7 26yo c.1486C > T {1} 1 – – – – – – – – – – – – – – – – – – Kenis et al. (2014)

8 15yo c.1486C > T {1} 1 – – – – – 1 – – – 1 – – 1 – – – – – Caputo 
et al. (2014)

9 12yo c.1498A > G {1} 1 – – – – – – – – – – – – 1 1 1 – – 1 Piccolo 
et al. (2014)

10 18yo c.1499 T > C {1} 1 – – 1 – – 1 – – – 1 – – 1 – – 1 – – Ishibashi 
et al. (2014)

11 2.5yo c.1499 T > C {1} 1 – 1 – – 1 1 – – – 1 1 – – 1 1 – – – Hawkes and 
Kini (2015)

12 8yo c.1498A > G {2} 5 1 – – 2 – 4 3 3 – 2 1 – 2 4 4 2 2 – Starr et al. (2015)

c.1499 T > C {3}

13 6yo c.1498A > G {3} 3 1 – – – – – – – – – – – 4 – – 2 – 4 Lin et al. (2016)

c.1499 T > C {1}

14 12yo c.1499 T > C {1} 1 – – 1 1 – 1 – – – 1 1 1 1 1 1 1 – – Garavelli 
et al. (2016)

15 7yo c.1498A > G {1} 1 1 1 1 0 0 1 1 1 1 0 1 0 0 – – – – – Bassett 
et al. (2016)

16 – c.1498A > G {1} – 0 1 1 1 1 0 0 1 0 1 0 1 – 0 1 1 1 0 Nomura 
et al. (2017)

17 2yo c.1498A > G {1} 0 1 1 1 1 1 0 0 1 0 1 – 0 1 0 1 1 1 0 Alagia 
et al. (2018)

18 14yo c.1498A > G {1} 1 1 1 1 1 1 1 1 1 0 1 – 0 – 0 0 0 1 1 Erdem 
et al. (2018)

19 – c.1498A > G {1} – – 1 – – – – – – – – – 1 – 1 1 1 1 0

20 5mo c.1498A > G {3} 2 3 5 5 6 6 6 4 5 – 6 – 6 – 1 3 2 1 1 Yu et al. (2019)

c.1499 T > C {3}

21 33yo c.1486C > T {2} 2 – 2 2 2 1 – – – 1 2 – – – 1 1 1 2 – Lin et al. (2020)

22 2mo c.1486C > T {4} 2 – 1 1 – – – 1 – 3 – 3 – 1 2 2 1 1 – Meerschaut 
et al. (2019)

23 25yo c.1486C > T {1} – – 1 1 1 – 1 1 1 1 1 – 1 – – – 1 1 – Artemios 
et al. (2019)

24 3yo c.1498A > G {2} – 2 2 1 2 1 – 1 – – 1 – – – 1 1 – – 1 H. Li et al. (2020)

(Continues)
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(Figure  1f). He walked independently on his tiptoes. 
According to the pediatrician, walking instability was re-
lated to knee flexion (moderate to severe) and popliteal 
ligament tightness. Complete syndactyly of fingers 3–4 
with fusion of the bones in the left hand was identified 
by inspection and palpation. The boy's right testicle had 
descended into the scrotum and his left testicle was not. 
Although the patient did not pass the hearing screening, a 
systematic auditory functional evaluation showed normal 
hearing (Figure 1c); therefore, follow-up is needed.

3.2  |  Genotyping

The median sequencing depth of the exon target regions 
exceeded 50× and the sequencing depth of 95% of the target 

regions exceeded 20×. The exon loss rate was <0.2%. The 
variants remaining after filtering were manually assessed 
based on the frequency/presence in the known SNP da-
tabases, any previous association with disease, predicted 
functional impact, any nucleotide/amino acid conserva-
tion, and the potential detrimental biochemistry of any 
amino acid substitution observed.

Using Sanger sequencing, three participating family 
members (one affected and two unaffected) were gen-
otyped to identify the candidate variants. One heterozy-
gous de novo variant c.1498A > G (p.Ile500Val) in SMAD4 
(NM_005359.6) remained after the filtering process and 
validation by Sanger sequencing (Figure  1b) which was 
consistent with autosomal dominant inheritance. The 
SMAD4 c.1498A > G (p.Ile500Val) change occurs in an 
evolutionarily highly conserved region across different 

Study 
No.

Youngest age 
of diagnosis

Variant of SMAD4 
{counts}

Clinical features

Reference
Hearing 
loss IUGR

Short 
stature

Facial features Musculoskeletal dysplasia

Respiratory 
problem

Cardiovascular 
problem

Thick 
skin

Visual 
problem

Puberty/
genital 
problem

Short palpebral 
fissure

Midface 
hypoplasia

Short 
philtrum Prognathism Narrow mouth

Thin 
upper 
lip

Small 
ears Brachydactyly Clinodactyly

Muscular 
body build

Limited joint 
mobility

25 9.6yo c.1498A > G {1} 1 – – 1 – 1 – 1 1 – 1 – 1 – – 1 1 1 – Gursoy 
et al. (2020)

26 25yo c.1498A > G {1} – – – – – – – – – – – – – – 1 1 – – – Alape et al. (2020)

27 16yo c.1498A > G {1} 1 – 1 – – – – 1 – – – 1 – – – 1 – 1 1 Varenyiova 
et al. (2020)

28 13yo c.1499 T > C {1} 1 – 1 – – – 1 – – 1 – 1 – – – 1 1 – 1 Jensen 
et al. (2020)

29 55yo c.1486C > T {1} 1 – 1 – – – – 1 – – – – – – – – – – – Kandhaya-Pillai 
et al. (2021)

30 58yo c.1498A > G {1} 1 – 1 1 1 – 1 1 1 1 1 – – – 1 1 1 1 – Di Cesare 
et al. (2021)

31 28yo c.1498A > G {1} 1 – – – – – – – – – – – – – – – 1 – – Inoue et al. (2021)

32 2mo c.1499 T > C {1} 0 1 1 0 – – – – – 1 1 – 1 – 1 1 1 – – Jeon et al. (2021)

33 13yo c.1498A > G {1} 0 – 1 0 – – 1 – – – – 1 – – – 1 – – 1 Lim et al. (2021)

34 32mo c.1498A > G {1} 1 – 1 0 – – – – – – – – – – – 1 – – – Li et al. (2021)

35 13yo c.1498A > G {1} 1 1 1 0 – – 1 – – – 1 1 – – – 1 – – 1 Kilci et al. (2022)

36 5yo c.1486C > T {1} 4 2 3 – – – – – – – – – – 5 – 5 3 3 3 Cappuccio 
et al. (2022)c.1498A > G {4}

37 38do c.1498A > G {1} 0 – 1 1 1 1 1 1 0 1 1 0 0 1 0 1 0 0 1 This study

Proportion c.1498A > G
51.9% (40/77)

72.7%
(56/77)

31.2%
(24/77)

45.5%
(35/77)

41.6%
(32/77)

54.5%
(42/77)

49.4%
(38/77)

42.9%
(33/77)

36.4%
(28/77)

41.6%
(32/77)

26.0%
(20/77)

48.1%
(37/77)

14.3%
(11/77)

31.2%
(24/77)

23.4%
(18/77)

30.0%
(23/77)

65.0%
(50/77)

54.5%
(42/77)

41.6%
(32/77)

31.2%
(24/77)

c.1499 T > C
29.9% (23/77)

c.1486C > T
15.6% (12/77)

c.1500A > G
2.6% (2/77)

Note: 117 cases diagnosed cases of Myhre syndrome were identified. Table 1 has integrated the data from 77 cases with molecular confirmation, whilst the 	
other 40 cases were not confirmed by molecular analysis. All of the listed cases were molecularly confirmed to be related to SMAD4 (NM_005359.6).
Abbreviations: do, days old; mo, months old; yo, years old; −, no information.

T A B L E  1   (Continues)
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species in the MH1 domain resulting in one amino acid 
change from leucine to valine at position 500. This patho-
genic variant causes the p.Ile500Val substitution and has 
been previously reported in multiple patients (Caputo 
et al., 2012; Di Cesare et al., 2021; Le Goff et al., 2011; Lin 
et al.,  2016; Starr et al.,  2015). According to the ACMG 
classification system, the c.1498A > G (p.Ile500Val) is clas-
sified as a pathogenic variant (PS1 + PS2 + PM2 + PP3).

3.3  |  Review of the literature

We identified 117 cases of Myhre syndrome, 77 (65.8%) 
of whom had clear molecular confirmations that were re-
lated to the SMAD4 gene, while 40 cases did not have con-
firmation. The common clinical features of the 77 cases 

with molecular confirmations (Table  1) include hear-
ing loss (72.7%, 56/77), cardiovascular problem (65.0%, 
50/77), midface hypoplasia (54.5%, 42/77), thick skin 
(54.5%, 42/77), a short philtrum (49.4%, 38/77), brachy-
dactyly (48.1%, 37/77), prognathism (42.9%, 33/77), short 
stature (45.5%, 35/77), short palpebral fissures (41.6%, 
32/77), a thin upper lip (41.6%, 32/77), visual problems 
(41.6%, 32/77), a narrow mouth (36.4%, 28/77), muscular 
body build (31.2%, 24/77), respiratory problems (30.0%, 
23/77), intrauterine growth retardation (IUGR) (31.2%, 
24/77), puberty/genital problems (31.2%, 24/77), small 
ears (26%, 20/77), limited joint mobility (23.4%, 18/77), 
and clinodactyly (14.3%, 11/77). Other clinical features 
which were not listed include poor articulation/delayed 
speech development 9.1% (7/77), neoplasia 6.5% (5/77), 
syndactyly (5.2%, 4/77), and polydactyly (3.9%, 3/77). 

Study 
No.

Youngest age 
of diagnosis

Variant of SMAD4 
{counts}

Clinical features

Reference
Hearing 
loss IUGR

Short 
stature

Facial features Musculoskeletal dysplasia

Respiratory 
problem

Cardiovascular 
problem

Thick 
skin

Visual 
problem

Puberty/
genital 
problem

Short palpebral 
fissure

Midface 
hypoplasia

Short 
philtrum Prognathism Narrow mouth

Thin 
upper 
lip

Small 
ears Brachydactyly Clinodactyly

Muscular 
body build

Limited joint 
mobility

25 9.6yo c.1498A > G {1} 1 – – 1 – 1 – 1 1 – 1 – 1 – – 1 1 1 – Gursoy 
et al. (2020)

26 25yo c.1498A > G {1} – – – – – – – – – – – – – – 1 1 – – – Alape et al. (2020)

27 16yo c.1498A > G {1} 1 – 1 – – – – 1 – – – 1 – – – 1 – 1 1 Varenyiova 
et al. (2020)

28 13yo c.1499 T > C {1} 1 – 1 – – – 1 – – 1 – 1 – – – 1 1 – 1 Jensen 
et al. (2020)

29 55yo c.1486C > T {1} 1 – 1 – – – – 1 – – – – – – – – – – – Kandhaya-Pillai 
et al. (2021)

30 58yo c.1498A > G {1} 1 – 1 1 1 – 1 1 1 1 1 – – – 1 1 1 1 – Di Cesare 
et al. (2021)

31 28yo c.1498A > G {1} 1 – – – – – – – – – – – – – – – 1 – – Inoue et al. (2021)

32 2mo c.1499 T > C {1} 0 1 1 0 – – – – – 1 1 – 1 – 1 1 1 – – Jeon et al. (2021)

33 13yo c.1498A > G {1} 0 – 1 0 – – 1 – – – – 1 – – – 1 – – 1 Lim et al. (2021)

34 32mo c.1498A > G {1} 1 – 1 0 – – – – – – – – – – – 1 – – – Li et al. (2021)

35 13yo c.1498A > G {1} 1 1 1 0 – – 1 – – – 1 1 – – – 1 – – 1 Kilci et al. (2022)

36 5yo c.1486C > T {1} 4 2 3 – – – – – – – – – – 5 – 5 3 3 3 Cappuccio 
et al. (2022)c.1498A > G {4}

37 38do c.1498A > G {1} 0 – 1 1 1 1 1 1 0 1 1 0 0 1 0 1 0 0 1 This study

Proportion c.1498A > G
51.9% (40/77)

72.7%
(56/77)

31.2%
(24/77)

45.5%
(35/77)

41.6%
(32/77)

54.5%
(42/77)

49.4%
(38/77)

42.9%
(33/77)

36.4%
(28/77)

41.6%
(32/77)

26.0%
(20/77)

48.1%
(37/77)

14.3%
(11/77)

31.2%
(24/77)

23.4%
(18/77)

30.0%
(23/77)

65.0%
(50/77)

54.5%
(42/77)

41.6%
(32/77)

31.2%
(24/77)

c.1499 T > C
29.9% (23/77)

c.1486C > T
15.6% (12/77)

c.1500A > G
2.6% (2/77)

Note: 117 cases diagnosed cases of Myhre syndrome were identified. Table 1 has integrated the data from 77 cases with molecular confirmation, whilst the 	
other 40 cases were not confirmed by molecular analysis. All of the listed cases were molecularly confirmed to be related to SMAD4 (NM_005359.6).
Abbreviations: do, days old; mo, months old; yo, years old; −, no information.
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Individual patients had facial paralysis (No.11), intellec-
tual disability (No.14), obsessive–compulsive disorder, 
attention deficit hyperactivity disorders (No.18), kidney 
hypoplasia, vesicoureteral reflux, a high-pitched voice, 
premature thinning of the hair, diabetes mellitus, osteo-
porosis, hypogonadism (No.29), choanal atresia, intellec-
tual disability, schizophrenia and platyspondyly (No.31).

The 40 (34.2%, 40/117) patients who did not have 
clear molecular confirmations included 13 patients who 
were reported as having a pathogenic variant in SMAD4 
“Ile500” without including the base variant. The remain-
ing 27 (67.5%, 27/40) patients did not have any molecular 
information reported. 70% (28 of 40) of these patients suf-
fered from hearing loss.

4   |   DISCUSSION

The SMAD4 gene (MIM #600993) is a protein-coding gene 
that is characterized by a highly conserved 230-amino-acid 
motif (323-552aa) known as the MH2 domain. SMAD4 
is required for transforming growth factor-beta (TGF-β) 
and bone morphogenic protein (BMP) signaling. SMAD4 
participates in various cellular processes including cell 
proliferation, differentiation and apoptosis (Kandhaya-
Pillai et al.,  2021; Massague & Wotton,  2000; Shi & 
Massague,  2003). Structural analysis of mutant SMAD4 
suggests that a conformational change results in the per-
turbation of TGF-β signaling and leads to enhanced levels 
of non-ubiquitinated SMAD4 (Caputo et al., 2014).

Diseases associated with SMAD4 loss-of-function in-
clude Juvenile polyposis/hereditary hemorrhagic telan-
giectasia syndrome (MIM #175050), pancreatic cancer 
(MIM #260350), and Juvenile intestinal polyposis (MIM 
#174900). Until now, 159 pathogenic variants in SMAD4 
have been reported according to the HGMD professional 
database including one pre-initiation codon variation 
(c.-127-650C > T), one post-termination codon variation 
(c.*1G > A) and 16 structural variations (Figure 2). Myhre 
syndrome is caused by the heterozygous gain-of-function 
pathogenic variant in SMAD4.

The most common clinical features of Myhre syn-
drome are the distinctive dysmorphic facial features (short 
palpebral fissures, maxillary hypoplasia, a small mouth 
with a thin upper lip and a short philtrum, prognathism), 
short stature, limited joint mobility (with particular diffi-
culty in fist-clenching and arm-raising), thickened skin, 
and muscular pseudohypertrophy, which become recog-
nizable in late childhood (Michot et al., 2014). Mild-to-
moderate intellectual disability and developmental delay 
are common but not constant. Autistic-like behavior has 
been reported (Lin et al., 2020). Cardiovascular abnormal-
ities affect about 70% of patients and include restrictive 

cardiomyopathy and pericardial disease. In addition, con-
genital heart defects and tetralogy of Fallot have also been 
reported (Alagia et al., 2018; Cappuccio et al., 2022; Lin 
et al., 2016, 2020; Starr et al., 2015). Respiratory involve-
ment consists of choanal stenosis and laryngotracheal 
proliferative fibrosis manifested as progressive tachypnea, 
exertional dyspnea, and respiratory distress. Early clinical 
diagnosis is important because of potentially fatal respi-
ratory compromise (Alape et al., 2020; Kilci et al., 2022; 
McGowan et al., 2011; Oldenburg et al., 2015).

Gastrointestinal involvement includes pyloric stenosis, 
duodenal atresia and severe constipation (Lin et al., 2016; 
Oldenburg et al.,  2015). Recurrent infections (particu-
larly otitis media and pneumonia) are frequently reported 
(Erdem et al., 2018; Lin et al., 2020). Other uncommon fea-
tures include syndactyly, cleft palate, cleft lip, hypermetro-
pia, cryptorchidism and neoplasia (Asakura et al.,  2012; 
Becerra-Solano et al.,  2008; Ishibashi et al.,  2014; Lin 
et al., 2020). A recent study reported that Myhre syndrome 
is related to schizophrenia (Inoue et al., 2021).

In 2016, Lin et al. reported that hearing loss was fre-
quently observed in 83% of 54 cases with Myhre syndrome 
and could be presented as sensorineural, conductive or 
mixed loss (Lin et al., 2016; Yu et al., 2019). We reviewed 
56 Myhre syndrome cases with hearing loss, all of whom 
were molecularly confirmed with SMAD4 variants. The 
detailed information about the hearing phenotypes is sum-
marized in Table 2. From our literature review, conductive 
hearing loss accounted for 26.8% (15 of 56) of cases whilst 
sensorineural and mixed hearing loss accounted for 10.8% 
and 17.9% of cases, respectively. Hearing loss may be early 
onset or progressive and our analysis showed that the age 
of onset ranged from 6 months to 58 years old. 30.4% of 56 
cases suffered from bilateral hearing loss and 1.8% were 
proven to be unilateral. No detailed information concern-
ing hearing loss was presented in the other 67.8% of cases.

We failed to analyze differences in the age of onset, 
the side of hearing loss, the degree of severity and the af-
fected frequency between the groups of different patho-
genic variants because of the limited number of cases with 
complete hearing phenotype information. In addition to 
the 56 patients with molecular confirmation, we reviewed 
an additional 11 patients who were clinically diagnosed. 
All of the patients were reported between 1983 and 2011 
and are not listed in Table 2. Amongst the hearing pheno-
types in this group of patients, bilateral hearing loss ac-
counted for 72.7% (8 of 11) cases, whilst unilateral hearing 
loss accounted for 9.1% (1 of 11). Conductive hearing loss 
accounted for 45.5% (5 of 11) of cases, and sensorineural 
and mixed hearing loss accounted for 27.3% and 36.4% of 
cases, respectively. Also, 17 Myhre syndrome patients re-
ported hearing loss but lacked details of the hearing phe-
notype and molecular confirmation (not listed in Table 2). 
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Hearing loss was predominantly bilateral, late-onset, se-
vere, progressive and conductive. It should be noted that, 
in many reports, details about hearing phenotypes of pa-
tients with Myhre syndrome were absent. One possible 
explanation is that the hearing loss is mild and covered by 
other severe manifestations.

However, certain mechanisms of etiopathogenesis of 
auditory impairment cannot be deduced. In 2021, Tiziana 
Di Cesare et al. reported on a 58-year-old patient who 
was diagnosed with Myhre Syndrome and had thickened 
tympanic membranes, mastoid sclerosis and otospngio-
sis. The patient underwent cochlear implantation on the 
right side and is the first report of this treatment in Myhre 
Syndrome. Despite the failure to evoke postoperative elec-
trical potentials via medium-frequency electrodes, the pa-
tient benefited from an improved quality of life. Cochlear 
implantation is an effective and well-tolerated auditory 
rehabilitation strategy that can achieve surprisingly good 
results in speech discrimination despite possible nerve in-
volvement (Di Cesare et al., 2021).

Some neonates diagnosed with Myhre Syndrome pass 
newborn hearing screens but then show delay-onset and 
progressive hearing loss (Di Cesare et al.,  2021). In this 
study, the proband did not pass the newborn hearing 
screening. However, his hearing was within the normal 

range at 23 months. According to a study of newborn hear-
ing screening of 1,585,892 neonates performed in Beijing, 
1.016% of neonates failed the newborn hearing screening 
yet 82.13% of these cases progressed to have normal hear-
ing (Dai et al., 2019). However, the possibility of delayed 
hearing loss in the proband was not excluded. To avoid 
learning and behavioral problems caused by hearing loss, 
we recommend that patients are regularly monitored 
and undertake frequent hearing tests. This approach will 
enable prompt interventions to avoid delayed language 
development.

Syndactyly occurs occasionally in patients with Myhre 
syndrome. However, it is the most common feature in 
congenital hand deformities with an incidence of around 
1 in 2000 live births (Jordan et al., 2012). Syndactyly may 
occur as an isolated finding or may be a symptom of a ge-
netic syndrome. Syndactyly is an established shared fea-
ture of more than 300 genetic syndromes (Malik, 2012), 
ranging in severity from complete “mitten-like” syndac-
tyly in Apert syndrome to the minor two 2–3 syndactyly in 
Smith-Lemli-Opitz syndrome.

We noted syndactyly in 10.3% (12/117) patients with 
Myhre syndrome. Syndactyly was more common in the 
toes compared to the fingers and only one patient reported 
the soft tissue fusion in the fingers which was classified as 

F I G U R E  2   Summary of the identified pathogenic variants in SMAD4 (NM_005359.6).
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incomplete syndactyly. The patient in our study showed 
complete syndactyly of the fingers, although radiographs 
were not available. In this case, surgical intervention was 
not suggested, and the patient's functional needs should 
be considered. Also, incomplete syndactyly of the fingers 
or toes is common in previously observed cases of Myhre 
syndrome. The ability to make generalized conclusions 
of Myhre syndrome related to complete syndactyly of the 
fingers based on this study is limited and coincidental oc-
currence could not be ruled out.

Recent reports focused on the progressive nature of 
the clinical manifestations of Myhre syndrome. The early 
clinical diagnosis of Myhre syndrome in infancy is chal-
lenging because the typical clinical dysmorphic features 
are mild and may be overlooked. The affected infant in 
this study was born with short palpebral fissures, a small 
mouth with a thin upper lip, a short philtrum and com-
plete syndactyly of fingers 3–4 on the left hand which can 
be nonspecific. Early genetic testing can help diagnosed 
Myhre syndrome.

5   |   CONCLUSIONS

This Chinese male infant with Myhre syndrome had facial 
features and complete syndactyly of the fingers, and was 
successfully diagnosed at 38 days by WES which showed 
a recurrent pathogenic variant in SMAD4, c.1498A > G 
(p.Ile500Val) in the patient. Generally, patients with 
Myhre syndrome are characterized by hearing loss and 
other cardiac disorders, which underline the necessity 
of definite diagnosis by genetic testing along with sub-
sequent early prevention of other associated defects. We 
recommended regular hearing follow-up for patients 
with Myhre syndrome. The potential life threatening 
cardiovascular and respiratory manifestations of Myhre 
syndrome require regular examinations. Surgical inter-
vention should be evaluated with extreme caution and 
with as little invasion as possible due to the tendency to 
develop fibrosis which may cause significant morbidity 
and mortality (Yu et al., 2019). Consequently, it is impor-
tant to confirm the clinical diagnosis of Myhre syndrome 
with molecular analysis.
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