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version 3
Abstract (revision)

Background: Microtia is a congenital malformation of the outer ears 26 Apr 2023
caused by improper embryonic development. The origin of microtia

and causes of its variations remain unknown. Because of the lack of version 2 X >
clarity regarding the role of genetic variables in microtia, we (revision) ’ b
conducted a systematic review to qualitatively identify the genes most  95ep 202 a “
important in the development of microtia to provide an up-to-date
review. ion 1 - X
Methods: Using six search engines, we searched all published studies version - i

18 May 2022 view view

related to the genetic factors of isolated microtia and syndromic
microtia. The identified publications were screened and selected
based on inclusion and exclusion criteria by the authors and assessed 1. Walid D. Fakhouri, University of Texas

for methodological quality using the Joanna Briggs Institute (JBI) Health Science Center at Houston, Houston,
critical appraisal tools. We found 40 studies, including 22 studies on
syndromic microtia and 18 studies on isolated microtia. Data
extraction of each study was arranged in tabulation for syndromic and
isolated microtia. The extracted data were: first author’s surname,
year of publication, country of origin, study design, sample de Alagoas, Maceid, Brazil
characteristic and gene assessed.

Results: After the data were extracted, analyzed, and reviewed, the
most common gene suspected to be involved in isolated microtia was Institute of Pediatrics, Mexico City, Mexico
Homeobox A2 (HOXA2, 12.1%). Conversely, in syndromic microtia, the
two most common genes supposed to play a role were Fibroblast
Growth Factor 3 (FGF3, 47.2%) and Treacher-Collins-Franceschetti

USA

2. Isabella Monlleé  , Universidade Federal

3. Miriam Erandi Reyna-Fabian ~, National
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syndrome 1 (TCOF1, 30.2%). From the studies, the three most prevalent Crmmmm—”—————
genes associated with microtia were HOXA2 (10%), FGF3 (8.4%), and article can be found at the end of the article.
TCOF1 (5.4%). In syndromic microtia, the most common mutation

types were deletion in TCOF1 (46.9%) and missense and deletion in

FGF3 (both 38%), and in isolated microtia, the most common mutation

type was silent in HOXA2 (54.2%).

Conclusions: In summary, genetic factors are involved in microtia;

thus, molecular analysis is strongly advised.

PROSPERO registration: CRD42021287294 (25/10/21).

Keywords
Microtia, Genetic Mutation, isolated, syndromic, Genetic Diversity,
FGF3, HOXA2, TCOF1
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137478 Amendments from Version 2

We have updated, revised, and rearrange the sentences and references as suggested by reviewers. We have also updated
the percentage of genetic invalvement and added the limitation of the study.

Any further responses from the reviewers can be found at the end of the article

Introduction

Microtia is a congenital malformation of the outer ears caused by improper embryonic development. “Itis distin guished
by small, irregularly shaped external ears, and it can occur unilaterally or bilaterally.” The prevalence of microtia varies
among ethnic groups (0.83-17.4 per 10,000 births). "~ Microtia occurs unilaterally in 80%—90% of cases and bilaterally
in 10%—20% of cases.™ Boys are approximately twofold more likely than girls to have microtia, and the right-left
bilateral ratio is typically 6:3:1." Microtia may occur as an isolated condition, or as part of a spectrum of anomalies or
syndrome and approximately 20-60% of children with microtia have associated anomalies or an identifiable syn-
drome.”" Microtia is easily misdiagnosed during pregnancy.™ If pregnancy ultrasonography suggests microtia, the
diagnosis is easily confirmed and diagnosed following birth based on physical examination.™"

The etiology of microtia and the causes of its variations remain unknown although there is compelling evidence that
environmental factors such as maternal sociodemographic variables, multiple gestation, diseases (gestational diabetes,
cold-like syndrome), and related drug treatments such as isotretinoin use during pregnancy play roles, genetic factors are
also believed to influence the embryonic development of microtia.”~’ Estimates of the prevalence of inherited microtia
vary greatly, ranging from 3 to 34%. " Although certain studies discovered various candidate genetic disorders for
microtia”" ™" there is no single specific genetic disorder that is certain and always be found in every patient with
microtia.

Research on animals with isolated microtia as a prominent feature revealed mutations in homeobox A2 (HOXA2), sine
oculis homeobox (SIX), eves absent transcriptional coactivator and phosphatase { EYA ), TBX1, IRF6, and CHUK. 5 The
most common genes that identified to be involved in microtia related syndromic were PLCB4 and GNAI3 for auriculo-
condylar syndrome; TFAP2A for branchio-oculo-facial (BOF) syndrome; EYA'""™"" SIX] and SIX5 for branchio-oto-
renal (BOR) syndrome; CHD7 (SEMAZE) for CHARGE syndrome; FRASI, FREM2, and GRIPI for Fraser syndrome;
MLL2 and KDM6A for Kabuki syndrome; GDF6 for Klippel-Feil syndrome; fibroblast growth factor 3 (FGF3) for
labyrinthine aplasia, microtia and microdontia (LAMM ) syndrome; FGFR2, FGFR3, and FGF10 for lacrimo-auriculo-
dento-digital syndrome; EFTUD2 for mandibulofacial dysostosis with microcephaly, ORCI, ORC4, ORC6, CDTI, and
CDCE for Meier—Gorlin syndrome: HOXA2 for microtia, hearing impairment, and cleft palate: DHODH for Miller
syndrome; SF3B4 for Nager syndrome; H6 family homeobox 1 transcription factor gene (HMX1) for oculo-auricular
syndrome (OVAS); SALLI for Townes—Brocks syndrome;, and Treacher—Collins—Franceschetti syndrome 1 (TCOF1),
POLIRC, and POLIRDT for Treacher—Collins syndrome (TCS )2

FGF3 mutations are commonly found in LAMM syndrome. " The FGF3 protein regulates a cascade of chemical
processes inside cells by binding to its receptor, thereby signaling cells to undergo particular changes, such as
proliferating or maturing to perform specialized activities.'"” TCOFI mutations can cause TCS in up to 78% of
patients.  HOXAZ2 encodes key developmental transcription factors of the second branchial arch, which contributes
significantly to the development of the external and middle ear in embryonic development, and it was previously linked to
autosomal recessive bilateral microtia." """

To determine what genetic factors play a role in microtia, we conducted a first systematic review to identify the most
common genes in microtia development qualitatively. Hopefully, this will help improve our understanding of microtia,
highlight the importance of genetic screening as a diagnostic technique for preparation of further management.

Methods

Protocol and registration

We have registered our protocol with the International Prospective Register of Systematic Reviews (PROSPERO,
CRD42021287294 (25/10/21)). We have also screened PROSPERO for similar systematic reviews. No registered
protocol reviewing the genetic factors of microtia was identified. The report of this systematic review was formulated
according to the recommendations of the Preferred Reporting Items for Systematic Review and Meta-Analysis
(PRISMA) statement.
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Eligibility criteria

We performed an extensive and systematic search of all published studies related to genetic factors implicated in the
development or outcome of microtia. Rather than focusing on a single disease, we aimed to provide systematic evidence
on all types of microtia, including isolated microtia and syndromic microtia. First, the identified publications were
assessed for relevance to the topic of interest using their titles and abstracts. The identified articles were then examined for
any duplication using Mendeley. Then, the complete text of all screened papers was reviewed for the inclusion criteria,
which were observational studies and case reports/series in the English language that assessed genetic factors in microtia.
The exclusion criteria were duplications, reviews, non-English articles, animal studies, and articles in which sufficient
details on genetic factors of microtia were not provided.

Search strategy

Three of the four authors (A.S., LL.P., and R.P.) performed the search and study selection, which was supervised by the
fourth author (C.D.K.W). We used six electronic bibliographic databases, PubMed, Web of Science, Science Direct,
Proguest, Springerlink, and Clinicaltrials.zov, to conduct systematic searches from 1 to 31 October 2021. We checked
Medline (PubMed) to identify controlled vocabulary Medical Subject Headings terms related to genetics and microtia.
Searching strategies for PubMed are presented in Supplementary Table 1 (see Extended data'') and modified for other
electronic databases.

Data extraction

Dataextraction was conducted independently by three reviewers (A.S.,I.L.P., and R.P.) through a standardized form. The
methodological quality of studies in this systematic review was assessed using Joanna Briggs Institute (JBI) critical
appraisal tools."” We extracted data once all of the screening and selection steps had been completed. For both
syndromic and isolated microtia, two different extraction forms were produced. The following data were extracted: first
author’s surname, year of publication, country of origin, study design, sample population, sex, age, type of microtia,
analysis method, affected genes, and mutations. Disagreements between the three reviewers were settled by discussion
with the fourth reviewer (C.D.K.W.).

Results
All supplementary files can be found in the Extended data.''”

3,530 articles identified by primary search from
six databases:

Springerlink: 1,282 PubMed: 656
Proquest: 514 Web of Science: 207 -
Science Direct: 870 Clinicaltrials.gov: | 183 articles excluded because:

»  Articles that were not available
in English = 74

«  Study in animal = 56

* Mo full text =19

«  Duplication = 34

v

A 4

Potentially articles identified for further review

(n=37347)
3,234 articles  excluded  after
screening the titles and abstracts for
A relevance

Potentially appropriate articles for more detailed

evaluation (n=113) 15 articles excluded after analysis
of the full text with reasons:

¥ Conference abstracts : 3

J > * Mot suitable outcome @ 10

4 * JBI checklist screening : 2

Studies included in the qualitative synthesis (n = 98)
Case Report: 29

Case Control: 6

Case Series: 63

Figure 1. Systematic review flow diagram of included studies.
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Systematic review outline

We discovered 3,530 articles after searching six electronic bibliographic databases. In total, 183 publications were
removed because they were not available in English, they were animal studies, their full text was not available, or they
were duplicated studies. Only 113 articles were eligible for more extensive evaluation after title and abstract screening.
Only 98 papers were included in this study after a comprehensive full text analysis (Fizure 1). The included studies were
reviewed, utilizing a checklist questions form providedby JBI based on the studies” methodology. Based on the JBI Tools
for case reports, case series, and case controls, all publications involved were assessed as low-risk bias (Supplementary
Tables 2-4).

Study characteristics

Following the screening, selection, and data extraction of all included studies, we discovered 79 articles of syndromic
microtia involving 338 subjects (Table | and Supplementary Table 5) and 19 articles of isolated microtia involving
585 subjects (Table 2 and Supplementary Table 6). China had the most cases of syndromic microtia (58 subjects [ 17.1%]
in 15 studies), followed by Italy (53 subjects [15.6%] in four studies ); Turkey (36 subjects [ 10.6%] inseven studies); USA
(31 subjects [9.2%] in 14 studies ); Pakistan (27 subjects [8%] in one study); UK (23 subjects [6.8%] in three studies);
Canada (21 subjects [6.2%] in two studies); Netherland (18 subjects [5.3%] in one study): German (14 subjects [4.1 %] in
four studies); Belgium (11 subjects [3.2%] in two studies ); France (7 subjects [2%] in three studies ): Taiwan and Poland
(6 subjects [1.7%] in four studies each); Switzerland (5 subjects [1.4%] in three studies); Arab (4 subjects [1.2%] in one
study ) and India, Austria, Korea (4 subjects [1.2%] in two studies each]. China had the most cases of isolated microtia
(520 subjects [88.8%] in 11 studies), followed by Turkey (38 subjects [6.5%] intwo studies), the USA (21 subjects [3.5%]
in four studies), Iran and Italy (3 subjects [0.5%] in one study each). China had the most cases of microtia among all
investigations, being the site of 578 of 923 cases (62.6%). Concerning the study design, there were 29 case reports,
63 case series, and 6 case control studies included in this analysis.

Regarding studies of syndromic microtia (Table 1), the family history was known for 299 of 338 subjects (88.5%),
whereas the family history was not discussed in 39 subjects (11.5%). Of the 299 subjects, 190 (63.5%) had family
histories of microtia. We also discovered that, of the 338 subjects, the gender was known for 284 subjects (84%), which
included 156 males (54.9%). The severity of microtia was known for 403 of the 514 ears (78.4%) involved in this
analysis. Of the 403 ears, 123 (30.5%) had grade I microtia, 202 (50.1%) had grade II microtia, 70 (17.3%) had grade III
microtia, and 8 (1.9%) had grade IV microtia. The type of microtia was known in 233 of 338 subjects (68.9%); of these
subjects, 31 (13.3%), 26 (11.1%), and 176 (75.5% ) had right unilateral, left unilateral, and bilateral microtia, respectively.
Based on the gene disorder levels in 79 studies including 338 subjects, 322 subjects (95.3%) in 70 studies had DN A-level
disorders, and 16 subject (4.7 %) in 9 study had a chromosomal disorder. We discovered that of the 338 subjects,
107 subjects (31.6%) in 18 studies had TCOF ] gene mutations, whereas 55 subjects (16.7%) in 7 studies had FGF3 gene
mutatons.

According to studies of isolated microtia (Table 2), 573 of 585 subjects (97.9%) had a family history of microtia. The
genders of the 585 subjects were known for 445 subjects (76%), which included 263 males (59.1%). The severity of
microtia was known for 171 ears of the 639 ears (26.7%) involved in this analysis, among whom 11 (6.4%), 72 (42.1%),
88 (51.5%) had grades I, I, and III microtia, respectively. The type of microtia was specified for 87 of 585 subjects
(14.8%), being right unilateral, left unilateral, and bilateral in 21 (24.1%), 12 (13.8%), and 54 subjects (62.1%),
respectively. Regarding the genetic disorder level, of 585 subjects in 19 studies, 584 subjects (99.8%) in 18 articles
had DNA-level disorders, and one subject (0.2%) had a chromosomal disorder. We discovered that 140 subjects (23.9%)
in seven studies had mutations in the HOXA2 gene.

We discovered that of 923 subjects, the family history was known in 872 subjects (94.5%). In total, 463 of the
872 subjects (51.9%) had family histories of microtia. The genders of 729 of the 923 total subjects (78.9%) were known.
Among the 729 subjects, 419 (57.4%) were male, and 310 (42.5%) were female. The severity of microtia was known in
574 of the 1.153 ears (49.7%) analyzed in this study. Among these ears, 134 (23.34%) had grade I microtia, 274 (47.7%)
had grade I microtia, 158 (27.5%) had grade III microtia, and 8 (1.4%) had grade IV microtia. Based on the type of
microtia, the type of microtia was known for 320 of 923 subjects (34.6%). Among these 320 subjects, 52 (16.25%) had
right unilateral microtia, 38 (11.8%) had left unilateral microtia, and 230 (71.8%) had bilateral microtia. Based on the
gene disorder levels described in all 98 studies, 909 subjects (98.5%) in 89 studies had DNA-level disorders, whereas
14 subjects (1.5%) in 9 studies had chromosomal disorders. We discovered that TCOF1 was the most common gene
involved in syndromic microtia (66 subjects [19.52%]), followed by FGF3 (51 subjects [15.1%)], and HOXA2 was the
most common gene involved in isolated microtia (22 subjects [40.2%]).

Based on the type of mutation (Tuble 3), we discovered that in syndromic microtia, the most common type of mutation in
TCOFI was deletion, being detected in 26 of 66 subjects (39.4%). In FGF3, the most common mutation types were
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Table 3. Types of mutations.

Manifestation Mutated Type of mutation (%)
gene
Syndromic microtia TCOF1(N =66) Deletion: 26 (39.4%)

Microdeletion: 10 (15.1%)
Nonsense: 11 (16.6%)
Insertion: 8 (12.1%)
Missense: 6 (9.1%)
Complex: 2 (3%)

Splicing: 2 (3%)

FGF3(N =51) Deletion: 7 (13.7%)
Missense: 28 (54.9%)
Nonsense: 16 (31.3%)
Isolated microtia HOXAZ(N =22) Missense: 3 (13.6%)
Nonsense: 16 (72.7%)
UTR: 3(13.6%)

Abbreviation: UTR, untranslated region.

missense, being present in 28 of 51 subjects (54.9%) each, and in isolated microtia, the most common mutation type in
HOXA2 was nonsense mutation, being present in 16 of 22 subjects (72.7%).

Discussion

Microtia is a congenital external ear deformity that can range in severity from minor anatomical problems to full ears
absence (anotia). Microtia can be a single birth abnormality or part of a broader set of defects or syndrome.” This
systematic review attempted to describe the genes that play important roles in the development of syndromic and non-
syndromic microtia. Only 98 studies on genetically linked microtia met our selection criteria. In this study, China had the
highest number of microtia cases. The reported prevalence of microtia/anotia varies between 1 in 3000 to 1 in 20 000
births.'* The prevalence might vary by country and race/ethnicity but this is likely dependent on what forms of microtia
are included in studies. """

We discovered that most patients with microtia had a family history of the disease, including 97.7% of patients with
isolated microtia and 63.5% of patients with syndromic microtia. This is consistent with the existing literature, which
describes Mendelian hereditary variants of microtia with an autesomal dominant or recessive mode of inheritance.  The
rates of familial microtia ranged from 3 to 34%. e

Based on the gender classification of each study, we discovered nearly 60% of all patients were male, including 54.9% of
patients with syndromic microtia and 59.1% of patients with isolated microtia. In prior research, microtia was more
common in male patients than in female patients, with a sex ratio of 1.5:1 and an estimated 20—40% greater risk in males
than in females.

Although microtia can arise bilaterally, 77-93% of patients have umilateral involvement.” The most common form of
syndromic microtia is bilateral microtia.” Although bilateral microtia was more common inthis study, the type ofmicrotia
was only known for 34.6% of subjects. Because of the inadequate data, this could represent abiased outcome for the most
prevalent type of microtia.

Most published research on microtia reported the existence or absence of microtia and/or anotia with no further details on
severity. Marx (1926), Weerda (1988), Roger (1977), Tanzer (1978), and Hunter (2009) all provided classifications of
microtia.” Their classification system was nearly identical, consisting of four grading levels. ™' Most of the listed paper
used in our study had same definition to grade microtia, Hunter classification. To homogenize the definition to grade
microtia. In our study we use Hunter classification system for microtia when extracting data from 98 studies and data
provideddata in Tables | and 2. The most prevalent severity of microtia in our study was grade II, accounting for 47.7% of
all cases, owing to the higher number of syndromic microtia cases than isolated microtia cases in our study that are
commonly with a grade II microtia presentation.

From all examined studies involved, the most common genes associated with microtia were HOXA2, FGF3, andTCOF].

We discovered that in syndromic microtia, the most common types of mutation were TCOF! deletion (39.4%), and
nonsense in FGF3 (54.9%), whereas in isolated microtia, the most common type of mutation in HOXA2 was nonsense
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mutation (72.7%). This was consistent with the literature, which indicated that the most common genes involved in
microtia were HOXA2, FGF3, HOXD, ORCI, ORC4, ORC6, CDTI, CDC6, DHODH, HMX1, EYAI, and. TCOF1.'"

FGF3 encodes a protein member of the FGF family.""” The FGF family has extensive mitogenic and cell survival
activities and is involved in various biological processes such as embryonic development, morphogenesis, tissue repair,
cell growth and inner ear formation in mice and chicken.'"” FGF3 activates a cascade of chemical reactions inside cells
that activate certain changes, such as dividing or maturing to take on specialized functions, by attaching to another protein
known as areceptor. FGF3 haploinsufficiency could also be related with dental and hearing problems. FGF signaling
is required for the appropriate development of the oli(. placode, a thickening of the ectoderm on the outer surface of a
developing embryo from which the ear develops. = FGF3 mutation is often found in syndromic microtia, mainly in
LAMM syndrome. Congenital deafness with LAMM syndrome is an autosomal recessive disorder characterized by
significant bilateral congenital sensorineural deafness coupled with inner ear defects, grade I bilateral microtia, and
microdontia (small teeth) as its major phenotypic features. "~ The finding of biallelic palhogenl(. mutations in FGF3 on
molecular genetic testing confirms the diagnosis of LAMM syndrome in the proband.”

The TCOF1 gene, which encodes a suspected nucleolar phosphoprotein known as treacle, has been identified as the cause
of TCS,"""*" an autosomal dominant craniofacial development disorder, in up to 78% of patients. U Inhibition of
mature RNA ribosomal (rRNA) production and gene transcription in neural folds prefusion during the early stage of
embryogenesis may cause abnormal development due to treacle haploinsufficiency, Caused by mutation in the TCOF1
gene, thus affecting proliferation and proper differentiation of these embryonic cells. " To date, more than 50 mutations
have been identified in the TCOF gene, most of which are insertions or deletions. TCS is characterized by cleft palate,
hypoplasia of facial bones (particularly the mandible and zygomatic complex), downward slanting of palpebral fissures
with colobomas of lower eyelids, external ear deformity, conductive hearing loss, and defects in brain development such
as microcephaly and mental retardation.' " TCOFI was the most prevalent gene found in this systematic review. This
was because TCOFI is a causal gene for TCS, which features microtia as one of its clinical symptoms.” In addition to
clinical findings, TCS diagnosis is also confirmed by detection of pathogenic variants of TCOFI, POLRID, or POLRIB
using molecular genetic testing, mainly inherited in an autosomal dominant pattern.'*" In accordance with our result,
TCOFI gene deletions were reported to range from a single exon to a whole gene. Despite the fact that >97% of reported
cases contained a pathogenic mutation identifiable by sequencing, Bowman et al. (2012) reported 5% ofcases (5/92) with
a big deletion, suggesting that the rate of large deletions may be higher than current data suggest.

InVertebrate, Hox genes are a subset of homeobox genes of which there are four cluster groups (A-D)." Depending on the
animal, there are four to 48 per genome of Hox genes.” In human, there are 39 homeobox genes of the HOX family at four
loci, HOXA, HOXB, HOXC, and HOXD on chromosomes 7, 17, 12, and 2, respectively.” AllHox genes encode proteins
that share a 60 amino acid domain called the homeodomain.” In a variety of organisms, this structural motif is found in
many different transcription regulators for a wide range of genes and plays important roles in cell differentiation.”
Homeobox genes mutationduring development result in the transformation of different parts ofthe body.” Homeodomain
is a helix-turn-helix motif which is consist of three alpha-helices and an N-terminal arm.” Site-specific DNA binding is
achieved by interaction of the third helix with the major DNA groove.” The N-terminal arm residues normally mediate
contacts with the minor groove of DNA." Different pathogenic changes in the sequence of a homeodomain can affect
stability and/or DNA-binding activity.’

Homeobox genes participate in the formation of the pharyngeal arches. - They encode transcription factors that
determine cell positional identity and morphogenesl» during development, as well as switch on cascades of other genes
that shared a 180 bp segment of DNA.'**"+'*"** The Hox gene family was discovered to be grouped inside the genome
and ordered on the chromosome in the order of expression during development. This ordered pattern of gene expression
could be part of a mechanism that generates morphogenetic specification. " HoxA2, a member of the HOXA cluster,
encodes a protein with a molecular weight of 41k D and is important in the regulation of development and morphogenesis
in patterning the antero-posterior axis of the embryo of almost all metazoans such as in patterning and morphogenesis of
the neural-crest-derived mesenchyme.

HOXA2 was discovered to be highly expressed in the second brachial arches (BA2), to express critical developmental
transcription factors BA2, to play an important role in the development of the external and middle ear during embry onic
development, and to be associated with autosomal recessive bilateral microtia as a member of the HOX gene fam-
ily.'""" " In humans, abnormal or lost HOXA2 function, as well as early and late HOXA?2 inactivation, results in auditory
system malformations, primarily in the external and middle ear, such as a duplicated or absent auricle 0 Consequently,
HOXA2 has been proposed as a key transcriptional regulator of auricle morphogenesis.' ” Individuals with a homo zygous
HOXA2 mutation have far more severe clinical symptoms than those with a heterozygous mutation. In a mouse model,
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inactivation of Hox2 early in development results in the absence of the pinna, whereas late inactivation results in a
hypomorphic auricle.'”’

From the study of mice, we know that the Hox A2 protein is important for the development of the auditory system, mainly
the outer and middle ear.” The embryological origin of the inner earis different than that of the middle ear and outer ear,
which share a common origin.” The inner ear is derived from an epidermal otic placode at the level of the hindbrain,
whereas the middle and outer ears originate from the mesenchyme at the first and second pharyngeal or branchial arches.
The formation of many craniofacial tissues is influenced by Hox genes.” Hoxa2 is also a key gene for the facial
somatosensory map. A significant percentage of microtic patients also present deficient facial components that originate
from the same embryological structures.

Aside from HOXA2, FGF3, and TCOF 1, other genes linked to microtia include HMX1, POLIRC, POLRID, GSC, SIXI,
EYAI, SALLI, EFTUD2, SF384, FGFR2, GRIPI.""” Among these, HMX1 located on chromosome 4p16.1 is prominent.
Itis involved in the differentiation of the lateral facial mesenchyme downstream of embryonic patterning genes.”'** In
humans, duplication in the inlergeni(. region downstream of HMX1 have been linked to OVAS, which is characterized by
external ear and eye deformity. Ina ﬁve -generation Chinese family with isolated bilateral microtia, a 10-Mb linkage
locus covering 4p16 was discovered. o

We hypothesized that a link existed between the types of genes involved and the grade of microtia. For example, FGF3

deletions in MMM syndrome have been clinically identified as grade T microtia. """ According to the MARX
classification,  the H(JXAZ gene was common in the form of microtia type II and was exclusive to isolated
microtia, "~ I and no specific type of microtia has been linked to the deletion of TCOFI.'"*' However

this requires further studies to confirm these data.

The field of genetic variables in microtia research is still relatively extensive. More research on genetic variables that
contribute to microtia is required, particularly using the next generation sequencing (NGS) and DNA microarray
approach. NGS, massively parallel aequen(.lng or deep sequencing are all terms that refer to DNA sequencing technology
that has transformed genomic research.”'*” In comparison to other technologies, NGS can sequence the entire human
genome in a single day. Genomes may be examined without prejudice, allowing mosaic mutations to be detected.” On
the other hand, DN A microarray is a revolutionary technique for gene expression profiling. Microarrays were created
as a method for mapping and sequencing vast amounts of DNA. DNA microarrays offer a far higher throughput and are
less time consuming than previous approaches. By applying NGS and microarray for screening of genetic risk factors in
microtia, the diagnosis of microtia could be made earlier and the patients could get a more comprehensive treatment.

Strengths and limitations of the study

This systematic review used recent available evidence and is the first systematic review to describe genetic factors in
microtia. All studies included in this review were assessed as being of high quality. However, the limitations of this study
included the heterogeneity of studies on the genetic evaluation of microtia in online databases, as well as the absence of
information on the details of the subjects; thus, we could not perform a meta-analysis in this study. Gender information
was unknown in 21% of patients, severity was unknown in 50.2% of subjects, and the type of microtia was unclear in
65.3% of patients. Case reports and case series were the most common study types in this systematic review. More
observational research on genetic microtia is required to perform a more comprehensive systematic review and even
meta-analysis. By applying NGS and microarrays to screen for genetic risk factors in microtia, it is possible to diagnose
microtia earlier whether it belongs to isolated microtia or syndromic microtia. So that experts can provide education to
parents regarding the diagnosis of microtia and further management plans that can be taken to treat these patients can be
more thorough because they have been well prepared beforehand.

Conclusions

According to this study, most cases of microtia (62.6%) occurred in China, 51.9% of subjects had a family history of
microtia, 57.4% of cases occurred in males, 71.8% of cases were bilateral, and 47.7% of cases were grade IImicrotia.
From the studies involved, the three most common genes associated with the development of microtia were HOXA2
(40.2%), FGF3 (15.1%), and TCOF 1 (19.52%). The most prevalent syndromes related to microtia were TCS and LAMM
syndrome. Deletion mutations in TCOF [ were found in 26 patients (39.4%), missense were present in FGF3in 28 patients
(54.9%), and nonsense were present in HOXA2 in 16 patients (72.7%).

More research on genetic variables in microtia is required, particularly the use of NGS, massively parallel sequencing, or
deep sequencing. We recommend that investigations on genetically associated microtia be conducted using observational
studies, and the features of patients involved should be described more clearly and comprehensively in the future for
better systematic reviews or even meta-analysis.
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By understanding the three most dominant genes associated with microtia (HOXA2, FGF3, and TCOF1), we could
promote the early screening and detection of microtia in the next generation, allowing us to provide better education
and genetic counseling to patients with microtia regarding the possibility of microtia development in their children, and
we hope that this systematic review will serve as a reference for the establishment of a global database of patients with
MmIcrota.

Data availability
Underlying data
All data underlying the results are available as part of the article and no additional source data are required.

Extended data
Harvard Dataverse: The Role of Genetic Factors in Microtia: A Systematic Review. htips://doiorg/10.7910/DVN/
4RRHHO.'"*

This project contains the following extended data:

* Supplementary Files.docx (Table 1. Medline (Pubmed) search strategy to identify published literature,
Tables 2-4 Risk of bias evaluation of studies involved in this systematic review using JBI Checklist, Tables
5-6 additional characteristics of studies involved in this systematic review)

* Table Manuscript.docx (Tables 1-2 main characteristics of studies involved in this systematic review, Table 3
type of mutation found on analysis)

Reporting guidelines
Harvard Dataverse: PRISMA checklist and flowchart for “The role of genetic factors in microtia: A sy stematic review’.
hitps 910/DVN/A4RRHH0.""?

doi.org/10.7

Data are available under the terms of the Creative Commons Zero “No rights reserved” data waiver (CCO 1.0 Public
domain dedication ).
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Microtia and anotia are a spectrum of congenital anomalies with variable phenotypic expression,
heterogeneous etiology and differences in its prevalence across ethnicities: Hispanic (1.12/10,000),
U.S.-born Hispanic (0.83/10,000), Asian (0.54/10,000), Pacific Island native (4.61/10,000), and
Philippine (4.77/10,000)". It may occur as an isolated condition, or as part of chromosomal and
monogenic syndromes.

Since genetic and non-genetic (prenatal exposure to alcohol, retinoids, maternal diabetes)>*
factors have been associated to this condition, a multifactorial origin has been proposed. Even
though, the genetic contribution to the development of microtia has been addressed from various
perspectives such as: identification of families segregating as an autosomal dominant (AD),
autosomal recessive (AR), or multifactorial trait>; studies in monozygotic and dizygotic twins®;
knockout murine models developing microtia due to pathogenic variants in orthologous genes’,
only in few cases the responsible genotype has been characterized®-1",

Recently, other genetic studies using DNA chromosomal microarray analysis!2/13, transcriptomic
and proteomic profiles'# and next-generation sequencing studies'>19 have also been performed
in patients with this entity, but few candidate genes have been identified so far. Therefore, more
studies should be addressed in order to dilucidated the genetic etiology underlying of microtia
which remains unknown in most patients.

In this review, Putri et al., make a great effort to investigate the genetic etiology of isolated and
syndromic microtia according to the Preferred Reporting Items for Systematic Review and Meta-
Analysis (PRISMA) recommendations with systematic searchers from 1 to 31 October 2021. The
objectives of the article are clearly stated, and the detailed methods provided by the authors allow
replication of the study.
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Comment 1:
The summary is not updated as it states, "We found 40 studies, including 22 studies on syndromic
microtia and 18 studies on isolated microtia”, and it should include the 98 studies that were added
to Version 2.

Comment 2:
In introduction, third paragraph, it is stated “SIX1 and SIX5 for branchio-oto-renal (BOR)
syndrome”, however, EYA1 has also been identified as a gene underlying this syndrome20-22,

Comment 3:

In the discussion section, last paragraph, the authors write "By applying NGS and microarray for
screening of genetic risk factors in microtia, the diagnosis of microtia could be made earlier and
the patients could get a more comprehensive treatment”. This proposal seems very ambitious
since these molecular studies have identified the genetic cause only in a few cases, mainlyin
isolated and sporadic microtia, so proposing these molecular studies as routine tests should be
taken with caution, mainly because of the incidental findings. In this sense: how do you consider
that this genetic screening can help patients with a more comprehensive treatment? Do you
consider that the molecular results can impact on the patient’s treatment?

In addition, if the authors consider that the diagnosis of microtia could be made earlier, please
read the publication by Chen et al., (2022)?3, where they propose an early diagnosis of congenital
microtia patients based on metabolomic characterization, as they showed a panel of metabolic
biomarkers that has a high sensitivity and specificity to separate patients with microtia from
controls. This is indeed a direct test that could have an impact on the early diagnosis of microtia.
Therefore, please consider rephrasing this sentence or be more cautious in the proposals.

Besides, in the introduction section, last paragraph, the authors stated “This may help to improve
our understanding of microtia, underline the necessity of gene screening and even make
prevention of microtia in the near future possible with the help of gene modification”. Please
consider rephrasing this sentence as the prevention of microtia by genetic modification lacks clear
arguments and proposals.

Comment 4:

Microtia could be considered a minimal expression of the oculo-auriculo-vertebral spectrum
(OAVS, MIM #164210) and there is no agreement on the minimum diagnostic criteria for OAVS.
Does this review consider the published studies of the OAVS genetic causes?

Comment 5:

This review performed searches until October 31, 2021. Do the authors have consider expanding
the search to, at least January 2023 as new findings have contributed to the knowledge of microtia
genetics etiology. 2 24-31,
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Are the conclusions drawn adequately supported by the results presented in the review?
Partly

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Medical genetics, molecular biology, monogenic and multifactorial diseases.

I confirm that I have read this submission and believe thatI have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

Author Response 04 Apr 2023

Citrawati Wungu

Comment 1:

The summary is not updated as it states, "We found 40 studies, including 22 studies on
syndromic microtia and 18 studies on isolated microtia", and it should include the 98 studies
that were added to Version 2.

Comment Response 1:
Thank you for this excellent input and comment. We have checked, revised and updated the
summary to Version 2. (Page 1, line 14-15)

Comment 2:
In introduction, third paragraph, it is stated “SIX1 and SIX5 for branchio-oto-renal (BOR)

syndrome”, however, EYA1 has also been identified as a gene underlying this syndrome.20-
22

Comment Response 2:

We thank the reviewer for giving us a chance to improve our manuscript. We have now
added EYA1 as a gene underlying BOR syndrome (in introduction, 374 paragraph) and cited
itin reference number 13-15.

Comment 3
In the discussion section, last paragraph, the authors write "By applying NGS and
microarray for screening of genetic risk factors in microtia, the diagnosis of microtia
could be made earlier and the patients could get a more comprehensive treatment”.
This proposal seems very ambitious since these molecular studies have identified the
genetic cause only in a few cases, mainly in isolated and sporadic microtia, so
proposing these molecular studies as routine tests should be taken with caution,
mainly because of the incidental findings. In this sense: how do you consider that this
genetic screening can help patients with a more comprehensive treatment? Do you
consider that the molecular results can impact on the patient’s treatment?

In addition, if the authors consider that the diagnosis of microtia could be made
earlier, please read the publication by Chen et al., (2022)23, where they propose an
early diagnosis of congenital microtia patients based on metabolomic
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characterization, as they showed a panel of metabolic biomarkers that has a high
sensitivity and specificity to separate patients with microtia from controls. This is
indeed a direct test that could have an impact on the early diagnosis of microtia.
Therefore, please consider rephrasing this sentence or be more cautious in the
proposals.

Besides, in the introduction section, last paragraph, the authors stated "This may help
to improve our understanding of microtia, underline the necessity of gene screening
and even make prevention of microtia in the near future possible with the help of
gene modification”. Please consider rephrasing this sentence as the prevention of
microtia by genetic modification lacks clear arguments and proposals.

Comment Response 3:
Thank you for this excellent input and comment, which have helped us to improve
our manuscript. We have revised and added our explanation related to the statement
about 'NGS and microarray for screening of genetic risk factors in microtia, the
diagnosis microtia could be made earlier and the patients could get more
comprehensive treatment’ in last sentence of last paragraph of discussion.

We thank the reviewer for giving us a chance to improve our manuscript. We have
read the publication by Chen et al., (2022)23, a panel of metabolic biomarkers that has
a high sensitivity and specificity to separate patients with microtia from controls. This
is a very good study, but in their study, they also stated the limitations of their study
in that the field of metabolomics is still immature, and easily disrupted by upstream
organisms. And in addition, this metabolic biomarker does not discriminate whether
it belongs to isolated or syndromic microtia, in which we all know that syndromic
microtia requires further treatment compared to isolated microtia.

Thank you for this comment. In the last paragraph of our introduction section, we
have rephrased the sentences as you suggested.
Comment 4:
Microtia could be considered a minimal expression of the oculo-auriculo-vertebral spectrum
(OAVS, MIM #164210) and there is no agreement on the minimum diagnostic criteria for
OAVS. Does this review consider the published studies of the OAVS genetic causes?

Comment Response 4:

Thank you for this excellent input and comment. We agree that Microtia could be
considered a minimal expression of the oculo-auriculo-vertebral spectrum (OAVS, MIM
#164210). However, regarding there is no agreement on the minimum diagnostic criteria
for OVAS, we disagree, referring to the study of Devriendt, et al (2023)1, Luquetti, et al
(2012)2 where they propose the minimum diagnostic criteria for OVAS from several
researchers. And in our review, we do not propose what the exact genetic cause of OVAS is,
but here we only review and conclude data from various genetic studies related to microtia,
some of which state that genetic disorders belong to isolated microtia which can be
categorized as OVAS from their clinical condition.

Comment5:
This review performed searches until October 31, 2021. Do the authors have consider
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expanding the search to, at least January 2023 as new findings have contributed to the
knowledge of microtia genetics etiology.12 24-31

Comment Response 5 :

We thank the reviewer for excellent input and suggestion. We did the search up to October
31, 2021 due to the time when we first submitted the manuscript. However, the review
process itself in the journal was pretty slow thus it took for about one year and a half. If we
update and re-do the searching, it would take a longer time to rewrite the manuscript and
change the overall data. It would be nice if further research was carried out from our
systematic review later.

Competing Interests: We declare that we have no competing interest

Reviewer Report 07 March 2023
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© 2023 Monlleé I. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

x Isabella Monlleé
1 Faculty of Medicine, Clinical Genetics Service, University Hospital, Universidade Federal de
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INTRODUCTION
1. Paragraph "Roughly one-third to one-half of patients with microtia have craniofacial
microsomia2:3.":

Comment: References 2 and 3 do not provide this information. About 40% of patients
present syndromic microtia. Craniofacial microsomia is an example of syndromic microtia
(Luquetti DV, et al., 2013";Meng Lu et al., 2020).

2. Paragraph "Although certain studies discovered candidate genetic variations for microtia,
no causal genetic mutation has been identified.11”

and
Paragraph “FGF3 mutations are commonly found in LAMM syndrome.13.14 (...) TCOF1
mutations can cause TCS in up to 78% of patients. (...) HOXAZ2.... was previously linked to

autosomal recessive bilateral microtia.’017"

Comment: Reference 11 brings results on a truncating mutation in HOXAT gene that causes
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a monogenic disorder of microtia in pigs. References 4,7, 9, 10, 12,13, 14, 16, 17, 69, 72...
list genes and pathogenic variants associated with non-syndromic and syndromic microtia.

3. Paragraph “Genes identified to be involved in the development of major syndromic
microtia”

Comment: What does it mean? Major genes involved in syndromic microtia? Genes involved
in the major syndromes associated with microtia? Genes involved in syndromes with
microtia as a major feature? Or genes involved in the development of the ears?
The above excerpts do not make clear the existing etiological models and clinical groups of
microtia. According to their excellent references 4, 7, 10, 12, and 130, we have:
1.1-ETIOLOGY OF NON-SYNDROMIC (ISOLATED) MICROTIA

1.1.Sporadic microtia: it corresponds to the majority of cases and follows the multifactorial
model, i.e. genetic liability (polygenes) plus environmental triggered factors (“maternal
sociodemographic variables, multiple gestation, gestational diabetes”, etc). This model
explains the mild male predominance and ethnic-geographic variation of the phenotype;
1.2. Familial microtia (3-34% of the cases): it includes the expected precurrence and
recurrence of isolated microtia related to the multifactorial model, and rare cases of single
gene/Mendelian disorders segregating as a dominant, recessive, or X-linked trait in families.
1.3. Unrecognized

2.2-ETIOLOGY OF SYNDROMIC MICROTIA:

2.1. Single gene (Mendelian) disorders, for example, Treacher-Collins syndrome;

2.2. Cytogenetic and cytogenomic rearrangements, for example, trisomy, translocation,
deletion syndromes;

2.3. Teratogenic, for example, retinoic acid embryopathy;

2.4. Unrecognized: non-random pattern of multiple congenital malformations.
AIM, METHODS, RESULTS, AND DISCUSSION

To “conducted the first systematic review to qualitatively identify the most important genes in the
development of microtia” authors have selected 98 articles consisting of 29 case reports, 6 case-
control, and 63 case series studies.

I agree that this strategy is suitable for the above aim. However, the selected studies do not allow
the following statements:

1. Paragraph "(...) In this study, China had the highest number of microtia cases. The reported
prevalence of microtia/anotia varies between 1 in 3000 to 1 in 20 000 births.1,2 The
prevalence might vary by country and race/ethnicity but this is likely dependent on what
forms of microtia are included in studies.20,21"

and
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2. Paragraph "According to this study, most cases of microtia (62.6%) occurred in China, 51.9%
of subjects had a family history of microtia, 57.4% of cases occurred in males, 71.8% of cases
were bilateral, and 47.7% of cases were grade II microtia.”

To do so, authors should systematically review population-based, hospital-based, multicenter-
based, international, or national-wide studies.

In the following paragraphs, authors put together sporadic and familial cases and non-syndromic
and syndromic cases which are etiologically and epidemiologically distinct:

1. Paragraph "We discovered that most patients with microtia had a family history of the
disease, including 97.7% of patients with isolated microtia and 63.5% of patients with
syndromic microtia. This is consistent with the existing literature, which describes
Mendelian hereditary variants of microtia with an autosomal dominant or recessive mode of
inheritance.’422 The rates of familial microtia ranged from 3 to 349%.10",

Comment: No, this is not consistent with the existing literature. This is an ascertainment
bias.

2. Paragraph "Based on the gender classification of each study, we discovered nearly 60% of
all patients were male, including 54.9% of patients with syndromic microtia and 59.1% of
patients with isolated microtia. In prior research, microtia was more common in male
patients than in female patients, with a sex ratio of 1.5:1 and an estimated 20-40% greater
risk in males than in females.423"

Comment: This is an ascertainment bias.

3. Paragraph "Although microtia can arise bilaterally, 77-93% of patients have unilateral
involvement.423 The most common form of syndromic microtia is bilateral microtia.
Although bilateral microtia was more common in this study, the type of microtia was only
known for 34.6% of subjects. Because of the inadequate data, this could represent a biased
outcome for the most prevalent type of microtia”.

Comment: This is an ascertainment bias.
Concerning the aim of the study in itself:
1. Paragraph "in isolated microtia, the most common type of mutation in HOXA2 was silent
mutation (54.2%)".

Comment: A silent mutation occurs when the nucleotide alteration does not affect the
amino acid of the protein. As expected, these alterations do not change the phenotype.
Reported causative alterations of the HOXA2 gene are nonsense variants that segregate as
autosomal dominant or recessive non-syndromic microtia (References 1, 17, 22, 50...)

2. Paragraph "This was consistent with the literature, which indicated that the most common
genes involved in microtia were HOXA2, FGF3, HOXD, ORC1, ORC4, ORC6, CDT1, CDCs,
DHODH, HMX1, EYA1, and. TCOF1.2"

Comment: Reference 2 (Luquetti DV, et al., 201 1) does not mention genes involved with
microtia.
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3. Paragraph "FGF3 haploinsufficiency could also be related with dental and hearing
problems”.

Comment: FGF3 alterations are a well-established etiology for LAMM syndrome (MIM
#610706).

4. Paragraph "A significant percentage of microtic patients also present deficient facial
components that originate from the same embryological structures.”

Comment: Microtic patients is a pejorative term.

5. Paragraph "In humans, recessive loss-of-function mutations in HMX1 have been linked to
OVAS, which is characterized by external ear and eye deformity.2”

Comment: Reference 9 brings information on the dosage-sensitive effects of HMX7
enhancer in patients with isolated bilateral concha-type microtia. It reports on duplications
in the intergenic region downstream of HMX1 in four families, and duplication between
HMXT1 and CPZ in another family.

6. Paragraph "We hypothesized that a link existed between the types of genes involved and
the grade of microtia”.

Comment: Why and how?

7. Paragraph "Approximately 80.2% of the genetic factors that contribute to microtia remain
unknown”.

Comment: Authors have explained how they achieved this figure in their response letter:
"We got this number from the calculation of the number of 100% of genetic factors involved
in this birth defect minus 3 most common genes found in our systematic review: %HOXA2
(6.4%) minus %FGF3 (4.9%) and minus %TCOF1 (8.5%)". This is not an appropriate way to
measure or estimate the genetic contribution to complex and etiologically heterogeneous
congenital malformations such as microtia.

Tables: the authors' responses to my prior comments 8 and are not appropriate.

REFERENCES
1. There are some duplicated references.

2. Reference number 74 is the manuscript under review.
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Publisher Full Text
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Are the rationale for, and objectives of, the Systematic Review clearly stated?
Partly

Are sufficient details of the methods and analysis provided to allow replication by others?
Partly

Is the statistical analysis and its interpretation appropriate?
Partly

Are the conclusions drawn adequately supported by the results presented in the review?
Partly

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Medical and human genetics, craniofacial anomalies, intellectual disability,
disorders of sex development

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to state that I do not consider it to be of an acceptable scientific standard, for
reasons outlined above.

Author Response 04 Apr 2023

Citrawati Wungu

INTRODUCTION

1. Paragraph "Roughly one-third to one-half of patients with microtia have craniofacial
microsomia2,3.”:Comment: References 2 and 3 do not provide this information. About 40%
of patients present syndromic microtia. Craniofacial microsomia is an example of syndromic
microtia (Luquetti DV, et al., 20131;Meng Lu et al., 20202).

Comment Response 1:
We thank the reviewer for the correction. We have revised our sentence regarding this.

2. Paragraph "Although certain studies discovered candidate genetic variations for
microtia, no causal genetic mutation has been identified.11”

and

Paragraph "FGF3 mutations are commonly found in LAMM syndrome.13,14 (...) TCOF1
mutations can cause TCSin up to 78% of patients. (...) HOXAZ2.... was previously linked to
autosomal recessive bilateral microtia.10,17"

Comment: Reference 11 brings results on a truncating mutation in HOXA1 gene that causes
a monogenic disorder of microtia in pigs. References 4, 7, 9, 10, 12, 13, 14, 16, 17, 69, 72...
list genes and pathogenic variants associated with non-syndromic and syndromic microtia.

Comment Response 2 :
We thank the reviewer for giving us a chance to improve our manuscript. We have revised
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our sentence regarding this. What we mean here is, although there are many candidate
genetic disorders associated with microtia. There is no exact single specific genetic disorder
that is certain to and always be found in every patient with microtia.

3. Paragraph "Genes identified to be involved in the development of major syndromic
microtia”

Comment: What does it mean? Major genes involved in syndromic microtia? Genes involved
in the major syndromes associated with microtia? Genes involved in syndromes with
microtia as a major feature? Or genes involved in the development of the ears?

Comment Response 3 :

We thank the reviewers for this comment and correction. We have corrected the sentence.
What we mean here is the most common genes that identified to be involved in microtia-
related syndrome.

The above excerpts do not make clear the existing etiological models and clinical groups of
microtia. According to their excellent references 4, 7, 10, 12, and 130, we have:
1. ETIOLOGY OF NON-SYNDROMIC (ISOLATED) MICROTIA
1. Sporadic microtia: it corresponds to the majority of cases and follows the

multifactorial model, i.e. genetic liability (polygenes) plus environmental
triggered factors (“maternal sociodemographic variables, multiple gestation,
gestational diabetes”, etc). This model explains the mild male predominance
and ethnic-geographic variation of the phenotype;

2. Familial microtia (3-34% of the cases): it includes the expected precurrence and
recurrence of isolated microtiarelated to the multifactorial model, and rare
cases of single gene/Mendelian disorders segregating as a dominant,recessive,
or X-linked trait in families.

3. Unrecognized

2. ETIOLOGY OF SYNDROMIC MICROTIA:
1. Single gene (Mendelian) disorders, for example, Treacher-Collins syndrome;

2. Cytogenetic and cytogenomic rearrangements, for example, trisomy,
translocation, deletion syndromes;

3. Teratogenic, for example, retinoic acid embryopathy;

4. Unrecognized: non-random pattern of multiple congenital malformations.

Response to these comment :

We thank the reviewers for these comments and suggestions regarding the etiology of
microtia whether it is an isolated or associated syndrome. Here in our review, we want to
highlight the specific genetic factors associated with microtia although many studies have
found various genetic disorders in microtia.
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AIM, METHODS, RESULTS, AND DISCUSSION

To “conducted the first systematic review to qualitatively identify the most important genes
in the development of microtia” authors have selected 98 articles consisting of 29 case
reports, 6 case-control, and 63 case series studies.

I agree that this strategy is suitable for the above aim. However, the selected studies do not
allow the following statements:

1. Paragraph "(...) In this study, China had the highest number of microtia cases. The
reported prevalence of microtia/anotia varies between 1 in 3000 to 1 in 20.000 births.!2 The
prevalence might vary by country and race/ethnicity but this is likely dependent on what
forms of microtia are included in studies.20:21"

and

2. Paragraph "According to this study, most cases of microtia (62.6%) occurred in China,
51.9% of subjects had a familyhistory of microtia, 57.4% of cases occurred in males, 71.8% of
cases were bilateral, and 47.7% of cases were grade IImicrotia.”

To do so, authors should systematically review population-based, hospital-based,
multicenter-based, international, ornational-wide studies.

Response to these comment :

We thank the reviewer for giving us a chance to improve our manuscript, although it could
be a very good suggestion for the next study. We did not do a systematic review by
population-based, hospital-based, multicenter-based, international, or national-wide studies
due to limited data / study of each classification.

In the following paragraphs, authors put together sporadic and familial cases and non-
syndromic and syndromic cases which are etiologically and epidemiologically distinct:

1. Paragraph "We discovered that most patients with microtia had a family history of the
disease, including 97.7% of patients with isolated microtia and 63.5% of patients with
syndromic microtia. This is consistent with the existingliterature, which describes Mendelian
hereditary variants of microtia with an autosomal dominant or recessive mode
ofinheritance.!425 The rates of familial microtia ranged from 3 to 349.10

Comment: No, this is not consistent with the existing literature. This is an ascertainment
bias.

Response to Comment 1:

We thank the reviewer for giving us a chance to improve our manuscript. We have double-
checked and corrected the citation and reference related to the mendelian hereditary
variant of microtia and the percentage of its familial variant. (Page 11, discussion section,
paragraph 1)

2. Paragraph "Based on the gender classification of each study, we discovered nearly 60%
of all patients were male, including 54.9% of patients with syndromic microtia and 59.1% of
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patients with isolated microtia. In prior research, microtia was more common in male
patients than in female patients, with a sex ratio of 1.5:1 and an estimated 20-40%greater
risk in males than in females.%23"

Comment: This is an ascertainment bias.

Response to Comment 2 :

We thank the reviewer for giving us a chance to improve our manuscript. We have double-
checked and corrected the citation of references that accordance with the results of our
review. (Page 11, discussion section, paragraph 2)

3. Paragraph "Although microtia can arise bilaterally, 77-93% of patients have unilateral
involvement.#23 The most common form of syndromic microtia is bilateral microtia.1
Although bilateral microtia was more common in this study, the type of microtia was only
known for 34.6% of subjects. Because of the inadequate data, this could represent a biased
outcome for the most prevalent type of microtia”.

Comment: This is an ascertainment bias.

Response to Comment 3 :

We thank the reviewer for giving us a chance to improve our manuscript. We have double-
checked and corrected the citation of references that accordance with the results of our
review. (Page 11, discussion section, paragraph 3) Although microtia can occur bilaterally,
77-93% of affected individuals have unilateral involvement.4 Syndromic forms of microtia
occur in conjunction with other abnormalities and the associated malformations are mainly
found in bilateral cases. In our study, the most common microtia cases found was bilateral
and only 34.6% of all subjects known for its type of microtia. Because of the inadequate
data, this could represent a biased outcome for the most prevalent type of microtia.

Concerning the aim of the study in itself:

1. Paragraph "in isolated microtia, the most common type of mutation in HOXA2 was silent
mutation (54.2%)".Comment: A silent mutation occurs when the nucleotide alteration does
not affect the amino acid of the protein. As expected, these alterations do not change the
phenotype. Reported causative alterations of the HOXA2 gene are nonsense variants that
segregate as autosomal dominant or recessive non-syndromic microtia (References 1, 17,
22,50...)

Response to this comment :

Thank you for this comment. We have double-checked the calculation of type mutation in
HOXA2. We found that the most common type of mutation in HOXA2 is nonsense variant
mutation 16 out of 22 (72.7%).

2. Paragraph "This was consistent with the literature, which indicated that the most
common genes identifed in microtia were HOXA2, FGF3, HOXD, ORC1, ORC4, ORC6, CDT1,
CDC6, DHODH, HMX1, EYA1, and. TCOF1.2"

Comment: Reference 2 (Luquetti DV, et al., 201 1) does not mention genes involved with
microtia.

Response to this comment :
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Thank you for this comment. We have double-checked the reference and revised it.

3. Paragraph "FGF3 haplo insufficiency could also be related with dental and hearing
problems”.

Comment: FGF3 alterations are a well-established etiology for LAMM syndrome (MIM
#610706).

Response to this comment :

Thank you for this comment. We have edited the sentence to avoid misunderstanding.

4. Paragraph "A significant percentage of microtic patients also present deficient facial
components that originate from the same embryological structures.”
Comment: Microtic patients is a pejorative term.

Response to this comment :

We thank the reviewer for this comment and for giving us a chance to improve our
manuscript. We did not mean to belittle anyone here. Hence we have corrected our words
with better terms.

5. Paragraph "In humans, recessive loss-of-function mutations in HMX1 have been linked to
OVAS, which ischaracterized by external ear and eye deformity.®”

Comment: Reference 9 brings information on the dosage-sensitive effects of HMX1
enhancer in patients with isolated bilateral concha-type microtia. It reports on duplications
in the intergenic region downstream of HMX1 in four families, and duplication between
HMX1 and CPZ in another family.

Response to this comment :
We thank the reviewer for giving us chance to improve our manuscript. We have re-read the
reference and edited our sentence regarding this comment.

6. Paragraph "We hypothesized that a link existed between the types of genes involved and
the grade of microtia”.
Comment: Why and how?

Response to this comment :

Thank you for this comment. We hypothesized that a link existed between the types of
genes involved and the grade of microtia. For example, FGF3 deletions in LAMM syndrome
have been dlinically identified as grade I microtia.'®:17.30.315ccording to the MARX
classification, 10 the HOXA2 gene was common in the form of microtia type I and was
exclusive to isolated microtia.120.:25:44.50-53 And, no specific type of microtia has been
linked to the deletion of TCOF1.19:53 However this requires further studies to confirm these
data.

7. Paragraph "Approximately 80.2% of the genetic factors that contribute to microtia
remain unknown”.

Comment: Authors have explained how they achieved this figure in their response letter:
"We got this number from the calculation of the number of 100% of genetic factors involved
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in this birth defect minus 3 most common genes found in our systematic review: %HOXA2
(6.4%) minus %FGF3 (4.9%) and minus %TCOF1 (8.5%)". This is not an appropriate way to
measure or estimate the genetic contribution to complex and etiologically heterogeneous
congenital malformations such as microtia.

Response to this comment :
We thank the reviewers for these comments. We have removed the line regarding this
comment to set it straight.

Tables: the authors' responses to my prior comments 8 and are not appropriate.

REFEREN CES
1. There are some duplicated references. :

Response: We thank the reviewer for the correction and comment. We have doubled check
the references and deleted duplicated references.

2. Reference number 74 is the manuscript under review:

Response: Thank you for this comment. We have added citations here to state the
supplementary files

Competing Interests: We declare that we have no competing interest

Reviewer Report 09 August 2022

https://doi.org/10.5256/f1000research.123721.r143637

© 2022 Monlleé I. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

X

Isabella Monlleé

1 Faculty of Medicine, Clinical Genetics Service, University Hospital, Universidade Federal de
Alagoas, Maceid, State of Alagoas, Brazil

2 Faculty of Medicine, Clinical Genetics Service, University Hospital, Universidade Federal de
Alagoas, Maceid, State of Alagoas, Brazil

3 Faculty of Medicine, Clinical Genetics Service, University Hospital, Universidade Federal de
Alagoas, Maceid, State of Alagoas, Brazil

Microtia is a multidisciplinary and exciting subject. Although easy to recognize clinically, there is a
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lack of consensus on its definition and terminology, so, over the last 80 years, several classification
systems have been launched and coexist. For many dysmorphologists, surgeons, and researchers,
microtia is a spectrum of congenital anomalies spanning from minor dysmorphologies of the
external ear to anotia plus the absence of the auditory canal. Therefore, it can be referred to as
microtia, anotia, or microtia-anotia, involving only the external or the external and middle ear
(Luquetti et al. 2011'; 20122). Whatever definition is employed, this congenital anomaly may be
seen as an isolated defect or as a clinical sign of multiple anomalies collectively named syndromic
microtia, several related to recognized syndromes (Luquetti et al. 2011'; 20122). The subtle and
age-dependent nature of some dysmorphologies and the above-mentioned disagreement may
result in inconsistent phenotypic data that lead to misdiagnoses and research selection bias.

In the case of syndromic microtia, the etiology encompasses chromosomal abnormalities
(aneuploidies, large rearrangements, and submicroscopic disequilibrium), single gene disorders,
and teratogenic embryopathies. Different genetic approaches have been used as karyotyping,
chromosomal microarray analysis, and DNA sequencing, to extend the list of known genes and
causative variants (Gendron et al. 20162, Luquetti et al. 20111, 20122). On the other hand, the
etiology of isolated microtia remains poorly understood. Despite this, the higher concordance in
monozygotic twins compared to dizygotic twins, the disproportional sexual distribution, the
existence of multiplex families, and the prevalence variation across different geographic regions
and ethnicities are strong evidence that this is a complex or multifactorial trait. Therefore, the
phenotype should be looked at as the result of an imbricate gene-gene and gene-environment
interaction instead of the isolated effect of each one (Chen & Zhang 20194, Fan et al. 20207,
Gendron et al. 20162, Luquetti et al. 20111, 20122).

Strategies to investigate the genetic factors underlying multifactorial phenotypes should include
linkage analysis, GWAS, exome and genome sequencing, gene-editing technologies, and
predictive and functional analysis, with bioinformatics support. The study of familial cases, twins,
and large series of patients, and experimental studies using animal models, are equally important
(Chen & Zhang 20194, Fan et al. 2020°, Gendron et al. 20163, Luquetti et al. 2011, 20122). The
enormous volume of data generated by these approaches is available through many genetic
databases.

Therefore, to study microtia (isolated or syndromic) is challenging and should consider the many
factors involved inits etiopathogenesis and expressivity, such as genes, environment, exposition,
and epigenetic alterations (Chen & Zhang 20194, Fan et al. 2020°, Gendron et al. 2016°).

In this systematic review registered at the PROSPERO platform, the authors aimed to analyze the
role of genetic factors in isolated and syndromic forms of microtia. They adhered to the PRISMA
guidelines and clearly outlined their inclusion criteria, information sources, search strategies, and
details of data collection.

Taking the above considerations into account and the authors' intent 'to qualitatively identify the
most important genes in the development of microtia’, I have some questions and suggestions:
1. Why did the authors not include human gene and human phenotype databases such as
HGMD, ClinVar, MedGen, OMIM, etc., in their search strategy?

2. Why did the authors limit their review to observation studies?
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3. What are the reasons for excluding 15 articles from the 55 ‘potentially appropriate
articles’(Figure 1)?

4. Why was the authors' list of genes involved in the microtia phenotype not exhaustive?

5. Why did the authors dedicate part of the discussion to epidemiological data since this was
not their research question? To do so they would change or widen their searching criteria.

6. It would be appreciated if authors make clear the existence of different definitions and
classification systems for microtia. Also, they would include information in this regard in
Tables 1 and 2. Did the listed papers use the same definitions to grade microtia?

7. What evidence did the authors use to support their hypothesis of a genotype-phenotype
correlation between microtia degrees and (alterations in) HOXA2 and FGF3 genes? And for
the inexistent G-P correlation involving TCOF1?

8. Review the use of 'disorder level’ and ‘gene assessed’ in Tables 1 and 2 since some studies
have reported CNVs and chromosomal rearrangements.

9. Review the inclusion of the 22q11.2 syndrome as an example of isolated microtia in Table 2.

10. Is the statistical analysis and its interpretation appropriate? Frequency distribution was the
single statistical method employed in this study that reviewed 40 case reports/series and a
few case-control studies. This method and sources are not suitable to conclude the
epidemiology and etiology of microtia. Authors should include national and international
registries on birth defects, such as The International Clearinghouse for Birth Defects
Surveillance and Research (ICBDSR), the Estudio Colaborativo Latinoamericano de
Malformaciones Congénitas (ECLMAC), the European Surveillance of Congenital Anomalies
(EUROCAT), South-East Asia Region’s Newborn and Birth Defects Database (SEAR-NBBD),
and search for genetic variants associated with microtia in human gene and phenotype
databases. They should also employ robust statistics to conclude on prevalence and
incidence rates worldwide. Finally, considering that microtia is a heterogenous phenotype,
what is the evidence to state that 76.2% of the genetic factors involved in this birth defect
remain unknown? Are the authors postulating that 23.8% are already known? I have not
seen any statistics to support this inference.
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PubMed Abstract | Publisher Full Text

Are the rationale for, and objectives of, the Systematic Review clearly stated?
Partly

Are sufficient details of the methods and analysis provided to allow replication by others?
Partly

Is the statistical analysis and its interpretation appropriate?
No

Are the conclusions drawn adequately supported by the results presented in the review?
Partly

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Medical and human genetics, craniofacial anomalies, intellectual disability,
disorders of sex development

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to state that I do not consider it to be of an acceptable scientific standard, for
reasons outlined above.

Author Response 17 Oct 2022

Citrawati Wungu

Reviewer 2

Comment 1:
Why did the authors not include human gene and human phenotype databases such as
HGMD, ClinVar, MedGen, OMIM, etc., in their search strategy?

Comment Response 1:

We thank the reviewer for the excellent comments to improve our manuscript. We did not
include human gene and human phenotype databases such as HGMD, ClinVar, MedGen,
OMIM, etc., in our search strategy because we need certain data used in each study to be
analyzed in our systematic review. The information provided on these databases is not
intended for direct diagnostic use or medical decision-making without review by a genetics
professional’2 and it only collates all known (published) gene lesions responsible for human
inherited disease3. This statement was disclaimed on their website. In addition, the
systematic review should obtain sources from primary studies, not from genetic databases.

Comment 2:
Why did the authors limit their review to observation studies?

Comment Response 2:
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We thank the reviewer for giving us an excellent comment to improve our manuscript. We
did limit our systematic review to observational studies/non-experimental studies of
syndromic microtia and isolated microtia to be analyzed objectively in our study without any
intervention from the researcher. Besides, it is impossible to take data from clinical
trials/experimental studies as this type of study is not suitable for microtia.

Comment 3
What are the reasons for excluding 15 articles from the 55 ‘potentially appropriate articles'
(Figure 1)?

Comment Response 3:

Thank you for this excellent input and comment, which have helped us to improve our
manuscript. We have added the explanation of the excluded articles as requested and
additional revision of the PRISMA flow in our study (page 4).

Comment 4:
Why was the authors' list of genes involved in the microtia phenotype not exhaustive?

Comment Response 4:

We thank the reviewer for giving us a chance to improve our manuscript. We have repeated
the search for articles using the same keywords to get comprehensive results and added
missing genes that can cause microtia in our studies (pages 5-9).

Comment 5:
Why did the authors dedicate part of the discussion to epidemiological data since this was
not their research question? To do so they would change or widen their searching criteria.

Comment Response 5:

Thank you for this excellent input and comment, which have helped us to improve our
manuscript. The research question in our study was what genes were most commonly
associated with microtia, including syndromic microtia and isolated microtia. In the
discussion section, in addition to discussing the most common gene data involved in
syndromic microtia and isolated microtia, the gene examination technique used, we also
add a discussion section by analyzing patient characteristics data from each study (pages
12-15).

Comment 6:

It would be appreciated if authors make clear the existence of different definitions and
classification systems for microtia. Also, they would include information in this regard in
Tables 1 and 2. Did the listed papers use the same definitions to grade microtia?

Comment Response 6:

We thank the reviewer for giving us excellent input and comments to improve our
manuscript. Most of the listed papers used in our study had the same definition to grade
microtia, Hunter classification. To homogenize the definition to grade microtia in our study,
we use the Hunter classification system for microtia when extracting data from 98 studies
and data provided data in Tables 1 and 2 (pages 5-9). Thank you for your suggestion, we

Page 37 of 43




E1OO0OResearch F1000Research 2023, 11:537 Last updated: 26 APR 2023

would like to make clear the existence of different definitions and classification systems of
microtia in our discussion (page 13).

Comment 7:

What evidence did the authors use to support their hypothesis of a genotype-phenotype
correlation between microtia degrees and (alterations in) HOXA2 and FGF3 genes? And for
the inexistent G-P correlation involving TCOF1?

Comment Response 7:

Thank you for this excellent input and comment, which have helped us to improve our
manuscript. We have discussed in our discussion about each role of HOXA2, FGF3, and
TCOF1 genes in microtia (pages 13-14).

Comment 8:
Review the use of ‘disorder level’ and 'gene assessed’ in Tables 1 and 2 since some studies
have reported CNVs and chromosomal rearrangements.

Comment Response 8 :

Thank you for this comment. We use the term “disorder level” in Tables 1 and 2 to describe
the types of disorders present and “gene assessed” to describe, while the term "gene
assessed" refers to the genetic material being examined and whether it is found to be
abnormal in genes, chromosomes, or CNV DNA.

Comment9:
Review the inclusion of the 22q11.2 syndrome as an example of isolated microtia in Table 2.

Comment Response 9:

We thank the reviewer for giving us a chance to improve our manuscript. We have repeated
the search for articles using the same keywords to get comprehensive results and added
missing genes that can cause microtia in our studies (pages 5-9).

Comment 10:

Is the statistical analysis and its interpretation appropriate? Frequency distribution was the
single statistical method employed in this study that reviewed 40 case reports/series and a
few case-control studies. This method and sources are not suitable to conclude the
epidemiology and etiology of microtia. Authors should include national and international
registries on birth defects, such as The International Clearinghouse for Birth Defects
Surveillance and Research (ICBDSR), the Estudio Colaborativo Latinoamericano de
Malformaciones Congénitas (ECLMAC), the European Surveillance of Congenital Anomalies
(EUROCAT), South-East Asia Region’s Newborn and Birth Defects Database (SEAR-NBBD),
and search for genetic variants associated with microtia in human gene and phenotype
databases. They should also employ robust statistics to conclude on prevalence and
incidence rates worldwide.

Comment Response 10:
Thank you for this comment. As we know, A systematic review is a summary of the medical
literature that uses explicit and reproducible methods to systematically search, critically

Page 38 of 43




E1000OResearch F1000Research 2023, 11:537 Last updated: 26 APR 2023

appraise, and synthesize on a specific issue. It synthesizes the results of multiple primary
studies related to each other by using strategies that reduce biases and random errors#5,
BDSR, ECOMAC, EUROCAT, SEARCH-NBBD provide a large database as a result of a
collection of various studies, we did not use the data from the ones mentioned above in our
systematic review because it would be a secondary big data analysis, not the systematic
review we expected from the start.

Comment 11:

Finally, considering that microtia is a heterogenous phenotype, what is the evidence to state
that 76.2% of the genetic factors involved in this birth defect remain unknown? Are the
authors postulating that 23.8% are already known? I have not seen any statistics to support
this inference.

Comment Response 11:

Thank you for this excellent input and comment, which have helped us to improve our
manuscript. Because of the additional data on missing genes in our systematic review, the
percentage of genes that remain unknown increased from 76.2% to 80%. We got this
number from the calculation of the number of 100% of genetic factors involved in this birth
defect minus 3 most common genes found in our systematic review: %HOXA2 (6.4%) minus
%FGF3 (4.9%) and minus %TCOF1 (8.5%) (Page 12).

Competing Interests: We declare that we have no competing interest.

Reviewer Report 08 July 2022

https://doi.org/10.5256/f1000research.123721.r139395

© 2022 Fakhouri W. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.
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Microtia and anotia are congenital birth defects of the external ear with a frequency that ranges
from 1:2000-1:10,000 live births 2. Microtia and anotia can be part of syndromic disorders or
isolated events. The causes of isolated and syndromic external ear malformation remain unknown
in many cases 2%, However, the genetic components play a major role in causing or increasing
the risk for isolated forms of external ear disorders. While microtia is defined as a small
malformed external ear, anotia is a lack of external ear. The external ear malformations happen
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during the first trimester between the fourth and ninth week of pregnancy. The severity can range
from mild to complete missing of the external ear with possible inner ear abnormal structures °.

In this systematic review study, Putri et al. analyzed the role of genetic factors inisolated and
syndromic forms of microtia. They use six search engines of scientific peer-reviewed publications
to screen retrieved articles and identify the relevant articles for their analysis based on a set of
inclusion and exclusion criteria established by the reviewers. The authors performed and executed
their analysis according to the Preferred Reporting Items for Systematic Review and Meta-Analysis
(PRISMA) guidelines. The paper provides an excellent rationale for the study with clear objectives
of the systematic review. The paper is also well-written and structured and includes the strength
and limitations of its analysis of the retrieved articles. However, the description of the prevalence
of microtia in the mentioned countries based on the included studies in their systematic review
might be misleading or inaccurate. The authors cannot draw a straight line on the microtia
prevalence in these countries based only on a few case reports, case-control, observational
studies, or a lack of clinical studies in other countries. The authors need to validate the prevalence
of microtia in these countries based on other official sources like the CDC or the authors might
indicate that the incidences of the cases based on the analyzed studies included in the systematic
review might infer the frequency in these countries.

Although 15 articles were relevant to the systematic review based on the titles and abstracts, the
authors excluded them from the analysis after the full text was read without providing additional
information or justification on why.

One point that has not been explained in the systematic review is that the altered genes in
syndromic disorders of microtia did not contribute to the isolated form of microtia.

Finally, the authors also need to explain why their systematic review analysis missed several genes
that mutations within their loci can cause microtia as part of syndromic disorders. The other genes
that are related to microtia are described below:
Mutations in POLR1B cause Treacher-Collins syndrome 4, an autosomal dominant disorder,
characterized by craniofacial dysmorphisms, including downslanting palpebral fissures,
malar, and mandibular hypoplasia, and microtia (Sanchez et al., 2020°).

Mutations within TWIST2 cause Ablepharon-macrostomia syndrome, an autosomal
dominant disorder, characterized by congenital ectodermal dysplasia characterized by
absent eyelids, macrostomia, microtia, redundant skin, sparse hair, dysmorphic nose and
ears, variable abnormalities of the nipples, genitalia, fingers, and hands, largely normal
intellectual and motor development, and poor growth (Marchegiani et al., 2015°).

HSPA9 mutations cause Even-plus syndrome (AR), which is characterized by prenatal-onset
short stature, vertebral and epiphyseal changes, microtia, midface hypoplasia with a flat
nose and triangular nares, cardiac malformations, and other findings including anal atresia,
hypodontia, and aplasia cutis (Royer-Bertrand et al., 2015/)

EFTUD2 mutations cause mandibulofacial dysostosis, Guion-Almeida type (AD), a syndrome
characterized by progressive microcephaly, midface and malar hypoplasia, micrognathia,
microtia, dysplastic ears, preauricular skin tags, significant developmental delay, and
speech delay (Lines et al., 20125)
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Thank you for the comments on our manuscript entitled "The Role of Genetic Factors in
Microtia: A Systematic Review". We appreciate the suggested modifications and have
revised the manuscript accordingly. The revised sections are shown in boldface type. The
detailed responses to the reviewers’ comments are presented as follows:

Reviewer 1

Comment 1:

The authors need to validate the prevalence of microtia in these countries based on other
official sources like the CDC or the authors might indicate that the incidences of the cases
based on the analyzed studies included in the systematic review might infer the frequency
in these countries.

Comment Response 1:

We thank the reviewer for the excellent input, comments, and suggestions, which have
helped us to improve our manuscript. We have checked and revised the global prevalence
of microtia based on the CDC according to the suggestions. Hopefully, this revision suffices
and our manuscript can be considered for indexing (Page 8, last line).
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Although 15 articles were relevant to the systematic review based on the titles and
abstracts, the authors excluded them from the analysis after the full text was read without
providing additional information or justification on why.
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Thank you for this comment. We have now added the explanation regarding why we
excluded them from the analysis after the full text was read (Figure 1. Prisma Flow
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syndromic disorders of microtia did not contribute to the isolated form of microtia.
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Thank you for this excellent input and comment, which has helped us to improve our
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Finally, the authors also need to explain why their systematic review analysis missed several
genes that mutations within their loci can cause microtia as part of syndromic disorders.
The other genes that are related to microtia are described below
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We thank the reviewer for giving us a chance to improve our manuscript. We have repeated
the search for articles using the same keywords to get comprehensive results and added
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