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Abstract: Otosclerosis (OTSC) is a common type of deafness affecting up to 0.4 % of Caucasians. Its familial form is inherited in
an autosomal dominant fashion, although to this date, no definitive cause for OTSC has been found. In the development of OTSC,
three recent genetic association studies have suggested the participation of particular point mutations and small indels in the
TGFB1, SERPINF1, and MEPE genes. Consequently, replicative studies are needed to confirm the role of the proposed mutations
in OTSC patients. The goal of this study was to test the presence of the candidate variants described in the genes TGFB1,
SERPINF1, and MEPE in a new case of familial OTSC with seven affected individuals. DNA was extracted from saliva samples
of a Spanish family with several members affected by OTSC. PCR amplified target regions of some candidate genes, and the
products were purified, Sanger-sequenced, and analyzed in silico. The family subject of the study did not carry the candidate
variants for OTSC described in the genes TGFB1, SERPINF1, and MEPE, although it cannot be ruled out the involvement of other
mutations in genes related to their same signaling pathways. This result highlights the importance of performing replicative
studies for complex diseases, such as OTCS, in families of diverse origins. Additionally, a significant association of subjective
tinnitus with OTSC has been found in this family, although the link between the two pathologies should be studied further.
KeyWords: Otosclerosis (OTSC), Hearing Loss (HL), Tinnitus, TGFB1, SERPINF1, MEPE.

Introduction
Otosclerosis (OTSC) is a complex conductive hearing loss
that affects 0.3-0.4% of people of Caucasian origin and is rare
among Blacks, Asians, and Native Americans1,2,3. The disease
begins around the age of 30 of average, although it can also
affect individuals from the first to the fifth decade of age4.
Most patients (70-80%) suffer bilateral OTSC, and women are
more affected than men in a ratio of up to 2:15. The disease is
caused by an abnormal bone remodeling of the otic capsule,
which in normal conditions does not undergo remodeling after
development. This might, over time, create a deficit in the
hearing threshold of air conduction, but not in bone conduction
of the sound transmission6. Although an audiometric analysis
currently determines this, the most reliable diagnosis for OTSC
is the stapes surgery, which is the first-line treatment for OTSC
patients. This involves the replacement of the defective stapes
bone with a micro-prosthetic device7,8.
The etiology of OTSC is not well understood; however,
it is deemed to be both genetic and environmental. The
environmental risk factors include measles virus infection,
use of oral contraceptives, and low sodium fluoride content in
drinking water, all of them still controversial3. Regarding the
genetic factors, studies on large families with many affected
individuals have revealed that OTSC has an autosomal
dominant mode of inheritance with a reduced penetrance of
about 40% (reviewed in9,3). Linkage analysis studies on large
families have identified 8 monogenic loci associated with the
disease (OTSC1-5, OTSC7-8 and OTSC10)10,11,12,13,14,15,16,17. To
date, no otosclerosis-causing genes have yet been identified
in these loci3,18.
Recent gene expression analysis and genetic association
studies have suggested candidate genes for OTSC mapped
outside the 8 loci identified by linkage analysis. As an example,
several studies have revealed a role for the TGF beta pathway

in OTSC. Particularly, the Transforming Growth Factor beta1
protein, coded by the gene TGFB1, has been suggested to
play a role in the development of the disease9,19,20,21,22,23,24.
Particularly, a recent genetic association study of several
gene variants of TGFB1, found the c.-509C ("wild type") allele
associated with normal hearing, while the c.-509T allele was
associated with OTSC24. Another candidate gene that has
been recently suggested as causative of OTSC is the Serpin
Family F Member 1 (SERPINF1), coding for a potent inhibitor of
angiogenesis and a neurotrophic factor. Ziff et al. (2016) found
a primary SERPINF1 transcript expressed in the stapes bone,
(isoform 2 or SERPINF1-012) and six additional rare variants
in isoform 1 (SERPINF1-001), three of them predicted to be
deleterious for its function and also to affect the expression of
isoform 2 transcripts25.
The most recent candidate gene to cause OTSC is MEPE,
which codes for an extracellular matrix protein belonging to
the SIBLING family of secreted phosphoproteins. A functional
MEPE protein participates in bone homeostasis, preventing the
maturation of osteoclasts and inhibiting bone mineralization26.
Schrauwen et al. (2019) found an association of MEPE and
OTSC in a study of a Turkish family affected by hereditary
congenital facial paresis (HCFP) and mixed hearing loss (HL).
Exome sequencing revealed variants predicted to produce
truncated MEPE proteins that would increase bone remodeling
in the otic capsule, compared to normal developmental
conditions27.
Tinnitus is an additional hearing condition affecting
about 50% of OTSC patients9,28 and up to 15% of the global
population29,30. The hearing of phantom sounds characterizes
it, usually localized to one or both ears, but can also be felt
centrally within the head. Tinnitus can be a very distressing,
even disabling condition for its continuous noise perceived as
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a buzzing, hissing, beeping or ringing, and it becomes chronic
when lasting more than a year31,32. Tinnitus can be classified as
objective tinnitus when the body generates the sound, and the
examiner can hear it or as subjective tinnitus, more commonly
found, if there is not a specific sound source within the body.
Its etiology can be environmental, due to exposure to ototoxic
drugs, head trauma, noise exposure or infections. Recently,
twin studies have determined a possible genetic component
with a heritability of 0.6833,34.
In the present study, a new pedigree representing four
generations of a Spanish family with a history of OTSC has been
constructed. DNA samples from the core family of the proband
were used to test the involvement of recently proposed gene
variants of TGFB1, SERPINF1, and MEPE in the development of
OTSC in that family. Besides, information about tinnitus causes
-a condition of significant distress for many subjects of the
family- was gathered, and interesting associations between
the two conditions were found.

method as in Lum and Le Marchand (1998)36, with few modifications. The quality of the DNA was confirmed in a Nanodrop
apparatus (Thermo Fisher).
DNA amplification and sequencing
Target sequences of the genes SERPINF1, TGFB1 and
MEPE were amplified by PCR with primers shown in Supplementary Table 1. PCR amplified DNA sequences from both
affected individuals and controls from genomic DNA and the
sequence of the amplicons determined by the Sanger method
and capillary electrophoresis (MegaBACE 500, Amersham
Biosciences) with the same primers used for DNA amplification. DNA alignments were performed in MEGA (Molecular
Evolutionary Genetics Analysis) software (https://www.megasoftware.net/)37.

Methods
Subjects
Participants belonging to a Spanish family with several
members affected by OTSC were recruited with informed consent. Every effort was made to keep the family name confidential. All procedures were approved by the Ethics Committee of
the University of León (ETICA-ULE-023-2019) and in agreement with the Helsinki Declaration (JAMA 2000)35. Confirmation of diagnosis was initially achieved by documented evidence of stapes surgery. Additional OTSC cases were confirmed
by audiometry.
Construction of the family pedigree
Information about HL and tinnitus was gathered through
interviews in the period 2017-2019. An online survey was also
conducted to gather information concerning the incidence of
tinnitus in the family. HL among deceased individuals was confirmed when several relatives commented positively on their
condition. To confirm OTSC, clinical records of both living and
deceased individuals who underwent stapes corrective surgery were obtained from the same hospital they were treated
upon formal request. Most of the individuals of Generation IV
or V have not been depicted because either they were not coming to age as to participate in the study, they were adults without HL symptoms or their parents were not affected by HL.
Individuals II:8 and III:3 underwent corrective surgery, but we
were not able to find their medical history. The family pedigree
chart was created with PowerPoint (Microsoft©).
Audiometry
Standard pure tone audiometry at frequencies of 0.25-8
MHz and tympanometry plus the examination by an ear, nose,
and throat (ENT) specialist were performed to confirm OTSC
in individuals of the family who reported any hearing problem
and in siblings of individuals with confirmed OTSC.
DNA extraction
Participating individuals were asked to provide a saliva
sample. These were obtained after a one-minute mouth rinse
with saline solution and kept cold till the time of genomic DNA
isolation. This was achieved by standard phenol/chloroform

Table 1. Age, affected ear and age of earliest symptoms, diagnosis and surgery of OTSC in affected individuals. D: deceased; NA: not available; L: left ear; R: right ear. Sym/Diag: age of
earliest symptoms or OTSC diagnosis.
Statistical analysis
To test the independence between the OTSC and tinnitus
conditions, a 2 x 2 contingency table was generated sorting
selected individuals of the pedigree represented in Figure 1
into each of the following four groups: having or not OTSC, and
suffering or not tinnitus. Individuals with undetermined hearing
loss conditions were not included in any of the groups. Finally,
a two-tailed Fisher exact probability test was applied.

Results
Pedigree analysis
The pedigree of this study (Figure 1) contains 73 individuals of a Spanish family, including seven confirmed cases of
OTSC. Not all Generation IV subjects are depicted. Generation
V has been omitted because either the immediate ascendants
did not suffer HL or because they were too young to be included in the study. Table 1 summarizes relevant information
from individuals of the family with confirmed OTSC.
The proband of the study (III:5, arrow in Fig. 1) was a
72-year old Spanish woman who was diagnosed with bilateral OTSC at the age of 20, three years before childbirth. She
had (failed) stapes surgery in both ears. She was diagnosed
also with osteoarthritis, and never took oral contraceptives.
Her two youngest sons (IV:9 and IV:10) were diagnosed with
unilateral OTSC and underwent a stapedectomy. Subject III:4
suffers from Paget's disease. The medical history of subject
II:5 confirmed stapedectomy. That meant individual I:2 or his
spouse must have been carriers of the mutation(s) that caused
otosclerosis in some of their descendants.
It was found a high prevalence of chronic subjective tinnitus in the family. Hence, participants were asked to answer a
detailed questionnaire on their tinnitus experience, as in Lan-
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Figure 1. Genealogy of the family subject of the study showing the segregation of OTSC and chronic subjective tinnitus. See
legend for conditions. An asterisk in individual III:10 indicates that her tinnitus condition disappeared upon stapes surgery.
Arrow, proband.
gguth et al. (2006)38. The results of the survey are provided in SERPINF1
Supplementary Table 2. As shown in Figure 1, all OTSC-affecIn a recent study, Ziff et al. (2016) 25 described three vated members of the family suffered from chronic subjective riants in the 5' UTR of SERPINF1-012 (c.-202_-200 del TCG,
tinnitus. Also, reports from the interviews indicate that the c.-161G > C and c.-1G > C), reportedly affecting the expression
tinnitus experienced by OTSC-affected subjects was severe. of the transcript in the otic capsule. In our work we PCR-amInterestingly, tinnitus was also present in non-affected indivi- plified and Sanger-sequenced the region comprising those vaduals II:9, III:6, III:16, III:29, III:30, III:32, IV:6, IV:8, and IV:13 of the riants. Figure 3 shows that none of the variants are present in
family. The tinnitus in individual III:10 disappeared after correc- the OTSC-affected individuals of the core family of the protive surgery.
band.
Genotype analysis of TGFB1, SERPINF1, and MEPE
In the present study, the contribution of previously described mutations in the genes TGFB1, SERPINF1, and MEPE
was analyzed. Genomic DNA samples of the core family of the
proband were used because they comprise both confirmed
OTSC cases and controls. We worked on the assumption that
variations found on the core family of the proband would be
representative of those affecting close relatives within the family.
TGFB1
The TGFB1 allele c.-509C has been associated with normal hearing and c.-509T with OTSC24. In the present study, we
decided to determine whether SNP c.-509C > T was present
in individuals affected by OTSC using genomic DNA from the
core family of the proband. As shown in Figure 2, there were no
differences between the sequences of affected and unaffected
individuals. All members of the family carry the c.-509C allele.
To note, it is the Reference Sequence Gene that has a T in that
position.

MEPE
The most recent candidate in the literature to cause OTSC
is MEPE27. Variants of this gene were found first in a Turkish
family affected by HCFP and HL and later in a larger pool of
OTSC subjects. In the present study none of the family members have HCFP. In our work, we amplified exons 2-4 of MEPE
and adjacent regions in seven different PCR reactions using the
same primers as in Schrauwen et al. (2019)27 and DNA from
individuals of the core family of the proband to look for the
published gene variants -c.199_202 del GAAA (M2); c.49_54+delinsCA (M3); c.184G > T (M4); c. 496 dup (M5); c.617del G
(M6) and c.679dup (M7)- and also to look for new variants. As
shown in Figure 4, none of the published gene variants nor any
other polymorphism were found to affect exclusively OTSC
subjects.
Association of OTSC with tinnitus
To find out whether OTSC and tinnitus were associated,
individuals of the pedigree were sorted into four categories:
not suffering tinnitus nor OTSC48 not suffering tinnitus but su-

Figure 2. Genotypes of the core family of the proband for the gene TGFB1. Subjects III:5S and IV:8, unaffected; III:5 and IV:9,
affected. Arrows indicate the sites of the variants found in earlier studies. Image is a screen capture of alignments performed
in MEGA37.
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Figure 3. Genotypes of the core family of the proband for the 5'UTR region of the gene SERPINF1, isoform 2. Subjects III:5S
and IV:8, unaffected; III:5 and IV:9, affected. Arrows indicate the sites of the variants found in earlier studies. Individuals III:5S,
IV:8 and IV:9 are heterozygous (C/T) for the position c.-202. Images are screen captures of alignments performed in MEGA37.

Figure 4. Genotypes of the core family of the proband for MEPE. Arrows indicate the sites of variants named M2-M7 as in
Schrauwen (2018). Subjects III:5S and IV:8, unaffected; III:5 and IV:9, affected. Images are screen captures of alignments performed in MEGA37.
ffering OTSC (0); suffering tinnitus but not OTSC9 and suffering
tinnitus and OTSC 7. Individuals with undetermined HL were
not included in any of the groups. A two-tailed Fisher exact
probability test indicated a very low probability that the two
conditions were independent (p < 0.0001).

Discussion
In the present study, a novel familial case of OTSC has
been presented and used it as a tool to assess the contribution

of gene variants of TGFB1, SERPINF1, and MEPE. These genes
were selected because they had been recently associated with
OTSC in previous reports24,25,27. Also, they are also involved
in different routes to increase bone remodeling and bone
deposition in the otic capsule compared to normal conditions.
Despite the available knowledge and having used the same
primers and conditions for the Sanger sequencing of the genes,
the genetic analysis did not find a role for those variants. This
does not rule out the possibility that mutations affecting
other members of the pathways to which the genes TGFB1,
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SERPINF1, and MEPE belong could be involved. For instance,
the TGFbeta pathway has been suggested for more than a
decade as involved in bone regulation at the otic capsule and
it is possible that variants in other members of the TGFbeta
family of cytokines like BMP2 and BMP4 could be implicated
and the subject of future replicative studies23. In the case of
SERPINF1, the present work is another unsuccessful attempt
at replicating the findings of Ziff et al. (2016)25, after another
research group did not find a role for the same gene variants39.
The origin of the families participating in genetic studies
may be a factor to take into account in familial OTSC cases. It
cannot be excluded from the possibility that different diseasecausing variants in the same genes or signaling pathways may
act in families of diverse ethnic origin. One precedent is the
study of Rodríguez et al. (2004)40, which did not find a role in
a Spanish family with a familial case of OTSC for COL1A1 and
COL1A2, previously associated to OTSC in a family from Iowa,
USA3,41. Two other cases involving families from very different
geographical locations as tools for replication studies of HL
genes -although not for OTSC- analyzed the presence of the
A1555G mtDNA mutation combined with suspected exposure
to aminoglycosides42,43. That mutation had been previously
determined in Arab-Israeli populations44 and was not found in
Spanish families.
Reports of chronic subjective tinnitus were found in many
members of the family subject of this study. Tinnitus usually
affects about half of OTSC patients9,28, and the symptoms
disappear in many patients after stapes surgery -reviewed
in Haider et al. (2018)45. In the present study, 100% of OTSCaffected subjects suffered from severe forms of subjective
tinnitus and only in one case (III:10) it disappeared after stapes
surgery. Recently, it has been suggested a genetic basis for
tinnitus33,34. A statistical test indicated a powerful association
between OTSC and tinnitus in the family subject of the study.
In conclusion, the present work has investigated the role
of variants putative of causing OTSC in the genes TGFB1,
SERPINF1 and MEPE, previously reported by others. Although
it was not found a purpose for those mutations, further work
must be done to analyze the role of variants affecting other
genes belonging to the same signaling pathways. Finally, it
was found a strong association of clinical OTSC with severe
cases of subjective tinnitus and also many examples of tinnitus
in the absence of OTSC symptoms, all within the same family.
This represents an excellent opportunity to further investigate
the segregation of OTSC and tinnitus with the use of genomic
tools such as whole-exome sequencing of affected individuals.
Finding the causative genes for OTSC and tinnitus will surely
streamline the design of novel, innovative research, and
therapeutic approaches for the benefit of a significant number
of affected individuals.

Conclusions
The present work has investigated the role of variants
putative of causing OTSC in the genes TGFB1, SERPINF1 and
MEPE, previously reported by others. Although it was not
found a role for those mutations, further work must be done
to analyze the role of variants affecting other genes belonging
to the same signaling pathways. Finally, it was found a strong
association of clinical OTSC with severe cases of subjective
tinnitus and also many cases of tinnitus in the absence of OTSC
symptoms, all within the same family. This represents a great
opportunity to further investigate the segregation of OTSC and

tinnitus with the use of genomic tools such as whole-exome
sequencing of affected individuals. Finding the causative genes
for OTSC and tinnitus will surely streamline the design of
novel, innovative research and therapeutic approaches for the
benefit of a great number of affected individuals.
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