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ABSTRACT 

Elucidating pathological mechanisms of hearing loss induced by 

hypothyroidism using Duox2 mutant mice and rescuing with 

exogenous thyroid hormone 

 

Sera Park 

 

Department of Medicine  

The Graduate School, Yonsei University  

 

(Directed by Professor Jae-Young Choi) 

 

Background, 

 

Developmental thyroid disorders can lead to hearing loss. Previous studies showed 

that the tectorial membrane, middle ears, and otic capsule were defective in 

various mouse models of hypothyroidism. However, it is still unclear how the lack 

of thyroid hormones leads to such defects in the inner and middle ear structures, 

which may be responsible for the hypothyroidism-induced hearing loss. In this 

study, pathological mechanisms of hypothyroidism- induced hearing loss in Duox2 

mutant mice was elucidated, and exogenous thyroid hormones were supplied to 

rescue hypothyroidism-induced hearing loss. 

 

Material and methods, 

 

To investigate the pathological mechanisms of the hypothyroidism-induced 

hearing loss, we analyzed the inner ears of a spontaneous mutant from the Jackson 

Lab, which carries a mutation in dual oxidase 2 (Duox2). Duox2 is an essential 
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enzyme in thyroid hormone synthesis, and mutations in the DUOX2 gene in 

humans have been shown to cause typical phenotypes of congenital 

hypothyroidism. We evaluated serum levels of T4, hearing function by ABR 

analysis, histological phenotypes by H&E staining, and gene expression patterns 

by in situ hybridization.  

 

Results, 

 

Duox2 mutant mice suffered from hypothyroidism and growth retardation and 

severe hearing loss, and their tectorial membrane is severely thickened. To 

understand the molecular mechanisms of thickening of the tectorial membrane, we 

examined expression patterns of receptors for thyroid hormones. Size of round 

window is decreased and middle ear ossicles were enlarged. To rescue hearing loss 

of Duox2 mutants, we supplied exogenous thyroid hormones and growth was 

recovered and hearing ability was significantly improved. Tectorial membrane, 

middle ears and round window developed normally. 

 

Conclusion, 

 

Hypothyroidism-induced hearing loss in Duox2 mutants is resulted from 

abnormally thickened tectorial membrane in the inner ear and enlarged middle ear 

ossicles.  

Exogenous thyroid hormone treatment during neonatal stages can rescue structural 

defects of the inner and middle ears and significantly improve hearing ability in 

Duox2 mutant mice  

 

                                                            

Key words : Duox2, hypothyroidism, hearing loss, growth retardation, 

thyroid hormone 
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I. INTRODUCTION  

 

It is widely accepted hearing impairment in human may be caused by congenital 

or acquired hypothyroidism. Fetus depends on maternal supply of thyroid 

hormone throughout pregnancy to develop auditory function and develops its own 

thyroid function in the second quarter of pregnancy.1 Auditory function is also 

known to make its first appearance between the second and third quarters; 

Impairment of thyroid synthesis during these quarters can cause congenital 

deafness in human. The same observation was reported in mice however in a later 

phase. Postnatal research is possible in mice because they do not prenatal auditory 

function while simulating the same relationship between thyroid and auditory 

function in a later phase. 
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During cochlear development, the expression of α and β-tectorin, the major 

non-collagenous component that forms the tectorial membrane, is limited in time 

and space in the development of the mouse inner ear.2 Missense mutations in the 

α-tectorin gene were found in families with non-syndromic hearing impairment.3-6 

In mice, targeted deletion of α-tectorin can impair cochlear amplification.7 In one 

model, relationship between deficiency of thyroid hormone before initiation of 

hearing and reduced levels of β-tectorin protein in the tectorial membrane,8 but 

mechanism behind the relationship was not yet clearly known. Especially, the 

main tectorin essential for the development of normal hearing still remains as a 

question to be answered in future.  

It has been observed that thyroid hormone receptors control the developmental 

maturation of the middle ear and the size of the ossicular bones.9 

A recent data suggested that the thyroid hormone receptor β is needed to 

maintain cochlear hair cell in relation to senile hearing.10 TRα1 is generally known 

to be irrelevant to hearing loss in humans and mice.11-13 But in recent study, 

Dettling described TRβ-related deafness originates outside of hair cells. TRα and 

TRβ play opposing and non-redundant roles in hair cells, and role for thyroid 

hormone receptors in controlling key regulators that shape signal transduction 

during development.14 

To identify the molecular mechanism and pathophysiology in which thyroid 

hormone deficiency acts in hearing, the research was conducted using animal 

model called Duox2 mutant mice. This mouse model is a spontaneous mutant 

mouse that shows the phenotype of dwarfism, hearing impairment and 

hypothyroid function, resulting from lack of Duox2, an enzyme necessary for the 

production of thyroid hormones. When cross-section of the mouse's cochlea, the 

tectorial membrane was thickened with the development of inner ear was delayed 

rather than control. However, the mechanism has not been known to date. This 

mutant mouse named thyd was found to be caused by missense mutation of 

chromosome 2, TG BP change of 16th exon of Duox2 gene through genetic 
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mapping. This mutation replaces valine, the number 674 protein, with glycine. So 

far, it is not known how this protein change affects the function of Duox2. It is 

thought that the position of the mutation is related to the retention and release in 

the endoplasmic reticulum, so it may be related to the Duox2 maturation or 

transfer to membrane.15 

The purpose of this study is to identify the pathological mechanisms of hearing 

loss induced by hypothyroidism in Duox2 mutant mice. Furthermore, we 

examined if auditory dysfunction can be reversed by exogenous treatment of 

thyroid hormone.  

 

II. MATERIALS AND METHODS  

 

1. Experimental animals  

 

All animals were handled in accordance with the guidelines for the care and use of 

laboratory animals of Yonsei University College of Medicine and national 

institutes of health and all procedures involving their use were approved by the 

institutional animal care and use committee. 

 

2. Genotyping mice for the Duox2 mutation 

 

PCR primers flanking exon 16, which includes the thyd mutation, were used to 

amplify a 303-bp product from genomic DNA, using the previously described 

PCR method with forward primer (5_-3_) GAATCACATGGGCTCAAAGG and 

reverse primer (5_-3_) ATGAAAACAGCCCACAGAGG. The PCR 

products were then digested from 2 h at 37 C with 0.5 ul of HaeIII restriction 

enzyme (New England Biolabs, Beverly, MA). After a 20-min incubation at 80 C 

to inactivate HaeIII, the digested PCR products were electrophoresed on a 2.5% 

agarose gel.15    



6 

 

3. Hormone assays: T3, T4 

 

Serum T3, T4 were measured at post natal days 30 and 90 days. The mice were 

anesthetised via an intraperitoneal injection of tiletamine/zolazepam (30 mg/kg, 

Zoletil 50; Virbac S.A., Carros, France) and xylazine hydrochloride (10 mg/kg, 

Rompun; Bayer Healthcare Korea, Seoul, Korea). Whole blood was collected from 

the abdominal aorta, which was exposed after abdomen. For serum preparation, 

blood was collected from abdominal artery of mutant and control mice, whole 

blood was chilled on ice for 30 min and then spun at 10,000 rpm for 10 min in a 

benchtop centrifuge. Values are reported as mean SEM. Serum concentrations 

were measured from SCL (Seoul medical science institute), the external company. 

The normal range of T3 in human is 65-150ng/dL, T4 is 4.5-10.9 ug/dL.16 

 

4. Histology for analyses of inner and middle ear anomalies  

 

-Morphological analyses using light microscopy 

 

At each weeks of age, after auditory-evoked brainstem response (ABR) 

measurements, the mice were sacrificed using CO2 gas, and both cochlea were 

removed from each mouse. The stapes were excised, and a small hole was made in 

the cochlear apex by using a fine pick. A fixative (4% formalin and 1% 

glutaraldehyde in 0.1 M sodium phosphate buffer) was infused through the hole, 

and the cochlea was immersed in the fixative for 48 hat 4 °C and later preserved in 

10% ethylenediaminetetraacetic acid (EDTA) in phosphate-buffered saline (PBS) 

for 3 days. Half of the excised cochlea were then dehydrated and embedded in 

paraffin. The paraffin blocks were sectioned into 5-μm slices along the 

mid-modiolar axis. The sections were observed under a microscope after 

haematoxylin–eosin staining. The remaining cochlea were washed in PBS for 

cryosection for ISH.16  
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5. Hearing test: ABR 

 

Mutant and age-matched control mice were assessed for hearing by 

auditory-evoked brainstem response (ABR) thresholds using an auditory-evoked 

potential workstation and the BioSig software (Tucker-Davis Technologies, 

Alachua, FL, USA). The output from the speakers was calibrated by using a PCB 

377C10 microphone (PCB Piezotronics, Inc. New York, NY, USA) and was found 

to be within ±4 dB for the frequency range tested. Mice were anesthetised as 

described for the collection of whole blood, following which, each ear was 

stimulated with an ear probe sealed inside the ear canal. Body temperature of the 

mice was maintained at 38 °C with an isothermic heating water-pad. The intensity 

of clicking sounds was decreased from 80 dB SPL to 10 dB SPL in 5-dB 

decrements, while that of the tone pip (10 ms; 11/s) was decreased from 90 dB SPL 

to 0 dB SPL in 10-dB decrements. The average values of ABR were calculated and 

the hearing threshold was defined as the lowest recognizable ABR response until 

wave I of the ABR could no longer be visually discerned. In order to evaluate the 

changes in hearing threshold with age and treatment, ABR was measured from 

postnatal 30days to postnatal 146 days.16 

 

6. Gene expression analyses 

 

-In situ hybridization 

 

Antisense RNA probes Thrα, Thrβ, Tectα, Tectβ, Atoh1, SMPX were labeled with 

digoxigenin. In situ hybridization experiments were performed as described 

previously.17 

 

7. To rescue hypothyroidism-induced hearing loss  
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-Thyroid hormone supplement 

 

Synthetic thyroid hormone was supplemented to reverse the hearing loss in the 

Duox2 mutants observed earlier. Unlike human, mouse is deaf at birth and 

completes its auditory development by the age of two weeks. During the embryo 

period, auditory function may be developed even in experimental group because 

the mice receives thyroid hormone from the mother. It was hypothesized if we 

administer exogenous thyroid hormone in experimental group for two weeks after 

birth, the same phenotype presented in the control group would be observed. 

Thyroid hormone was administered via intraperitoneal injection every day from 

the day mice was born.(L-thyroxine sodium salt pentahydrate, Sigma-Aldrich, St. 

Louis, MO, USA) However, if infants were too small, they often died from shock, 

enterohemorrhagic, intestine perforation by injection. After multiple simulation 

test, examiner concluded the mice can tolerate treatment when they weigh more 

than 1.5g typically 2-3days after birth. 

We completed the therapy at the P14 when auditory development is completed. At 

about 3 weeks of age, the mice are separated from mothers. At about 4 weeks of 

age, the mice were evaluated for their hearing ability. Authors waited for a month 

so mice can withstand anesthesia for hearing test. (Figure 1) 

 

 

Figure 1. Thyroid hormone supplement 
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III. RESULTS  

 

1. Duox2 mutants suffer from growth retardation and hearing loss due to 

hypothyroidism 

 

Serum levels of T4 was 10-fold lower in Duox2 mutant mice (<0.3μg/dL) 

compared to controls (2.10 μg/dL). (Table 1)  

 

Table 1. Thyroid function of Duox2 mice. In Duox2 mutants, serum levels of T4 

were about 10-fold lower compared to controls. 

 

N=13 Duox2+/- Duox2-/- Duox2+/+ 

T3(ng/dL) 51.8 <10 56 

T4(μg/dL) 2.1 <0.3 2.7 

 

And growth is severely retarded in Duox2 mutant mice compared with its 

littermate control. (Figure 2)  

 

 

Figure 2. Body weight of Duox2 mice. The growth was severely retarded in 

Duox2 mutants. 
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Mutant mice are hearing impaired, auditory-evoked brainstem response (ABR) 

thresholds of mutant mice were on average 80 dB above those of controls for all 

auditory test stimuli. (Figure 3)  

 

 

Figure 3. ABR analyses demonstrated profound hearing loss in the Duox2 mutants. 

Tectorial membrane of mutant mice was severely thickened, (Figure 4) compared 

to the normal tectorial membrane of age-matched controls.  

 

 

 

Figure 4. Histological analyses showed that the tectorial membrane was severely 
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thickened in the Duox2 mutant cochlea 

 

2. Gene expression in the developing inner ear in Duox2 mutant cochlea 

 

Next, we observed gene expression of developmental inner ear through in situ 

hybridization. The observation period is set as E15.5, P0, and P8 days, which are 

thought to be crucial for inner ear development. The forms of genes we sought 

were two proteins, α and β tectorin. They are essential for the formation of 

tectorial membrane, and THRα, THRβ, which are necessary for the thyroid 

hormone to function in the inner ear.  

Expression level of THRα transcripts is unchanged in Duox2 mutant cochlea. We 

observed that THRβ's intracochlear expression was ectopically upregulated 

compared to litter mate control on the 0th day of postnatal. Expression of Thrβ 

transcripts are abnormally prolonged in Duox2 mutant cochlea at P8. This finding 

was thought as a result of the compensation mechanism for the systemic 

hypothyroidism.  

Expression level of Tectα transcripts is unchanged in Duox2 mutant cochlea at P0. 

On Postnatal 8th, the expression of Tectα transcription, a component of tympanic 

membrane, in control cochlea showed sign of weakness from the basal turn as 

previously known. In Duox2 mutant cochlea, the expression appears to be 

ectopically upregulated and prolonged on the basal turn and compared to each turn. 

This is the first finding in the Duox2 mutant causing abnormally thickened 

tympanic membrane of the mutant cochlea. As a result, the deflection of the outer 

hair bundle has failed, and the hearing loss has occurred. (Figure 5)  
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Figure 5. To understand the molecular mechanisms of thickening of the tectorial 

membrane, we examined expression patterns of receptors for thyroid hormones. 

Since thyroid hormone receptor alpha (Thrα) has been shown to be irrelevant to 

the hypothyroidism -induced hearing loss, we focused on the receptor beta (Thrβ), 

which showed abnormal upregulation and prolonged expression during neonatal 

development in the Duox2 mutant cochlea.(a,b) We also examined expression 

levels of transcripts encoding alpha-tectorin (Tectα) and beta-tectorin (Tectβ),  

which are major components of the tectorial membrane. Expression patterns of 

Tectα in the Duox2 mutant cochlea were comparable to controls until P0, yet 

significantly upregulated and prolonged at P8.(c,d) In contrast, Tectβ expression 

appeared to be slightly reduced in the Duox2 mutant cochlea.(e,f) 

 

Expression level of Tectβ transcripts is slightly downregulated in Duox2 mutant 

cochlea at P0 and P8. 

Results indicate upregulated and prolonged expression of Tectα and Thrβ may be 



13 

 

a major cause of the thickened tectorial membrane leading to the hearing damage 

in Duox2 mutants.  

 

3. Round window and size of ossicles were also abnormally developed 

 

When cochlea was detached and observed outside, the size of round window was 

significantly smaller than the control in the Duox2 mutant mice. The function of 

round window is to adjust the vibration in response. The area of round window of 

mutant mice was 30±2.5% smaller than control. (p<0.05, N=8) (Figure 6)  

 

 

 

Figure 6. Size of round window is decreased in Duox2 mutant cochlea 

 

We also looked at ossicles in the middle ear. Duox2 mutant's ossicles had similar 

shape but larger size compared to control group. In particular, we observed that the 

height of the malleus was 1.3 times higher and the head was doubled. (Figure 7)  
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Figure 7. The malleus is larger in Duox2 mutants compared to the 

controls.(p<0.05) 

 

4. Rescuing hearing loss of Duox2 mutants by supplying exogenous thyroid 

hormones 

 

As described above, thyroid hormone was supplied to both mutant and control 

mice, growth was recovered in Duox2 mutants. (Figure 8)  
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Figure 8. The body weight of hormone-supplied mutants was comparable to 

normal heterozygotes, at both P30 and P90.(p<0.05) 

 

Hearing ability of Duox2 mutants was significantly improved by thyroid hormone 

treatment. (average ABR threshold Duox2 (+/-): 20dB, Duox2 (-/-): (27.5dB). 

(Figure 9)  

 

 

 

Figure 9. The ABR results demonstrated that the hearing was nearly normalized in 

hormone-supplied mutants, at both P30 and P90. (p<0.05) 

 

Tectorial membrane developed normally in thyroid hormone-treated Duox2 

mutants. (Figure 10)  
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Figure 10. Tectorial membrane developed normally in thyroid hormone-treated 

Duox2 mutants 

 

Middle ears and round windows are also developed normally in thyroid hormone 

treated Duox2 mutants. (Figure 11. a,b,c)  

 

a) 
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b) 

 

 

c) 

 

 

 

Figure 11. Middle ears and round window are developed normally in thyroid 

hormone-treated Duox2 mutants at both P30 and P90. (p<0.05) 

 

IV. DISCUSSION 
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One of the aims of this research is to observe gene expression in developing inner 

ear through in situ hybridization. The observation was conducted at E15.5, P0 and 

P8 as they are deemed to be important dates for inner ear development. The 

experiment aimed to investigate THRα, THRβ, a- tectorin and β-tectorin. THRα 

and THRβ are known to be crucial gene expressions for thyroid hormone. Thrα 

was thought to have nothing to do with hearing for a long time because TRα1 

knockout mice did not show hearing loss in the early days of the study. However, 

subsequent studies have shown that cochlear phenotype has deteriorated in 

TRα/TRβ double knockout mice.18 And Ng and others reported that TRα1 

overexpression improves the hearing of TRβ knockout animals.19 Also, the 

auditory defects and  association with the ossification defect of the ossicles were 

reported in TRα1 point mutation mice.9 Therefore, Thrα does not seem 

unnecessary for hearing and should be seen as interacting. 

Lily et al described Thrβ does not involve in morphogenesis of choclea,11 but in 

2009, Marlies K showed hearing of hair cell specific Trβ knock out mice was 

normal and it was concluded that hearing loss at Trβ knock out mice was caused 

by malformation of tectorial membrane.20 This is consistent with the findings of 

this study. 

THRβ are mostly expressed in greater epithelial ridge (GER). GER is thought to be 

a temporary structure secreting component for tectorial membrane during 

developmental phase. α and β-tectorin are two important proteins in construction 

tectorial membrane. They are also mostly expressed in GER with slight difference 

in exact location. These three genes are known to be deaf gene in both human and 

mouse model. Examiner used the probe expressing sensory cell as a standard 

marker.  

The result from in situ hybridization showed that expression of THRβ was 

upregulated. The cause of upregulation is thought to be overexpression of THRβ 

transcripts due to compensation mechanism for systemic hypothyroidism, acting 
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as a transcription factor for tectorin, and control gene expression of Tect α. Also, it 

can be considered as the result of the prolonged secretion of α-tectorin to the 

tectorial membrane due to the delay of the GER's regression by hypothyroidism. 

 Expression of Tectα transcripts in control cochlea at P8 were reduced at basal 

turn as previously reported. However, it was prolonged in Duox2 mutant cochlea. 

When comparing each turn, expression of Tectα transcripts was upregulated in 

mutant cochlea.  

Above results are the first finding in Duox2 mutant mice. This is thought to be the 

cause of abnormally thickened tectorial membrane in mutant cochlea and 

compensation mechanism such as overexpression of THRβ transcripts.  

Expression of β-tectorin in mutant cochlea at both P0 and P8 were down regulated. 

The same observation was made in previous hypothyroidism mice model. 

However, gene expression of THRβ and Tectα is thought to be more important 

than that of β-tectorin as a cause of thickened tectorial membrane. 

 

1. Why Duox2 model? 

 

To date, the genotype, phenotype correlation of the DUOX2 mutation is known to 

be widely varied. (Goiter, short stature, neurodevelopmental delay) 

Hypothyroidism induced by DUOX2 mutation, however, is now rarely seen in 

practice since routine prenatal and postnatal screening detect the mutation and 

proper treatment can be given. Although DUOX2 mutation rarely cause clinical 

impact in real practice nowadays, using DUOX2 model has several advantages. 

First, it causes steady hypothyroidism and thus hearing losses can be maintained 

without further treatment in the embryo. It was deemed appropriate to initiate 

supplementation of thyroid hormone after birth. Since it is a congenital, 

spontaneous mutant model, it is not necessary to create a hypothyroidism by 

treatment of the mother or using chemical, and do not need to use a toxic drug that 

has side effects such as anti-thyroid drugs. Also, we could conduct thyroid 
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hormone replacement that is impossible in models with resistance in thyroid 

hormone.(Thrα, Thrβ, Dio2 mutations) 

 In the previous reports, the phenotype, including duration of survival was clearly 

known that other possibilities could be ruled out. If the embryo is treated with an 

agent and replenished immediately after birth, it would not be easy to survive and 

analyze. We used a model that had little extrinsic factor and appropriate for 

understanding the temporal and spatial expression of critical genes in animal 

model using in situ hybridization. Also, the animal model involving 

hypothyroidism is extremely hard to find, explaining how thyroid hormones affect 

hearing formation during fetal development.  

 

2. Why ossicles got bigger, round window got smaller (Tibia got shorter) 

 

Until now, conductive hearing loss and otitis media have often been reported in 

human, but systematic research has yet to be done. It was observed that the 

mesenchyme remained in the middle ear permanently in the absence of thyroid 

hormone.9 Mesenchyme contains the necessary ingredients for ossicle growth and 

is typically removed during the original developmental process. The ossicle 

exposure time may be extended because of this abnormal attachment of 

mesenchyme. Also, chondrocyte growth was increased by calcification delay of 

ossicles. Therefore, conductive portion is also one of the causes of severe hearing 

loss of this model. It can be also inferred that there could be other effects related to 

susceptibility to middle ear dysfunction or ottis media. There was a study that the 

defect of the external, middle, inner ear were treated with thyroid hormone in 

athyroidism mice, but it failed to recover.21 Therfore, this is the first report that 

middle ear anomaly has been successfully restored by supplementing the thyroid 

hormone.  

It is also the first study that show normal phenotype by supplementing thyroid 

hormones only during postnatal period. 
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3. ROS effect of Duox2 on inner ear? 

 

Duox2 did not appear in both inner ear in database named GenePaint 

(https://gp3.mpg.de) and our microarray data of E14, P0, P8 and P15. (data not 

shown) The recovery of auditory function by supplementing thyroid hormones is 

thought to be the evidence that the hypothyroidism is the primary and immediate 

cause of hearing loss. 

 

4. Co- factor of TSH? 

 

As a result of microarray and GenePaint, TSHR did not appear in the inner ear. 

TSH is unlikely to have an effect. 

 

5. Dosage of T3  

 

There were reports that excess T3 in the early stages of development causes 

deafness, by promoting the programmed apoptosis of the GER as mediated by 

T3-TRβ receptor- mediated mechanism.22 We verified the dosage multiple times 

prior to the experiment. The auditory function and structure were returned to 

normal as a result, indicating the dosage of T3 was appropriate.  

 

6. Further investigation 

 

Thyroid hormone may be related to hearing maintenance, age-related hearing loss 

as well as development of hearing.10,23 The hearing test of the Duox2 mice treated 

with thyroid hormones for 10 months showed that the hearing of the mutant mice 

was 55 decibel and the hearing of the control mice was 45 decibel. 

Follow-up studies with hearing test and in situ hybridization are required to assess 

whether auditory function is maintained. Also, further studies may investigate the 
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role of thyroid hormone in presbycusis. 

 

V. CONCLUSION  

 

Hypothyroidism-induced hearing loss in Duox2 mutants is resulted from 

abnormally thickened tectorial membrane in the inner ear, enlarged middle ear 

ossicles and small round window.  

Exogenous thyroid hormone treatment during neonatal stages can rescue structural 

defects of the inner and middle ears and significantly improve hearing ability in 

Duox2 mutant mice. 
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ABSTRACT(IN KOREAN) 

 갑상선 기능저하증에 의한 청력손실의 병리학적 기전 및  

외인성 갑상선호르몬의 효과 

- Duox2 마우스 모델을 이용하여 

 

<지도교수 최재영> 

 

연세대학교 대학원 의학과 

 

박 세 라 

 

발달 과정에서의 갑상선 질환은 청력 손실로 이어질 수 있다.  

이전의 연구들은 갑상선 기능저하증의 다양한 마우스 모델에서  

개막, 중이, 미로골낭에 결함이 있다는 것을 밝힌 바 있다. 

그러나 갑상선 호르몬의 부족이 어떻게 내이와 중이의 결함으로 

이어져 청력 손실의 원인이 될 수 있을지는 아직 불분명하다. 

본 연구에서는 Duox2 돌연변이 쥐의 갑상선 기능 저하로 인한 

청력 손실의 병리학적 기전을 설명하고, 갑상선 기능 저하로 

인한 청력 손실을 정상화하기 위해 외부에서 갑상선 호르몬을 

공급하였다. 

갑상선 기능 저하로 인한 청력 손실의 병리학적 기전을 

조사하기 위해 이중 산화효소 2(Duox2)의 돌연변이를 가진 

자발적 돌연변이 쥐의 내이를 분석하였다. Duox2는 갑상선 

호르몬 합성에 필수적인 효소로, 인간의 Duox2 유전자의 

돌연변이는 선천성 갑상선 기능저하증의 대표적인 표현형을 

유발하는 것으로 나타났다. 혈청 T4의 수치, ABR 분석에 의한 

청력 역치, 조직학적 표현 형태, 현장 혼성 기법을 이용하여 

유전자 발현 패턴을 평가했다. 

Duox2 돌연변이 생쥐는 갑상선 기능저하증과 성장지체, 심한 

청력손실을 보였고 내이 개막이 심하게 두꺼워졌다. 개막이 

두꺼워지는 기전을 이해하기 위해 갑상선 호르몬에 대한 
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수용체의 표현 패턴을 조사하였다. 또한 중이를 관찰하였을 때 

이소골의 크기가 증가하고 정원창의 크기가 감소한 소견이 

보였다. Duox2 돌연변이의 청력 손실을 구제하기 위해 외부 

갑상선 호르몬을 공급하여 성장이 회복되고 청각 능력이 크게 

향상되었으며 개막, 중이, 정원창이 정상적으로 발달함을 

확인하였다. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                            

핵심되는 말 : Duox2, 갑상선 기능 저하, 난청, 성장 저하, 갑상

선 호르몬  


