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Abstract 

Introduction: In dogs, mitral valve degeneration (MVD) is the most common cause of 

acquired heart disease. MVD is common in small dogs, and its incidence is high in certain 

dog breeds. However, the genetic mechanisms underlying the development of MVD have not 

been elucidated, and no curative treatment has been performed. Treatment of MVD is usually 

medical, but in severe cases, secondary to congestive heart failure, surgery may be performed. 

The prognosis of MVD is limited in patients with congestive heart failure. In recent years, 

surgical treatment for MVD has been performed in dogs, and the prognosis has improved. 

However, to date, information on the risk factors and complications of surgical treatment of 

MVD is limited, and the impact on surgical outcomes is unknown. 

The purpose of this study was to investigate the risk factors for complications and the effects 

of complications on surgical outcomes in order to improve the clinical outcomes of surgical 

treatment of MVD in dogs. Regarding the genetic aspect, we focused on Chihuahuas because 

they have a large population in Japan and account for a large proportion of dogs undergoing 

surgical treatment. Furthermore, we investigated possible genes responsible for MVD in 

Chihuahuas. 

 

Chapter 1 Risk factors for ventricular fibrillation following aortic cross-clamping release 

during mitral valve repair in dogs 

Background: Although hearts with ventricular fibrillation have electrical ventricular 

excitement, the pumping function is lost. If treatment is not immediately successful, fatal 

arrhythmia may develop. In this study, we investigated the risk factors for ventricular 
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fibrillation after releasing aortic cross-clamping, a fatal complication during surgery, with the 

aim of improving surgical outcomes. 

Methods: A total of 237 dogs that underwent mitral valve repair from November 2015 to 

September 2017 were recruited. Crystalloid cardioplegia (CCP) or blood-CCP (BCP) 

obtained by mixing CCP with autologous blood at a ratio of 1:1 was used. The age, body 

weight, left atrial-to-aortic diameter ratio (LA/Ao), standardized left ventricular end-diastolic 

diameter (LVIDDN), aortic cross-clamping time, cardioplegia type, and cardioplegia dose as 

predictors of ventricular fibrillation were recorded. In addition, the effects of different 

myocardial protective solutions were evaluated by comparing the amount of transfusion used 

during surgery, survival rate 1 month after surgery, and effect of reducing the heart size. 

Results: In the group of patients with ventricular fibrillation, body weight, LA/Ao, LVIDDN, 

and aortic block time significantly increased, and LVIDDN was closely related to the 

occurrence of ventricular fibrillation. When BCP was used as the cardioplegic solution, the 

incidence of ventricular fibrillation significantly reduced compared to when CCP was used. 

The incidence of intraoperative blood transfusion was significantly lower in the BCP group. 

One month postoperatively, the survival rate or reduction in the heart size did not differ 

between cardioplegia types. 

Conclusion: High body weight, LA/Ao, LVIDDN, and aortic block time are risk factors for 

ventricular fibrillation after releasing aortic cross-clamping. For cardioplegia, BCP was 

confirmed to be as safe as CCP. Furthermore, the use of BCP reduced the incidence of 

ventricular fibrillation and intraoperative blood transfusion. 
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Chapter 2 Unilateral diaphragmatic paralysis following mitral valve repair in dogs  

Background: The phrenic nerve innervates the diaphragm, the main respiratory muscle. 

Damage to the phrenic nerve causes unilateral diaphragmatic paralysis (UDP), resulting in 

diaphragmatic dysfunction. In this study, we evaluated the incidence and recovery time of 

UDP, which is a postoperative complication, as well as the effect on survival outcomes 

following intraoperative complications. 

Methods: The subjects were 284 dogs who underwent mitral valve repair from August 2014 

to March 2017. In an inspiratory dorsoventral image obtained with chest X-ray the day after 

operation, if the left diaphragm was raised more than one intercostal level from the right 

diaphragm, the patient was diagnosed with UDP. The recovery time was evaluated at the time 

of discharge from the hospital 1 month postoperatively and at the 3-month follow-up. 

Results: In this study, the incidence of UDP was 30.3%. Almost all cases of UDP had 

improved 3 months postoperatively. The presence/absence of UDP was not significantly 

associated with postoperative death. However, the incidence of UDP was significantly higher 

among patients who died of respiratory failure than among patients who died of other causes. 

Furthermore, many patients who died of respiratory failure had respiratory disease before 

surgery. 

Conclusion: Although the incidence of UDP is high after mitral valve repair, there is early 

improvement. The involvement of UDP in the surgical results is unlikely to be a direct cause 

of death, but combined with other respiratory diseases, patients are at high risk of death due 

to postoperative respiratory failure. 
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Chapter 3 Search for candidate genes for mitral regurgitation in Chihuahua 

Background: Mitral regurgitation (MR) is common in the dog breed Chihuahua. Furthermore, 

in the studies reported in chapters 1 and 2, most patients who underwent surgical treatment 

for MVD were Chihuahuas. Therefore, the aim of this study was to perform a survey of 

candidate genes for MR in Chihuahuas. 

Methods: In this study, we recruited Chihuahuas aged 7 years or older. Participants without 

MR or with minimal MR were considered healthy. The MR group comprised patients with 

severe MR and cardiac expansion after developing American College of Veterinary Internal 

Medicine stage B2. DNA was extracted from peripheral blood of each individual, and 

nucleotide sequences of the healthy and MR groups were compared to search for a candidate 

gene for the cause. Polymorphisms were investigated in the serotonin transporter (SERT) 

gene, which is associated with MR in Maltese dogs, and the xeroderma pigmentosum 

complementation group C (XPC) and DCHS1 genes, which are associated with mitral valve 

prolapse in humans, were compared. 

Results: Regarding SERT, the nucleotide sequences of the healthy and MR groups were the 

same in all exon 13 regions examined, and no apparent gene polymorphism was observed. 

In XPC, an adenine-guanine polymorphism was observed at the 902nd amino acid, but the 

polymorphism ratio was not significantly different between the healthy and MR groups. The 

amino acids translated by the adenine-guanine polymorphism were the same. In DCHS1, two 

gene polymorphisms were found in exon 19 equivalents, and one gene polymorphism was 

found in exon 21 equivalents. One of the observed polymorphisms was a missense mutation 

that caused an amino acid change, but there were no differences in the percentage of 
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polymorphisms between the healthy and MR groups. 

Conclusion: Genetic polymorphisms of XPC and DCHS1 were observed in Chihuahuas, but 

their associations with MR were considered to be low. In addition, in this study, no difference 

in the nucleotide sequence of SERT was observed between the healthy and MR groups in 

Chihuahuas, suggesting that the candidate gene may differ across dog breeds. 

 

Summary: We demonstrated the risk factors for typical complications of MVD surgery and 

effects of complications on surgical outcomes and identified candidate genes associated with 

MR in Chihuahuas. High levels of LVIDDN were an excellent risk factor for ventricular 

fibrillation following aortic cross-clamping release, a fatal arrhythmia. BCP, which mixes 

autologous blood with myocardial protective fluid, was found to be an effective method to 

reduce the incidence of ventricular fibrillation. The use of BCP was a new technique 

suggested to improve surgical outcomes. 

Although respiratory failure is known to be a major cause of postoperative death, this study 

revealed that UDP combined with other respiratory diseases increases the risk of death from 

respiratory failure. In addition, UDP occurred at a high rate, and reducing the occurrence of 

phrenic palsy may have reduced the risk of postoperative respiratory failure. The cause of 

UDP could not be established in this study. Future studies should be performed to clarify 

which surgical manipulations cause UDP. 

In addition, we searched for candidate genes for MR in Chihuahua. We examined 

polymorphisms in SERT, XPC, and DCHS1. However, we found no polymorphisms that may 

be involved in the development of MR. 
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The results of this study could contribute to improving the surgical outcome of MVD in dogs 

and reducing the incidence of complications. In the future, we will continue to search for 

candidate genes for MR in Chihuahuas. 
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>=$���(Meurs et al., 2018, French et al., 2012, Stern et al., 2015) ±Ķľʥʣ�¶

Ǳ*ʗ�Ƿ(oI`Un+ɡƉ�=$
:� ƢƷƷǴ+ɕ>=$
(
*�Ĝʯ

%	<�±Ķľʥʣ�¶Ǳ*ƷǴ+¸ȈƷǴ�|ɍǷ%	<�(Keene et al., 2019) 

ʟǱ�*Ąè �!ɔŔŐ�¶?Ȥǵ�<��!ɔŔŐ�¶?ǵǱ��Ǳ�%+ 

�ŉ�Æʫ�=<�&�Ɖ:�&(!$
<(Haggstrom et al., 2008)�ʄĹ Ǜ)



$7±Ķľʥʣ�¶Ǳ)ĥ�<ĊȈƷǴ�ɕ>=<9�)(;(Uechi, 2012) Ċ

ȈƷǴ)9;�ŉ*źö�äȽ&(!�(Uechi et al., 2012, Mizuno et al., 2013)� 

  �*±Ķľʥʣ�¶Ǳ*ĊȈƷǴ+±ĶľńŜɖ&±ĶľȭŶɖ�ɕ>=$


<(Enriquez-Sarano et al., 2009)�±ĶľńŜɖ+�Įľ?�ǧ�<±ĶľȭŶɖ&Ʊ

0<&ʬ¸Ư�Ǡ*�© �Įľ*ƩȽ�¶8řƝǱ('*è�Ǳ?øʘ�<�&

�äȽ%	<(Thourani et al., 2003)�3�ʤƐǷ(ŤɔƟǴƹ*őɜ�(
&
�Å

ǔ7	; Ǜ*±Ķľʥʣ�¶Ǳ*ĊȈƷǴ&�$±Ķľ¦ōɖ�ʖŦ�=<�&

�ċ
�±Ķľʥʣ�¶Ǳ*ŠɖƯ�Ǡ)ʨ><è�Ǳ+Ő�¶ ¾ɔ Ő¸Ʌǒ 

ïì�¶ ɔƟąƟǱ Ɂ�¶('�ăî�=$
<(Reisman et al., 2019, Christakis 

et al., 1985)���� Ǜ)
�<±Ķľʥʣ�¶Ǳ*ĊȈƷǴ)ʨ><sTLùė
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8è�Ǳ)ʨ�<Ŗă+Ī(� �=:*ŠɖŜȪ/*Ņʺ+�Ɖ%	<� 

  ČÒȾʕƁɡʭ)ǵǥ�<ŐĞȞÒ+ɖŉ*Ő�¶)ʨʋ�<ʟɜ(ŐɇŠɖ

*è�Ǳ* 1"%	<�ČÒȾ*ʕƁɡʭŉ)ǵǥ�<ŐĞȞÒ+ŐȓȞȻ*ɓɔ


9-ɓɔ¹Ǒƾʰğ)ɺù�$
<&ȴ�:=(Manning and Hearse, 1984) Őȓ

ʝȜǀɶʠ ŐȓĈŁÌ 
9-Őȓ¸AR_{RT*ćÎ�Ýù&�=$
<

(Mauermann et al., 2012)�ŐĞȞÒ�ǵǥ��Ąè ƷǴ&�$ʵƳǷʭȞÒ�ɕ>

=<� ʵƳǷʭȞÒ+Őȓʰğ?ũ� ɖŉ*ŐƩȽ*�~8�žȾ*Ýù&(

<�&�ăî�=$
<(Doherty et al., 1979, Yamaguchi et al., 2002)� 

ƨʮȆȡˉǲ+ïìƩȽ)Ņʺ�<ŐɇŠɖ*è�Ǳ%	<� �´8ĩ´%ǵ

ǥ��Ąè ʟȖ(ïìʰğ)"(�<�&�Ǿ:=$
<(Affatato et al., 1988, 

Haller et al., 1979, de Leeuw et al., 1999)�ƨʮȆȡˉǲ���<ɖŉ/*Ņʺ&�$ 

ÒȾɔʝȜÀü*�~ ɦ �ƷǴƐʧ8µʬƐʧ*Ľʤ�ăî�=$
;(Fujimura 

et al., 1995, Lemmer et al., 2006) ĩ´ŐɇĊȈ%+ ɖŉ*ïì�¶*sTLùė&

(<�&�Ɖ:�)(!$
<(Amin et al., 2001, Bandla et al., 1999, de Leeuw et al., 

1999)� 

��%ƔȀȍ%+ Ǜ*±Ķľ¦ōɖ*ŠɖŜȪ*ê}?ǺǷ) ɖŉ*Ő�¶

&ïì�¶)ĢŴ)ʨ><&ȴ�:=<ČÒȾʕƁɡʭŉ)ǵǥ�<ŐĞȞÒ̀ ȑ

1Ȑ  ̩ɖŉ)ǵǥ�<ƨʮȆȡˉǲˋȑ 2Ȑˌ)"
$Ƥɤ��� 
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ƔȀȍ%+�:)±Ķľʥʣ�¶Ǳ*ƢƷƷǴ?Ĝǡ�<�6 ǯŕ*ǵǥoI

`Un*ɡƉ?ǺǷ)±Ķľʥʣ�¶Ǳ)ʨ��<Ýù¨əʗ�ė*ɮƞ?ĜƄ

��ˋȑ 3 Ȑ �̩±Ķľʥʣ�¶Ǳ*ēǵǛȋ*�%7 �ǪǷ)±Ķľʥʣ�¶

Ǳ*ǵǥ�ċ� ɈĺǷ)ʔʏ�<Ʃ�*ċ
Zww)ǽǺ� Ƥɤ?ɕ!�� 
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D 1C 

 

6��%(�+J�� ���IO1LU*�=9�� 

,"F���
	���3M 
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1. ȧɢ 

ŐĞȞÒ+ʃʉ%ǕȊĻ(ŐĞɮň)9; ŐĞȓ*éɮŔ�Đ>=�ǰŚ%	

<(Hall and Ebooks Corporation, 2013)�ŐĞȞÒƊ+ʵƳǷ(ŐĞ*ɌĒ+ɫ6:=

<7** Őɇ*kxhƩȽ+Đ>=�ǜŚ%	; �48�)ƷǴ�ŜÍ�(


Ąè ɋƯŔ*�žȾ%	<�ŐɇŠɖ)
�<ŐĞȞÒ+ Ő¬ƫ�*Őȓɓɔ

8ɓɔ¹Ǒƾʰğ�Ýù&(; �%*ǵǥǠ+ 11�80%&ăî�=$
<(Fiore 

et al., 1990, Baraka et al., 2000, Mita et al., 2019)�ɖ�)ŐĞȞÒ�ǵǥ��Ąè Ʒ

Ǵ&�$ʵƳǷʭȞÒ�ɕ>=<� �=+ŜÍ�ȁĜ%	<ƷǴƹ%+(
�3

� ʵƳǷʭȞÒ+Őȓʰğ)"(�; ɖŉ*ŐƩȽ*�~8�žȾ*Ýù&(

<�&�ăî�=$
<(Doherty et al., 1979, Yamaguchi et al., 2002)��*�6 ČÒ

ȾʕƁɡʭŉ)ǵǥ�<ŐĞȞÒ*ǵǥ?�ǈ�<sTLùė?Ɖ:�)�<�

&+�ŉ*ŵě)ņȏ  ŐĞȞÒ*ǵǥ?ǆĪ��<�&+ŠɖŜȪ*ê})"

(�<&ȴ�:=<� 

ƔȀȍ*ǺǷ+ Ǜ*±Ķľ¦ōɖ)

$ ČÒȾʕƁɡʭŉ)ǵǥ�<ŐĞ

ȞÒ*ǵǥǠ
9-sTLùė?Ɖ:�)�<&&7) ɖ�*Őȓ¤ɲ)ʟɜ(

ņË?Ũ�Őȓ¤ɲǁ)ǽǺ� Őȓ¤ɲǁ*ȋˁ*İ)9<Šɖ)��<Ņʺ?

ɩ �<�&%	<� 
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2. ƕƀ&ƃƹ 

ŉƅ·ʦ 

 

3. ȢƜ 

ŉƅ·ʦ 

 

4. ȴĤ 

ŉƅ·ʦ 

 

5. ĩū 

ɪȞ+ŉƅ·ʦ&�<� Ǜ)
�<±Ķľ¦ōɖ*ɖ�*ɋƯǷ(è�Ǳ*,

&"%	<ČÒȾʕƁɡʭŉ)ǵǥ�<ŐĞȞÒ)"
$ LVIDDN�ɖÈ*sT

Lùė&(<�&�Ɖ:�&(!��3�Őȓ¤ɲǁ&�$ɔǁIt]BHhuS

A?�ǧ�<�&+ ƌɹǁIt]BHhuSA&Ʊɿ� ČÒȾʕƁɡʭŉ*Ő

ĞȞÒ*ǵǥ?ǆĪ�� ɔǁĳʞÑƜ�ĩ�
�&�:ĩĀǛ)ʓ��Őȓ¤ɲ

ǁ%	<�&�ȃ�=�� 
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D 2C 

 

6��%(�+J*�=9��4V?GX<� 

J*9 8��)W�S��3M 
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1. ȧɢ 

ƨʮȆȡ+�(ïìȓ%	<ƨʮɅ?Źʛ�<ʟɜ(Ȇȡ*,&"%	<(Laghi 

and Tobin, 2003)�ƨʮȆȡ*ŷ¯+ƨʮɅ*ƩȽ�¶)"(�; ƨʮɅ*ǘ®3

�+�®*ˉǲ?ŀ�ɺ���&�Ǿ:=$
<�ƨʮȆȡˉǲ+Ċ¯ Ȇȡǯŕ 

¸ÀƸǯŕ ɂǳ*ƨʮȆȡ/*ƿǎ8üʅ('Ʀ�(Ýù)9;ǵǥ�<�

(Ricoy et al., 2018) ŐɇŠɖ*è�Ǳ&�$*ǵǥ7ăî�=$
<(Gaissert and 

Wilcox, 2016)�ƨʮȆȡˉǲ+ȼʚ XȨƤƞ)9;ƨʮɅ*ìƳƊ*Ů}&�$Ƥ

¾�= XȨʈɟƤƞ8ɻʹƺƤƞ%ɨƁ�=<(Joho-Arreola et al., 2005, Nason et 

al., 2012, Gerscovich et al., 2001)�ƨʮȆȡˉǲ+ÒȾɔʝȜÀü*ǆĪ*Ýù&(

; �ĮïìȕǢƊʧ*Ľʤ8ʱ�ƷǴȕǢƐʧ*Ľʤ)ʨ��<(Fujimura et al., 

1995, Lemmer et al., 2006)�3�ƨʮȆȡˉǲ+ɖŉ*ïì�¶*�ŉùė&(<�

&�Ɖ:�&(!$
<�(Amin et al., 2001, Bandla et al., 1999, de Leeuw et al., 1999)� 

ǟÖǴ)

$ ƨʮȆȡˉǲ)ʨ�<ăî+1&@'(� ŐɇŠɖ*è�Ǳ

&�$ ƨʮȆȡˉǲ�ŠɖŜȪ)��<Ņʺ+�Ɖ%	<�ƔȀȍ*ǺǷ+ Ǜ

*±Ķľ¦ōɖ)
�<ƨʮȆȡˉǲ*ǵǥǠ øōƊƐ Ư�Ýù&*ʨʋ?ɩ

 � ƨʮȆȡˉǲ*ŠɖŜȪ/*Ņʺ?Ɖ:�)�<�&%	<� 
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2. ƕƀ&ƃƹ 

ƔȀȍ+ƅƔ'�."³ʌÖǴȀȍşơĿ�ȄɈĺȀȍªǢĕô�*šɫ?ŋ

$ Ĝˆŭʡ)Ă#�ɕ>=�ˋšɫǭæː170420-3 �̩ 

 

(1) Ǳ� 

2014Ĺ 8Ǝ�: 2017Ĺ 3Ǝ3%) JASMINE'�."Ŏǣ÷ǰVxX{?ãɨ

� ŃƄɦ%±Ķľʥʣ�¶Ǳ*ƷǴ*�6±Ķľ¦ōɖ?ĜƄ��Ǜ?ĥɳ)ø

˂Ƿ)ɮƞ?ĜƄ���±Ķľ¦ōɖ+ʐÞ)�!ɔŔŐ�¶*ǵǱƮ*	<Ǳ�

3�+ĦƘǷ)�!ɔŔŐ�¶?ǵǱ�<äȽŔ�ˈ
&ÄƁ�=�Ǳ�?ʓœ

&���ƔȀȍ+Ãø*±Ķľ¦ōɖƊ*Ɉĺ]{X*4?ĥɳ&� ¹ŠɖƊ*

Ɉĺ]{X+ʭĊ��� 

 

(2) ±Ķľ¦ōɖ 

±Ķľ¦ōɖ+ȑ 1 Ȑ*Ǳ�&ƃƹ*ˋ2ˌ&éƦ*ɖĿ?ɕ(!��ʦȼ+�

0$*Ǳ�)

$įȷʧAhv{Z?ĜƄ���3�ŐɅÁʦ*ŠŢ+ ŐɅ*

Áʦʚ�+ƨʮȆȡ*Ʉ®&� ŐɅ*ɔȕ?ʵƳoT%ƫɔ� ʵƳoT3�+

É¿?ǧ
$ŐɅ?Áʦ���ɖŉ+ʝȜĞN{S%ȕǢ� ìµʝȜǐļ? 40�

25%%ȕǢ��Ɛʧ?ʱ�ƷǴƐʧ&���ʝȜN{S�:ʳɀ� |ɍǜŚ*ź

ö�ɫ6:=�Ɗǔ%ʆʬ&��� 
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(3) ƨʮȆȡˉǲ*ɨƁ 

ƨʮȆȡˉǲ*ɨƁ+ȼʚ X ȨƤƞ)9;ɕ(!��Šɖȱƅ*ȼʚ X ȨƤƞ

ìƳƊȺ®°% ƨʮɅįȿ�åȿ9;7 1ȷʧ�}Ů}�ɫ6:=�Ąè ƨʮ

Ȇȡˉǲ&ɨƁ��̀ û 1 �̩3�ɖÈ*Ɗǔ%ƨʮɅ*ˈ�)įåİ?ɫ6�Ǳ�

%+ ɖÈ&Ʊɿ�ƨʮɅįȿ� 1ȷʧ�}Ů}?ɫ6�Ąè ƨʮȆȡˉǲ&ɨ

Ɓ����0$*Ǳ�%ɖÈ Šɖȱƅ ʆʬƊ ɖŉ 1yƎ ɖŉ 3yƎ*Ɗǔ

%ȼʚ XȨƤƞ?ĜƄ� çƤƞƊǔ%*ƨʮȆȡˉǲ*ƏǕ?ɩ ��� 

 

(4) ŠɖŜȪ 

ŠɖŜȪ+ʆʬǠ ɖŉ 3yƎ*Ɗǔ%*ǥĘǠ?ɩ ���Ư�Ýù)"
$ 

ïì�¶+ÐÌïì?í� �ʝȜɔǱ�	; ʝȜǴƹ%źö�ɫ6:=�Ư�

��Ǳ�&ěȰ����ʝȜɔǱ+ȡǹǷʝȜ˅ñļ?ǧ
$ɩ � ȡǹǷʝȜ

˅ñļ� 90%�~%�ʝȜɔǱ&ɨƁ��� 

 

ˋ5ˌ ȣɣęǷɡƚ 

¶$*]{X+ Shapiro WilkƤě?ǧ
$ƬɞŔ?ɩ ���ʋȤĉŽ]{X+

]{X*ÀĲ)9;ĸÿ© ± ƧǊ«İ3�+�ď©̀ ƍĩˍƍČ %̩ɗɥ���ƨ

ʮȆȡˉǲ*ƏǕ)"
$ ʋȤĉŽ*Ʊɿ+lxziC[^`{* UƤě?ǧ


��ƨʮȆȡˉǲ*ƏǕ& 2ʼĉŽ]{X&*ʨʋ)"
$+IC 2�Ƥě3�+

fB[Rp{*ƬȁȁǠ?�ǧ� ʱ�ƷǴƐʧ µʬƐʧ Ư�ƅŽ Ư�Ýù
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&*ʨʋ)"
$+ 2ʼvST\B[LøĴÀƚ?ɕ(!��çƤěȢƜ+ p < 0.05

%ȣɣęǷƏŘİ�	<7*&4(���¶$*ȣɣɡƚ+ IBM SPSS Statistics 

version 24.0 for MacˋFTze{zFTzFTơĿ�Ȅ RIP AosIˌ?ǧ


$ɕ(!�� 
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3. ȢƜ 

ƔȀȍ%ĥɳ&(!�Ǳ�+ 294ʾ%	!���*�%Šɖȟ�Ɗ�:Šɖȱƅ

*ȼʚXȨƤƞĜƄ3%)Ư��� 10ʾ?ʭ
� 284ʾ)"
$ɮƞ?ɕ(!��

Ǜȋ*Ëè+Zww�ƍ7ċ�ˋn=133  ̩KpbsAzKxMZp{tUzTc`

Ft̀ n=26  ̩̂ Czh{_t̀ n=21  ̩kor`Ax̀ n=19  ̩R{zU{̀ n=13  ̩

ltZ{Uˋn=12  ̩m`ZqAzY[LTfx_ˋn=11  ̩�*�țǛȋˋn=29  ̩

ʲȋˋn=20ˌ�ë3=��ɖÈ*�ʟ Ĺˊ ȼʚ XȨƤƞ ŐɇɻʹƺƤƞ]{

X Šɖ�]{X+ɗ 5)ȃ��� 

ƨʮȆȡˉǲ+ 284 ʾ� 86 ʾ%ɨƁ� ǵǥǠ+ 30.3%%	!��ƨʮȆȡˉ

ǲ+�0$į®%ɫ6:=��ɦ �ƷǴƐʧ+ƨʮȆȡˉǲȮŕȯ% 4 ƅ̀ 2 - 9ƅ  ̩

ƨʮȆȡˉǲʷȮŕȯ+ 3ƅˋ2 - 18ƅˌ%	; 2ȯʧ%ƏŘ(İ+ɫ6:=(�

!�ˋp = 0.166 �̩µʬƐʧ)

$7 ƨʮȆȡˉǲȮŕȯ+ 6ƅˋ4 – 14ƅ  ̩

ƨʮȆȡˉǲʷȮŕȯ+ 6ƅˋ4 – 32ƅˌ& 2ȯʧ%Ɖ:�(İ+ɫ6:=(�!

�̀ p = 0.177 �̩3�ʱ�ƷǴƐʧ
9-µʬƐʧ*ʤ�+ƨʮȆȡˉǲ*ƏǕ)Ņ

ʺ�=(�!�ˋOR: 1.07, Cl: 0.88 - 1.23
9- OR: 0.95, Cl: 0.83 - 1.08 �̩ ƨʮȆ

ȡˉǲ*ȮŕŽ
9-ȮŕǠ+ʆʬƊ)+ 64 ʾˋ22.5%  ̩ɖŉ 1 yƎƤɨƊ)+

23ʾ(8%) ɖŉ 3yƎƤɨƊ%+ 1ʾ(0.3%)%	!�� 

ŠɖŜȪ&�$ Šɖȱƅ�:ʆʬ3%) 21ʾ�Ư�����* 21ʾ*� ƨ

ʮȆȡˉǲ?Ȯŕ�$
�Ǳ�+ 10 �%	!��ƨʮȆȡˉǲ&ʬ¸Ư�Ǡ)Ɖ

:�(ʨʋŔ+ɫ6:=(�!�ˋOR: 2.20, Cl: 0.89ˍ5.39 �̩Ư��� 21ʾ*Ýù
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+ïì�¶� 9ʾ ɔƟąƟǱ� 4ʾ Ő�¶ �žȾ Ɇǒ ŻɔǱ��=�=

1 ʾ%	!��4 ʾ*Ǳ�%+Ɖ:�(Ư�Ýù+�Ɖ%	!��ïì�¶%Ư�

�� 9ʾ*� 8ʾ%ƨʮȆȡˉǲ*Ȯŕ�ɫ6:=��Ư�Ýù?ïì�¶&�

=�Ċ*Ư�%Àˁ��ȢƜ ƨʮȆȡˉǲ*Ȯŕ+ïì�¶Ư�Ǳ�%ƏŘ)ċ


�&�ɫ6:=̀ p = 0.002  ̩ƨʮȆȡˉǲ+ïì�¶&ƏŘ(ʨʋ�ɫ6:=�

ˋOR: 10.5, Cl: 1.36ˍ81.0, p = 0.024 �̩ƨʮȆȡˉǲ&Ư� ʱ�Ɛʧ µʬƐʧ&

*ʨʋ?ɗ 6)ȃ��3�ïì�¶%Ư��� 9ʾ*�  7ʾ+òʾƳʑʥąǱ

¨ȯ ʟļ*Ƴȕɓɀ ȹƴɂ ȹgr?Ə�$
�ˋɗ 7 �̩ 

ʆʬŉ 6ʾ*Ǳ�%Ư��ɫ6:=��Ư�Ýù+ 5ʾ�ȎǖƯ%	; 1ʾ�

Ő�¶%	!��¶�*ŠɖŜȪ)"
$ ɖŉ 3 yƎ*Ɗǔ% 37 ʾ*Ư��ɫ

6:= ǥĘǠ+ 87.4%ˋ37 / 294ˌ%	!�� 
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4. ȴĤ 

ƔȀȍ)

$ ƨʮɅˉǲ+±Ķľ¦ōɖ?ã��Ǜ*Ț 30%%ɫ6:=��

Öęʽā%+ ŐɇŠɖŉ)ǵǥ�<ƨʮȆȡˉǲ*ǵǥǠ+ 0.8�12%&ăî�

=$
;(Amin et al., 2001, Bandla et al., 1999, de Leeuw et al., 1999, Mok et al., 1991, 

van Onna et al., 1998) Ǜ)

$ɖŉ*ƨʮȆȡˉǲ+ǵǥǠ*ˈ
è�Ǳ%	<

�&�Ɖ:�&(!��Öęʽā%+ ɖ�*ƨʮȆȡ*ÁƁ8ůǌ ƨʮȆȡ*

�Ł3�+ʦŐɖ�)
�<Őȓ¤Ę*�6*Őɇ*ĭş»Ü)9!$ɬǵ�=

<ƨʮȆȡ*ŷ¯�ƨʮȆȡˉǲ*Ýù&ȴ�:=$
<(Lemmer et al., 2006)��

*�%7Őɇ*ĭş»Ü)��ƨʮȆȡ/*ģ»ÇǏ�ƨʮȆȡˉǲ*�Ýù&


>=$
<(Dimopoulou et al., 1998)���� ƔȀȍ%+ ʦŐɖ�*Őɇ*ĭş

»Ü&�$Ƶ8ǥǢ˃Ćƴ?�ǧ��Ǳ�+��ĪŽ%	!��3�ƨʮȆȡˉǲ

+Ŝ�&Ʊ0ĩ´%ǵǥǠ�ˈ� ȷʧʦȼ)9<�¡ɛŐɇŠɖ%+ ȼˇƬ�

Áʦ9;7ƨʮȆȡˉǲ*ǵǥǠ�ˈ
�&�Ǿ:=$
<(Cheng et al., 2011)�Ɣ

Ȁȍ%ĥɳ&(!�Ǳ�+�0$įȷʧAhv{Z)9<ʦȼƹ?ʖŦ���3�

ƔȀȍ*Ǳ�*�ʟ+1&@'� 5 kg ƒǉ&ĩĀ%	; ʦȼƃƹ&Ǳ�*Č�

�*ʒ
+ƔȀȍ%ƨʮȆȡˉǲ*ǵǥǠ�ˈ�!��&*ɜù&(<äȽŔ�

ȴ�:=��ƔȀȍ%+ƨʮȆȡ*ŷ¯)"(�<ŠɖŠŢ?ǚě�<�&+%�

(�!��Ǜ*±Ķľ¦ōɖ)
�<ƨʮȆȡ?ǇĘ�<ŠɖŠŢ*ȁȏ)+�:

(<ɮƞ�őɜ%	<&ȴ�:=<� 

ƔȀȍ%+ ƨʮȆȡˉǲ?Ȯŕ��Ǳ�*×Ž�}�Šɖ�: 1�Ǝ�¸)ƨ
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ʮȆȡˉǲ*øō�ɫ6:=���:)Šɖŉ 3�Ǝ�¸*12�0$*Ǳ�%ƨ

ʮȆȡˉǲ*øō�ȁɫ�=���%+ƨʮȆȡˉǲ*ɖŉ*øō)őɜ(Ɗʧ+

5�12yƎ%	<�&�:(Amin et al., 2001, Bandla et al., 1999, de Leeuw et al., 1999, 

Mok et al., 1991, van Onna et al., 1998) Ǜ*±Ķľ¦ōɖŉ)ǵǥ�<ƨʮȆȡˉǲ

+ƱɿǷƇƐ)øō�<�&�Ɖ:�&(!���*�&�:7�)
�<ƨʮȆ

ȡˉǲ*Ýù&ƔȀȍ%ǵǥ��ƨʮȆȡˉǲ*Ýù+Ǯ(<äȽŔ�ȴ�:=

�� 

ƨʮȆȡˉǲ*ƏǕ+ ɖŉ*ǥĘǠ ʱ�ƷǴƐʧ µʬƐʧ&*ǻŴǷ(ʨ

ʋ+ɫ6:=(�!�����ïì�¶%Ư��� 9ʾ*� 8ʾ%ƨʮȆȡˉǲ

�ɫ6:= ƨʮȆȡˉǲ+ïì�¶&ʨʋ�$
<�&�Ɖ:�&(!��3�

ïìúʴ%Ư���Ǳ�*ċ��ɖÈ�:�*ïì÷ǯŕ?�ǵ�$
��ïì�

¶%Ư��� 9Ô*Ǜ*� 4Ô�Zww%	!�� �* 4ʾ*� 3ʾ+ ɖ

È�:}Ƴʑʥą?Ə�$
��}Ƴʑʥą+ CxMs[Rqgt_[M cM 

jT^x\sA('*ǿʾǛ%|ɍǷ)ɠĤ�=<�(Packer and Tivers, 2015, 

Emmerson, 2014) Zww8R{U{)

$7}Ƴʑ8òʾƳʑ*ʥą*Ȝù?Ŭ

"�&�ăî�=$
<(Dupre and Heidenreich, 2016)��=:*Ǜ+ʾɑ�ʾĬ®

ƃê)ǿ�(; òʾ)ʐÊ(ɽȠȬ�ǥ�<ǚŏ?Ə�$
<(Emmerson, 2014)�

}Ƴʑʥą?Ə�<Ǜ%+ÒȾɔʝȜÀü*ǆĪ&ÒȾɔ�ʝÓǓȜÀü*}ƈ

�ăî�=$
;(Hoareau et al., 2012) ƔȀȍ*Zww*|ʚ+ ɖÈ
9-ɖŉ

*}Ƴʑʥą)9!$ìƳÐÌ�ǥ� éƦ*Ņʺ?ã��äȽŔ�ȴ�:=��
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3�ʟļ*Ƴȕɓɀ8ȹƴɂ?Ə��Ǳ�7ɖŉ*ïì�¶*Ýù*,&"&(

!�&ȴ�:=���}*�&�: ƨʮȆȡˉǲ+Úǝ%+ïìƩȽ/*Ņʺ+

ĩ�
� �*ïì÷ǯŕ&è��<�&%ɖŉ*ïì�¶)9<Ư�sTL*ć

Î)ʨʋ�<�&�ȃõ�=�� 
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5. ĩū 

ƨʮȆȡˉǲ+Ǜ*±Ķľ¦ōɖ)

$ǵǥǠ*ˈ
è�Ǳ%	<�&�Ɖ

:�&(!��ƨʮȆȡˉǲ*ŠɖŜȪ/*Ņʺ&�$ ƨʮȆȡˉǲ+Úǝ%+

ɖŉ*Ư�Ýù&(<äȽŔ+�
� �*ïì÷ǯŕ&è���Ąè ïì�¶

)9<Ư�sTL?ˈ6<�&�ȃ�=�� 
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1. ȧɢ 

Ǜ)
�<±Ķľʥʣ�¶Ǳ*ȮŕǠ+Ĺˊ&óȋ)ʨʋ�$
<�&�Ǿ:

=$
<�ēǵǛȋ&�$Ů�:=<*+KpbsAzKxMZp{tUzTc`

Ft Y[LTfx_ m`ZqAz^Ch{_t('%	<� ƔȀȍ*ȑ 1Ȑ 

ȑ 2Ȑ)

$ ±Ķľ¦ōɖ?ã��Ǜȋ*�%ƍ7ʾŽ*ċ�!�7*+Zw

w%	; Ț×Ž?Û6$
��Zww+ƅƔ)
�<�ƳǛȋ*,&"%	<� 

�*�ƳǛȋ%	<h{_t8Y[LTfx_&Ʊ0$7±Ķľ¦ōɖ?ã��

ʾŽ+ċ� Zww7±Ķľʥʣ�¶Ǳ*ēǵǛȋ%	<&ɢ�<��=3%Ʀ�

(Ǜȋ&±Ķľʥʣ�¶Ǳ*ʗ�Ƿ(ʨʋ)"
$ɮƞ�ɕ>=$��� Ɖ:�

(Ýùʗ�ė*ǚě)+Ɋ!$
(
�3�ʐÞ)Zww&±Ķľʥʣ�¶Ǳ*ʨ

ʋ?ɮƞ��Ȁȍ+(� Zww)
�<±Ķľʥʣ�¶Ǳ*ʗ�Ƿ(ȺƋ+�Ɖ

%	<� 

Vv^`x^rxTk{X{̀ SERT ʗ̩�ė+Ʀ�(Őɔȕʰğ&*ʨʋ�ăî

�=$
<Vv^`x*ƩȽɮž?Ũ� SERT*èŜ)ʨ��$
<ʗ�ė%	<

(Levy et al., 2008)�SERTʗ�ė*ǵǡʠ+ɈĺǱǜ?í��±Ķľʥʣ�¶Ǳ*Ǜ

%}ƈ�$
<�&(Cremer et al., 2015) Vv^`x*ţ�)9;ɬǵ�=<ľ*

ȠȬęǷ(ĉÓ&±Ķľʥʣ�¶Ǳ*Ǜ*ľ*ƥʊ�ˁ��$
<�&�:

(Darmon et al., 2015, van den Berg et al., 2005) Ǜ*±Ķľʥʣ�¶Ǳ) SERTʗ�ė

�ʨʋ�$
<&ȴ�:=$
<�3�±Ķľʥʣ�¶Ǳ*Ǜ%+ɔǅ� ɔĩƙ 

±Ķľ įŐĞȠȬ�)

$7Vv^`xǐļ�}ƈ�$
<�&�ăî�=$
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<�&�:7(Arndt et al., 2009, Cremer et al., 2014) Ǜ)

$±Ķľʥʣ�¶Ǳ

*ǰŚ)Vv^`x�ǂ�ʨ>!$
<�&�ȃõ�=$
<� 

XPCʗ�ė+ ȞȻćư&Ak^{RT*brxT?ȥŬ�<ʟɜ(ņË?Ɯ�

�$
<ʗ�ė%	<(Sugasawa et al., 1998, Legerski and Peterson, 1992, Li et al., 1996)�

XPC ʗ�ė+ȞȻćư&Ak^{RT*brxT?ȥŬ�<}%ʟɜ(ņË?Ũ


(Wang et al., 2004) XPCʗ�ėċĀ+ p533�+ p53)�Ę�(
Ak^{R

Tȡɼ*ƽŔÓ?��$ DNAŷ¯?£ʌ�<�&�Ǿ:=$
<(Adimoolam and 

Ford, 2002)��)

$ Őɇ)
�<Ak^{RTȡɼ*ƽŔ+ČÒȾľǯŕ8

±Ķľǯŕ('*ŐɇľɅǯŕ*ǵǱ)ʨ¢�<�&�Ɖ:�&(!$
; XPC

ʗ�ėċĀ+±ĶľʍɀǱ*sTL?ćÎ��<�&�ăî�=$
<(Yigin et al., 

2015)� 

DCHS1ʗ�ė+�*±ĶľʍɀǱŕȵ?ë5ċ��Ġș*ɮƞ)9;ǵɝ�= 

ʗ�Ŕ*ʷǱ¨Ŕ*±ĶľʍɀǱ*ǵǱ)ʨ��$
<&ȴ�:=$
<ʗ�ė

%	<(Durst et al., 2015)� 

ƔȐ%+Zww*±Ķľʥʣ�¶Ǳ*ʗ�Ƿ(ȺƋ?Ɖ:�)�<�&?ǺǷ

) Ǜ)

$±Ķľʥʣ�¶Ǳ&*ʨʋ�ɫ6:=$
< SERTʗ�ė �)



$±ĶľʍɀǱ&*ʨʋ�ăî�=$
< XPCʗ�ė DCHS1ʗ�ė)"
$

Ƥɤ?ɕ(!�� 
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2. ƕƀ&ƃƹ 

(1)  ĥɳ 

7ƭ�}*Zww?ƔȀȍ*ĥɳ&� ­ĵȯ&±Ķľʥʣ�¶ǱȮŕȯ% SERT

ʗ�ė XPC ʗ�ė DCHS1 ʗ�ė*ʗ�ċĀ*ƏǕ ʗ�ėċĀ*ǵǥʿļ)

"
$Ʊɿ?ɕ(!��­ĵȯ+ȶɨ%Őʲʹ�ɫ6:=(
 3�+į®Őīʚ

?ƍłǔ&�<Őʲʹ�ȶâ�=��Őʲʹ*łļ+ grade 1 �~ ŐɇɻʹƺƤ

ƞ%±Ķľʇƾ+ɫ6:=<� ʇƾʠ+��ɾļ%	!�§�?­ĵȯ&���

±Ķľʥʣ�¶ǱȮŕȯ+ ʟļ*±Ķľʇƾ�ɫ6:= ŐŪČ?í�� ACVIM 

stage B2�ʪ*Ǳ�?ĥɳ&���Ƥ�+�=�=*§��:ŋ�Ɠƣɔǁ?�ǧ

���Ųɔʠ+ 0.5 ml %	; Ƥ�+Ųɔŉ�48�) EDTA-2Na Ųɔȕ)ƻµ

� -20�%»½¤ȕ?ɕ!�� 

 

(2)  DNAŧ¾ 

� Pure gene® Blood Core Kit A (QIAGEN)?ǧ
 Ǆ�*l`qAt)Ŋ!$Ɠƣ

ɔǁƤ��: DNA*ŧ¾?ɕ!��|ʚƤ�)"
$+ɔǁʠ�l`qAt*

300µL�~�!��6 Ųɔ�=$
�¶ʠ(100µL�300µL)?ǧ
��DNA*

ƍȟǋĖ)+ǌɏɐǫƴ 100µL?ǧ
�� 
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(3)  ɮƞ��ʗ�ėʽā 

SERTʗ�ė)"
$ ĆĂʛÂ*Ʊɿʽā+XxcLɹ*èŜ)ʨ�)Č��

ʨ><FLWxʚÀ)"
$ĜƄ���XPC ʗ�ė)"
$+�%±Ķľʍɀ

Ǳ&*ʨʋ�ăî�=$
< 939 ǭǺ*Amaʝ*ʗ�ėċĀ)ǽǺ� Ǜ)



$éʚ�?ë5 16 ǭǺ*FKWx)"
$ĆĂʛÂ*Ʊɿ?ɕ(!��

DCHS1 ʗ�ė)"
$7éƦ) �%ʗ�ėċĀ�ăî�=$
< 19 21 ǭ

Ǻ*FLWx*ǼŃʚ�?ë59�hrCl{?ɦɣ� ĆĂʛÂ*ɮƞ?ɕ

!�� 

 

(4)  PCRàœß-R{LFxT)9<ĆĂʛÂ*ƶě 

� �ǧ��hrCl{ʛÂ&�=�=*A`{sxMǇļz�ʤàœƊʧ+ɗ

8)ɥʀ���PCRàœ+ Ex Taq® Hot Start Version (TAKARA BIO)?ǧ
 Ǆ�

*l`qAt)Ŋ!$ÃƐǗĉŔ? 95� 3Àʧɕ!�ŉ ǗĉŔ? 95� 30ȉ

ʧ ɗ 1-3)ɥʀ��hrCl{�&*A`{sxMǇļ% 30ȉʧ �ʤàœ

? 72�%ɗ 1 )ɥʀ��hrCl{�&*�ʤƊʧ*V[^? 35 QCLtɕ


 ƍȟàœ&�$�ʤàœ 72� 3Àʧ*Ɨ�%ɕ!�� 

� PCRǦǙ 5µL& 10× Loading Buffer (TAKARA BIO) 1µL?ǃè��7*? 

1.5%AJv{TOt?ǧ
$ʵƳƼÒ� FZSDngvlC_%ƝɎ� UV

rC^)9;äɟÓ�$ǺǷ*ćķǦǙ�ŋ:=$
<�?ȁɫ��� 

� ćķǦǙ*ȁɫŉ PCR ǦǙ? exonuclease I ( Wako)& shrimp alkaline 
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phosphatase (TAKARA BIOˌ?ǧ
$Șɚ���Big Dye ® Terminator v3.1 Cycle 

Sequencing Kit (Thermo Fisher Scientific))9!$QCLtR{LFxT?ǧ
 

Big Dye® X Terminator™ Purification Kit (Thermo Fisher Scientificˌ?ǧ
$Șɚ

� ABI PRISM 3130 Genetic Analyzer (Thermo Fisher Scientific))9!$ʛÂ?ƶ

ě��� 

 

(5)  ȣɣęǷɡƚ 

­ĵȯ&±Ķľʥʣ�¶ǱȮŕȯ*ʗ�ėċĀ*ǵǥʿļ*Ʊɿ+ eAWx*I

C 2�Ƥě?ǧ
��ƤěȢƜ+ p < 0.05%ȣɣęǷƏŘİ�	<7*&4(���

ȣɣɡƚ+ IBM SPSS Statistics version 24.0 for MacˋFTze{zFTzFTơĿ�

Ȅ RIP AosIˌ?ǧ
$ɕ(!�� 
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3. ȢƜ 

�ø*Ƥɤ)ǧ
�Ƥ�+­ĵȯ� 17ʾ ±Ķľʥʣ�¶ǱȮŕȯ+ 18ʾ%	

!��±Ķľʥʣ�¶ǱȮŕȯ*ʟǱļ*¸ɧ+ ACVIM stage B2� 6ʾ stage C

� 7ʾ stage D� 5ʾ%	!��±Ķľʥʣ�¶ǱȮŕȯ*�%±Ķľ¦ōɖ?Ĝ

Ƅ��Ǳ�+ 17ʾ%	!�� 

 

(1)  SERTʗ�ė 

SERTʗ�ė*FLWxʽā*¶ 13ʽā*ĆĂʛÂ*Ʊɿ?ɕ(!��­ĵȯ&

±Ķľʥʣ�¶ǱȮŕȯ)

$ SERTʗ�ė*FLWxʽā*ĆĂʛÂ*İǮ+

ɫ6:=(�!��3�ŋ:=�ĆĂʛÂ+ National Center for Biotechnology 

Information )Ƕʢ�=$
<Ǜ* XPC ʗ�ė*éʚ�&ĆĂʛÂ+|ɋ�ɫ6:

=�� 

 

(2) XPCʗ�ė 

939 ǭǺ*Amaʝ?ƥŜ�<ĆĂʛÂ+­ĵȯ ±Ķľʥʣ�¶ǱȮŕȯ&7

)é|*ĆĂʛÂ%	; ʗ�ėċĀ+ɫ6:=(�!��éʚ��:ȳɧ�=<

Amaʝ+sSx%	; �=+�)
�< XPC ʗ�ė 939 ǭǺ*Amaʝ&é

�%	!�� 

3�éFKWx¸* 902ǭǺ*Amaʝ?ƥŜ�<ĆĂʛÂ)

$A]`x-M

A`x*ʗ�ėċĀ�ɫ6:=��ʗ�ėċĀ*Ëè+­ĵȯˋAA = 7 GA = 7 
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GG = 3  ̩±Ķľʥʣ�¶ǱȮŕȯˋAA = 7 GA = 8 GG = 3ˌ%Ɖ:�(İ+ɫ6

:=(�!�̀ p = 0.981 �̩3�A]`x�:MA`x/ĉÓ�ǥ��Ąè%7ȳɧ

�=<Amaʝ*ĉÓ+ǥ�(
QCux^ĉǮ%	!��XCPʗ�ėċĀ+±Ķ

ľʍɀǱ&*ʨʋ�$
<�&�: ±Ķľʥʣ�¶ǱȮŕȯ)

$ ±Ķľ¦

ōɖ*ɖ�şɝ%ŋ�ɃȝƁɘ*ƏǕ)9;�:)ȯÀ�?ɕ
Ʊɿ���ɃȝƁ

ɘ(�ȯ 5 � ɃȝƁɘ	;ȯ+ 13 �%	!���* 2 ȯʧ)
�<ʗ�ėċĀ

*Ʊɿ)

$7ɃȝƁɘ(�ȯ̀ AA = 0 GA = 4 GG = 1 &̩ɃȝƁɘ	;ȯ̀ AA 

= 7 GA = 4 GG = 2ˌ%Ɖ:�(İ+ɫ6:=(�!�ˋp = 0.090 �̩ 

 

(6)  DCHS1ʗ�ė 

DCHS1 ʗ�ė*ʗ�ėċĀ+FLWx 19 ʽā) 2 Ȕş FLWx 21 ʽā) 1

Ȕşɫ6:=��FLWx 19 ʽā)"
$ ʗ�ėċĀ+ 195 ǭǺ& 268 ǭǺ*

Amaʝ?ƥŜ�<ĆĂʛÂ%ɫ6:= 195 ǭǺ+QCux^ĉǮ 268 ǭǺ+

ȳɧ�=<Amaʝ*ĉÓ�ɺ�<mTVxTĉǮ%	!��268 ǭǺ*mTVx

TĉǮ�ǥ��Ąè Amaʝ+Vsx�:fE`tAr`x/*ĉÓ�ɫ6:=

��195ǭǺ*ʗ�ėċĀ*Ëè+­ĵȯ% CC = 10 CT = 4 TT = 0 ±Ķľʥʣ

�¶ǱȮŕȯ% CC = 10 CT = 3 TT = 1%	!�ˋp = 0.565 �̩268ǭǺ*ʗ�ė

ċĀ*Ëè+­ĵȯ% CC = 10 CT = 2 TT = 2 ±Ķľʥʣ�¶ǱȮŕȯ% CC = 

13 CT = 1 TT = 0%	!�ˋp = 0.256 �̩195ǭǺ
9- 268ǭǺ*ʗ�ėċĀ*

Ëè*ĉÓ+­ĵȯ&±Ķľʥʣ�¶ǱȮŕȯ%ƏŘ(İ+ɫ6:=(�!��F
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LWx 21 ǼŃʚ�)"
$ ʗ�ėċĀ+ 191 ǭǺ*ĆĂ%ɫ6:= QCux

TĉǮ%	!��ʗ�ėċĀ*Ëè+­ĵȯ% CC = 1 CT = 0 TT = 13 ±Ķľʥ

ʣ�¶ǱȮŕȯ% CC = 1 CT = 1 TT = 13%	; 191ǭǺ*ʗ�ėċĀ*Ëè*

ĉÓ+­ĵȯ&±Ķľʥʣ�¶ǱȮŕȯ%ƏŘ(İ+ɫ6:=(�!�̀ p = 0.595 �̩ 
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4. ȴĤ 

Vv^`x^rxTk{X{̀ SERT *̩ʗ�ėĉǮ+ɔ�Vv^`xǐļ*}ƈ)

ʨ�� �8lDT

$ŐɇľɅǱ*ǵǥ)ʨʋ�<�&�ȃõ�=$
<

(Gustafsson et al., 2005, Levy et al., 2008)�3�ltZ{U)

$+ SERTʗ�ė*

FLWx 3 4 5 7 9)

$ʗ�ėċĀ�ăî�=$
;(Lee et al., 2018) ±

Ķľʥʣ�¶Ǳ*ʨʋ�ȃõ�=$
<�ƔȀȍ%+ SERTʗ�ė*¶FLWxʽ

ā)"
$ɮƞ?ɕ(!�� Zww)

$ SERTʗ�ėċĀ+ɫ6:=(�!

���*�&�: Zww&ltZ{U&%±Ķľʥʣ�¶Ǳ)ʨ��<ʗ�Ƿ(

ɜù�Ǯ(<äȽŔ�ȴ�:=�� 

XPC ʗ�ė DCHS1 ʗ�ė+�%±ĶľʍɀǱ&*ʨʋ�ăî�=$
<�Ɣ

Ȁȍ%+ �%ăî�=$
<ʗ�ėċĀʽā)ǼŃ�<ʚÀ)"
$ĆĂʛÂ*

ɮƞ?ɕ(!��XPC ʗ�ė DCHS1 ʗ�ė&7)Zww%ʗ�ėċĀ�ȁɫ�

=�� ±Ķľʥʣ�¶Ǳ&*ʨʋ+ɫ6:=(�!���*ɜù&�$ �&Ǜ

%+±Ķľ*ȗǁɂƦŔĉÓ*ǰǢȠȬ°�Ǯ(<ǔ8(Markby et al., 2017) Ǜ*

±Ķľʥʣ�¶Ǳ+ÝǵŔ)ľ*ĉŔ�ɺ�<ǯŕ%	<*)ĥ�(Fox, 2012) �

%+�*ǯŕ)ɺù���ƪǷ(±Ķľ*ĉŔ�Ýù&(!$±Ķľʥʣ�¶Ǳ

�ǵǱ�<�&�ċ
(Enriquez-Sarano et al., 2009)��*9�(ǰƳ*ǵǥ*ʒ
� 

�&Ǜ%±Ķľʥʣ�¶Ǳ*ʗ�Ƿ(ʨ�*İ)"(�!$
<äȽŔ�ȴ�:

=�� 
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�ŉ+�:)Ǳ�Ž?ć8�$Ʊɿ?ɕ�&7) Zww&�*Ǜȋ%*Ʊɿ?

ɕ
 Zww)
�<±Ķľʥʣ�¶Ǳ*ʗ�Ƿ(ȺƋ*ɡƉ?ɕ
�
&ȴ�<� 
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5. ĩū 

ƔȀȍ%+Zww)
�< SERT ʗ�ė XPC ʗ�ė DCHS1 ʗ�ė*ʗ�ė

ċĀ)"
$±Ķľʥʣ�¶Ǳ&*ʨʋ)"
$ɮƞ���Zww)

$ XPC

ʗ�ė DCHS1 ʗ�ė*ʗ�ėċĀ�ȁɫ�=��ʗ�ėċĀ+èɣ% 4 Ȕşɫ

6:= �*� 1"+Amaʝ*ĉÓ?��7*%	!�� ­ĵȯ ±Ķľʥ

ʣ�¶ǱȮŕȯ%ʗ�ėċĀ*ǵǥ*ʿļ*İ+ɫ6:=(�!��ƔȀȍ%+Z

ww)

$±Ķľʥʣ�¶Ǳ& SERT ʗ�ė XPC ʗ�ė DCHS1 ʗ�ė&*

ʨʋŔ+ɫ6:=(�!�� 
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H- 
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� Ǜ*±Ķľʥʣ�¶Ǳ)ĥ�<ƷǴ+¸ȈƷǴ�|ɍǷ%	<� ʄĹ%+ĊȈ

ƷǴ�ɕ>=<9�(; �ŉ*Ľʤ8ţɒŽ?ǆ:��&�äȽ&(!����

� Ǜ)
�<±Ķľʥʣ�¶Ǳ*ĊȈƷǴ)ʨ�<Ŗă+Ī(� è�Ǳ*ǵǥ

ʿļ8 ŠɖŜȪ)��<Ņʺ+�Ɖ%	<�ƔȀȍ+±Ķľʥʣ�¶Ǳ)ĥ�<

ĊȈŠɖ*�ɗǷ(è�Ǳ*sTLùė è�Ǳ���<ŠɖŜȪ/*Ņʺ)"


$Ɖ:�)� Zww)
�<±Ķľʥʣ�¶Ǳ)ʨ��<Ýù¨əʗ�ė?ǚě

�<�&?ǺǷ&��� 

ȑ 1Ȑ%+ɖ�*ɋƯǷ(�žȾ%	; ɖŉ*ŐƩȽ*�~)ʨʋ�<ČÒȾ

ʕƁɡʭŉ)ǵǥ�<ŐĞȞÒ)"
$ �ʟƧǊÓįŐĞŪŁƓƐŇ*ˈ©�²

=�sTLùė&(<�&?Ɖ:�)���3�ŐĞȞÒ*ǵǥǠ?ǆĪ��<ƃ

ƹ&�$ Őȓ¤ɲǁ)ɉıɔǁ?ǃè�<ɔǁIt]BHhuSA*ƏǧŔ?ȃ

� ɔǁIt]BHhuSA+ŠɖŜȪ?ê}��<Ƃ�(ŠŢ&(<�&�ȃõ

�=�� 

ïì�¶+ɖŉ*�(Ư�Ýù*,&"%	<�ȑ 2Ȑ%+ ɖŉ)ǵǥ�<ƨ

ʮȆȡˉǲ+�*ïì÷ǯŕ&è��<�&%ïì�¶)9<Ư�sTL�ˈ3

<�&?Ɖ:�&���3�ƨʮȆȡˉǲ+Ǜ*±Ķľ¦ōɖ)

$ǵǥʿļ*
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 UDPȯ 
n = 86 

Non-UDPȯ 
n = 198 

P© 

ĹˊˋƎˌ 125.5 (58–168) 122.0 (59–176) p = 0.250 

�ʟˋkgˌ 3.3 (1.6–10.2) 3.8 (1.7–13.5) p = 0.223 

VHS 11.9 (9.6–15.2) 12.0(8.8–15.6) p = 0.532 

LA/Ao 2.14 (1.37–3.26) 2.27 (1.20–4.44) p = 0.146 

LVIDDN 2.10 (1.13–3.14) 2.20 (1.07–3.22) p = 0.010 

ČÒȾʕƁƊʧˋÀˌ 55 (32–118) 56 (34–148) p = 0.785 

ȦˉʜƊʧˋÀˌ 345 (238–1197) 331 (164–1036) p = 0.405 
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 H[UƱ 95%¥ˀÕʧ P© 

ɖŉ*Ư� 2.2 0.9 – 5.5 p = 0.08 

ïì�¶)9<Ư� 10.5 1.4 – 81.0 p = 0.024 

ʱ�ƷǴƐʧ 1.07 0.88 – 1.23 p = 0.500 

µʬƐʧ 0.95 0.83 – 1.08 p = 0.420 
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I 7 ('�%�6 ��=#��K 

=# :@ 5O?CR>�49 ('*<. /H3�D8F 6 ���21S2T 

1 ���
� �	 �� �� 12 

2 ��� �	 �� �� 3 

3 ������� �	 �� �	 3 

4 ��� �	 
�7LN, 

7AGE grade 4 
�� 2 

5 P@ �	 �� �	 2 

6 ����
� �	 7AGE grade 4 �� 9 

7 ��� �	 )Q7LN, �� 3 

8 ��� �	 
)Q7LN, 

7AGE grade 3 
�� 3 

9 ����
 �� D�� �� 2 
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I 8 ����&+$JM!-�0B�";������� 

Gene Exon 5’ - primer 3’ - primer �������	(�) �

�(�) 

SERT 1 TGCGTAACTCTGTTCTCC AGACATGATCACTGCTCTGG 60 30 

SERT 2 GTGAGGTCATTCAACACAGG CTGATTCCAGAAGAAGGTCC 60 30 

SERT 3 TTACCACATTGCCACCTGCC AGAGTGGGGTCCAGGAAGAA 62 45 

SERT 4 AAGGAGATGCCTGAAAGTCCG 

GGGCCATGATCAGTGCGTTA 

TCACACAATGGTTCTTGGGATTG 62 30 

SERT 5-6 GGGCCATGATCAGTGCGTTA CAAATGGAATTGGCCTGGGG 62 60 

SERT 7 CCAACCAGTCTGAGAGGCAG 

TCATTGTTGGTGTGGCTGAG 

GGACTCATTGCCAGACCCAA 62 30 

SERT 8 TCATTGTTGGTGTGGCTGAG TCAAGAGCACCACAGTGAGG 60 30 

SERT 9 CTACTCATGACCAGCAAC CCAGATACTCTGTCAAGC 55 30 

SERT 10 AGTGCTCCATAGGACAGG TTGTGGTAGAGCGTGAAG 60 30 

SERT 11 CGTCTCAACTTCAGAGCAG GATGTGACACATGCAGCAG 60 30 

SERT 12 GCCCTGAAGGGGTTGCTTTA TGCCACTGCATCTAAGGCTC 62 45 

SERT 13 AATTGGGAATTCCTTTCATGAGG AGGCCATATTTGCCTGTGGA 62 60 

XPC 16 ATAAACATCTTTGCATTTGGCAGC CTTCTGTGCTTTCTTAGAGGAGAT 60 30 

DCHS1 19 TGATAATCGTCCCACCATCC AGGTGGTAGGAAATGTGACC 60 60 

DCHS1 21 TCAGACTTCCAAGGCCATTT CTAAGGGTGAAACGCACAAG 60 60 
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� 1 "7)*8%	3� 

�����2���9A:��
2� 1 &	.5 X+�$!-0�9B:
(

�������2����#4��"71�/9'�:� 1,6�������
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