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Familial adenomatous polyposis

FAP 14, 15 FAP Adenomatous 

polyposis coli APC

14, 15 FAP 10 20
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3 2

APC
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Ⅰ  

 

19, 36, 44

Animal Medical Center New York 1

0.31 % 0.33 % 51

54

10 23

 

13, 16, 17

13

13, 16

Popular sire effect 13, 16

16, 57, 63 BHD FLCN
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35

16, 57

54  

24 FAP APC

14, 15, 46 FAP

14, 15, 46 FAP

10 20

50 90 %

14, 15 FAP

14, 15, 46 FAP 800 APC

5, 14, 15, 46 APC

14, 15, 46 5,000

FAP APC codon 1250 1464

codon 1309

14, 46 codon 

158 312 413 1249 1465 1594 14, 15, 46

10 100 30

APC  5 ′  3 ′ codon 157  5′

codon 1595  3′ exon 9 15, 29, 46  

FAP
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5 20 %  FAP

10, 15, 46 FAP

22, 45, 50, 72  

FAP APC

APC 15, 28

FAP 2 31 APC

APC

15, 21, 39, 

59, 66  

FAP

APC

APC
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Ⅱ  

 

1  

21

Table 1-1

Table 1-2 1-3 11 2016 2019

1-1

10 2008

2019

Formalin Fixed 

Paraffin Embedded sample FFPE

 

 

2  

21 46

Table 1-2 Table 1-3 26 Table 1-2

20 Table 1-3 n 29

n 17 10 %
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HE

WHO 19 WHO 18, 32

TNM 1, 6

β- β-

β-

Clone 14/β-catenin BD Transduction Laboratories

pH6.0

121℃ 1

0.3 % /

20

Protein Block Serum-Free Dako 10

1000 4℃ 12

EnVision+ System- HRP Labelled Polymer Anti-Mouse Dako

30 Liquid Dab  Substrate Chromogen System Dako

β-

38 ×400 500

% 500

 

 

3 APC  

3-1 DNA  
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11

No. 1-11 6

2 1  1 1

1 Table 1-4 3 1 2 1

EDTA 2Na Wizard  Genomic 

DNA Purification Kit Promega DNeasy Blood & Tissue Kit QIAGEN, 

DNA

E18016  

 

3-2 FFPE DNA  

10 No. 12-21 FFPE

QIAamp DNA FFPE Tissue Kit QIAGEN DNA

 

 

3-3 PCR-  

11 APC

APC GenBank accession No. NC_006585.3

APC 16 exon

exon 9 16 exon exon 1  

exon 9 2 exon 16 15 Table 

1- PCR Takara EX Taq Hot Start Version 

DNA EX Taq Hot Start Version 10X Ex Taq buffer
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MgCl2 2.0 mmol/L dNTP Mixture 0.25 mmol/L 3’-

5’-primer 0.15 μmol/L PCR

DNA1.0 μL 20 μL Takara PCR Thermal Cycler Dice TP600)

94℃ 5 1 94℃ 30 60℃

58℃ 30 72℃ 30 3 35 72℃ 5 1

PCR 6× Loading Buffer Triple Dye

4 μL 3 % 100V 30

 

FFPE DNA 10 APC

codon 154 155 156 bp

Table 1-5 codon 154 155 PCR

DNA 20μL PCR

No. 15 No. 21 PCR

50 μL PCR  

PCR 3 %

QIAquick Gel Extraction Kit QIAGEN DNA  

Big Dye  Terminator v3.1 Cycle sequencing Kit Thermo 

Fisher Scientific Big Dye Terminator v3.1 Ready Reaction Mix 1 

μL 5× Sequencing Buffer 3.5 μL 5’- 3’-primer 1 μmol/L 5 μL DNA

5 μL DNA  4-20 ng 6.5 μL T100 

Thermal Cycler BIO-RAD 96℃ 1 1 96℃

10 sec 50℃ 5 sec 60℃ 4 3 25 4 ℃

125mmol/L EDTA 5 μL 99.5 %
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Hi-Di Thermo Fisher Scientific 10 

μL T100 Thermal Cycler 95℃ 2 4℃

ABI Prism 3100/3130 Genetic Analyzer Applied Biosystems

Forward Reverse

 

 

4 APC LOH  

FAP 15, 21, 39, 59 15, 66

FAP APC

Loss of heterozygosity LOH

2 20, 31, 33

APC

LOH  

 

4-1 DNA  

5 6

6 4 2

6 3

1 mm DNA −80℃ DNA

DNeasy Blood & Tissue Kit QIAGEN  

 

4-2 FFPE DNA  
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10 21 FFPE

13 8

QIAamp DNA FFPE Tissue Kit

QIAGEN DNA  

 

4-3 PCR-  

6 DNA APC

PCR-

3-3  

 

4-4 PCR-restriction fragment length polymorphism RFLP  

APC LOH

FFPE DNA PCR-

RFLP 3 20 FFPE

FFPE

 

PCR-RFLP APC

codon154 155 AA A TT T

MseI TTAA

PCR

PCR codon 154 155 156 bp

Table 1-5 PCR Takara EX Taq Hot Start Version 

PCR 4 μL 1.5 %
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PCR

PCR 15 μL 0.1 % 10X Buffer

2 μL 10U MseI (RspRSII) 60℃

15 %

TMDNA  20mA

200V 90

20 bp 

DNA ladder TBE

OptimaShot OS-300

DNA ImageJ National Institute of Health

51 bp

109 bp

 

PCR Agilent 2100 Agilent 

Technologies Agilent DNA 1000 Agilent Technologies

DNA

 

 

4-5 TaqMan PCR  

APC LOH

TaqMan PCR APC
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DNA TaqMan PCR 3

18 FFPE

TaqMan PCR APC

codon 154 155 78 bp DNA

Table 1-6

2 TaqMan MGB probe Thermo Fisher Scientific

5´ 2-chloro-7’phenyl-1,4-dichloro-6-

carboxy-fluorescein VIC 6-carboxyfluoresvein FAM

3´ Non 

Fluorescent Quencher Table 1-6 DNA AmpliTaq 

Gold DNA Polymerase Ultra Pure dNTP mixture 6-carboxy-X-

rhodamine ROX TaqMan Universal Master 

Mix TaqMan MGB SNP Detection Kits Thermo Fisher Scientific Forward

Reverse 0.9 μmol/L

0.2 μmol/L DNA 10 ng 25 μL PCR 

PCR StepOnePlus PCR Thermo Fisher 

Scientific 95ºC 10 1 95ºC 15  sec 60ºC 1 2 

40 60ºC 30  sec 1 2

VIC FAM 

2

PCR StepOne and StepOnePlus Software v2.3 Thermo Fisher Scientific

Threshold cycle Ct
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Relative Quantification RQ RQ 2-ΔΔCT ΔCT

Ct − Ct ΔCTN ΔCT ΔCTT

ΔCT ΔΔCT = ΔCTT−ΔCTN)  

 

5  

β- Mann-

Whitney U p 0.05  
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Ⅲ  

 

1.  

1-1  

Table 1-1

7.7 7.7 2.3 12.6

21 6 28.5 % 5

2.3 No. 19 n 10

n 11 Table 1-1

 

 

1-2  

No. 16 21 19 Table 

1-1 14 10

Table 1-1 4

Table 1-1

11 9

 

 

1-3  
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Table 1-1 14 13

6

8 5 62.5 % n 29

n 3 n 6

n 21 91.3 % 57.1 %

2.95 ± 2.68

± Table 1-1

13 14 10

71.4 % 13 3 23.1 %

 

 

1-4  

5 Table 1-1 No. 1

Table 1-1 Figure 1-1

1 6 Table 1-1

 

12 1 10 2

2 1
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1 n 12 2 n 10 100 %

8 7 87.5 % 3 9

No. 1 4

2 4

3.5 No. 4

2 1

10.1 No. 8 5.2

8.8

2 No. 16 12.8

4 No. 21 9.8

13.8 No. 21

4

 

 

2  

2-1  

Figure 1-2

Figure 1-2A  
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2-2  

 

26

n 3 16 7 Table 1-2

Figure 

1-3A B Figure 

1-3 C F WHO 19

Table 1-2 2 2

12 2 1

4 Table 1-2  

Figure 1-3E F

N/C

Figure 1-3F

Figure 1-3F Figure 1-

4A B

Figure 1-4A

10

Figure 1-4C D

WHO 32 Table 1-2

WHO n 3 n

4 FAP
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10, 15, 46

 

 

 

20 1

Table 1-3 WHO 18

Table 1-3

Figure 1-5A B

Figure 1-5C D

n 15

Table 1-3

WHO 18 Table 1-3

WHO 18 WHO

n 13

Table 1-3 1

Figure 1-6A  

 

Single crypt adenoma Aberrant crypt focus  

FAP Single crypt adenoma

15 Single crypt adenoma Aberrant crypt focus
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15, 64 Single crypt adenoma FAP

15 15 2

No. 17 20

Single crypt adenoma Figure 1-6B

C

2 3 Single crypt adenoma Figure 1-6B C  

 

β-  

β-

Figure 1-7

β- Figure 

1-7 β-

data not shown β-

Figure 1-7 β-

43.4 % 58.7 %

Table 1-7 β-

59.1 % 67.1 % 19 16

β Table 1-7 Single 

crypt adenoma β- Figure 

1-6D  
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3 APC  

11

DNA APC

11 exon 4

c.[462_463delinsTT] GenBank ID: LC598892.1 LC598902.1

Figure 1-8A

6 Figure 1-8A

2 2

codon 154

p.Q154N codon 155 p.K155X

Figure 1-8A  

10

FFPE DNA APC

10 codon 154 155

Figure 1-8A GenBank ID: LCLC600200.1-LC600209.1  

FAP

Figure 1-8B 14, 15, 46

APC 5′

FAP Figure 1-8B 15, 46  

 

4  

21

6 No. 1 3 6 8 10 21
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3  No. 1 No. 6

No. 1 6 Figure 1-9A 

No. 10 No. 8

No. 8 10 Figure 1-9B 

No. 1 6 No. 8 10 Figure 1-

9A B  

 

5 APC LOH  

5-1  

n 6 APC

No. 5 No. 05S01 codon 548 c.1643dup

codon 559

p.Leu548PhefsX12 Figure 1-10B

DNA Figure 1-10A

 

 

5-2 APC LOH 

PCR-RFLP LOH  

23 n 3 FFPE 

n 20 109 bp

58 51 bp Figure 1-11A B

51 bp

109 bp
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No. 06S01 12S03 17S02

Figure 1-11C

Figure 1-12A B DNA

Figure 1-12C DNA

 

 

TaqMan PCR LOH  

LOH TaqMan

PCR Figure 1-13A B

Figure 1-13C 1 No. 12S03

3 1 3 No.01S01 06S01 17I02

6 1 Figure 1-13C LOH

TaqMan PCR

1 No. 06S01 PCR- APC

codon 154 155

LOH Figure 1-13D E  

 

6 APC Single nucleotide polymorphisms

SNPs  

PCR-

APC GenBank accession No. 
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NC_006585.3 5 Figure 

1-14 n 11

n 6

Figure 1-14

1

3 exon 13 4

Figure 1-14

SNPs 5

3 NCBI SNPs rs850906243

rs852139532 rs851619666 SNPs APC 13

GenBank accession No. XM_014111995.1 3′

exon 13 3′ exon 13

GenBank accession No. NC_000005.10

9 exon 13 intron 13 Figure 1-14  
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Ⅳ  

 

2010

2012 2018

18.0 % 178 32

Figure 1-15 10 2011 2020

300

1.3 % 23

2

6 23

Peutz-Jeghers

Cowden 25 FAP

FAP APC

21
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c.[462_463delinsTT]

FAP

FAP 800 APC 5, 14, 15, 

46

APC 15, 28

p.K155X  

FAP

APC 14, 15, 46

FAP

APC 5´ Figure 1-8B 7, 

15, 29, 37, 46, 60 FAP

10 100 30 15, 29

1

2.3 13

19, 36, 44, 51 APC

FAP  

Figure 1-9
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adult-onset disease APC

 

Single crypt adenoma

FAP 15

Single crypt adenoma FAP

15 Single crypt adenoma

APC

Single crypt adenoma

APC

LOH FAP APC

15, 21, 39, 59, 64, 66

FAP 15, 64

APC β-

FAP

 

FAP

FAP APC

FAP 5 20 % 10, 15, 46

3 2
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FAP

ApcMin/+ Apc

FAP

42, 43 FAP

47 APC

FAP

WHO

19 WHO

18

WHO

adenoma with high-grade 

dysplasia Table 1-3

 

19, 44
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2, 

49, 62

2, 19, 44, 49, 62

 

2, 16, 44, 

51, 52, 56, 61

2000

APC

Popular sire 

effect 16

6 2 4

2

APC

APC

 

10
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Ⅴ  

 

FAP

APC

c.[462_463delinsTT]
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Classification of animal tumors1 Classification of human tumors2

7 07S02 Antrum E Hyperplastic polyp (-)

07S03 Antrum E Hyperplastic polyp (-)

17 17S01 Antrum E Hyperplastic polyp (-)

1 01S02 Antrum E (Polytectomy*) Tubulopapillary adenoma Adenoma (-)

01S03 Antrum E Tubulopapillary adenoma Adenoma (-)

2 02S01 Antrum E Tubular adenoma Adenoma (-)

02S02 Cardia E Tubular adenoma Adenoma (-)

5 05S01 Antrum E (Polytectomy*) Tubulopapillary adenoma Adenoma (-)

05S02 Antrum E (Polytectomy*) Tubulopapillary adenoma Adenoma (-)

6 06S02 Corpus S (Billroth ) Tubulopapillary adenoma Adenoma pTis

7 07S01 Antrum E Tubulopapillary adenoma Adenoma (-)

8 08S01 Cardia E Tubulopapillary adenoma Adenoma (-)

12 12S01 Antrum S Tubulopapillary adenoma Adenoma pTis

12S02 Antrum S Tubulopapillary adenoma Adenoma pTis

15 15S01 Corpus E Papillary adenoma Adenoma (-)

19 19S01 Antrum S Tubulopapillary adenoma Adenoma pTis

19S02 Antrum S Papillary adenoma Adenoma pTis

19S03 Antrum S Tubulopapillary adenoma Adenoma (-)

19S04 Antrum S Tubulopapillary adenoma Adenoma (-)

1 01S01 Antrum S Papillary adenocarcinoma Papillary adenocarcinoma pTis

3 03S01 Antrum S (Billroth ) Tubulopapillary adenocarcinoma Papillary adenocarcinoma pTis

4 04S01 Antrum E Tubulopapillary adenocarcinoma Papillary adenocarcinoma (-)

6 06S01 Antrum S (Billroth ) Tubular adenocarcinoma Tubular adenocarcinoma pT1a

9 09S01 Antrum S Tubulopapillary adenocarcinoma Tubular adenocarcinoma pTis

11 11S01 Antrum E (Polytectomy*) Tubulopapillary adenocarcinoma Tubular adenocarcinoma (-)

12 12S03 Cardia S Tubular adenocarcinoma Tubular adenocarcinoma pT1a

2 WHO  Classification of Tumours of the Digestive System, 4th edition (2010)
3 TMN classification

(-): Not evaluated because of the absence of submucosa and deeper tissues

E: Endoscopic biopsy

S: Surgical resection

* Partial polypectomy with a diathermic snare.

Depth of
Invasion

(T status)3, 4

Histological diagnosis 
Case
No.

Lesion
No. Location

Method of
excision

4 Endoscopic biopsy specimens were excluded from the assessment of tumor invasion due to the absence of submucosa and deeper tissues.

1 Histological Classification of Tumours of the Alimentary System of Domestic Animals (WHO International Classification of Tumors of Domestic Animal
Series) (2003)
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Disease Age Sex

Mast cell tumor 10y 9m Male (castrated)

Mast cell tumor

Portosystemic shunt 0y 4m Female

Lymphoma 4y Female

Chronic cholecystitis 8y Male (castrated)

Liver tumor 11y 10m Male (castrated)



Target Primer sequence Product size
(bp)

exon1 sense 5'- TCCCTTTCTTTGTAAACAAGCAG -3'

antisense 5'- TTGCAAGAAAGAGTTTACATATTGC -3'

exon2 sense 5'- CAGCATACCGAAATGCCAAG -3'

antisense 5'- GACCTGAGCTGAAGGCAGATG -3'

exon3 sense 5'- AGCAATATTTTAGATCCCTTAAAGC -3'

antisense 5'- CCTGCCATTCATGCTTCATA -3'

exon4 sense 5'- AGTCCCACCTTCAAAAATCC -3'

antisense 5'- AACTAAAAATGCAATTATCTTGAATG -3'

exon5 sense 5'- GTGCAATAACGTGCATATTTGA -3'

antisense 5'- TGTGAAGTTCTGCCAAAGTGA -3'

exon6 sense 5'- CCCTAAGCTGTTAAATGATAGCC -3'

antisense 5'- GAACATCTATATTTCAATGATACCACA -3'

exon7 sense 5'- GCATTCACCATTTTTGTATG -3'

antisense 5'- TCACTCTGAGGACTATCTCACACC -3'

exon8 sense 5'- TGTGCACCCTTAACGTGAAAT -3'

antisense 5'- TGAGTGAAGAATGTTTTAGCAAAG -3'

exon9 sense 5'- CCCATTCATCACTTCATTGG -3'

antisense 5'- TGTCATCAGGCTGTGAGTGAA -3'

sense 5'- TCCTCTCCTCATCCAGCTTT -3'

antisense 5'- AGCTATGTCAGCAATGCAGGT -3'

exon10 sense 5'- AAGCATTATGGTTTATGTCCATTC -3'

antisense 5'- TGGCCTCATATCCAGTTCAAC -3'

exon11 sense 5'- AACCATATATCCTCATCCTTTGAGA -3'

antisense 5'- ACCAGAGATCCATAAGAAATGG -3'

exon12 sense 5'- ACAGCTTCAGGTTGCCTTGT -3'

antisense 5'- CCAGGAAAAACATCTGAAATTCT -3'

exon13 sense 5'- GCAACCGTATGTTATTTTATGTTCA -3'

antisense 5'- CAAAGGGTGGGAAAGGGTAG -3'

exon14 sense 5'- GTCCACACTTTACGACTCCCTAA -3'

antisense 5'- TGGTCTTCTTTTGCATTTCTCA -3'

exon15 sense 5'- CGGCAGGGGAGATACTAACA -3'

antisense 5'- AGGTCTTCCTGAGGGTATGAA -3'

exon16 sense 5'- AAGCAGATTTTTACCTTAATTTTGGA -3'

antisense 5'- GGTGAAAGGACAGTCATATTTCCAG -3'

sense 5'- TGTTTTTGACACCAATCGACA -3'

antisense 5'- TTTCGTCATCTTCAGAATAGGATTC -3'

sense 5'- GACGTGTCCTGTGCCTTATG -3'

antisense 5'- CCATGATTAGAACCTACTCGATTCG -3'

sense 5'- AAGAGGAGCCAGTGGTTCAG -3'

antisense 5'- ATTGGGGTGTCCTCTACACAG -3'
496

220

389

558

578

450

Primers for the entire coding region of the APC gene

207

285

163

249

361

262

366

385

375

296

238

242

336

387
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sense 5'- CAACCAGGAAACGATACAGACG -3'

antisense 5'- ACTGTCGAGCGAACTGACTGAC -3'

sense 5'- CAGACCCCTAAAAGTCCACCAG -3'

antisense 5'- TAAATGGCTCATCAAGGCTCAG -3'

sense 5'- AGAGTCCAGGTTCTTCCAGACG -3'

antisense 5'- TGCTTTTGTGCCTGTAACCTGT -3'

sense 5'- TGGCAAGGAAGCCAAGTCAAC -3'

antisense 5'- TCTGTGGTATAGGTTTTACTGGTGAAG -3'

sense 5'- GCGTCTGTGTCTTCATCTGGAAC -3'

antisense 5'- GGGTTTAGACTGACCTCGATTTAC -3'

sense 5'- CCAATCTCTAATCAACAATCCGC -3'

antisense 5'- GTTCTGAATCTGGTCTCTGTATATC -3'

sense 5'- AGACGACCTGTTGCAGGAGT -3'

antisense 5'- CCTCACTGGGACTTTTGGAG -3'

sense 5'- GATCTCTCGAGGCAGGACAATG -3'

antisense 5'- GGATCCATTGCTATTACTCATCTG -3'

sense 5'- ATCCAAGAATGGCAGTAGTATCC -3'

antisense 5'- CTTCTCCAAGTGCTTACTCGAG -3'

sense 5'- AATAGGTCAGGAACCTGGAAACG -3'

antisense 5'- TTTGCATCTTTAGCGTTTGG -3'

sense 5'- GAGATCCCCAACAGGAAACA -3'

antisense 5'- TCTGAAACAGGATTTCTACACAGC -3'

sense 5'- TCTTTTGGCATTGTGTAAACTTG -3'

antisense 5'- CTTACATTTTCAGTTAAAGGGAGACT -3'

574

Germline mutation sites
(Codons 154 and 155)

686

558

562

546

470

156

Primers used to amplify the region containing germline APC mutation sites

519

424

448

455

531
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Sequence Product size
(bp)

Forward Primer 5'-TTTAGTGAGATTCTGAAGTTGAGCATAATA-3'

Reverse Primer 5'-TCATTACTTCTTGCTGATCTTGACAA-3'

Probe for Wild allele 5'-(VIC)- CAATCTTTTTCCTTTTC-(MGB)-3'

Probe for Mutant allele 5'-(FAM)-CAATCTTAATCCTTTTC-(MGB)-3'

78

VIC, 2-chloro-7’phenyl-1,4-dichloro-6-carboxy-fluorescein; FAM, 6-carboxyfluorescein; MGB, minor groove binder.
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0-25% 25-50% 50-75% 75-100% Mean ± s.d. (%) Range (%)

Stomach

Hyperplastic polyp (n=3) 3 0 0 0 0 - -

Adenoma (n=16) 0 4 4 8 0 43.4 ± 19.6 6.1–71.5

Adenocarcinoma (n=7) 0 0 3 3 1 58.7 ± 17.1 35.5–77.1

Colorectum

Adenoma (n=1) 0 0 0 1 0 59.1 -

Adenocarcinoma (n=19) 0 1 2 8 8 67.1 ± 19.1 19.8–97.2

Localization of
β-catenin

Membranous
only

Nuclear and Cytoplasmic



Figure 1-1. Disease course of Case No. 1. Arrows and asterisks indicate same gastric and rectal polyps,
respectively. Arrow heads indicated antrum polyps. Bars = 100 μm.

*
*
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Figure 1-2. Endoscopic appearance of gastrointestinal polyps in Jack Russell Terriers. (A) Multiple polyps in
the pyloric antrum. The protruded lesions cause severe narrowing of the pylorus. (B) Polyps in the rectum.

A

B
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Figure 1-3. Histopathology of the gastric lesions in Jack Russell Terriers. (A-F) Representative
photomicrographs of hyperplastic polyp (A, B), adenoma (C, D) and adenocarcinoma (E, F) in the stomach. (B),
(D) and (F): Higher magnification of (A), (C) and (E), respectively. The lesions were diagnosed as hyperplastic
polyp, tubulopapillary adenoma and tubulopapillary adenocarcinoma, respectively. Bars = 100μm (A), 200 μm
(C and E) and 50 μm (B, D and F).
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Figure 1-4. (A) Carcinoma in adenoma. Arrow heads indicate a carcinomatous component growing within an
adenoma. Note also that the lesion developed mainly in the upper epithelial layer overlaying the normal or
dilated gastric glands. (B) Higher magnification of the boxed area in (A). Boundary between adenoma (AD) and
adenocarcinoma (ADC) components. (C) Adenocarcinoma with invasion into the lamina propria. (D) Higher
magnification of the boxed area in (G). Lymphovascular invasions are also observed (arrows). Bars = 5 mm (A),
100 μm (B), 1 mm (C) and 50 μm (D).
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Figure 1-5. Histopathology of the colorectal lesions in Jack Russell Terriers. (A-D) Representative
photomicrographs of adenoma (A, B) and adenocarcinoma (C, D) in the rectum. (B) and (D) Higher
magnification of (A) and (C), respectively. Bars = 200 μm (A and C), 50 μm (B and D).
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Figure 1-6. (A) Multiple tumors developed in the small area of rectal mucosa. In addition to the tumors (black
arrowheads), there is also a single crypt adenoma (white arrowhead). (B-D) Single crypt adenomas in the
rectal mucosa. H&E staining (B, C) and immunostaining for β-catenin on serial sections (D). (C) Higher
magnification of the boxed area in (B). Multiple lesions are scattered in the rectal mucosa (arrowheads). Note
the nuclear and cytoplasmic accumulation of β-catenin in the aberrant crypt (D). Bars = 5 mm (A), 100 μm
(B) , and 20 μm (C and D).

51



B

D

A

C

Figure 1-7. β-catenin expression in the gastrointestinal lesions of affected dogs. (A) Boundary between
adenoma and surrounding normal tissues in the gastric antrum. (B) Higher magnification of the normal and
neoplastic tissues in (A). (C) Boundary between the rectal adenocarcinoma and surrounding normal tissues.
(D) Higher magnification of the normal and neoplastic tissues in (C). While the normal gastric and rectal
epithelial cells show membranous β-catenin expression with no intracellular expression (B, D), cytoplasmic
and nuclear accumulation of β-catenin is observed in tumor cells (B, D). Bars = 200 (A and C) and 50 μm (B
and D).
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Control JRTs
Blood (n= 6)

JRTs with gastrointestinal polyps
FFPE tissue (n= 10)Blood (n= 11)

A

B

Figure 1-8. Germline APC variants identified in Jack Russell Terriers with gastrointestinal tumors. (A)
Sequence of codons 153–156 in APC of the affected and control dogs. DNA samples were isolated from
peripheral blood (left and middle panels) or paraffin-embedded tissue (right panel). Red arrows indicate
germline variants. Heterozygous two-base substitutions at codons 154 and 155 were identified in dogs with
gastrointestinal polyps (middle and right panels), but not in control dogs (left panels). (B) Location of the
germline APC variant detected in Jack Russell Terriers and comparison with those in human FAP. The
variants of the dogs (red arrow) are positioned in the 5′ region of APC where the variants of patients with
attenuated FAP are located (blue colored area). Colored areas represent regions of variants associated with
each FAP phenotype in humans.
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Figure 1-9. Family tree conducted according to pedigree certificates of Case Nos. 1, 6, 8 and 10. There was
a blood relationship between Case Nos 1 and 6 (A) and Nos 8 and 10 (B). (A) Mother dog of Case No. 1
and grandmother dog of Case No. 6 were littermates. Cases 1 and 6 were descended from a common
breeding pair (red circle). (B) Grandmother of Case No. 8 was patronal half-sister of mother of Case No. 10.
Cases 8 and 10 were descended from a common male dog (red circle). Square and circle show male and
female, black pattern indicates carrier of the germline APC variants and affected with GI polyps,
respectively.

A
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Figure 1-10. Somatic APC alterations in gastrointestinal tumors of Jack Russell Terriers. (A) The
surrounding normal mucosa. (B) A frame shift mutation identified in APC of the gastric adenocarcinoma
(B, Lesion No. 05S01). Arrowhead indicates a single base insertion in codon 548, forming a premature
termination codon at codon 559.

A
Normal tissue

B
Tumor tissue



Figure 1-11. LOH at the APC locus detected by PCR-RFLP analysis (A and B) Representative images for
acrylamide gel electrophoresis of MseI-digested PCR products amplified using DNA samples extracted from
fresh (A) and FFPE (B) tumor samples. Lanes 1-4, controls: undigested and digested PCR products amplified
from peripheral blood DNA with or without the germline APC variants. After digestion with MseI, only the
wild-type allele-derived fragment (109 bp) is found in the dog without germline APC variant (lane 2), whereas
mutant allele-derived fragments (51 and 58 bp) were detected in the dog carrying the variant (lane 4). Note
that the wild-type allele-derived fragment is decreased in gastric and rectal adenocarcinomas (lane 10 in A and
lane 8 in B, asterisks). (C) Relative band intensity of wild-type to mutant allele-derived fragments in
gastrointestinal tumors. Data are presented as values relative to the corresponding normal tissue levels in each
case. There are reductions in the allele ratio in some tumors (yellow and green bars) compared with the normal
tissues (white bars).

Fresh tissues FFPE tissues A B

C
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Figure 1-12. LOH at the APC locus determined by PCR-RFLP assay using the Agilent 2100 bioanalyzer. (A)
Electropherograms of MseI-digested PCR products amplified from normal (left panel) and tumor (right panel)
samples. Reduction of the wild-type allele-derived fragment (109 bp) is evident in the tumor sample (arrow).
Lesion No. 06S01. (B) Virtual gel image of MseI-digested PCR products on the bioanalyzer. Representative
results of tumors with or without reduction of the wild-type allele-derived fragment (lanes 2 and 4) and the
corresponding normal tissues (lanes 1 and 3). Asterisk shows reduction in the wild-type allele-derived
fragment. (C) Wild-type to mutant allelic ratio in gastrointestinal tumors (yellow and green bars) relative to the
corresponding normal tissues (white bars). Relative reduction of the wild-type fragment is shown in some GI
lesions.

A B

C
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Figure 1-13. LOH at the APC locus determined by TaqMan real-time PCR assay. (A and B) Amplification
plots of wild-type (blue curve) and mutant (red curve) APC copies in the gastric tumor. Lesion No. 06S01.
Amplification of the wild-type allele copies requires approximately 4 cycles more than that of the mutant
allele to reach the threshold level in the gastric tumor (B), whereas both amplifications reach the threshold
level after nearly the same cycles in the surrounding normal tissues (A). (C) Wild-type to mutant allelic ratio
in gastrointestinal tumors (yellow and green bars) relative to the corresponding normal tissues (white bars).
Data are mean SD of duplicate PCR reactions. There are marked reductions in the allele ratio in some
tumors including gastric adenocarcinomas (Case No. 1, 6 and 12) and a rectal adenocarcinoma (Case No.
17). (D and E) DNA sequences of APC encompassing the germline variant sites as determined by PCR-
direct sequencing. There are double peaks of A and T at the variant sites in the normal mucosa (D), whereas
the chromatogram appears as single peaks of A in the gastric tumor (E, Lesion No. 06S01) indicating loss of
the wild-type allele. Arrowheads indicate the sites of germline APC variants.
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Figure 1-14. SNPs detected in the 3′ region of exon 13 of the predicted canine APC sequence. Nucleotide
sequences of exon 13 were determined in boxers and a beagle (n = 3 and 1, respectively) as well as in Jack
Russell Terriers (n = 17) and were compared with the published canine and human sequences of APC
(GenBank accession No. XM_014111995.1 and NM_00112751.2). The published canine sequences were
obtained from a boxer (Lindblad-Toh K. et al., Nature 438, 803-19). The alignment reveals five mismatches
(red letters) between the sequences of dogs examined in the present study (second to fourth lines) and the
published canine sequences (first line). On the contrary, the sequences of examined dogs match perfectly with
those from humans (fifth line). Blue and green lines represent the published exon 13 of dogs and humans.
Dashed line encloses exon 13 predicted based on the sequences of dogs examined in the present study. The
first, fourth, and fifth SNPs have been already registered in the SNP database (rs850906243: c.1715delT,
rs852139532: c.1730delT, rs851619666: c.1732A>G).
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Figure 1-15. Breed distribution of dogs diagnosed with gastrointestinal adenoma and adenocarcinoma at the
Laboratory of Veterinary Pathology, Gifu University from 2012 to 2018. In total, 178 dogs, including 57 dogs
with gastric lesions and 121 dogs with colorectal lesions, were examined. Jack Russell Terriers (n = 32) rank at
the top and account for 18% of all cases.
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Figure 2-1. DNA sequences of synthetic DNA of wild-type (A) and mutant (B) APC alleles. The synthetic
DNA fragments contained 309 bp that include entire exon 4 (109 bp) with the most proximal 100 bp of both
upstream and downstream introns. Blue letters indicate cording region of exon 4. Red letters indicate APC
variant.

ACTTTAGGTTAAGTAGAGAACATTATAATTGCAGCTGATA
AGAATTACTGTTATGTACTCTTTTGGCATTGTGTAAACTT
GTCTTTTTTTAAAAAAACAGATCATTACTTCTTGCTGATC
TTGACAAAGAAGAAAAGGAAAAAGATTGGTATTATGCTCA
ACTTCAGAATCTCACTAAAAGAATAGATAGTCTCCCTTTA
ACTGAAAATGTAAGTAACTTAGCATTATGACCTATTTTAG
ACTTTAATAACTTTGATCTCTTAAAAGTACCTACGTTACT
CATTTAAAAAATTCAAGATAAAAAAAAAC

Wild-type synthetic DNA A

ACTTTAGGTTAAGTAGAGAACATTATAATTGCAGCTGATA
AGAATTACTGTTATGTACTCTTTTGGCATTGTGTAAACTT
GTCTTTTTTTAAAAAAACAGATCATTACTTCTTGCTGATC
TTGACAAAGAAGAAAAGGATTAAGATTGGTATTATGCTCA
ACTTCAGAATCTCACTAAAAGAATAGATAGTCTCCCTTTA
ACTGAAAATGTAAGTAACTTAGCATTATGACCTATTTTAG
ACTTTAATAACTTTGATCTCTTAAAAGTACCTACGTTACT
CATTTAAAAAATTCAAGATAAAAAAAA

Mutant synthetic DNA B
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B
Non-carrierCarrier

Ladder 10 842 2412 10 842 24  (hr)12
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Blood samples
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Ladder 10 842 2412 10 842 24  (hr)12

160bp
140bp
120bp
100bp

60bp

80bp

40bp

20bp

MutantWild-type
Synthetic DNA

Figure 2-3. PCR-RFLP assay conducted to determine the optimal digestion time. Acrylamide gel
electrophoresis of MseI-digested PCR products amplified from synthetic wild-type and mutant DNA (A), and
blood-derived DNA samples of a carrier and a non-carrier of germline APC variant (B). PCR products
amplified from each sample were digested with MseI for 0, 1, 2, 4, 8, 12, and 24 h.
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Figure 2-4. PCR-RFLP assay. (A) Polycrylamide gel electrophoresis of MseI-digested PCR products
amplified from blood samples of carrier and non-carrier JRTs (n=11 and 5, respectively); (B) buccal swab
samples of carrier JRTs and laboratory beagles (n=6 and 5, respectively); (C) FFPE tissue samples of carrier
and non-carrier JRTs (n=10 and 5, respectively).
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Figure 2-5. PCR-RFLP assay. Representative microfluidic capillary gel electropherograms of MseI-digested
PCR products amplified from synthetic wild-type and mutant DNA (A), blood (B), buccal swab (C), and FFPE
samples (D) of carrier and non-carrier dogs.
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Figure 2-6. TaqMan duplex real-time PCR assay. Amplification plots of wild-type (blue curve) and mutant
(red curve) APC gene copies on synthetic wild-type and mutant DNAs (A) and blood-derived DNAs of carrier
or non-carrier JRTs (B and C). Amplification was plotted as fluorescence intensity (ΔRn value) against cycle
numbers and shown on log scales. (B) shows representative results of individual cases of carrier or non-carrier
dogs and the (C) summarize the results of all examined cases (n=11 and 5 for carrier and non-carrier JRTs,
respectively).
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Figure 2-7. TaqMan duplex real-time PCR assay. Amplification plots of wild-type (blue curve) and mutant
(red curve) APC gene copies on synthetic wild-type and mutant DNAs (A) and blood-derived DNAs of carrier
or non-carrier JRTs (B and C). Amplification was plotted as fluorescence intensity (ΔRn value) against cycle
numbers and shown on liner scales. (B) shows representative results of individual cases of carrier or non-
carrier dogs and the (C) summarize the results of all examined cases (n=11 and 5 for carrier and non-carrier
JRTs, respectively).
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Figure 2-8. TaqMan duplex real-time PCR assay. Allelic discrimination plot based on the signal intensity ratio
of FAM and VIC at the end points of PCR amplification. Synthetic wild-type and mutant DNAs are located at
bottom right and top left corners, respectively, and distilled water used as negative control is at bottom left
corner. Non-carrier JRTs are clustered together with the synthetic wild-type DNA at bottom right corner.
Carrier JRTs are located near the diagonal line forming a distinct cluster.
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1 DNA  

1-1  

2020 3 6 93

792 Table 3-1

500 μL

EDTA 2Na DNA −20℃

DNA DNeasy Blood& Tissue Kit QIAGEN DNA

A260/A280 NanoDropTM Lite Thermo Fisher Scientific
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2014 2018
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32 Table 3-2 3-4 DNA FFPE 

QIAmp DNA FFPE Tissue Kit QIAGEN  

 

DNA 

55 DNA 

DNA -30℃

4 19 39

Table 3-3 3-4  

 

1-3 DNA  

2

DNA

1 No. 5

DNA  

 

2  

2-1 PCR-RFLP  

2 PCR-RFLP

PCR MseI

PCR 20 μL FFPE

FFPE006 011 012 013 019 021 028 PCR

50 μL PCR  
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2-2 TaqMan PCR  

TaqMan PCR

2 PCR VIC FAM 

40

StepOne and StepOnePlus Software v2.3 Thermo Fisher Scientific

 

 

2-3 PCR-  

PCR-RFLP APC

1 2

exon 4 Table 2-1 PCR-

FFPE exon 4

codon 154 155 156 bp Table 2-1

PCR Takara EX Taq Hot Start Version 1

2  
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5 5 4 1

No. 1 3 6 21 1

No. 22 6

Table 3-5  

 

5  
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WHO 19

TNM 1, 6  
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39  DNA

39 n 12 30. 8 %
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Case No. Birth year Sex Coat type APC  variant status

JRT001 2018 Male rough Non-carrier

JRT002 2014 Male rough Non-carrier

JRT003 2015 Male rough Non-carrier

JRT004 2011 Male rough Non-carrier

JRT005 2017 Male rough Non-carrier

JRT006 2016 Male rough Non-carrier

JRT007 2006 Male (castrated) rough Non-carrier

JRT008 2009 Male (castrated) broken Non-carrier

JRT009 2015 Male (castrated) smooth Non-carrier

JRT010 2007 Male (castrated) broken Non-carrier

JRT011 2013 Female (spayed) smooth Non-carrier

JRT012 2010 Female (spayed) broken Non-carrier

JRT013 2008 Female (spayed) smooth Non-carrier

JRT014 2012 Female (spayed) broken Non-carrier

JRT015 2006 Female (spayed) broken Non-carrier

JRT016 2010 Female (spayed) broken Non-carrier

JRT017 2014 Male (castrated) rough Non-carrier

JRT018 2004 Female (spayed) smooth Non-carrier

JRT019 2017 Male (castrated) unknown Non-carrier

JRT020 2014 Male unknown Non-carrier

JRT021 2008 Female (spayed) smooth Non-carrier

JRT022 2015 Male (castrated) broken Non-carrier

JRT023 2014 Female (spayed) rough Non-carrier

JRT024 2019 Female smooth Non-carrier

JRT025 2014 Male (castrated) broken Non-carrier

JRT026 2004 Male (castrated) smooth Non-carrier

JRT027 2013 Female unknown Non-carrier

JRT028 2018 Male (castrated) smooth Non-carrier

JRT029 2013 Male (castrated) broken Non-carrier

JRT030 2017 Female (spayed) smooth Non-carrier

JRT031 2010 Female (spayed) rough Non-carrier

JRT032 2005 Male (castrated) broken Non-carrier

JRT033 2011 Male (castrated) rough Non-carrier

JRT034 2011 Male (castrated) smooth Non-carrier

JRT035 2007 Female (spayed) broken Non-carrier

JRT036 2017 Male (castrated) smooth Non-carrier

JRT037 2010 Female (spayed) smooth Non-carrier

JRT038 2009 Male rough Non-carrier

JRT039 2016 Female (spayed) broken Non-carrier

106



JRT040 2006 Male smooth Non-carrier

JRT041 2013 Male smooth Non-carrier

JRT042 2009 Male unknown Non-carrier

JRT043 2016 Male unknown Non-carrier

JRT044 2009 Female (spayed) broken Non-carrier

JRT045 2009 Female (spayed) unknown Non-carrier

JRT046 2019 Male (castrated) unknown Non-carrier

JRT047 2008 Male (castrated) broken Non-carrier

JRT048 2006 Female (spayed) broken Non-carrier

JRT049 2018 Female (spayed) smooth Non-carrier

JRT050 2011 Male rough Non-carrier

JRT051 2011 Male (castrated) rough Non-carrier

JRT052 2011 Male broken Non-carrier

JRT053 2013 Female (spayed) smooth Non-carrier

JRT054 2010 Female (spayed) smooth Non-carrier

JRT055 2010 Male smooth Carrier

JRT056 2010 Male broken Non-carrier

JRT057 2012 Male (castrated) smooth Non-carrier

JRT058 2011 Male (castrated) smooth Non-carrier

JRT059 2014 Female (spayed) broken Non-carrier

JRT060 2010 Female (spayed) rough Non-carrier

JRT061 2001 Female (spayed) broken Non-carrier

JRT062 2006 Female (spayed) rough Non-carrier

JRT063 2013 Female (spayed) smooth Non-carrier

JRT064 2012 Female (spayed) rough Non-carrier

JRT065 2006 Female (spayed) broken Non-carrier

JRT066 2009 Female (spayed) smooth Non-carrier

JRT067 2015 Female (spayed) rough Non-carrier

JRT068 2013 Female (spayed) rough Non-carrier

JRT069 2011 Male (castrated) smooth Non-carrier

JRT070 2008 Female (spayed) broken Non-carrier

JRT071 2013 Female (spayed) broken Non-carrier

JRT072 2010 Female (spayed) smooth Non-carrier

JRT073 2003 Female (spayed) broken Non-carrier

JRT074 2014 Male (castrated) broken Non-carrier

JRT075 2018 Male (castrated) broken Non-carrier

JRT076 2018 Female (spayed) broken Non-carrier

JRT077 2012 Male (castrated) broken Non-carrier

JRT078 2009 Male smooth Non-carrier

JRT079 2015 Male (castrated) smooth Non-carrier

JRT080 2004 Female smooth Non-carrier
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JRT081 2007 Female (spayed) smooth Non-carrier

JRT082 2003 Female (spayed) smooth Non-carrier

JRT083 2011 Male rough Non-carrier

JRT084 2019 Female (spayed) smooth Non-carrier

JRT085 2013 Female (spayed) broken Non-carrier

JRT086 2006 Female (spayed) rough Non-carrier

JRT087 2014 Male (castrated) smooth Non-carrier

JRT088 2013 Male (castrated) rough Non-carrier

JRT089 2011 Male broken Non-carrier

JRT090 2015 Male smooth Non-carrier

JRT091 2010 Female (spayed) rough Non-carrier

JRT092 2006 Female (spayed) smooth Non-carrier

JRT093 2006 Male smooth Non-carrier

JRT094 2007 Female (spayed) broken Non-carrier

JRT095 2005 Female (spayed) smooth Non-carrier

JRT096 2014 Male (castrated) smooth Non-carrier

JRT097 2014 Male (castrated) smooth Non-carrier

JRT098 2006 Male (castrated) smooth Non-carrier

JRT099 2008 Female (spayed) smooth Non-carrier

JRT100 2005 Male (castrated) smooth Non-carrier

JRT101 2003 Male (castrated) smooth Non-carrier

JRT102 2007 Male (castrated) smooth Non-carrier

JRT103 2011 Female (spayed) smooth Non-carrier

JRT104 2014 Male (castrated) smooth Non-carrier

JRT105 2016 Female (spayed) smooth Non-carrier

JRT106 2016 Male smooth Non-carrier

JRT107 2006 Female (spayed) broken Non-carrier

JRT108 2012 Male (castrated) smooth Non-carrier

JRT109 2004 Male broken Non-carrier

JRT110 2011 Female (spayed) smooth Non-carrier

JRT111 2008 Male (castrated) broken Non-carrier

JRT112 2015 Male (castrated) broken Non-carrier

JRT113 2016 Female (spayed) broken Non-carrier

JRT114 2015 Female (spayed) smooth Non-carrier

JRT115 2011 Female (spayed) smooth Non-carrier

JRT116 2010 Male (castrated) broken Non-carrier

JRT117 2013 Female smooth Non-carrier

JRT118 2013 Female broken Non-carrier

JRT119 2007 Female smooth Non-carrier

JRT120 2011 Female (spayed) unknown Non-carrier

JRT121 2013 Female (spayed) smooth Non-carrier
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JRT122 2017 Female (spayed) smooth Non-carrier

JRT123 2009 Female (spayed) smooth Carrier

JRT124 2005 Female smooth Non-carrier

JRT125 2009 Male (castrated) rough Non-carrier

JRT126 2011 Male (castrated) smooth Non-carrier

JRT127 2013 Male (castrated) smooth Non-carrier

JRT128 2006 Male smooth Non-carrier

JRT129 2019 Male smooth Non-carrier

JRT130 2010 Male (castrated) smooth Non-carrier

JRT131 2008 Male smooth Non-carrier

JRT132 2018 Female unknown Non-carrier

JRT133 2004 Male (castrated) broken Non-carrier

JRT134 2015 Male (castrated) smooth Non-carrier

JRT135 2017 Female (spayed) broken Non-carrier

JRT136 2005 Female (spayed) smooth Non-carrier

JRT137 2019 Male (castrated) broken Non-carrier

JRT138 2009 Male (castrated) broken Non-carrier

JRT139 2006 Male (castrated) smooth Non-carrier

JRT140 2010 Female smooth Non-carrier

JRT141 2006 Male broken Non-carrier

JRT142 2019 Female (spayed) smooth Non-carrier

JRT143 2008 Male smooth Non-carrier

JRT144 2008 Male broken Non-carrier

JRT145 2014 Female (spayed) smooth Non-carrier

JRT146 2009 Female (spayed) broken Non-carrier

JRT147 2018 Male (castrated) smooth Non-carrier

JRT148 2016 Female (spayed) smooth Non-carrier

JRT149 2013 Female rough Non-carrier

JRT150 2009 Male (castrated) broken Non-carrier

JRT151 2011 Male (castrated) smooth Non-carrier

JRT152 2012 Female smooth Carrier

JRT153 2016 Male (castrated) smooth Non-carrier

JRT154 2019 Male (castrated) unknown Non-carrier

JRT155 2013 Female (spayed) smooth Non-carrier

JRT156 2015 Female (spayed) broken Non-carrier

JRT157 2013 Male (castrated) broken Non-carrier

JRT158 2014 Female rough Non-carrier

JRT159 2014 Female (spayed) smooth Non-carrier

JRT160 2008 Female (spayed) broken Non-carrier

JRT161 2012 Male (castrated) broken Non-carrier

JRT162 2004 Female (spayed) smooth Non-carrier
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JRT163 2005 Male (castrated) rough Non-carrier

JRT164 2004 Male smooth Non-carrier

JRT165 2013 Male (castrated) smooth Non-carrier

JRT166 2012 Female (spayed) smooth Non-carrier

JRT167 2008 Male (castrated) smooth Non-carrier

JRT168 2019 Female smooth Non-carrier

JRT169 2008 Male (castrated) smooth Non-carrier

JRT170 2013 Female (spayed) smooth Non-carrier

JRT171 2017 Female (spayed) smooth Non-carrier

JRT172 2010 Male broken Non-carrier

JRT173 2010 Male smooth Non-carrier

JRT174 2006 Female (spayed) smooth Non-carrier

JRT175 2009 Male (castrated) smooth Non-carrier

JRT176 2011 Male smooth Non-carrier

JRT177 2010 Female (spayed) broken Non-carrier

JRT178 2012 Male (castrated) smooth Non-carrier

JRT179 2005 Female (spayed) unknown Non-carrier

JRT180 2009 Female (spayed) smooth Non-carrier

JRT181 2017 Male (castrated) unknown Non-carrier

JRT182 2014 Male (castrated) unknown Non-carrier

JRT183 2008 Female (spayed) unknown Non-carrier

JRT184 2005 Male (castrated) unknown Non-carrier

JRT185 2002 Male (castrated) unknown Non-carrier

JRT186 2011 Male (castrated) unknown Non-carrier

JRT187 2010 Male (castrated) rough Non-carrier

JRT188 2005 Female (spayed) unknown Non-carrier

JRT189 2008 Female (spayed) unknown Non-carrier

JRT190 2012 Female broken Non-carrier

JRT191 2011 Female rough Non-carrier

JRT192 2010 Male smooth Non-carrier

JRT193 2011 Male smooth Non-carrier

JRT194 2014 Male (castrated) smooth Non-carrier

JRT195 2019 Female (spayed) smooth Non-carrier

JRT196 2017 Male smooth Carrier

JRT197 2011 Male (castrated) smooth Non-carrier

JRT198 2006 Male (castrated) smooth Non-carrier

JRT199 2011 Male (castrated) broken Non-carrier

JRT200 2019 Female smooth Non-carrier

JRT201 2010 Male (castrated) broken Non-carrier

JRT202 2012 Male (castrated) broken Non-carrier

JRT203 2014 Female (spayed) broken Carrier
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JRT204 2007 Female (spayed) rough Non-carrier

JRT205 2010 Male broken Non-carrier

JRT206 2004 Female (spayed) smooth Non-carrier

JRT207 2014 Female (spayed) smooth Non-carrier

JRT208 2006 Female (spayed) smooth Non-carrier

JRT209 2011 Female (spayed) smooth Non-carrier

JRT210 2006 Female (spayed) smooth Non-carrier

JRT211 2011 Female smooth Non-carrier

JRT212 2009 Male smooth Non-carrier

JRT213 2016 Female (spayed) broken Non-carrier

JRT214 2006 Female rough Non-carrier

JRT215 2007 Male (castrated) smooth Non-carrier

JRT216 2013 Male (castrated) smooth Carrier

JRT217 2015 Female (spayed) smooth Non-carrier

JRT218 2005 Female (spayed) smooth Non-carrier

JRT219 2012 Female (spayed) rough Non-carrier

JRT220 2017 Female (spayed) unknown Non-carrier

JRT221 2016 Female (spayed) smooth Carrier

JRT222 2005 Male (castrated) smooth Non-carrier

JRT223 2005 Male (castrated) smooth Non-carrier

JRT224 2013 Female smooth Non-carrier

JRT225 2015 Female (spayed) broken Non-carrier

JRT226 2006 Male (castrated) rough Non-carrier

JRT227 2013 Male (castrated) broken Non-carrier

JRT228 2012 Female (spayed) smooth Non-carrier

JRT229 2006 Male (castrated) smooth Non-carrier

JRT230 2012 Male broken Non-carrier

JRT231 2005 Female (spayed) broken Non-carrier

JRT232 2015 Male (castrated) broken Non-carrier

JRT233 2019 Male smooth Non-carrier

JRT234 2004 Male (castrated) unknown Non-carrier

JRT235 2016 Female (spayed) broken Non-carrier

JRT236 2005 Male (castrated) smooth Non-carrier

JRT237 2015 Female smooth Non-carrier

JRT238 2012 Female (spayed) smooth Non-carrier

JRT239 2019 Female (spayed) unknown Non-carrier

JRT240 2018 Male (castrated) broken Non-carrier

JRT241 2008 Female (spayed) broken Non-carrier

JRT242 2016 Male (castrated) broken Non-carrier

JRT243 2010 Female (spayed) smooth Non-carrier

JRT244 2008 Female (spayed) smooth Non-carrier
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JRT286 2015 Female (spayed) rough Non-carrier

JRT287 2013 Female (spayed) broken Non-carrier

JRT288 2011 Male smooth Non-carrier

JRT289 2010 Female (spayed) unknown Non-carrier

JRT290 2018 Male smooth Non-carrier

JRT291 2010 Female (spayed) smooth Non-carrier

JRT292 2013 Male (castrated) smooth Non-carrier

JRT293 2015 Female broken Non-carrier

JRT294 2018 Male rough Non-carrier

JRT295 2008 Female broken Non-carrier

JRT296 2011 Male (castrated) rough Non-carrier

JRT297 2013 Female broken Non-carrier

JRT298 2017 Female rough Non-carrier

JRT299 2018 Male (castrated) smooth Non-carrier

JRT300 2011 Female broken Non-carrier

JRT301 2012 Male (castrated) smooth Non-carrier

JRT302 2012 Female (spayed) smooth Non-carrier

JRT303 2005 Female (spayed) broken Non-carrier

JRT304 2012 Female (spayed) smooth Non-carrier

JRT305 2014 Male smooth Non-carrier

JRT306 2016 Male (castrated) broken Non-carrier

JRT307 2010 Female (spayed) unknown Non-carrier

JRT308 2012 Male rough Non-carrier

JRT309 2004 Female (spayed) smooth Non-carrier

JRT310 2013 Male (castrated) rough Non-carrier

JRT311 2017 Female smooth Non-carrier

JRT312 2017 Male smooth Non-carrier

JRT313 2009 Female (spayed) smooth Non-carrier

JRT314 2007 Female smooth Non-carrier

JRT315 2010 Male smooth Non-carrier

JRT316 2017 Female (spayed) smooth Non-carrier

JRT317 2017 Female (spayed) smooth Carrier

JRT318 2007 Female smooth Non-carrier

JRT319 2012 Female (spayed) smooth Non-carrier

JRT320 2011 Male (castrated) smooth Non-carrier

JRT321 2009 Female (spayed) broken Carrier

JRT322 2013 Male smooth Non-carrier

JRT323 2015 Male broken Non-carrier

JRT324 2018 Female (spayed) smooth Non-carrier

JRT325 2008 Female (spayed) broken Non-carrier

JRT326 2006 Female smooth Non-carrier
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JRT327 2010 Male (castrated) broken Non-carrier

JRT328 2018 Female (spayed) broken Non-carrier

JRT329 2009 Male (castrated) smooth Non-carrier

JRT330 2016 Male (castrated) smooth Non-carrier

JRT331 2015 Male (castrated) broken Non-carrier

JRT332 2013 Female (spayed) smooth Non-carrier

JRT333 2004 Male (castrated) smooth Non-carrier

JRT334 2008 Female (spayed) rough Non-carrier

JRT335 2018 Male broken Non-carrier

JRT336 2015 Male (castrated) rough Non-carrier

JRT337 2019 Female (spayed) broken Non-carrier

JRT338 2009 Male broken Non-carrier

JRT339 2005 Male (castrated) smooth Non-carrier

JRT340 2009 Female broken Non-carrier

JRT341 2017 Male (castrated) broken Non-carrier

JRT342 2009 Female (spayed) rough Carrier

JRT343 2010 Male smooth Non-carrier

JRT344 2015 Female (spayed) smooth Non-carrier

JRT345 2012 Male (castrated) smooth Non-carrier

JRT346 2014 Male (castrated) smooth Non-carrier

JRT347 2006 Female (spayed) smooth Non-carrier

JRT348 2006 Male (castrated) smooth Non-carrier

JRT349 2007 Female (spayed) rough Non-carrier

JRT350 2009 Male (castrated) unknown Non-carrier

JRT351 2017 Female (spayed) unknown Non-carrier

JRT352 2005 Female (spayed) broken Non-carrier

JRT353 2012 Male (castrated) rough Non-carrier

JRT354 2004 Female (spayed) smooth Non-carrier

JRT355 2017 Female (spayed) rough Non-carrier

JRT356 2013 Female (spayed) smooth Non-carrier

JRT357 2007 Male smooth Non-carrier

JRT358 2011 Male (castrated) broken Non-carrier

JRT359 2010 Male smooth Non-carrier

JRT360 2013 Male (castrated) broken Non-carrier

JRT361 2007 Male (castrated) rough Non-carrier

JRT362 2007 Female (spayed) smooth Non-carrier

JRT363 2010 Female (spayed) smooth Non-carrier

JRT364 2007 Female smooth Non-carrier

JRT365 2012 Female smooth Non-carrier

JRT366 2010 Male (castrated) smooth Non-carrier

JRT367 2007 Female (spayed) smooth Non-carrier
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JRT368 2008 Male smooth Non-carrier

JRT369 2007 Male rough Non-carrier

JRT370 2010 Female rough Non-carrier

JRT371 2015 Female rough Non-carrier

JRT372 2008 Male (castrated) rough Non-carrier

JRT373 2017 Male rough Non-carrier

JRT374 2019 Male unknown Non-carrier

JRT375 2009 Female (spayed) smooth Non-carrier

JRT376 2010 Male (castrated) smooth Non-carrier

JRT377 2017 Male (castrated) rough Non-carrier

JRT378 2016 Female (spayed) broken Non-carrier

JRT379 2014 Male smooth Non-carrier

JRT380 2007 Female (spayed) unknown Non-carrier

JRT381 2006 Female (spayed) rough Non-carrier

JRT382 2008 Female rough Non-carrier

JRT383 2015 Female (spayed) broken Non-carrier

JRT384 2018 Female (spayed) smooth Non-carrier

JRT385 2018 Male (castrated) broken Non-carrier

JRT386 2012 Male smooth Non-carrier

JRT387 2010 Male rough Non-carrier

JRT388 2010 Female (spayed) broken Non-carrier

JRT389 2009 Male (castrated) smooth Non-carrier

JRT390 2007 Female (spayed) rough Non-carrier

JRT391 2016 Male (castrated) rough Non-carrier

JRT392 2013 Male (castrated) broken Non-carrier

JRT393 2009 Female (spayed) broken Non-carrier

JRT394 2011 Male (castrated) rough Non-carrier

JRT395 2012 Male (castrated) smooth Non-carrier

JRT396 2011 Male broken Non-carrier

JRT397 2013 Female (spayed) smooth Non-carrier

JRT398 2007 Female (spayed) smooth Non-carrier

JRT399 2012 Female (spayed) broken Non-carrier

JRT400 2014 Male (castrated) rough Non-carrier

JRT401 2014 Male (castrated) smooth Non-carrier

JRT402 2013 Male smooth Non-carrier

JRT403 2017 Female (spayed) rough Non-carrier

JRT404 2009 Female (spayed) smooth Non-carrier

JRT405 2017 Female (spayed) rough Non-carrier

JRT406 2006 Male (castrated) rough Non-carrier

JRT407 2008 Male smooth Non-carrier

JRT408 2008 Female smooth Non-carrier
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JRT409 2019 Female smooth Non-carrier

JRT410 2017 Male (castrated) rough Non-carrier

JRT411 2011 Male rough Non-carrier

JRT412 2012 Male smooth Non-carrier

JRT413 2014 Male (castrated) smooth Non-carrier

JRT414 2010 Female smooth Non-carrier

JRT415 2013 Female smooth Non-carrier

JRT416 2004 Female smooth Non-carrier

JRT417 2020 Female smooth Non-carrier

JRT418 2006 Male smooth Non-carrier

JRT419 2011 Female (spayed) rough Non-carrier

JRT420 2012 Female (spayed) smooth Non-carrier

JRT421 2014 Female (spayed) smooth Non-carrier

JRT422 2014 Female (spayed) smooth Non-carrier

JRT423 2019 Female (spayed) smooth Non-carrier

JRT424 2018 Female (spayed) unknown Non-carrier

JRT425 2015 Male (castrated) rough Non-carrier

JRT426 2017 Female (spayed) broken Non-carrier

JRT427 2019 Male rough Non-carrier

JRT428 2017 Male (castrated) broken Non-carrier

JRT429 2015 Male (castrated) broken Non-carrier

JRT430 2013 Male (castrated) broken Non-carrier

JRT431 2006 Female smooth Non-carrier

JRT432 2018 Male smooth Non-carrier

JRT433 2008 Male (castrated) broken Non-carrier

JRT434 2010 Female smooth Non-carrier

JRT435 2007 Female (spayed) broken Non-carrier

JRT436 2008 Female (spayed) broken Non-carrier

JRT437 2007 Female (spayed) smooth Non-carrier

JRT438 2016 Male (castrated) unknown Non-carrier

JRT439 2016 Male (castrated) unknown Non-carrier

JRT440 2007 Female (spayed) broken Non-carrier

JRT441 2014 Female (spayed) smooth Non-carrier

JRT442 2018 Male (castrated) broken Non-carrier

JRT443 2018 Male smooth Non-carrier

JRT444 2013 Female broken Non-carrier

JRT445 2017 Male (castrated) rough Non-carrier

JRT446 2015 Male smooth Non-carrier

JRT447 2017 Male (castrated) rough Carrier

JRT448 2007 Female (spayed) broken Non-carrier

JRT449 2008 Female (spayed) broken Non-carrier
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JRT450 2012 Male (castrated) smooth Non-carrier

JRT451 2011 Female (spayed) smooth Non-carrier

JRT452 2016 Female smooth Non-carrier

JRT453 2007 Female (spayed) smooth Non-carrier

JRT454 2007 Male (castrated) smooth Non-carrier

JRT455 2012 Male (castrated) broken Non-carrier

JRT456 2019 Male rough Non-carrier

JRT457 2014 Female (spayed) smooth Non-carrier

JRT458 2008 Female broken Non-carrier

JRT459 2018 Male (castrated) smooth Non-carrier

JRT460 2009 Male unknown Non-carrier

JRT461 2009 Male (castrated) smooth Non-carrier

JRT462 2003 Female (spayed) smooth Non-carrier

JRT463 2006 Male (castrated) smooth Non-carrier

JRT464 2007 Female (spayed) smooth Non-carrier

JRT465 2013 Female (spayed) smooth Non-carrier

JRT466 2014 Female (spayed) broken Non-carrier

JRT467 2013 Male (castrated) smooth Non-carrier

JRT468 2019 Male unknown Non-carrier

JRT469 2010 Female (spayed) unknown Non-carrier

JRT470 2017 Female (spayed) unknown Non-carrier

JRT471 2016 Male (castrated) unknown Non-carrier

JRT472 2015 Female (spayed) broken Non-carrier

JRT473 2017 Female (spayed) rough Non-carrier

JRT474 2019 Male smooth Non-carrier

JRT475 2017 Female (unspecified) smooth Non-carrier

JRT476 2004 Female (spayed) rough Non-carrier

JRT477 2008 Female smooth Non-carrier

JRT478 2012 Male rough Non-carrier

JRT479 2009 Female (spayed) smooth Non-carrier

JRT480 2010 Male (castrated) smooth Non-carrier

JRT481 2015 Male smooth Non-carrier

JRT482 2006 Female (spayed) broken Non-carrier

JRT483 2019 Male broken Non-carrier

JRT484 2018 Female (spayed) rough Non-carrier

JRT485 2011 Male (castrated) unknown Non-carrier

JRT486 2012 Female (spayed) smooth Non-carrier

JRT487 2017 Male (castrated) broken Non-carrier

JRT488 2020 Female smooth Non-carrier

JRT489 2005 Male smooth Non-carrier

JRT490 2019 Female (spayed) smooth Non-carrier
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JRT491 2010 Female (spayed) broken Non-carrier

JRT492 2007 Female (spayed) broken Non-carrier

JRT493 2013 Male (castrated) broken Non-carrier

JRT494 2014 Female (spayed) broken Non-carrier

JRT495 2015 Male (castrated) broken Non-carrier

JRT496 2005 Male (castrated) broken Non-carrier

JRT497 2008 Female smooth Non-carrier

JRT498 2009 Male (castrated) broken Non-carrier

JRT499 2008 Female (spayed) broken Non-carrier

JRT500 2004 Male (castrated) broken Non-carrier

JRT501 2016 Female broken Non-carrier

JRT502 2013 Female (spayed) broken Non-carrier

JRT503 2006 Male (castrated) rough Non-carrier

JRT504 2012 Male (castrated) smooth Non-carrier

JRT505 2018 Male (castrated) broken Non-carrier

JRT506 2015 Male broken Non-carrier

JRT507 2016 Female (spayed) unknown Non-carrier

JRT508 2019 Male (castrated) smooth Non-carrier

JRT509 2014 Male (castrated) broken Non-carrier

JRT510 2014 Female (spayed) broken Non-carrier

JRT511 2012 Male (castrated) broken Non-carrier

JRT512 2004 Female (spayed) smooth Non-carrier

JRT513 2017 Female (spayed) smooth Non-carrier

JRT514 2008 Male (castrated) smooth Non-carrier

JRT515 2012 Female (spayed) smooth Non-carrier

JRT516 2012 Male (castrated) smooth Non-carrier

JRT517 2018 Male (castrated) rough Non-carrier

JRT518 2005 Male (castrated) broken Non-carrier

JRT519 2017 Female (spayed) smooth Non-carrier

JRT520 2011 Female smooth Non-carrier

JRT521 2012 Female (spayed) broken Non-carrier

JRT522 2007 Male (castrated) smooth Non-carrier

JRT523 2012 Female (spayed) smooth Non-carrier

JRT524 2016 Male rough Non-carrier

JRT525 2013 Female (spayed) rough Non-carrier

JRT526 2008 Male (castrated) rough Non-carrier

JRT527 2006 Male (castrated) smooth Non-carrier

JRT528 2012 Female (spayed) smooth Non-carrier

JRT529 2008 Male (castrated) smooth Non-carrier

JRT530 2018 Male (castrated) broken Non-carrier

JRT531 2014 Female (spayed) smooth Non-carrier

117



JRT532 2013 Female (spayed) smooth Non-carrier

JRT533 2013 Female (spayed) rough Non-carrier

JRT534 2019 Male (castrated) smooth Non-carrier

JRT535 2015 Male (castrated) smooth Carrier

JRT536 2014 Female broken Non-carrier

JRT537 2008 Male (castrated) smooth Non-carrier

JRT538 2007 Male (castrated) unknown Non-carrier

JRT539 2016 Male (castrated) smooth Non-carrier

JRT540 2007 Male (castrated) smooth Non-carrier

JRT541 2013 Female (spayed) broken Non-carrier

JRT542 2018 Male (castrated) rough Non-carrier

JRT543 2011 Female (spayed) smooth Non-carrier

JRT544 2014 Male smooth Non-carrier

JRT545 2019 Male (castrated) smooth Non-carrier

JRT546 2014 Male (castrated) unknown Non-carrier

JRT547 2019 Female unknown Non-carrier

JRT548 2018 Male (castrated) rough Non-carrier

JRT549 2019 Male rough Non-carrier

JRT550 2017 Female (spayed) smooth Non-carrier

JRT551 2009 Male (castrated) broken Non-carrier

JRT552 2018 Male (castrated) rough Non-carrier

JRT553 2016 Male smooth Non-carrier

JRT554 2019 Female (spayed) smooth Non-carrier

JRT555 2019 Female smooth Non-carrier

JRT556 2005 Female (spayed) smooth Non-carrier

JRT557 2016 Male (castrated) smooth Non-carrier

JRT558 2008 Male broken Non-carrier

JRT559 2011 Male broken Non-carrier

JRT560 2017 Male smooth Non-carrier

JRT561 2011 Female (spayed) broken Non-carrier

JRT562 2016 Female (spayed) smooth Non-carrier

JRT563 2010 Female (spayed) broken Non-carrier

JRT564 2008 Male (castrated) smooth Non-carrier

JRT565 2018 Female unknown Non-carrier

JRT566 2020 Female unknown Non-carrier

JRT567 2020 Female unknown Non-carrier

JRT568 2020 Male unknown Non-carrier

JRT569 2020 Male unknown Non-carrier

JRT570 2014 Female (spayed) broken Non-carrier

JRT571 2007 Female (spayed) rough Non-carrier

JRT572 2018 Female smooth Non-carrier
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JRT573 2014 Male (castrated) broken Non-carrier

JRT574 2013 Female (spayed) broken Non-carrier

JRT575 2014 Female (spayed) broken Non-carrier

JRT576 2009 Male (castrated) smooth Non-carrier

JRT577 2011 Male (castrated) rough Non-carrier

JRT578 2010 Female (spayed) rough Non-carrier

JRT579 2009 Female (spayed) smooth Non-carrier

JRT580 2010 Female (spayed) broken Non-carrier

JRT581 2014 Female broken Non-carrier

JRT582 2007 Female (spayed) unknown Non-carrier

JRT583 2007 Female smooth Non-carrier

JRT584 2017 Male (castrated) smooth Non-carrier

JRT585 2004 Male (castrated) smooth Non-carrier

JRT586 2020 Male broken Non-carrier

JRT587 2009 Female rough Non-carrier

JRT588 2008 Female smooth Non-carrier

JRT589 2011 Male (castrated) broken Non-carrier

JRT590 2011 Male (castrated) smooth Non-carrier

JRT591 2011 Female smooth Non-carrier

JRT592 2012 Female (spayed) smooth Non-carrier

JRT593 2019 Male unknown Non-carrier

JRT594 2010 Female (spayed) smooth Non-carrier

JRT595 2012 Female (spayed) smooth Non-carrier

JRT596 2019 Female smooth Non-carrier

JRT597 2018 Male (castrated) smooth Non-carrier

JRT598 2008 Female (spayed) smooth Non-carrier

JRT599 2007 Female (spayed) smooth Non-carrier

JRT600 2006 Male (castrated) smooth Non-carrier

JRT601 2014 Male (castrated) broken Non-carrier

JRT602 2019 Female (spayed) smooth Non-carrier

JRT603 2005 Female (spayed) smooth Non-carrier

JRT604 2020 Male smooth Non-carrier

JRT605 2013 Male (castrated) smooth Non-carrier

JRT606 2014 Male (castrated) rough Non-carrier

JRT607 2020 Female smooth Non-carrier

JRT608 2011 Female rough Non-carrier

JRT609 2006 Male broken Non-carrier

JRT610 2005 Female smooth Non-carrier

JRT611 2012 Female (spayed) broken Non-carrier

JRT612 2007 Male (castrated) smooth Non-carrier

JRT613 2017 Male (castrated) smooth Non-carrier
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JRT614 2018 Male (castrated) smooth Non-carrier

JRT615 2019 Male (castrated) smooth Non-carrier

JRT616 2012 Female (spayed) smooth Non-carrier

JRT617 2005 Male (castrated) broken Non-carrier

JRT618 2009 Female (spayed) broken Non-carrier

JRT619 2015 Male (castrated) rough Non-carrier

JRT620 2010 Female smooth Non-carrier

JRT621 2006 Male (castrated) smooth Non-carrier

JRT622 2004 Female (spayed) smooth Non-carrier

JRT623 2008 Female (spayed) broken Non-carrier

JRT624 2011 Male (castrated) rough Non-carrier

JRT625 2012 Female (spayed) smooth Non-carrier

JRT626 2015 Male (castrated) broken Non-carrier

JRT627 2012 Male (castrated) smooth Non-carrier

JRT628 2009 Female (spayed) broken Non-carrier

JRT629 2016 Female (spayed) smooth Non-carrier

JRT630 2013 Male (castrated) smooth Non-carrier

JRT631 2012 Male smooth Non-carrier

JRT632 2007 Female (spayed) smooth Non-carrier

JRT633 2004 Male (castrated) smooth Non-carrier

JRT634 2009 Female rough Non-carrier

JRT635 2019 Male smooth Non-carrier

JRT636 2009 Male smooth Non-carrier

JRT637 2011 Female (spayed) broken Non-carrier

JRT638 2016 Male (castrated) broken Non-carrier

JRT639 2014 Female (spayed) smooth Non-carrier

JRT640 2010 Female (spayed) smooth Non-carrier

JRT641 2015 Male smooth Non-carrier

JRT642 2015 Female (spayed) smooth Non-carrier

JRT643 2005 Male rough Non-carrier

JRT644 2009 Female (spayed) smooth Non-carrier

JRT645 2011 Female (spayed) broken Non-carrier

JRT646 2010 Male unknown Non-carrier

JRT647 2007 Female (spayed) smooth Non-carrier

JRT648 2013 Female (spayed) smooth Non-carrier

JRT649 2012 Female (spayed) smooth Non-carrier

JRT650 2006 Female smooth Non-carrier

JRT651 2013 Male (castrated) smooth Non-carrier

JRT652 2012 Male smooth Non-carrier

JRT653 2008 Male smooth Non-carrier

JRT654 2010 Female smooth Non-carrier
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JRT655 2009 Male smooth Non-carrier

JRT656 2015 Female (spayed) smooth Non-carrier

JRT657 2011 Male (castrated) broken Non-carrier

JRT658 2010 Male smooth Non-carrier

JRT659 2019 Male (castrated) broken Non-carrier

JRT660 2006 Male (castrated) smooth Non-carrier

JRT661 2011 Female (spayed) broken Non-carrier

JRT662 2017 Male (castrated) smooth Non-carrier

JRT663 2014 Male(unspecified) smooth Non-carrier

JRT664 2015 Female (spayed) rough Non-carrier

JRT665 2019 Male(unspecified) smooth Non-carrier

JRT666 2008 Male (castrated) broken Non-carrier

JRT667 2010 Female (spayed) smooth Non-carrier

JRT668 2011 Female smooth Non-carrier

JRT669 2009 Male smooth Non-carrier

JRT670 2017 Male smooth Non-carrier

JRT671 2011 Male (castrated) smooth Carrier

JRT672 2015 Male (castrated) smooth Non-carrier

JRT673 2017 Male (castrated) broken Non-carrier

JRT674 2009 Male smooth Non-carrier

JRT675 2014 Female (spayed) smooth Non-carrier

JRT676 2017 Male (castrated) broken Non-carrier

JRT677 2017 Female (spayed) smooth Non-carrier

JRT678 2019 Male (castrated) rough Non-carrier

JRT679 2017 Female (spayed) broken Non-carrier

JRT680 2012 Male (castrated) smooth Non-carrier

JRT681 2013 Female (spayed) broken Non-carrier

JRT682 2007 Female (spayed) rough Non-carrier

JRT683 2015 Male (castrated) broken Non-carrier

JRT684 2016 Male (castrated) smooth Non-carrier

JRT685 2005 Male (castrated) smooth Non-carrier

JRT686 2006 Male (castrated) smooth Non-carrier

JRT687 2018 Male (castrated) smooth Non-carrier

JRT688 2011 Female smooth Non-carrier

JRT689 2007 Female (spayed) smooth Non-carrier

JRT690 2015 Female (spayed) smooth Non-carrier

JRT691 2013 Female (spayed) rough Non-carrier

JRT692 2009 Male smooth Non-carrier

JRT693 2010 Male smooth Non-carrier

JRT694 2016 Female (spayed) smooth Non-carrier

JRT695 2019 Female (spayed) smooth Non-carrier
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JRT696 2011 Female (spayed) broken Non-carrier

JRT697 2007 Female (spayed) broken Carrier

JRT698 2005 Female (spayed) smooth Non-carrier

JRT699 2012 Male (castrated) smooth Non-carrier

JRT700 2019 Male (castrated) smooth Non-carrier

JRT701 2016 Male (castrated) smooth Non-carrier

JRT702 2007 Male (castrated) rough Non-carrier

JRT703 2007 Male (castrated) broken Non-carrier

JRT704 2005 Male (castrated) broken Non-carrier

JRT705 2007 Female (spayed) broken Non-carrier

JRT706 2007 Female (spayed) broken Non-carrier

JRT707 2008 Male (castrated) smooth Non-carrier

JRT708 2006 Male (castrated) broken Non-carrier

JRT709 2014 Male (castrated) smooth Non-carrier

JRT710 2010 Male (castrated) broken Non-carrier

JRT711 2018 Female broken Non-carrier

JRT712 2009 Male broken Non-carrier

JRT713 2008 Female (spayed) broken Non-carrier

JRT714 2015 Female broken Non-carrier

JRT715 2004 Female (spayed) smooth Non-carrier

JRT716 2009 Female (spayed) broken Non-carrier

JRT717 2012 Male (castrated) broken Non-carrier

JRT718 2013 Male (castrated) unknown Non-carrier

JRT719 2014 Female (spayed) rough Non-carrier

JRT720 2011 Female (spayed) rough Non-carrier

JRT721 2009 Male (castrated) smooth Non-carrier

JRT722 2010 Female (spayed) rough Non-carrier

JRT723 2014 Male smooth Non-carrier

JRT724 2006 Female (spayed) rough Non-carrier

JRT725 2017 Male (castrated) smooth Non-carrier

JRT726 2010 Male (castrated) rough Non-carrier

JRT727 2015 Female (spayed) smooth Non-carrier

JRT728 2009 Male smooth Non-carrier

JRT729 2014 Male smooth Non-carrier

JRT730 2014 Male (castrated) rough Non-carrier

JRT731 2011 Male (castrated) rough Non-carrier

JRT732 2017 Male (castrated) broken Non-carrier

JRT733 2007 Female (spayed) broken Non-carrier

JRT734 2007 Female (spayed) smooth Non-carrier

JRT735 2019 Male (castrated) smooth Non-carrier

JRT736 2008 Male (castrated) unknown Non-carrier
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JRT737 2013 Male (castrated) smooth Non-carrier

JRT738 2007 Male (castrated) smooth Non-carrier

JRT739 2008 Female (spayed) smooth Non-carrier

JRT740 2010 Female (spayed) smooth Non-carrier

JRT741 2012 Male unknown Non-carrier

JRT742 2009 Male broken Non-carrier

JRT743 2015 Male unknown Non-carrier

JRT744 2008 Female (spayed) smooth Non-carrier

JRT745 2014 Female (spayed) rough Non-carrier

JRT746 2016 Female (spayed) broken Non-carrier

JRT747 2007 Female broken Non-carrier

JRT748 2012 Male (castrated) smooth Non-carrier

JRT749 2017 Male rough Non-carrier

JRT750 2015 Female (spayed) broken Non-carrier

JRT751 2011 Male broken Non-carrier

JRT752 2012 Female smooth Non-carrier

JRT753 2013 Female (spayed) broken Non-carrier

JRT754 2007 Female (spayed) smooth Non-carrier

JRT755 2006 Female (spayed) smooth Non-carrier

JRT756 2010 Female (spayed) smooth Non-carrier

JRT757 2009 Male rough Non-carrier

JRT758 2014 Male smooth Non-carrier

JRT759 2006 Female broken Non-carrier

JRT760 2017 Female (spayed) smooth Non-carrier

JRT761 2010 Female (spayed) smooth Non-carrier

JRT762 2011 Male smooth Non-carrier

JRT763 2011 Female (spayed) smooth Non-carrier

JRT764 2011 Male (castrated) broken Non-carrier

JRT765 2009 Female (spayed) smooth Non-carrier

JRT766 2007 Female (spayed) broken Non-carrier

JRT767 2016 Female (spayed) broken Non-carrier

JRT768 2018 Male (castrated) unknown Non-carrier

JRT769 2017 Female (spayed) smooth Non-carrier

JRT770 2009 Male smooth Non-carrier

JRT771 2011 Male smooth Non-carrier

JRT772 2011 Female (spayed) smooth Non-carrier

JRT773 2004 Male (castrated) smooth Non-carrier

JRT774 2006 Female (spayed) smooth Non-carrier

JRT775 2008 Male smooth Non-carrier

JRT776 2019 Female (spayed) smooth Non-carrier

JRT777 2009 Female smooth Non-carrier
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JRT778 2010 Male smooth Non-carrier

JRT779 2007 Male (castrated) broken Non-carrier

JRT780 2019 Male smooth Non-carrier

JRT781 2009 Female (spayed) smooth Non-carrier

JRT782 2009 Female (spayed) smooth Non-carrier

JRT783 2014 Male rough Non-carrier

JRT784 2018 Male smooth Non-carrier

JRT785 2008 Female (spayed) broken Non-carrier

JRT786 2009 Male (castrated) broken Non-carrier

JRT787 2015 Female rough Non-carrier

JRT788 2013 Female (spayed) rough Non-carrier

JRT789 2007 Female (spayed) broken Non-carrier

JRT790 Unknown Female (spayed) broken Non-carrier

JRT791 Unknown Male (castrated) rough Non-carrier

JRT792 2018 Female (spayed) rough Non-carrier
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Case No. Dog breed Location of GI epithelial tumor
Histopathological

diagnosis APC  variant status

GB001 Miniature Dachshund Intestine (unspecified) Adenoma Non-carrier

GB002 Miniature Dachshund Intestine (rectum) Adenocarcinoma Non-carrier

GB003 Miniature Dachshund Stomach Adenocarcinoma Non-carrier

GB004 Miniature Dachshund Small intestine Adenoma Non-carrier

GB005 Belgian Shepherd Tarvuren Stomach Adenocarcinoma Non-carrier

GB006 Papillon Intestine (unspecified) Adenocarcinoma Non-carrier

GB007 Shetland Sheepdog Intestine (unspecified) Adenoma Non-carrier

GB008 Jack Russell Terrier Intestine (rectum) Adenocarcinoma Non-carrier

GB009 Miniature Dachshund Intestine (unspecified) Adenocarcinoma Non-carrier

GB010 Miniature Dachshund Intestine (unspecified) Adenocarcinoma Non-carrier

GB011 Toy Poodle Intestine (rectum) Adenocarcinoma Non-carrier

GB012 Chihuahua Intestine (unspecified) Adenocarcinoma Non-carrier

GB013 Shiba Inu Intestine (unspecified) Adenocarcinoma Non-carrier

GB014 Boston Terrier Intestine (rectum) Adenoma Non-carrier

GB015 Mix Intestine (unspecified) Adenocarcinoma Non-carrier

GB016 Shih Tzu Stomach Adenocarcinoma Non-carrier

GB017 American Cocker Spaniel Intestine (unspecified) Adenocarcinoma Non-carrier

GB018 Jack Russell Terrier Intestine (unspecified) Adenocarcinoma Carrier

GB019 Miniature Dachshund Intestine (unspecified) Adenocarcinoma Non-carrier

GB020 Chinese Crested Dog Intestine (unspecified) Adenocarcinoma Non-carrier

GB021 Miniature Dachshund Stomach Adenocarcinoma Non-carrier

GB022 Miniature Dachshund Stomach Adenocarcinoma Non-carrier

GB023 Chihuahua Small intestine Adenocarcinoma Non-carrier

GB024 Lakeland Terrier Intestine (unspecified) Adenocarcinoma Non-carrier

GB025 Miniature Schnauzer Intestine (unspecified) Adenocarcinoma Non-carrier

GB026 Miniature Dachshund Intestine (rectum) Adenoma Non-carrier

GB027 Miniature Dachshund Intestine (unspecified) Adenocarcinoma Non-carrier

GB028 Golden Retriever Stomach Adenocarcinoma Non-carrier

GB029 Toy Poodle Intestine (unspecified) Adenocarcinoma Non-carrier

GB030 Toy Poodle Intestine (unspecified) Adenocarcinoma Non-carrier

GB031 Miniature Dachshund Intestine (unspecified) Adenoma Non-carrier

GB032 Shih Tzu Stomach Adenocarcinoma Non-carrier

GB033 Jack Russell Terrier Stomach Adenocarcinoma Carrier

GB034 Brittany Spaniel Intestine (unspecified) Adenocarcinoma Non-carrier

GB035 Shih Tzu Intestine (unspecified) Adenocarcinoma Non-carrier

GB036 Toy Poodle Intestine (unspecified) Adenocarcinoma Non-carrier

GB037 French Bulldog Stomach Adenocarcinoma Non-carrier

GB038 West Highland white terrier Intestine (unspecified) Adenocarcinoma Non-carrier

GB039 Jack Russell Terrier Stomach Adenocarcinoma Carrier
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n

Miniature Dachshund 12

Jack Russell Terrier 4

Toy Poodle 4

Shih Tzu 3

Chihuahua 2

American Cocker Spaniel 1

Belgian Shepherd Tarvuren 1

Boston Terrier 1

Brittany Spaniel 1

Chinese Crested Dog 1

French Bulldog 1

Golden Retriever 1

Lakeland Terrier 1

Miniature Schnauzer 1

Papillon 1

Shetland Sheepdog 1

Shiba Inu 1

West Highland white terrier 1

Mix breed 1

Genomic bank samples (n=39)

Toy Poodle 5

Chihuahua 4

Miniature Dachshund 4

French Bulldog 3

Labrador Retriever 2

Shih Tzu 2

Bichon Frise 1

Border Collie 1

Bull Terrier 1

Maltese 1

Miniature Schnauzer 1

Welsh Corgi 1

West Highland white terrier 1

Wire Fox Terrier 1

Mix breed 4

FFPE samples (n=32)

Dog breed
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Case No. Birth year Sex Location of polyps Reference

21 2005/09 Male (castrated) Rectum Ref. 70

1 2006/05 Female (spayed) Stomach, rectum Ref. 70

3 2010/04 Female Stomach Ref. 70

6 2010/07 Female (spayed) Stomach Ref. 70

22 2013/09 Female (spayed) Duodenum, colon, rectum Unpublished
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Total number of
examined case

Number of
APC  variant carrier (%) P value

Birth year
2001-2005 57 0 (0 ) 0.72671914

2006-2010 272 5 (1.84 )

2011-2015 286 6 (2.10%)

2016-2020 175 4 (2.29%)

Unknown 2

Sex
Male 399 7 (1.75%) 0.771578924

Female 393 8 (2.04%)

Coat type
Smooth 396 9 (2.27%) 0.704531295

Broken 212 3 (1.42%)

Rough 129 3 (2.33%)

Unkown 55
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Figure 3-1. Genetic test for germline APC variant used in prevalence survey in Jack Russell terriers in Japan.
(A) PCR-RFLP analysis. Representative result of polyacrylamide gel electrophoresis of MseI-digested PCR
products amplified from blood samples of Jack Russell terriers (Case Nos. JRT313-324). Synthetic wild-type
and mutant DNA, as well as DNA samples from carrier and non-carrier JRTs found in previous study, are used
as controls. Case Nos. JRT 317 and 321 are determined to be APC variant carriers based on presence of bands
of 51 and 57 bp derived from APC variant allele. N: Non-carrier JRT and C: Carrier JRT. (B) PCR-direct
sequencing. Representative result of a carrier JRT (Case No. JRT321 ). DNA sequence of codons 153-156 in
the canine APC gene determined by PCR-direct sequencing. The red arrows indicated 2-bp substitution at
codons154 and 155.
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Figure 3-2. Endoscopic appearance of pyloric polyps developed in a Jack Russell terriers with germline APC
variant. JRT152. The protruded lesions cause narrowing of the pylorus. (B) is larger image of the same polyp
in (A) .
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Figure 3-3. Histopathology of the gastric and rectum lesions in Jack Russell Terriers with germline APC
variant. (A, B) Adenocarcinoma in the gastric antrum of JRT152. (C, D) Rectum adenocarinoma of JRT 216.
(B) and (D) are higher magnification of (A) and (C). Bars = 200 μm (A and C), 50 μm (B and D).
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Figure 3-4. Family tree conducted according to pedigree certificates of Jack Russell terriers with germline
APC variant. Blood relationship among carrier dogs detected in the current prevalence study, JRT 196, 203,
216, 221, 317 and 342, are examined together with previously diagnosed cases, Case Nos. 1, 3, 6, 21 and 22.
Square and circle show male and female, respectively. The black pattern indicates carriers of germline APC
variant. (A) Family tree of JRT203, 317 and Case No. 22. Father of the three carriers was common. (B)
Family tree of JRT196, 216, Case Nos. 3 and 21. Asterisk indicates common ancestor of JRT196, 216 and
Case No. 3. (C) Family tree of JRT221, 342, Case Nos. 1 and 6. These carrier dogs are descendants of a
common breeding pair indicted by red circle.
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Figure 3-5. Genetic test for germline APC variant using FFPE samples of dogs with gastrointestinal (GI)
epithelial tumors. (A) PCR-RFLP analysis. The polyacrylamide gel electrophoresis of MseI-digested PCR
products amplified from FFPE samples dogs of multiple breeds which were affected with GI epithelial tumor.
Synthetic wild-type and mutant DNA and DNA samples form carrier and non-carrier JRTs are used as controls.
DNA fragments derived from APC variant allele, 51 and 57 bp-bands, are not detected in all FFPE samples. N:
Non-carrier JRT and C: Carrier JRT. (B) PCR-direct sequencing. Representative result of a non-carrier dog
with GI tumor (Case No. GIT032). DNA sequences of codons 153-156 in the canine APC gene determined by
PCR-direct sequencing. The APC variant associated with hereditary GI polyposis, which is located at codons
154 and 155, is absent.

B

A

136



Figure 3-6. Genetic test for germline APC variant using DNA samples of dogs with gastrointestinal (GI)
epithelial tumors obtained from genomic bank. (A) PCR-RFLP assay. The polyacrylamide gel electrophoresis
of MseI-digested PCR products amplified from DNA samples of dog with GI epithelial tumor. Synthetic wild-
type and mutant DNA and DNA samples form carrier and non-carrier JRTs are used as controls. Case Nos.
GB018, GB033 and GB039 are determined to be APC variant carriers. N: Non-carrier JRT and C: Carrier JRT.
(B) TaqMan real time PCR. Allelic discrimination plot based on the signal intensity ratio of FAM and VIC at
the end points of PCR amplification. Synthetic wild-type and mutant DNAs are located at bottom right and top
left corners, respectively, and distilled water used as negative control is at bottom left corner. Non-carrier dogs
are clustered together with the synthetic wild-type DNA at bottom right corner. One non-carrier is not
contained in this cluster. Carrier dogs are located near the diagonal line forming a distinct cluster.

A

B

137



138

 

 

APC c.[462_463delinsTT]

APC LOH

APC

 

2 1 APC

c.[462_463delinsTT] PCR-RFLP TaqMan

PCR APC

 

3 2



139

APC APC

1.9 %

APC APC

c.[462_463delinsTT]

APC

 

 

 

  



140

 

 

 

 

  

 

 

 

 



141

 

 

 

  



142

 

 

1) Amin, M. B., Byrd, D. R., Edge, S. B. and Greene, F. L.2016. AJCC cancer staging 

manual, Springer International Publishing AG, Cham. 

2) Amorim, I., Taulescu, M. A., Day, M. J., Catoi, C., Reis, C. A., Carneiro, F. and Gartner, 

F. 2016. Canine Gastric Pathology: A Review. J Comp Pathol 154: 9-37. 

3) Averill, D. R., Jr. 1973. Degenerative myelopathy in the aging German Shepherd dog: 

clinical and pathologic findings. J Am Vet Med Assoc 162: 1045-1051. 

4) Awano, T., Johnson, G. S., Wade, C. M., Katz, M. L., Johnson, G. C., Taylor, J. F., 

Perloski, M., Biagi, T., Baranowska, I., Long, S., March, P. A., Olby, N. J., Shelton, G. 

D., Khan, S., O'Brien, D. P., Lindblad-Toh, K. and Coates, J. R. 2009. Genome-wide 

association analysis reveals a SOD1 mutation in canine degenerative myelopathy that 

resembles amyotrophic lateral sclerosis. Proc Natl Acad Sci U S A 106: 2794-2799. 

5) Beroud, C. and Soussi, T. 1996. APC gene: database of germline and somatic mutations 

in human tumors and cell lines. Nucleic Acids Res 24: 121-124. 

6) Brierley, J., Gospodarowicz, M. K. and Wittekind, C.2017. TNM classification of 

malignant tumours, John Wiley & Sons, Chichester. 

7) Burt, R. W., Leppert, M. F., Slattery, M. L., Samowitz, W. S., Spirio, L. N., Kerber, R. 

A., Kuwada, S. K., Neklason, D. W., Disario, J. A., Lyon, E., Hughes, J. P., Chey, W. Y. 

and White, R. L. 2004. Genetic testing and phenotype in a large kindred with attenuated 

familial adenomatous polyposis. Gastroenterology 127: 444-451. 

8) Chang, H. S., Arai, T., Yabuki, A., Hossain, M. A., Rahman, M. M., Mizukami, K. and 

Yamato, O. 2010. Rapid and reliable genotyping technique for GM1 gangliosidosis in 



143

Shiba dogs by real-time polymerase chain reaction with TaqMan minor groove binder 

probes. J Vet Diagn Invest 22: 234-237. 

9) Chang, H. S., Kamishina, H., Mizukami, K., Momoi, Y., Katayama, M., Rahman, M. 

M., Uddin, M. M., Yabuki, A., Kohyama, M. and Yamato, O. 2013. Genotyping assays 

for the canine degenerative myelopathy-associated c.118G>A (p.E40K) mutation of the 

SOD1 gene using conventional and real-time PCR methods: a high prevalence in the 

Pembroke Welsh Corgi breed in Japan. J Vet Med Sci 75: 795-798. 

10) Domizio, P., Talbot, I. C., Spigelman, A. D., Williams, C. B. and Phillips, R. K. 1990. 

Upper gastrointestinal pathology in familial adenomatous polyposis: results from a 

prospective study of 102 patients. J Clin Pathol 43: 738-743. 

11) Donner, J., Kaukonen, M., Anderson, H., Moller, F., Kyostila, K., Sankari, S., Hytonen, 

M., Giger, U. and Lohi, H. 2016. Genetic Panel Screening of Nearly 100 Mutations 

Reveals New Insights into the Breed Distribution of Risk Variants for Canine 

Hereditary Disorders. PLoS One 11: e0161005. 

12) Dostal, J., Hrdlicova, A. and Horak, P. 2011. Progressive rod-cone degeneration 

(PRCD) in selected dog breeds and variability in its phenotypic expression. Vet Med 

56: 243-247. 

13) Farrell, L. L., Schoenebeck, J. J., Wiener, P., Clements, D. N. and Summers, K. M. 

2015. The challenges of pedigree dog health: approaches to combating inherited 

disease. Canine Genet Epidemiol 2: 3. 

14) Fearnhead, N. S., Britton, M. P. and Bodmer, W. F. 2001. The ABC of APC. Hum Mol 

Genet 10: 721-733. 

15) Giardiello, F. M., Burt, R. W., Järvinin, H. J. and Offerhaus, G. J. 2010. Familial 



144

adenomatous polyposis. In:(Bosman, F. T., Carneiro, F., Hruban, R. H. and Theise, N. 

D. eds.), WHO Classification of Tumours of the Digestive System, 4th Edition ed. pp. 

147-151. World Health Organization, Lyon. 

16) Giger, U., Sargan, D. R. and McNiel, E. A. 2006. Breed-specific Hereditary Diseases 

and Genetic Screening. In:(Ostrander, E. A., Giger, U. and Lindblad-Toh, K. eds.), The 

Dog and Its Genome, pp. 249-289. Cold Spring Harbor Laboratory Press, New York. 

17) Gough, A., Thomas, A. and O'Neill, D. 2018. Introduction. In:(Alex Gough, A. T., Dan 

O'Neill ed.) Breed predispositions to disease in dogs and cats, 3 ed. pp. 1-16. John 

Wiley & Sons, Chichester. 

18) Hamilton, S. R., Bosman, F. T., Boffetta, P., Ilyas, M., Morreau, H., Nakamura, S.-I., 

Quirke, P., Riboli, E. and Sobin, L. H. 2010. Carcinoma of the colon and rectum. 

In:(Bosman, F. T., Carneiro, F., Hruban, R. H. and Theise, N. D. eds.), WHO 

Classification of Tumours of the Digestive System, 4th Edition ed. pp. 134-146. World 

Health Organization, Lyon. 

19) Head, K. W., Cullen, J. M. and Dubielzig, R. R. 2003. Histological classification of 

tumors of the alimentary system of domestic animals, Armed Forces Institute of 

Pathology, Washington DC. 

20) Ichii, S., Horii, A., Nakatsuru, S., Furuyama, J., Utsunomiya, J. and Nakamura, Y. 1992. 

Inactivation of both APC alleles in an early stage of colon adenomas in a patient with 

familial adenomatous polyposis (FAP). Hum Mol Genet 1: 387-390. 

21) Ichii, S., Takeda, S., Horii, A., Nakatsuru, S., Miyoshi, Y., Emi, M., Fujiwara, Y., 

Koyama, K., Furuyama, J., Utsunomiya, J. and et al. 1993. Detailed analysis of genetic 

alterations in colorectal tumors from patients with and without familial adenomatous 



145

polyposis (FAP). Oncogene 8: 2399-2405. 

22) Iwama, T., Mishima, Y. and Utsunomiya, J. 1993. The impact of familial adenomatous 

polyposis on the tumorigenesis and mortality at the several organs. Its rational 

treatment. Annals of surgery 217: 101-108. 

23) JAPAN KENNEL CLUB.  . https://www.jkc. 

or.jp/. [accessed on 2021/04/13] 

24) Jasperson, K. W., Tuohy, T. M., Neklason, D. W. and Burt, R. W. 2010. Hereditary and 

familial colon cancer. Gastroenterology 138: 2044-2058. 

25) Jelsig, A. M., Qvist, N., Brusgaard, K., Nielsen, C. B., Hansen, T. P. and Ousager, L. 

B. 2014. Hamartomatous polyposis syndromes: a review. Orphanet J Rare Dis 9: 101. 

26) Kanemaki, N., Tchedre, K. T., Imayasu, M., Kawarai, S., Sakaguchi, M., Yoshino, A., 

Itoh, N., Meguro, A. and Mizuki, N. 2013. Dogs and humans share a common 

susceptibility gene SRBD1 for glaucoma risk. PLoS One 8: e74372. 

27) . . https://canine-lab.jp/. 

[accessed on 2021/04/28] 

28) Kerr, S. E., Thomas, C. B., Thibodeau, S. N., Ferber, M. J. and Halling, K. C. 2013. 

APC germline mutations in individuals being evaluated for familial adenomatous 

polyposis: a review of the Mayo Clinic experience with 1591 consecutive tests. J Mol 

Diagn 15: 31-43. 

29) Knudsen, A. L., Bisgaard, M. L. and Bulow, S. 2003. Attenuated familial adenomatous 

polyposis (AFAP). A review of the literature. Fam Cancer 2: 43-55. 

30) Kohyama, M., Tada, N., Mitsui, H., Tomioka, H., Tsutsui, T., Yabuki, A., Rahman, M. 

M., Kushida, K., Mizukami, K. and Yamato, O. 2016. Real-time PCR genotyping assay 



146

for canine progressive rod-cone degeneration and mutant allele frequency in Toy 

Poodles, Chihuahuas and Miniature Dachshunds in Japan. J Vet Med Sci 78: 481-484. 

31) Lamlum, H., Ilyas, M., Rowan, A., Clark, S., Johnson, V., Bell, J., Frayling, I., 

Efstathiou, J., Pack, K., Payne, S., Roylance, R., Gorman, P., Sheer, D., Neale, K., 

Phillips, R., Talbot, I., Bodmer, W. and Tomlinson, I. 1999. The type of somatic 

mutation at APC in familial adenomatous polyposis is determined by the site of the 

germline mutation: a new facet to Knudson's 'two-hit' hypothesis. Nature Medicine 5: 

1071-1075. 

32) Lauwers, G. Y., Carnerio, F., Graham, D. Y., Curado, M.-P., Franceschi, S., 

Montogomery, E., Tatematsu, M. and Hattori, T. 2010. Gastric carcinoma. In:(Bosman, 

F. T., Carneiro, F., Hruban, R. H. and Theise, N. D. eds.), WHO Classification of 

Tumours of the Digestive System, 4th Edition ed. pp. 48-58. World Health 

Organization, Lyon. 

33) Levy, D. B., Smith, K. J., Beazer-Barclay, Y., Hamilton, S. R., Vogelstein, B. and 

Kinzler, K. W. 1994. Inactivation of both APC alleles in human and mouse tumors. 

Cancer Res 54: 5953-5958. 

34) Lindblad-Toh, K., Wade, C. M., Mikkelsen, T. S., Karlsson, E. K., Jaffe, D. B., Kamal, 

M., Clamp, M., Chang, J. L., Kulbokas, E. J., 3rd, Zody, M. C., Mauceli, E., Xie, X., 

Breen, M., Wayne, R. K., Ostrander, E. A., Ponting, C. P., Galibert, F., Smith, D. R., 

DeJong, P. J., Kirkness, E., Alvarez, P., Biagi, T., Brockman, W., Butler, J., Chin, C. 

W., Cook, A., Cuff, J., Daly, M. J., DeCaprio, D., Gnerre, S., Grabherr, M., Kellis, M., 

Kleber, M., Bardeleben, C., Goodstadt, L., Heger, A., Hitte, C., Kim, L., Koepfli, K. 

P., Parker, H. G., Pollinger, J. P., Searle, S. M., Sutter, N. B., Thomas, R., Webber, C., 



147

Baldwin, J., Abebe, A., Abouelleil, A., Aftuck, L., Ait-Zahra, M., Aldredge, T., Allen, 

N., An, P., Anderson, S., Antoine, C., Arachchi, H., Aslam, A., Ayotte, L., Bachantsang, 

P., Barry, A., Bayul, T., Benamara, M., Berlin, A., Bessette, D., Blitshteyn, B., Bloom, 

T., Blye, J., Boguslavskiy, L., Bonnet, C., Boukhgalter, B., Brown, A., Cahill, P., 

Calixte, N., Camarata, J., Cheshatsang, Y., Chu, J., Citroen, M., Collymore, A., Cooke, 

P., Dawoe, T., Daza, R., Decktor, K., DeGray, S., Dhargay, N., Dooley, K., Dooley, K., 

Dorje, P., Dorjee, K., Dorris, L., Duffey, N., Dupes, A., Egbiremolen, O., Elong, R., 

Falk, J., Farina, A., Faro, S., Ferguson, D., Ferreira, P., Fisher, S., FitzGerald, M., Foley, 

K., Foley, C., Franke, A., Friedrich, D., Gage, D., Garber, M., Gearin, G., Giannoukos, 

G., Goode, T., Goyette, A., Graham, J., Grandbois, E., Gyaltsen, K., Hafez, N., 

Hagopian, D., Hagos, B., Hall, J., Healy, C., Hegarty, R., Honan, T., Horn, A., Houde, 

N., Hughes, L., Hunnicutt, L., Husby, M., Jester, B., Jones, C., Kamat, A., Kanga, B., 

Kells, C., Khazanovich, D., Kieu, A. C., Kisner, P., Kumar, M., Lance, K., Landers, T., 

Lara, M., Lee, W., Leger, J. P., Lennon, N., Leuper, L., LeVine, S., Liu, J., Liu, X., 

Lokyitsang, Y., Lokyitsang, T., Lui, A., Macdonald, J., Major, J., Marabella, R., Maru, 

K., Matthews, C., McDonough, S., Mehta, T., Meldrim, J., Melnikov, A., Meneus, L., 

Mihalev, A., Mihova, T., Miller, K., Mittelman, R., Mlenga, V., Mulrain, L., Munson, 

G., Navidi, A., Naylor, J., Nguyen, T., Nguyen, N., Nguyen, C., Nguyen, T., Nicol, R., 

Norbu, N., Norbu, C., Novod, N., Nyima, T., Olandt, P., O'Neill, B., O'Neill, K., 

Osman, S., Oyono, L., Patti, C., Perrin, D., Phunkhang, P., Pierre, F., Priest, M., 

Rachupka, A., Raghuraman, S., Rameau, R., Ray, V., Raymond, C., Rege, F., Rise, C., 

Rogers, J., Rogov, P., Sahalie, J., Settipalli, S., Sharpe, T., Shea, T., Sheehan, M., 

Sherpa, N., Shi, J., Shih, D., Sloan, J., Smith, C., Sparrow, T., Stalker, J., Stange-



148

Thomann, N., Stavropoulos, S., Stone, C., Stone, S., Sykes, S., Tchuinga, P., Tenzing, 

P., Tesfaye, S., Thoulutsang, D., Thoulutsang, Y., Topham, K., Topping, I., Tsamla, T., 

Vassiliev, H., Venkataraman, V., Vo, A., Wangchuk, T., Wangdi, T., Weiand, M., 

Wilkinson, J., Wilson, A., Yadav, S., Yang, S., Yang, X., Young, G., Yu, Q., Zainoun, 

J., Zembek, L., Zimmer, A. and Lander, E. S. 2005. Genome sequence, comparative 

analysis and haplotype structure of the domestic dog. Nature 438: 803-819. 

35) Lingaas, F., Comstock, K. E., Kirkness, E. F., Sorensen, A., Aarskaug, T., Hitte, C., 

Nickerson, M. L., Moe, L., Schmidt, L. S., Thomas, R., Breen, M., Galibert, F., Zbar, 

B. and Ostrander, E. A. 2003. A mutation in the canine BHD gene is associated with 

hereditary multifocal renal cystadenocarcinoma and nodular dermatofibrosis in the 

German Shepherd dog. Hum Mol Genet 12: 3043-3053. 

36) Lingeman, C. H. and Garner, F. M. 1972. Comparative study of intestinal 

adenocarcinomas of animals and man. J Natl Cancer Inst 48: 325-346. 

37) Lynch, H. T., Smyrk, T., McGinn, T., Lanspa, S., Cavalieri, J., Lynch, J., Slominski-

Castor, S., Cayouette, M. C., Priluck, I. and Luce, M. C. 1995. Attenuated familial 

adenomatous polyposis (AFAP). A phenotypically and genotypically distinctive 

variant of FAP. Cancer 76: 2427-2433. 

38) McEntee, M. F. and Brenneman, K. A. 1999. Dysregulation of beta-catenin is common 

in canine sporadic colorectal tumors. Vet Pathol 36: 228-236. 

39) Miyoshi, Y., Nagase, H., Ando, H., Horii, A., Ichii, S., Nakatsuru, S., Aoki, T., Miki, 

Y., Mori, T. and Nakamura, Y. 1992. Somatic mutations of the APC gene in colorectal 

tumors: mutation cluster region in the APC gene. Hum Mol Genet 1: 229-233. 

40) Mizukami, K., Yabuki, A., Kawamichi, T., Chang, H. S., Rahman, M. M., Uddin, M. 



149

M., Kohyama, M. and Yamato, O. 2013. Real-time PCR genotyping assay for canine 

trapped neutrophil syndrome and high frequency of the mutant allele in Border collies. 

Vet J 195: 260-261. 

41) Mizukami, K., Chang, H. S., Yabuki, A., Kawamichi, T., Kawahara, N., Hayashi, D., 

Hossain, M. A., Rahman, M. M., Uddin, M. M. and Yamato, O. 2011. Novel rapid 

genotyping assays for neuronal ceroid lipofuscinosis in Border Collie dogs and high 

frequency of the mutant allele in Japan. J Vet Diagn Invest 23: 1131-1139. 

42) Moser, A. R., Pitot, H. C. and Dove, W. F. 1990. A dominant mutation that predisposes 

to multiple intestinal neoplasia in the mouse. Science 247: 322-324. 

43) Moser, A. R., Luongo, C., Gould, K. A., McNeley, M. K., Shoemaker, A. R. and Dove, 

W. F. 1995. ApcMin: a mouse model for intestinal and mammary tumorigenesis. Eur 

J Cancer 31A: 1061-1064. 

44) Munday John S., L. C. V., Kiupel Matti 2016. Tumors of the Alimentary Tract. 

In:(Meuten, D. J. ed.) Tumors in Domestic Animals, 5 ed. pp. 499-601. Willey & Sons. 

45) Nakamura, S., Matsumoto, T., Kobori, Y. and Iida, M. 2002. Impact of Helicobacter 

pylori infection and mucosal atrophy on gastric lesions in patients with familial 

adenomatous polyposis. Gut 51: 485-489. 

46) Nieuwenhuis, M. H. and Vasen, H. F. 2007. Correlations between mutation site in APC 

and phenotype of familial adenomatous polyposis (FAP): a review of the literature. 

Crit Rev Oncol Hematol 61: 153-161. 

47) Oshima, M., Oshima, H., Kitagawa, K., Kobayashi, M., Itakura, C. and Taketo, M. 

1995. Loss of Apc heterozygosity and abnormal tissue building in nascent intestinal 

polyps in mice carrying a truncated Apc gene. Proc Natl Acad Sci U S A 92: 4482-



150

4486. 

48) Ostrander, E. A. and Kruglyak, L. 2000. Unleashing the canine genome. Genome Res 

10: 1271-1274. 

49) Paoloni, M. C., Penninck, D. G. and Moore, A. S. 2002. Ultrasonographic and 

clinicopathologic findings in 21 dogs with intestinal adenocarcinoma. Vet Radiol 

Ultrasound 43: 562-567. 

50) Park, J. G., Park, K. J., Ahn, Y. O., Song, I. S., Choi, K. W., Moon, H. Y., Choo, S. Y. 

and Kim, J. P. 1992. Risk of gastric cancer among Korean familial adenomatous 

polyposis patients. Report of three cases. Dis Colon Rectum 35: 996-998. 

51) Patnaik, A. K., Hurvitz, A. I. and Johnson, G. F. 1977. Canine gastrointestinal 

neoplasms. Vet Pathol 14: 547-555. 

52) Penninck, D. G., Moore, A. S. and Gliatto, J. 1998. Ultrasonography of canine gastric 

epithelial neoplasia. Vet Radiol Ultrasound 39: 342-348. 

53) Rahman, M. M., Yabuki, A., Kohyama, M., Mitani, S., Mizukami, K., Uddin, M. M., 

Chang, H. S., Kushida, K., Kishimoto, M., Yamabe, R. and Yamato, O. 2014. Real-

time PCR genotyping assay for GM2 gangliosidosis variant 0 in toy poodles and the 

mutant allele frequency in Japan. J Vet Med Sci 76: 295-299. 

54) Saito, T., Nibe, K., Chambers, J. K., Uneyama, M., Nakashima, K., Ohno, K., 

Tsujimoto, H., Uchida, K. and Nakayama, H. 2020. A histopathological study on 

spontaneous gastrointestinal epithelial tumors in dogs. J Toxicol Pathol 33: 105-113. 

55) . 2009. Canine bio-resource banking project in 2008. 

 19 20: 134-137. 

56) Scanziani, E., Giusti, A. M., Gualtieri, M. and Fonda, D. 1991. Gastric carcinoma in 



151

the Belgian shepherd dog. J Small Anim Pract 32: 465-469. 

57) Shearin, A. L. and Ostrander, E. A. 2010. Leading the way: canine models of genomics 

and disease. Dis Model Mech 3: 27-34. 

58) Slutsky, J., Raj, K., Yuhnke, S., Bell, J., Fretwell, N., Hedhammar, A., Wade, C. and 

Giger, U. 2013. A web resource on DNA tests for canine and feline hereditary diseases. 

Vet J 197: 182-187. 

59) Solomon, E., Voss, R., Hall, V., Bodmer, W. F., Jass, J. R., Jeffreys, A. J., Lucibello, F. 

C., Patel, I. and Rider, S. H. 1987. Chromosome 5 allele loss in human colorectal 

carcinomas. Nature 328: 616-619. 

60) Spirio, L., Olschwang, S., Groden, J., Robertson, M., Samowitz, W., Joslyn, G., 

Gelbert, L., Thliveris, A., Carlson, M., Otterud, B. and et al. 1993. Alleles of the APC 

gene: an attenuated form of familial polyposis. Cell 75: 951-957. 

61) Sullivan, M., Lee, R., Fisher, E. W., Nash, A. S. and McCandlish, I. A. 1987. A study 

of 31 cases of gastric carcinoma in dogs. Vet Rec 120: 79-83. 

62) Swann, H. M. and Holt, D. E. 2002. Canine gastric adenocarcinoma and 

leiomyosarcoma: a retrospective study of 21 cases (1986-1999) and literature review. 

J Am Anim Hosp Assoc 38: 157-164. 

63) Switonski, M. 2014. Dog as a model in studies on human hereditary diseases and their 

gene therapy. Reprod Biol 14: 44-50. 

64) Takayama, T., Ohi, M., Hayashi, T., Miyanishi, K., Nobuoka, A., Nakajima, T., Satoh, 

T., Takimoto, R., Kato, J., Sakamaki, S. and Niitsu, Y. 2001. Analysis of K-ras, APC, 

and beta-catenin in aberrant crypt foci in sporadic adenoma, cancer, and familial 

adenomatous polyposis. Gastroenterology 121: 599-611. 



152

65) The University of Sydney. OMIA - Online Mendelian Inheritance in Animals. https:// 

omia.org/home/ [accessed on 2021/04/13]. 

66) Toyooka, M., Konishi, M., Kikuchi-Yanoshita, R., Iwama, T. and Miyaki, M. 1995. 

Somatic mutations of the adenomatous polyposis coli gene in gastroduodenal tumors 

from patients with familial adenomatous polyposis. Cancer Res 55: 3165-3170. 

67) Tsuboi, M., Watanabe, M., Nibe, K., Yoshimi, N., Kato, A., Sakaguchi, M., Yamato, 

O., Tanaka, M., Kuwamura, M., Kushida, K., Ishikura, T., Harada, T., Chambers, J. K., 

Sugano, S., Uchida, K. and Nakayama, H. 2017. Identification of the PLA2G6 

c.1579G>A Missense Mutation in Papillon Dog Neuroaxonal Dystrophy Using Whole 

Exome Sequencing Analysis. PLoS One 12: e0169002. 

68) University of Pennsylvania. Penn Gen. https://www.vet.upenn.edu/research/academic 

-departments/clinical-sciences-advanced-medicine/research-labs-

centers/penngen/tests-wor ldwide [accessed on 2021/04/13]. 

69) Vasen, H. F., Moslein, G., Alonso, A., Aretz, S., Bernstein, I., Bertario, L., Blanco, I., 

Bulow, S., Burn, J., Capella, G., Colas, C., Engel, C., Frayling, I., Friedl, W., Hes, F. 

J., Hodgson, S., Jarvinen, H., Mecklin, J. P., Moller, P., Myrhoi, T., Nagengast, F. M., 

Parc, Y., Phillips, R., Clark, S. K., de Leon, M. P., Renkonen-Sinisalo, L., Sampson, J. 

R., Stormorken, A., Tejpar, S., Thomas, H. J. and Wijnen, J. 2008. Guidelines for the 

clinical management of familial adenomatous polyposis (FAP). Gut 57: 704-713. 

70) Vonholdt, B. M., Pollinger, J. P., Lohmueller, K. E., Han, E., Parker, H. G., Quignon, 

P., Degenhardt, J. D., Boyko, A. R., Earl, D. A., Auton, A., Reynolds, A., Bryc, K., 

Brisbin, A., Knowles, J. C., Mosher, D. S., Spady, T. C., Elkahloun, A., Geffen, E., 

Pilot, M., Jedrzejewski, W., Greco, C., Randi, E., Bannasch, D., Wilton, A., Shearman, 



153

J., Musiani, M., Cargill, M., Jones, P. G., Qian, Z., Huang, W., Ding, Z. L., Zhang, Y. 

P., Bustamante, C. D., Ostrander, E. A., Novembre, J. and Wayne, R. K. 2010. 

Genome-wide SNP and haplotype analyses reveal a rich history underlying dog 

domestication. Nature 464: 898-902. 

71) Wei, H., Therrien, C., Blanchard, A., Guan, S. and Zhu, Z. 2008. The Fidelity Index 

provides a systematic quantitation of star activity of DNA restriction endonucleases. 

Nucleic Acids Res 36: e50. 

72) Yamaguchi, T., Ishida, H., Ueno, H., Kobayashi, H., Hinoi, T., Inoue, Y., Ishida, F., 

Kanemitsu, Y., Konishi, T., Tomita, N., Matsubara, N., Watanabe, T. and Sugihara, K. 

2016. Upper gastrointestinal tumours in Japanese familial adenomatous polyposis 

patients. Jpn J Clin Oncol 46: 310-315. 

73) Zeng, R., Coates, J. R., Johnson, G. C., Hansen, L., Awano, T., Kolicheski, A., Ivansson, 

E., Perloski, M., Lindblad-Toh, K., O'Brien, D. P., Guo, J., Katz, M. L. and Johnson, 

G. S. 2014. Breed distribution of SOD1 alleles previously associated with canine 

degenerative myelopathy. J Vet Intern Med 28: 515-521. 

 



154

 

 

10

JRT FAP

JRT

 

1 21 JRT

2.3 12.6 5

6

21 13

6 7

JRT

1 2 100 % n 12 10 3 87.5 %

n 8

JRT

JRT β-

 

FAP APC

FAP



155

FAP JRT

21 APC PCR-

c.[462_463delinsTT]

JRT APC

n 1 APC

LOH n 4 FAP APC

APC β

APC

 

2 JRT GI gastrointestinal

APC PCR 2

PCR-restriction fragment length polymorphism PCR-RFLP

TaqMan PCR PCR-RFLP

Mse I PCR

APC

TaqMan PCR

DNA

GI  



156

3 2 PCR-RFLP JRT APC

93 JRT

792 15 APC

1.9 %

5 APC

2 %

8 APC 13

3

APC JRT

JRT

APC

DNA APC

3 JRT

APC JRT APC

APC c. 

[462_463delinsTT] GI JRT

 

JRT APC

 (c.[462_463delinsTT]) FAP

  



157

 

 

The present study demonstrated that gastrointestinal (GI) polyposis in Jack Russell 

Terriers (JRTs), which has increased in Japan since the late 2000s, is a novel hereditary 

disease associated with the germline variant of the adenomatous polyposis coli (APC) gene. 

Furthermore, reliable genetic tests for this disease, which can detect the germline APC 

variant, was established. This study also elaborated on the prevalence of the APC variant in 

JRTs in Japan and breed specificity of this hereditary disease.  

In Chapter 1, the clinical and pathological features of 21 JRTs with GI polyps were 

discussed. Although, the age of onset of the polyps ranged 2.3–12.6 years, it was found that 

the GI polyps developed under 5 years of age in 6 animals such a case of juvenile onset was 

observed in some dogs with GI polyps. The GI polyps were found in either or both the 

stomach and colorectum, with a predilection for the gastric antrum and rectum. Of the 21 

dogs examined, 13 suffered from multiple polyps including six dogs with both gastric and 

colorectal polyps. Recurrence of GI polyps was observed in seven out of the 21 dogs 

observed in the study. Although the prognosis of dogs with typical canine GI carcinomas 

was poor, follow-up for those of the JRT cases revealed 100% 1-year-and 2-year survival 

rates (n = 12 and 10, respectively) and 87.5% (7 of 8 cases) 3-year survival rate after the 

initial surgical or endoscopic treatment. Histopathologically, The GI polyps were diagnosed 

as epithelial hyperplasia, adenomas or adenocarcinomas. All of the adenocarcinomas were 

subclassified into tubular, papillary, and tubulopapillary adenocarcinoma, and they did not 

invade into the submucosa, unlike typical canine GI carcinomas. There was no signet-ring 

carcinoma detected, which is the common type of canine GI adenocarcinomas. 
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Immunohistochemical analysis revealed cytoplasmic and nuclear β-catenin positivity in 

tumor cells. Familial adenomatous polyposis (FAP) is an autosomal dominant disorder 

caused by germline mutations in the APC gene in humans. FAP is characterized by the 

development of hundreds to thousands of adenomatous polyps in the colon and rectum, and 

it has also been reported that FAP patients are at a higher risk of developing adenoma and 

adenocarcinoma of the stomach. Focusing on the similar pathogenesis to FAP, we 

investigated for APC gene mutations in 21 JRT-affected dogs by the PCR-direct sequencing, 

and found that the identical heterozygous germline APC, characterized by a 2-bp substitution 

(c.[462_463delinsTT]) in exon 4 was found in all of them, and it was clarified that this 

disease is a dominant hereditary disease. Furthermore, when examining whether there were 

somatically acquired APC alterations in the GI lesions of JRTs, somatic mutation (n 1) and 

loss of the wild-type APC allele (loss of heterozygosity: LOH, n 4) were detected in the 

GI tumors of JRTs, suggesting that biallelic APC inactivation is at work in tumor 

development. This result was also supported by the results of immunohistochemical analysis 

because the loss of APC protein function is involved in the degradation of β-catenin and 

promotes its accumulation in the nucleus.  

In Chapter 2, the two highly reliable PCR- based genetic tests [PCR-restriction 

fragment length polymorphism (PCR-RFLP) and TaqMan real-time PCR assays] for 

hereditary GI polyposis in JRTs which provide an accurate assessment of the causative 

germline APC variant was developed. The PCR-PCR-RFLP assay was developed by creating 

a new restriction site for Mse I by utilizing the germline APC variant. In the PCR-RFLP 

assay, the mutation site was cleaved by the restriction enzyme Mse I, and it was possible to 

distinguish between carrier individuals and non-carriers of the APC gene variant by the 
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difference in the cleavage pattern of the PCR product. In the TaqMan real-time PCR assay, 

it was possible to distinguish between wild-type and mutant alleles by using probes that 

specifically bind to them. Neither assay detected false positives or false negatives, 

demonstrating that these tests are genetic tests with high specificity and sensitivity. In 

addition, since DNA extracted from blood, oral swabs, and paraffin-embedded tissues could 

be used, it was considered to be a highly versatile test that can be applied to various samples. 

These genetic assays could contribute to the diagnosis and potential prevention of hereditary 

GI polyposis transmission in dogs in small animal practice. 

In Chapter 3, the PCR-RFLP assay developed in Chapter 2 was used to investigate 

the prevalence of APC gene mutations in domestic JRTs. Peripheral blood of 792 JRTs was 

collected from 93 veterinary hospitals in Japan and investigated. Germline mutations in the 

APC gene were found in 15 JRTs, with a prevalence of 1.9%. No significant difference was 

observed depending on the sex and the type of hair. The prevalence of APC variant in each 

age group remained at about 2% when the year of birth was divided and analyzed every 5 

years, and no significant differentiation was observed among them. In addition, a pedigree 

study using the pedigree of 13 carriers of APC gene variant, including 8 individuals found 

in the present study, found 3 independent pedigrees. Some individuals didn’t belong to any 

pedigree. From the above, it is considered that the APC gene variant that causes this disease 

is widely spread not only in specific families but also in domestic JRTs. In addition, when 

we retrospectively collected cases of GI epithelial tumors regardless of breed and analyzed 

the APC gene variant retention status, no mutation was detected in dog breeds other than 

JRT. Therefore, hereditary GI polyposis due to germline mutations in the APC gene (c. 

[462_463delinsTT]) is likely to be a breed-specific disease of JRT. In order to determine if 
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germline APC variant widespread in breeds other than JRT, the dogs bearing with GI 

epithelial tumors in multiple breeds was using formalin-fixed paraffin-embedded samples 

and DNA samples obtained from the Azabu University Genome Bank. As a result, germline 

APC variant carriers were found in the three JRTs included in the genome bank sample, but 

germline APC variant carriers were not found in dogs other than JRT. Based on these results, 

hereditary GI polyposis associated with germline APC variant (c.[462_463delinsTT]) could 

be considered to be a breed-specific disease of JRTs. 

In the present study, the same germline mutation of the APC gene 

(c.[462_463delinsTT]) was found in JRT with the development of GI epithelial tumors, 

demonstrating that this disease is a similar hereditary disease of human FAP. In addition, a 

genetic testing assay was established and epidemiological information was provided. The 

results of this study will lead to the diagnosis of this disease and the prevention of its spread. 

 

 

 

  


