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ne Medicine, full circle 



"Between	
  animal	
  and	
  human	
  
medicine	
  there	
  is	
  no	
  dividing	
  line	
  –	
  
nor	
  should	
  there	
  be.	
  The	
  object	
  is	
  
different	
  but	
  the	
  experience	
  
obtained	
  cons=tutes	
  the	
  basis	
  of	
  all	
  
medicine.”	
  	
  	
  
	
  
Rudolf	
  Virchow	
  (1821-­‐1902)	
  

One Medicine 

How	
  do	
  we	
  apply	
  this	
  to	
  cancer	
  research?	
  



The traditional  
      cancer model 







Canine cancer – breed predisposition 

1.  Cancer is a genetic disease 
 

2.  Certain breeds of dog are highly affected 
by certain cancers (naturally occurring) 

 
3.  Indicates that breeds of dog have an 

inherited predisposition to cancers 

4.  Same environment as human 
POWERFUL OPPORTUNITY = identification of genetic 
factors in the dog will simultaneously offer major 
factors contributing to advancing cancer research in 
humans 



One Medicine 

One Pathogenesis 

oral melanoma   

cutaneous  
melanoma 

bone 

breast 

bladder 

prostate 

lymphoma 
leukemia 

brain 

~1.66 million diagnoses each year 
(~500 cases/100,000 population) 

~4.2 million diagnoses each year 
(~5,300 dogs/100,000 population)  



Ø Research involving canine genetic or genomic 
information analyzed using biological specimens 
from well annotated patients is key to understanding 
complex diseases including cancer 

 
Ø  These data are key to advancing cancer detection, 

diagnosis, prognosis, intervention, treatment, and 
prevention. 

 
Ø  For maximum efficiency, establishment and sharing 

of resources is needed, comprising canine biological 
samples and information derived from their analysis.  

Why do we need biobanks? 



Requirements	
  of	
  effec;ve	
  biobanks	
  
Key	
  elements	
  (SOPs)	
  

Specimens	
  and	
  pa=ent	
  data	
  accessible	
  for	
  research	
  
over	
  =me	
  

Fit	
  for	
  purpose	
  
High	
  quality	
  prepara=on,	
  storage	
  and	
  retrieval	
  	
  

SPECIMEN	
  SELECTION	
  AND	
  STORAGE	
  

SPECIMEN	
  ACCESS	
  

Data	
  sharing	
  plan	
  
SPECIMEN	
  USE	
  



Compara;ve	
  approach	
  
is	
  highly	
  dependent	
  on	
  
access	
  to	
  high	
  quality	
  
cancer	
  specimens	
  

www.CCOGC.net	
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  site	
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  of	
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Compliance	
  is	
  essen;al	
  for	
  consistency	
  and	
  quality	
  
Pfizer-­‐CCOGC	
  Biospecimen	
  Repository	
  Standard	
  
Opera9ng	
  Procedures	
  



One	
  pa;ent,	
  many	
  opportuni;es	
  

CLINICAL	
  DATA	
  
PATHOLOGY	
  DATA	
  



Collabora;on	
  with	
  pet	
  owners/parents	
  
	
  
Academic-­‐ci;zen	
  based	
  collabora;on	
  
	
  
	
  



Ø  ~60,000	
  specimens	
  from	
  ~1,900	
  cancer	
  bearing	
  pa;ents	
  averaging	
  30	
  vials/pa;ent	
  	
  
Ø  >100	
  breeds	
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Ø  52%	
  male:48%	
  female	
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Tumor	
   Number	
  of	
  
cases	
  assessed	
  

Number	
  (%)	
  of	
  
diagnoses	
  

corroborated	
  
MCT	
   50	
   47	
  (	
  94%	
  )	
  
HEM	
   50	
   32	
  (	
  64%	
  )	
  
STS	
   49	
   44	
  (	
  90%	
  )	
  
PUL	
   50	
   46	
  (	
  92%	
  )	
  
OSA	
   42	
   42	
  (	
  100%	
  )	
  
LSA	
   49	
   49	
  (	
  100%	
  )	
  
MEL	
   41	
   35	
  (	
  85%	
  )	
  

TOTAL	
   331	
   295	
  (	
  89%	
  )	
  

Pathology	
  review	
  –	
  diagnosis	
  verifica;on	
  

Outcome of pathology re-
review of 331 cases 
distributed across each of 
the seven tumor 
histologies.  



Pathology	
  review	
  –	
  
tumor	
  purity	
  

Assessment of 132 cases according 
to the percentage of tumor versus 
stromal contamination contained 
within each specimen.  
•  Lymphomas consistently exhibited 

a high proportion of tumor  
•  Melanomas were more variable 
•  Osteosarcoma cases showed 

extensive variation.     
 



188 cases, selected at random, from the biorepository to provide 
proportional representation of each tumor histology and submitting 
institution 	
  

Tumor DNA Tumor RNA 

Blood DNA 

Nucleic	
  acid	
  QC	
  	
  



Canine	
  bladder	
  mass	
  
with	
  Inflamma=on	
  

The	
  importance	
  of	
  pathologic	
  review	
  

DNA	
  source 
BRAF	
  muta;on	
  analysis 

Muta;on	
  frac;on	
  
	
  by	
  ddPCR Sanger	
  sequencing 

Full	
  size	
  sec;on 1.2% nega;ve 
Macrodissected	
  sec;on 12.2% nega;ve 





How	
  are	
  we	
  approaching	
  compara;ve	
  
oncology	
  using	
  the	
  dog	
  as	
  a	
  model?	
  

Iden=fica=on	
  of	
  inherited	
  and	
  soma=c	
  changes	
  	
  
	
  	
  
	
  molecular	
  cytogene=cs	
  
	
  gene	
  expression	
  
	
  case-­‐control	
  GWAS	
  
	
  exome	
  sequencing	
  of	
  tumor-­‐normal	
  pairs	
  
	
  WGS	
  of	
  tumor-­‐normal	
  pairs	
  

Iden=fica=on	
  of	
  inherited	
  and	
  soma=c	
  changes	
  	
  
	
  	
  
	
  molecular	
  cytogene=cs	
  
	
  gene	
  expression	
  
	
  case-­‐control	
  GWAS	
  
	
  exome	
  sequencing	
  of	
  tumor-­‐normal	
  pairs	
  
	
  WGS	
  of	
  tumor-­‐normal	
  pairs	
  
	
  	
  



Human and dog genome organization	



46 chromosomes	


22 autosomal pairs + sex chromosomes	

 38 autosomal pairs + sex chromosomes	



78 chromosomes	





Nature’s biological filing 
cabinets become rearranged 

during cancers	



….. some genes are missing, some genes are 
duplicated, and in certain cases some genes move to 
new locations where they do not get along well with 

their new neighbors	



pericentric	
  
inversion	
  

reciprocal	
  
transloca;on	
  

paracentric	
  
inversion	
  

inser;on/	
  
duplica;on	
  

inters;;al	
  
dele;on	
  

dele;on	
  



Q.	
  Are	
  there	
  evolu;onarily	
  related	
  chromosome	
  	
  	
  
	
  	
  	
  	
  	
  aberra;ons	
  that	
  suggest	
  an	
  ancestral	
  mechanism	
  of	
  	
  
	
  	
  	
  	
  	
  pathogene;cally	
  significant	
  events?	
  

Now	
  we	
  have	
  the	
  reagents	
  to	
  ask	
  some	
  key	
  ques;ons	
  

	
  Ra;onale:	
  look	
  for	
  well	
  described	
  human	
  cytogene;c	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  changes	
  in	
  canine	
  cancers	
  



ABL	
  
BCR	
  
HSA	
  9q32	
  SLP	
  

BCR-­‐ABL	
  FUSION	
  

One	
  example	
  of	
  many	
  
The	
  Philadelphia	
  chromosome	
  -­‐	
  	
  der(22)t(9;22)(q34;q11)	
  

Tyrosine	
  kinase	
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Dog	
  chromosomes	
  –	
  predicted	
  transloca;on	
   ‘Raleigh’	
  chromosome	
  

Compara;ve	
  chromosome	
  alignment	
  



Q.	
  Are	
  there	
  evolu;onarily	
  related	
  chromosome	
  aberra;ons	
  
which	
  suggest	
  an	
  ancestral	
  mechanism	
  of	
  pathogene;cally	
  
significant	
  events	
  ?	
  

A.   	
  	
  	
  	
  	
  YES	
  ….	
  but	
  what	
  could	
  this	
  mean	
  for	
  human	
  and	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  dog	
  pa;ents?	
  

VETERINARY	
  PERSPECTIVE	
  =	
  same	
  pathogene;c	
  mechanism	
  =	
  same	
  
treatments	
  ?	
  

MEDICAL	
  PERSPECTIVE	
  	
  =	
  differen;al	
  organiza;on	
  of	
  the	
  dog	
  genome	
  
may	
  narrow	
  key	
  regions	
  of	
  the	
  genome	
  associated	
  with	
  cancers	
  	
  

Q.	
  CAN	
  WE	
  USE	
  THE	
  GENOME	
  OF	
  
THE	
  DOG	
  TO	
  IDENTIFY	
  CANCER	
  
GENES	
  THUS	
  FAR	
  ‘HIDDEN’	
  IN	
  THE	
  
HUMAN	
  GENOME	
  



HUMAN 2n = 46 
bi-armed autosomes 

range from 247Mb - 47Mb 

DOMESTIC DOG 2n = 78 
single-armed autosomes 

range from 125Mb - 26Mb 

Contrasting architecture of the dog and human genomes offers 
tremendous potential to refine regions of significance 



THE HUMAN KARYOTYPE  
VISUALIZED AS A DOG  

KARYOTPYE 



human	
  22	
  

dog	
  26	
  

dog	
  27	
  

dog	
  10	
  

Compara;ve	
  genomic	
  map	
  of	
  human	
  22	
  and	
  the	
  domes;c	
  dog	
  



Cytogenetics of meningiomas 
 
Among the first solid tumors recognized as having  
cytogenetic alterations (Mark et al. 1972)  
 
• A hallmark genomic imbalance of meningiomas 
 is either the partial (del(22)(q12)) or total   
 deletion of chromosome 22  
        = up to a 50Mb deletion with over  

      500 genes 
 
• Loss of chromosome 22 more often occurs in low grade  
   meningiomas (implies key early event?) 
• Deletions frequently involve the region HSA 22q12 (NF2) 
 



50Mb to 2Mb – 550 genes to <10 

No evidence for recurrent deletions 

(gained in 20% of cases) 

No evidence for recurrent deletions) 

(gained in 3% of cases) 

CFA 27 

CFA 26 

CFA 10 

human 22 
50 Mb 

Deleted in 40% of cases 



40-­‐80,000	
  
1-­‐2%	
  

4.2M	
  
	
  

SYMPTOMS	
  of	
  urothelial	
  cancer	
  in	
  the	
  dog	
  
are	
  shared	
  with	
  variety	
  of	
  other	
  urinary	
  tract	
  
condi=ons	
  
e.g.	
  bladder	
  infec=on/inflamma=on,	
  bladder	
  stones	
  
	
  
APPROACHES	
  to	
  diagnosis	
  currently:	
  	
  
cytology	
  	
  -­‐	
  can	
  be	
  misleading,	
  relies	
  on	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  abnormal	
  cells	
  which	
  may	
  be	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  shed	
  due	
  to	
  other	
  condi=ons	
  
	
  
imaging	
  -­‐	
  	
  tumor,	
  inflamma=on	
  ?	
  
	
  
biopsy-­‐	
  	
  	
  	
  	
  	
  only	
  way	
  to	
  conclusively	
  diagnose	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  and	
  obtained	
  by	
  trauma=c	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  catheteriza=on	
  or	
  cystoscopy,	
  both	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  of	
  which	
  carry	
  risk	
  of	
  seeding	
  =	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  reluctance	
  to	
  biopsy	
  

Demand	
  for	
  a	
  FC-­‐urine	
  diagnos;c	
  for	
  TCC	
  

Diagnos9c	
  challenge	
  	
  
(	
  >2.5M	
  cases	
  of	
  UTI	
  p.a)	
  

Canine	
  TCC/UC	
  (bladder	
  cancer)	
  



oaCGH	
  profiling	
  of	
  canine	
  TCC	
  –	
  cohort	
  analysis	
  

Whole	
  chromosome	
  aneuploidy	
  of	
  13/19/36	
  in	
  
canine	
  TCC	
  is	
  unidirec;onal	
  and	
  highly	
  recurrent	
  



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  “Genomic	
  Recoding”	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  are	
  people	
  really	
  like	
  their	
  dogs	
  ?	
  



HSA17	
  
HSA	
  8	
  

✗	
   ✔	
  

Dog	
  as	
  dog	
  

Dog	
  recoded	
  as	
  human	
  

Human	
  as	
  human	
  

	
  	
  	
  	
  	
  	
  	
  31	
  dog	
  

	
  285	
  human	
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Compile the data 
Lymphoma 
 
 
n= 350

Leukemia 
 
 
n=  175

Osteosarcoma 
 
n=  125

Intracranial 
 
 
n=  100

Hemangiosarcoma 
 
n=  110

Histiocytic malignancies 
n=  130

Melanoma 
 
 
n=  100

Mast cell 
 
 
n=  200

Urogenital carcinoma 
n=  100



 
 
 
n=1,280 



Blue	
  =	
  dele;on,	
  yellow	
  =	
  gain	
  

Cluster	
  analysis	
  of	
  genome-­‐wide	
  DNA	
  copy	
  number	
  	
  
changes	
  in	
  a	
  series	
  of	
  canine	
  cancer	
  pa9ents.	
  

CFA1	
  

CFA	
  38	
  

1	
   2	
   3	
   4	
  

Do	
  any	
  of	
  these	
  recurrent	
  
aberra;ons	
  correlate	
  with	
  
subtype	
  and/or	
  prognosis	
  
in	
  dogs	
  ?	
  
	
  
	
  
Are	
  there	
  corresponding	
  
cytogene;c	
  lesions	
  in	
  
human	
  pa;ents	
  ?	
  
	
  

40	
  

YES	
  

YES	
  



Genomics	
  toolbox	
  

lymphoma	
  

osteosarcoma	
   soZ	
  ;ssue	
  sarcoma	
  

mast	
  cell	
  tumors	
  

hemangiosarcoma	
  

intracra
nial	
  tum

ors	
  

melano
ma	
  

Animal	
  
cancers	
  

Human	
  
cancers	
  

41	
  

DNA	
  copy	
  number	
  

Cytogene;c	
  analysis	
  

gene	
  expression	
  

SNP	
  genotyping	
  

Exome	
  sequencing	
  

Whole	
  genome	
  sequencing	
  

Detailed	
  pathology	
  and	
  clinical	
  outcome	
  associated	
  cases	
  
	
  =	
  opportuni;es	
  for	
  diagnos;c	
  and	
  prognos;c	
  signatures	
  



…


  the keys to unlocking some 

of these puzzles may be 
walking right beside us



On the path to effective 


cancer therapies
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