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In human
tumor from histiocytic cells :

monocyte/macrophage or dendritic cells

localized or disseminated tumors:
joint, skin, spleen, liver, lymph node, lung

limited response to chemotherapy
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In human

tumor from histiocytic cells :

- extremely rare but very aggressive
(1-5 cases/ year in France).

- half of « secondary » cases

- No consensus on prognostic factors and on
standard treatment

-> Need of models

At e

localized or disseminated tumors:
joint, skin, spleen, liver, lymph node, lung

limited response to chemotherapy

monocyte/macrophage or dendritic cells

- rare in whole population but frequent in
predisposed breeds (BMD, Rottweilers, Retrievers)

- familial transmission- oligo-genic
(Abadie, Hedan et al 2009)

=> unique model to identify genetic
bases of this cancer
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In human

tumor from histiocytic cells :

- extremely rare but very aggressive
(1-5 cases/ year in France).

- half of « secondary » cases

- No consensus on prognostic factors and on
standard treatment

-> Need of models

At e

localized or disseminated tumors:
joint, skin, spleen, liver, lymph node, lung

limited response to chemotherapy

monocyte/macrophage or dendritic cells

- rare in whole population but frequent in
predisposed breeds (BMD, Rottweilers, Retrievers)

- familial transmission- oligo-genic
(Abadie, Hedan et al 2009)

=> unique model to identify genetic
bases of this cancer
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in dogs

localized HS (LHS):
skin/joint

finhunl

disseminated HS (DHS) Cer esglr?lg:;iisl:cord
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http://www.histiocytosis.ucdavis.edu/sarcoma.html
http://www.histiocytosis.ucdavis.edu/sarcoma.html
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Hypothesis 1: same cancers
observed at different time

start of cancer

= @

localized HS

L KO

metastases of HS
(spleen, liver, lungs...)

\

disseminated HS *

D>

time

Hypothesis 2: different subtypes
of Histiocytic cells

=) 0 localized HS to external organs
(skin, joint...)

‘ @ disseminated HS to
o)

internal organs
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http://www.histiocytosis.ucdavis.edu/sarcoma.html
http://www.histiocytosis.ucdavis.edu/sarcoma.html
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http://www.histiocytosis.ucdavis.edu/sarcoma.html
http://www.histiocytosis.ucdavis.edu/sarcoma.html

Breed practices could increase transmission of risk alleles:
- Breed = isolated population <->reduced diversity

- Consanguinity and sire effect increase frequency of inherited diseases
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Breed practices could increase transmission of risk alleles:

- Breed = isolated population <->reduced diversity
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- Consanguinity and sire effect increase frequency of inherited diseases

Abadie, Hedan et al. 2009
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Cancer = genetic disease

Sustaining Evading
proliferative growth
signaling suppressors
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Metastasis

somatic alterations somatic alterations

Healthy Cell \\ I Tumoral Cells

TSY R

® - Identify predisposing genes and risk alleles

Proliferation

germinal mutations

-> Blood collection

\ - Identify recurrent somatic alterations associated with tumor progression

-> Tissue collection ‘
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> Since 2002 - Cani-DNA biobank

- >4000 blood samples and > 400 tissue samples > Characterization of the Disease:

- > 450 HS cases with histopathological report Abadie, Hedan et al. 2009

> In coll. with E. Ostrander’s lab (NIH, Bethesda)

GWAS: 232 unaffected and 244 affected BMDs (American/European)
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GWAS: 232 unaffected and 244 affected BMDs (American/European)
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GWAS: 232 unaffected and 244 affected BMDs (American/European)
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> Since 2002 - Cani-DNA biobank (dog.genetics.genouest.org)

- >4000 blood samples and > 400 tissue samples > Characterization of the Disease:

- > 450 HS cases with histopathological report Abadie, Hedan et al. 2009

> In coll. with E. Ostrander’s lab (NIH, Bethesda)
GWAS: 232 unaffected and 244 affected BMDs (American/European)

-> Identification of main loci : CFA11, CFA14 (Shearin, Hedan et al. 2012)

Gerard R. Rutterran®, Catherine Anced”, Heidi G. Parker’, and Elaine A, Ostrander” |

A COKNA
— Cpxnes
)
100642 | [ 00001 Research Article
100641 ] "'
100649 < |
hponped la %" The MTAP-CDKN2A Locus Confers Susceptibility to
;weeor- | | a Naturally Occurring Canine Cancer
100608 1, L 001
a 100608 | o | Abigail L Shearin'?, Bencit Hedan®”, Edousrd Cadieu’, Suzanne A Erich®, Emmett V. Schmidt'®,
100604 ¢ \ ' Daniel L. Faden'*, John Cullen”, Jerome Abacse”, Eria M. Kwon', Andrea Grone®, Patrick Devauchelie™,
10060 - ” fon Maud Rirmbautt', Dariele M. Karyadi', Mary Lynch®, Francis Galibert”, Matthew Breen”*"",
100602 | 1
1 00%

§§§§§§§§§§§§§ i %}EE? A AN
d 4 H‘ - o) Benoit Hedan 2022




> New GWAS (Illumina SNP array 170K) 2011-2012: 154 unaffected and 172 affected BMDs

Pcorrected: 64 x 105

a

Pcorrected: 4.8 x 107
l Pcorrected: 25x 105
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> New GWAS (Illumina SNP array 170K) 2011-2012: 154 unaffected and 172 affected BMDs

Pcorrected: 64 x 105

a

Pcorrected: 4.8 x 107
l Pcorrected: 25x 105
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reg1on involved in lymphoma and hemangiosarcoma predisposition
(Tonomura et al. 2015)
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> New GWAS (Illumina SNP array 170K) 2011-2012: 154 unaffected and 172 affected BMDs

Pcorrected: 64 x 105
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Pcorrected: 4.8 x 107
l Pcorrected: 25x 105
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reg1on involved in lymphoma and hemangiosarcoma predisposition
(Tonomura et al. 2015)

I—b region involved in osteosarcoma predisposition
(Karlsson et al. 2013)
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> New GWAS (Illumina SNP array 170K) 2011-2012: 154 unaffected and 172 affected BMDs

Pcorrected: 64 x 105

a

Pcorrected: 4.8 x 107
l Pcorrected: 25x 105
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reg1on involved in lymphoma and hemangiosarcoma predisposition

(Tonomura et al. 2015)

I—P region involved in osteosarcoma predisposition
(Karlsson et al. 2013)

LP region involved in mast cell

tumor predisposition
(Arendt et al. 2015)
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> New GWAS (Illumina SNP array 170K) 2011-2012: 154 unaffected and 172 affected BMDs

Pcorrected: 64 x 105
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Pcorrected: 4.8 x 107
l Pcorrected: 25x 105
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reg1on involved in lymphoma and hemangiosarcoma predisposition

(Tonomura et al. 2015)

I—P region involved in osteosarcoma predisposition
(Karlsson et al. 2013)

LP region involved in mast cell

tumor predisposition
(Arendt et al. 2015)
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> New GWAS on 3 predisposed breeds (BMD, Rottweiler, Flat coated retriever)

455 affected and 408 unaffected dogs.
Peorrected: 8.3 X 10-15
=

Pcorrected- 79 x 107 : Pcorrected- 8.7x 107

Pcorrected- 1.6 x 103 Pcorrected: 23 x 103

~log10(p-value)
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3 main regions on CFA 5,11 and 14 :
- the risk haplotype of CFAS is shared between 3 breeds
- the risk haplotype of CFA11 is shared between BMDs and Rottweilers

- the protective haplotype of CFA14 is shared between 3 breeds
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New GWAS on 3 predisposed breeds (BMD, Rottweiler, Flat coated retriever)

455 affected and 408 unaffected dogs.
Peorrected: 8.3 X 10-15
=

Pcorrected- 79 x 107 : Pcorrected- 8.7x 107

Pcorrected- 1.6 x 103 Pcorrected: 23 x 103
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Risk of developing HS is linked to accumulation of risk alleles of these 3 main regions (CFAS,

CFA11,CFA14)
frequencies of risk alleles in the 3 breeds Odds Ratio
num;:::: risk affected  unaffected Odds Ratio interval pval
>5 risk alleles 0,7 0,27 (4.04-7.24] 1.14x10-31
4 risk alleles 0,23 0,34 ' [0.37-0.67] 2.74x10-6

<3 risk alleles 0,07 0,29 0.15 [0.1-0.23] 2.17x10-21
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RESEAACH ARTCLE
Identification of common predisposing loci to
hematopoietic cancers in four dog breeds

Bonolt Hedan "+, Edouard Cadieu’, Mawd Rimbault ', Amasry o'
Cavoline Dutawo g0 Citres®, Patrick Davauchatio®, Nadieo , J0r0me Abadie ~*,
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Abstract

Hatocytic sacoma (HS) is & tare but agpmasive cancer in both humans and dogs. The
SpOMtanaous canne model which has clinical, epidemiciogioal. and hsiological similariies
W Busan HS nd SPeCEC Brdid prodipoliicns, Provided & UNigue CRponunlly 10 unravel
Me genetic basis of this cancer. In Tis studly, we aimed 10 identify genmilne sk factons asso-
clated wih the development of HS in canine-predeposed breeds. We used a methodology
Dt Comined Saveral QENOMe wido ASSOCASon Studes in & Muls-beeed and multi cancer
Approach as wol as Srpotod oK -QONOTABoN SoquUOncng. and mputason We combined
severnl 30) treads (Bemese mountain d0gs, Rottwalens, fal coaled retfeves, and Qoldon
revievers) and three hemalopoletic cancers (HS, lymphoma, and mast cell umor). Results
shomed that we not only siined the previcusly Kentified HS ek CORNZA locus, bt also
donttod now locl on canine chomosomes 2, 5, 14, and 20. Capture and targetod sequenc:
ing of spociic loci suggested $e existence of regulstony variants in non-coding regions and
methytation mechanisms knked 1o risk hapiotypes, which lead 10 strong cancer predsposi-
50N I speciic dog breeds. We ako showad that thess GAnine Cancs predisposing lod
APEaAd 10 Db B 1O NS AGIITH0 66T Of Soveral Stk NAGIClY PO IIWCMET N CLN ROmat)-
pootc cancors such as ymphoma or mast coll Semors s woll This Bustratos the plolotropic
ruture of thase canios cancer oG i cbaerved in human oncology, tharety renforceg the
Ineres! of preduposed dog breeds 1 sudy Gance Inflaion and Drogression

Pcorrected: 2.3 x10°

T
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Author summary ... .2
Becuase of specibic breed tructuees as artificial seection, pet dogs suffer faom sumerous " s v Y 0,
cluds and rop 2 snique spontaneous moded of buman ~, .
mh&wb-‘ul‘sﬂm(ﬂﬁ-mﬂw'—ﬂm .:':4 T ‘l‘ ’.
i bumass. In this study, we have used spontancous affected and snaffected dogs from r)

oce peedinposcd dog beveds to identify boci imvolved in HS prodinposition. Through
peaetic analyses, we showod that these canine cancer predispesinons are doe 10 the addi-
tve effect of several risk daplotypes also ivolved in the predispositson of other

"‘"“'I"“"‘ | |
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Multi-omics approach identifies germline
regulatory variants associated with
hematopoietic malignancies in retriever dog
breeds

Jacquetyn M. Evans', Mc.'-hrc Gerard I Autierman’®, Jocelyn Massais ' Guy
C. M. Grinwis>”, Alexander C. Hawris', Susan E. Lana®, Elaine A. Ostrander'

¥ Carow Gerston and Comparstive Genomics Branch, Nasionad Human Cenome Mussasch institute.
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Abstract

HMistiocytic sarcoma s an aggressive hamatoposetic malgrancy of matwe Sssue histiooytes
with & poody undentood eSolbgy s humans A hissclogically and cimically simiar counter-
DA Atects Tae-COMMG retrievies (FORE) 0 cnuiuilly Nigh Beguency, with 20% Siveoping
™0 lothal dsoase. The smiar ciincal presontaton combined with e dosed populaton
structure of dogas, leading %o high genetic homaogenaity, makes dogs an excelient model for
Penetic studies of cancer susceptbiity. To determine the genetio risk facions undertying his-
Socytc sarcoma in FCRs, we conducied multiple genome-wide associion studies
(GWASS), identifying two lodi that confer significant risk on canine chromasomes (CFA) 5
(P = 4 B3610®) and 19 (Pogyy = 2.25x10 7). Wo subsequenty undonock a multhomics
approach that has been largely unesplond in B Canne model %0 INDTOgINe oS0 NGNS,
Qeneraing whole gencme, transcrigtome, and chiomatin IMMmunorecplaton sequencing.
These data highiight he PI3X pathway gene PYKIAS on CFAS. and proximal candidate reg-
ulatory warasts that are stongly associated with hisSocySic saoma and pradicted 10 impact
Mansoripion facker binding. The CFAS association colocalizes with suscepsbiity loct 1or wo
hematopoetc maligrancios, hemangosarcoma and B-cel lymghoma, In o dosely related
QUIEn retriever Lroed, reveaing e sk CoNtrDUBON Tl Singo IDCUS Maked 10 Mutiple
hematologoal cancers. By comparnison, the CFA18 locus s unique 1 the FCR and harbors
risk afloles associted with uprogulation of TNFAPE which itself afocts cell migraton and
matastasis. Together, B lod explein ~35% of disease sk, an excapionally high value
Tat Gemonsinates 1o avantages of Jomastic dogs for complex 1Ak mapping and genetic
SIS Of CANCHT SulCRputiNYy .
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> Work in progress to identify variants associated with HS predisposition

> Cancers impact BMD life span

> Cancer : polyfactorial disease -> involving genetic and environmental factors

> Many regions are involved in HS predisposition of which CFA11, CFAS, CFA14

> Needs of research to better understand predisposing mutations and interactions

BUT data produced by research could be useful for breeders to help selection!
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In 2012 , in collaboration with Antagene , we decided to develop a genetic risk test

(0

antagene

> Based on our first GWAS data, selection of 140 markers associated with HS

> Genotyping of 1081 French BMDs ( 256 affected dogs + 165 unaffected dogs)

-> selection of the 9 markers more significantly associated with risk to develop HS
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> Estimation of risk to be unaffected (GLM model) :

1 i .
N R ERE IR

exp(Z':: (ai SNP)))

Risk =
1+exp(Z (ai SNPi))

Index

A
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Index distribution in case and control populations on 256 affected BMDs and 165 unaffected
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p-value : 1.754 10-16 (Mann Whitney test)
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Index distribution in case and control populations on 256 affected BMDs and 165 unaffected

Category A

Indice

= ———
- L}
L}
L}
¢ :
c—— -
' ]
«© ' M
o '
'
'
1)
'
)
1)
© | ;
o '
]
'
'
'
1)
-
o
L}
L}
L}
'
N '
o '
'
L}
T L}
' ]
) 1
'
S _
o T T
affected NonAffected

p-value : 1.754 10-16 (Mann Whitney test)
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Index distribution in case and control populations on 256 affected BMDs and 165 unaffected

= E—
Category A _8_ 47 % of healthy
-3 : 10% of affected
k- :
Category B . 43 % of healthy
; 50% of affected
. ;
- _
o T ||
affected NonAffected

p-value : 1.754 10-16 (Mann Whitney test)
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Index distribution in case and control populations on 256 affected BMDs and 165 unaffected

Category A

Category B

Category C

Indice

NonAffected

p-value : 1.754 10-16 (Mann Whitney test)
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In collaboration with the European breeder clubs and the BernerGarde (Dr V Yuzbasiyan-
Gurkan). In total, 718 dogs tested for development and validation of the pre-test

> 415 dogs with Histiocytic Sarcoma

> 303 unaffected dogs (> 10 years )

Affected 14% 43.1%
Healthy 41.5% 46.5%
> Statistics : 88% p-value : 2.1 10-24 (Xi2 test)

Index A to detect healthy dogs :
Specificity ie probability that an affected dog is not A : 86%

Index C to detect affected dogs :
Specificity ie probability that a healthy dog is not C : 88%
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Since 2012 , Antagene has tested >6700 dogs (unknown phenotypes):

distribution of index in this population:

A 26%
"B 44%
mC 30%

A

50%
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35%
30%
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10%

5%

0%

2015 2016 2017 2018 2019 2020 2021 2022
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Since 2012 , Antagene has tested >6700 dogs (unknown phenotypes):

distribution of index in this population:

A 26%
"B 44%
mC 30%

In Sweden : 481 tested dogs

23% of A ,42,6% of B and 34,4% of C

A

50%
45%
40%
35%
30%
25%
20%
15%
10%

5%

0%

2015 2016 2017 2018 2019 2020 2021 2022
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Since 2012 , Antagene has tested >6700 dogs (unknown phenotypes):
follow up of >5 years old dogs (PhD Eléonore Thiery)

Survival prodability

i

1004

0754

0254

0004

v v
0 ‘

v
L]

Tme
Number at risk
7 "' 765 245 85 13 0
ndcnef g 1000 514 140 10 0
oG4 1010 144 b9 Y 0
0 H H 12 1%
Tima

-> on the whole population, even with unknown cause of death, we observe
significant differences of lifespan according to index

A

stratla mean median
— A 11.1 11.3

~~ B 103 104
-~ Cc 9 8.8

pvalue= 4x10710
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Since 2012 , Antagene has tested >6700 dogs (unknown phenotypes):

follow up of >5 years old dogs (PhD Eléonore Thiery)

1004

antagene
A :10.6% of deaths

B : 36.1% of deaths
C: 53.2% of deaths

i 075+
5 0504
8 025¢
0004
0 H H 12 1t
Tme
Number at risk
scen{ 765 245 85 0
gnx--ﬁ- 1000 514 140 10 0
oG4 1010 44 bY Y s 0

0 4 H 12
Time
-> almost half of death between 0 and 8 years occurs on C dogs!

A

A
16

stratla mean median
— A 11.1 11.3

~~ B 103 104
-~ Cc 9 8.8

pvalue= 4x10710

Benoit Hedan 2022



Since 2012 , Antagene has tested >6700 dogs (unknown phenotypes): /‘
Focus on the 68 dogs with HS diagnosis (Histological diagnosis): @
antagene

1.00 4 — o

0.754

.

Survival probability

0.50 4
-
] .
' ‘.
025 : ‘
' 1
' 1
' 1
' 1
0.00 4 ' ]
! ~ ’ 6.7 7.7 83 “* pvalue=0.032
Number at risk
dCesA 4 10 9 5 3 O
é ndice~B 4 26 22 14 5 1
@ |ncceC 4 32 27 13 1 1
25 5 75 10 125
Time

C Dogs are more likely to be affected younger (mean 6.7 years)
while A dogs are more likely to be affected older (mean 8.3 years)

A
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C‘r

Since 2012 , Antagene has tested >6700 dogs (unknown phenotypes):
Focus on the 68 dogs with HS diagnosis (Histological diagngs

antagene
1.00 4 —_—
> 0.754
3
o
g
3 0254
0.00
! a 8.3 “* pvalue=0.0.32
Number at risk

ficms A o
E IndiceB 4

@ IndcesC 4

C Dogs ar¢ ely to be affected younger (mean 6.7 years)
while A dogs &€ more likely to be affected older (mean 8.3 years)

A
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Since 2012 , Antagene has tested >6700 dogs (unknown phenotypes):

Survival probability

follow up of >5 years old dogs (PhD Eléonore Thiery)

1004

0754

0504

0254

000+

Affected

Healthy

1

5 -

A

14%

41.5%

TS a9

v
16

43.1%

46.5% 11.9%

i ————————

(0

antagene

> Why ~14 % of affected are A?

i > Why ~12% of unaffected are C?
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What explains the differences? -> Histiocytic sarcoma = polyfactorial disease

> QOther involved chromosomes

HS test based on 9 known markers but others regions involved
-> work on discordant dogs (GWAS/sequencing)
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What explains the differences? -> Histiocytic sarcoma = polyfactorial disease

> QOther involved chromosomes

HS test based on 9 known markers but others regions involved :
lu Adding new markers to improve test (On going)
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What explains the differences? -> Histiocytic sarcoma = polyfactorial disease

&

~log10(p=value)
o

(1]

> QOther involved chromosomes

HS test based on 9 known markers but others regions involved :
lu Adding new markers to improve test (On going)

| |l

Charline Bianchi
CNRS-ANTAGEN

shia kA

himuLu&ﬂu HAL“J

=l
"

~log10(p-value)
=

Lo
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=
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himulu&uu thumMumhmmmhh

- 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 3233 3435363738 X



What explains the differences? -> Histiocytic sarcoma = polyfactorial disease

> QOther involved chromosomes

HS test based on 9 known markers but others regions involved
-> work on discordant dogs (GWAS/sequencing)

> environnemental factors :
- sexual hormones

- inflammation : orthopaedic conditions...
(Manor et al. 2017, Kujik et al. 2013, Ruple et al 2016

Inflammation may be a modifiable risk factor for the development of HS in BMD
Ruple et al 2016

- treatments : anti-inflammatory medications (Ruple et al. 2016)

A e
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Test of 112 puppies from 18 litters

BWC B!C
B ¢ CCCOCOCOCOCOCOC B B B B CCAUB B B B B

!

different compatibility of dogs

A
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Development of Histiocytic Sarcoma Index Mate Selection (HSIMS)
online webtool

Participation of numerous Bernese mountain clubs for this online development :
unique in veterinary medicine !

French, Austrian, German, American, Swedish, Czech, Slovenian, Slovak
and Swiss clubs

4123 sires and dams used for simulations

around 50 000 simulations per year

A e
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Development of Histiocytic Sarcoma Index Mate Selection (HSIMS)
online webtool

L d L d
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How to use this test ?

Development of Histiocytic Sarcoma Index Mate Selection (HSIMS)
online webtool

.(\‘______”

'&

A —

v A 4
0% A 20% A
35% B
i v 60% B
20% C
20% A
51% B
29% C
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How to use this test ?

Development of Histiocytic Sarcoma Index Mate Selection (HSIMS)
online webtool

.(\’______”

i

: : | : A
[ : . )
: : | |
I ) .
: v : '
. |
:
\

20% A

51% B

29% C

laYaSad.
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How to use this test ?
Development of Histiocytic Sarcoma Index Mate Selection (HSIMS)
online webtool

i\ﬁ—_—-—_’?
-

i

[ N S
‘ L 26% I . : i
= 44% : : I
30% \ . I
[ v I
I
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Recommendation from SKK and SShK

Dog with risk index C should not be mated with another C dog or with untested dog. For a safer risk
assessment, the breeding tool HSIMS should be used, if possible, and C should be below 35% (in
France they say 31%). It is not mentioned that many A’s are recommended.

My question is.

Why is this combination preferable,
it does have C as the normal population, but A has 17% worse than the normal population.

Bitch C and Male B

Indice C 33%

Indice B 61%

Why should you not use these combinations,
here C is certainly 3% above recommended. but in one case A is 15% and in the other case 26% above
the normal population. Aren’t these two combinations better than the first mentioned.

Bitch C and Male A

Indice C 38%
Indice B 25%

Bitch B and Male B

Indice C 38%

Question regarding the use of the test:

Benoit Hedan 2022




Recommendation from SKK and SShK

Dog with risk index C should not be mated with another C dog or with untested dog. For a safer risk

assessment, the breeding tool HSIMS should be used, if possible, and C should be below 35% (in In S W e den : 48 1 teste d dO g S

France they say 31%). It is not mentioned that many A’s are recommended.

My question is.

Why is this combination preferable, 23% of A , 42,6% of B and 34.,4% of C

it does have C as the normal population, but A has 17% worse than the normal population.

Bitch C and Male B

We focused on C dogs because breeders focus on A dogs:

Indice C 33%

- overuse of some A sire

Indice B 61%

- remove C dogs from reproduction

Why should you not use these combinations,
here C is certainly 3% above recommended. but in one case A is 15% and in the other case 26% above
the normal population. Aren’t these two combinations better than the first mentioned.

Bitch C and Male A Bitch B and Male B

Indice C 38%
Indice B 25%

Indice C 38%
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Recommendation from SKK and SShK

Dog with risk index C should not be mated with another C dog or with untested dog. For a safer risk
assessment, the breeding tool HSIMS should be used, if possible, and C should be below 35% (in
France they say 31%). It is not mentioned that many A’s are recommended.

My question is.

Why is this combination preferable,
it does have C as the normal population, but A has 17% worse than the normal population.

Bitch C and Male B

In a litter of 5 dogs : we expect
I to 2 C dogs, 3 B dogs, 0 to 1 A dog

Indice C 33%

In a litter of 10 dogs : we expect
Indice B 61% 3to 4 Cdogs,6 B dogs,0to1 Adog

Why should you not use these combinations,
here C is certainly 3% above recommended. but in one case A is 15% and in the other case 26% above
the normal population. Aren’t these two combinations better than the first mentioned.

Bitch C and Male A Bitch B and Male B

Indice C 38%
Indice B 25%

In a litter of 5 dogs : we expect
2 Cdogs,0to 1 B dog,?2 to3 Adogs

Indice C 38%

In a litter of 10 dogs : we expect
4 C dogs, 1 to 2 B dogs, 5 A dogs
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How to use this test ?

> help for selection and mating based on actual knowledge
other importants unknown genetic factors
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How to use this test ?

> help for selection and mating based on actual knowledge
other importants unknown genetic factors -> test will be improved
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How to use this test ?

> help for selection and mating based on actual knowledge
other importants unknown genetic factors -> test will be improved

> a helpful criteria in association with other criteria : Life span, health, inbreeding...

> keep diversity and lineages ! Use the C dogs (30%) and not overused the A dogs!
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How to use this test ?

> help for selection and mating based on actual knowledge
other importants unknown genetic factors -> test will be improved

> a helpful criteria in association with other criteria : Life span, health, inbreeding...

> keep diversity and lineages ! Use the C dogs (30%) and not overused the A dogs!
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How to use this test ?

> help for selection and mating based on actual knowledge
other importants unknown genetic factors -> test will be improved

> a helpful criteria in association with other criteria : Life span, health, inbreeding...

> keep diversity and lineages ! Use the C dogs (30%) and not overused the A dogs!

e

compatible sire  C
(A,B,C)
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How to use this test ?

> help for selection and mating based on actual knowledge
other importants unknown genetic factors -> test will be improved

> a helpful criteria in association with other criteria : Life span, health, inbreeding...
> keep diversity and lineages ! Use the C dogs (30%) and not overused the A dogs!

E—O

compatible S|r

LUU&&&
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How to use this test ?

> help for selection and mating based on actual knowledge
other importants unknown genetic factors -> test will be improved

> a helpful criteria in association with other criteria : Life span, health, inbreeding...
> keep diversity and lineages ! Use the C dogs (30%) and not overused the A dogs!

s

compatlble S|r

u u u éQ Selection of your best candidate futur dams

A e

Benoit Hedan 2022




How to use this test ?

> help for selection and mating based on actual knowledge
other importants unknown genetic factors -> test will be improved

> a helpful criteria in association with other criteria : Life span, health, inbreeding...
> keep diversity and lineages ! Use the C dogs (30%) and not overused the A dogs!

e

compatlble S|r

u u u é Selection of your best candidate futur dams
TEST SH

A e
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How to use this test ?
> help for selection and mating based on actual knowledge
other importants unknown genetic factors -> test will be improved

> a helpful criteria in association with other criteria : Life span, health, inbreeding...

> keep diversity and lineages ! Use the C dogs (30%) and not overused the A dogs!

s

compatible S|r

Luu&& }

B compatible sire

-

« A

dam with lower risk to transmit HS

A re
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How to use this test ?

> help for selection and mating based on actual knowledge
other importants unknown genetic factors -> test will be improved

> a helpful criteria in association with other criteria : Life span, health, inbreeding...

> keep diversity and lineages ! Use the C dogs (30%) and not overused the A dogs!

s

compatlble S|r

T > keep diversity and select slowly
- . u é 5 -

B compatible sire

-

« A

dam with lower risk to transmit HS

A re
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Metastasis

somatic alterations somatic alterations

Healthy Cell \\ I Tumoral Cells

TSY R

® - Identify predisposing genes and risk alleles

Proliferation

germinal mutations

-> Blood collection

\ - Identify recurrent somatic alterations associated with tumor progression

-> Tissue collection ‘
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Recurrent somatic mutations identify by RNAseq of 4 tumors
in the genes TP53 and PTPNI1I (MAPKinase pathway) :

A re
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Recurrent somatic mutations identify by RNAseq of 4 tumors
in the genes TP53 and PTPNI1I (MAPKinase pathway) :

Gene mutated in human myelomonocytic leukemia

At e
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Recurrent somat -
in the genes TP

Proliferation survival differentiation....

N a Y2 Ya -3
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Recurrent somatic mutations identify by RNAseq of 4 tumors
in the genes TP53 and PTPN11 (MAPKinase pathway) :

Gene mutated in human myelomonocytic leukemia

Sequencing of PTPNI1I in >100 HS - different breeds, with different clinical
presentations

-> PTPNI1I mutated in 56,75% (63/111) of cases

-> major event for HS development

At ne
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Recurrent somati

in the genes TP.

Gene mutated in

Sequencing of P

presentations

Recetvect 19 Jurw 2017 | Pewendt 24 Augnt 2017 | Acosptedt 28 Aupant 2007

OOr 301118 Ace 12257

ORIGINAL ARTICLE

Gain-of-function mutation in PTPN11 in histiocytic sarcomas

wiLey I
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Recurrent somatic mutations identify by RNAseq of 4 tumors
in the genes TP53 and PTPN11 (MAPKinase pathway) :

Gene mutated in human myelomonocytic leukemia

Sequencing of PTPNII in >100 HS - different breeds, with different ¢ inical
presentations -> PTPNI1I mutated in 56,75% (63/111) of cases

PTPN 1] Mutations linked to internal tumors:

O

breeds

p-value = 0.00035 (Exact Fisher test)

p-value = 0.07 (Exact Fisher test)
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Recurrent somati
in the genes TP:

Gene mutated in |

Sequencing of P1
presentations

Mutations linked
(J Donnadieu)
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Short Report

PTPNI11 mutations in canine and human disseminated
histiocytic sarcoma
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Hypothesis 1: same cancers Hypothesis 2: different subtypes
observed at different time of Histiocytic cells

start of cancer

() @ > ) @ localized HS to external organs

(skin, joint...)

localized HS

. Y
gf:)Q disseminated HS to
%o

_internal organs

metastases of HS

' h (spleen, liver, lungs...) D

PTPN11 dissepinatedHS"

. time
mutations PTPN11 mutations probably occur in late stages of the tumor




Interest for the diagnosis:
- specific of HS : there are no PTPN1I nor KRAS mutations in any of the lymphoma
samples (Takada et al. 2019 Genes )
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Interest for the diagnosis:
- specific of HS : there are no PTPN1I nor KRAS mutations in any of the lymphoma

samples (Takada et al. 2019 Genes )

- detectable in plasma of affected dogs

internal tumor

tumor cell

DNA

Detection of
tumoral
DNA

~healthy

45 histiocytic sarcomas

23 mutated 22 WT

v

22/22 WT

A\

21/23 mutated

y

84 control dogs ( lymphoma, melanoma
, mast cell tumor, healthy):
-> 1/84 1ti
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Interest for the diagnosis:
- specific of HS : there are no PTPN1I nor KRAS mutations in any of the lymphoma

samples (Takada et al. 2019 Genes )

sensitivity 42.8 %

- detectable in plasma of affected dogs (up to 77% for lung localization)
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Interest for the diagnosis:
- specific of HS : there are no PTPN1I nor KRAS mutations in any of the lymphoma

samples (Takada et al. 2019 Genes )

- detectable in plasma of affected dogs

internal tumor

sensitivity 42.8 %
(up to 77% for lung localization)

tumor cell

specificity 98.8 %
Prouteau et al. 2021
-> a tool for diagnosis of none

biopsable masses

~healthy
DNA

-> a prognostic tool?

Detectionof ~ -> to follow treatment efficacy?

tumor
DNA

-> useful for earlier diagn
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Prognosis marker ?
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Figure 3. Kaplan-Meier survival curve estimating median
OS for dogs diagnosed with LHS (solid line; n=46)
compared to dogs with DHS (dashed line; n = 25). Dogs
diagnosed with LHS had significantly (P = 0.0002) longer
median OS (398 days) than dogs diagnosed with DHS (78
days). Vertical tick marks represent animals that were
censored (LHS group n=8; DHS group n=2).
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A marker for an earlier diagnosis ?

Follow up 30 dogs from two breeders : at risk (Age/ HS-test)
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Follow up 30 dogs from two breeders : at risk (Age/ HS-test)

» 8 deaths -> 4 HS
with PTPN11 mutation
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» 8 deaths -> 4 HS
with PTPN11 mutation
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A marker for an earlier diagnosis ?

Follow up 30 dogs from two breeders : at risk (Age/ HS-test)

I
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5.5 months earli

» 8 deaths -> 4 HS
with PTPNll mutation
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A marker for an earlier diagnosis ?

Follow up 30 dogs from two breeders : at risk (Age/ HS-test)

» 8 deaths -> 4 HS
with PTPN11 mutation

2 months earlier
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4 months earlier
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A marker for an earlier diagnosis ?

Follow up 30 dogs from two breeders : at risk (Age/ HS-test)

» & deaths -> 4 HS
with PTPN11 mutation

2 months earlier

mm— .
4 months earlier

5.5 months earli

These markers could be used for an earlier diagnosis!
5,5 months earlier

A

11 months earlie

Benoit Hedan 2022




A marker for an e;

Follow up 30 do

These markel

PLOS ONE

L)

Check for
updates

E OPEN ACCESS

Citation: Flory A, Kruglyak KM, Tynan JA,
McLennan LM, Rafalko JM, Fiaux PC, et al. (2022)
Clinical validation of a next- ion ing-
based multi-cancer early detection “liquid biopsy”
blood test in over 1,000 dogs using an independent
testing set: The CANcer Detection in Dogs
(CANDID) study. PLoS ONE 17(4): e0266623.
https://doi.org/10.1371/journal.pone.0266623

Editor: Joseph Alan Bauer, Bauer Research
Foundation, UNITED STATES

Received: November 24, 2021
Accepted: March 23, 2022
Published: April 26, 2022

Copyright: © 2022 Flory et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: All relevant data are
within the paper and its Supporting Information
files.

Funding: This study received funding from PetDx.
The funder had the following involvement with the
study: study design, data collection and analysis,
decision to publish, and preparation of the

Clinical validation of a next-generation
sequencing-based multi-cancer early
detection “liquid biopsy” blood test in over
1,000 dogs using an independent testing set:
The CANCcer Detection in Dogs (CANDID) study

Andi Flory"?3, Kristina M. Kruglyak', John A. Tynan', Lisa M. McLennan', Jill M. Rafalko'*,
Patrick Christian Fiaux®’, Gilberto E. Hernandez', Francesco Marass ', Prachi Nakashe',
Carlos A. Ruiz-Perez', Donna M. Fath', Thuy Jennings', Rita Motalli-Pepio’, Kate Wotrang®,
Angela L. McCleary-Wheeler'%, Susan Lana®, Brenda Phillips?, Brian K. Flesner*®, Nicole
F. Leibman’, Tracy LaDue®, Chelsea D. Tripp®, Brenda L. Coomber'°, J. Paul Woods'",
Mairin Miller®, Sean W. Aiken?, Amber Wolf-Ringwall'?, Antonella Borgattic 2,

Kathleen Kraska?, Christopher B. Thomson?, Alane Kosanovich Cahalane'®, Rebecca

L. Murray®, William C. Kisseberth'4, Maria A. Camps-Palau’, Franck Floch'>%, Claire Beaudu-
Lange'’, Aurélia Klajer-Peres'®, Olivier Keravel'®, Luc-André Fribourg-Blanc'®, Pascale
Chicha Mazetier®®, Angelo Marco?', Molly B. McLeod??, Erin Portillo?®, Terry S. Clark?*,

Scott Judd®®, C. Kirk Feinberg?', Marie Benitez?', Candace Runyan?, Lindsey Hackett?”,
Scott Lafey?®, Danielle Richardson'", Sarah Vineyard?®, Mary Tefend Campbell*°,

Nilesh Dharajiya®'*3, Taylor J. Jensen®>*, Dirk van den Boom®?, Luis A. Diaz, Jr.3*34, Daniel
S. Grosu(', Arthur Polk®', Kalle Marsal', Susan Cho Hicks', Katherine M. Lytle

Lauren Holtvoigt', Jason Chibuk’, llya Chorny’, Dana W. Y. Tsui'

1 PetDx, La Jolla, California, United States of America, 2 Veterinary Specialty Hospital of San Diego, San
Diego, California, United States of America, 3 Veterinary Specialty Hospital of North County, San Marcos,
California, United States of America, 4 Department of Veterinary Medicine and Surgery, University of Missouri,
Columbia, Missouri, United States of America, 5 Department of Clinical Sciences, Colorado State University,
Fort Collins, Colorado, United States of America, 6 Department of Clinical Science and Advanced Medicine,
University of Pennsylvania, Philadelphia, Pennsylvania, United States of America, 7 The Animal Medical Center,
New York, New York, United States of America, 8 Southeast Veterinary Oncology and Internal Medicine,
Orange Park, Florida, United States of America, 9 Bridge Animal Referral Center, Edmonds, Washington,
United States of America, 10 Department of Biomedical Sciences, Ontario Veterinary College, University of
Guelph, Guelph, Ontario, Canada, 11 Institute for Comparative Cancer Investigation at the Mona Campbell
Centre for Animal Cancer, Ontario Veterinary College, University of Guelph, Guelph, Ontario, Canada,

12 Department of Veterinary Clinical Sciences, University of Minnesota, College of Veterinary Medicine, Saint
Paul, Minnesota, United States of America, 13 Veterinary Specialty Hospital of Hong Kong, Wan Chai, Hong
Kong, 14 Department of Veterinary Clinical Sciences, The Ohio State University College of Veterinary Medicine,
Columbus, Ohio, United States of America, 15 Oncovet, Villeneuve-D'ascq, France, 16 AniCura TRIOVet,
Rennes, France, 17 Clinique Vétérinaire de la Pierre Bleue, Pipriac, France, 18 Eiffelvet, Paris, France,

19 Clinique Vétérinaire SeineVet, Rouen, France, 20 Clinique Vétérinaire Mazetier, Argenteuil, France,

21 Governor Animal Clinic, Inc., San Diego, California, United States of America, 22 City Paws Home Health,
Columbus, Ohio, United States of America, 23 VCA Valley Oak Veterinary Center, Chico, California, United
States of America, 24 VCA Metroplex Animal Hospital, Irving, Texas, United States of America, 25 Prices Creek
Veterinary Services, Lewisburg, Ohio, United States of America, 26 Carlsbad Animal Hospital, Carlsbad,
California, United States of America, 27 Oceanside Veterinary Hospital, Oceanside, California, United States of
America, 28 Amici Pet Hospital of Little Italy, San Diego, California, United States of America, 29 Colony
Veterinary Hospital, San Diego, California, United States of America, 30 Carriage Hills Animal Hospital,
Montgomery, Alabama, United States of America, 31 Healthbit.ai Inc., San Diego, California, United States of
America, 32 Laboratory Corporation of America, Durham, North Carolina, United States of America, 33 Advisor
to PetDx, La Jolla, California, United States of America, 34 Division of Solid Tumor Oncology, Memorial Sloan
Kettering Cancer Center, New York, New York, United States of America

* jrafalko @ petdx.com

hs -> 4 HS
"TPN11 mutation

' months earlier

| months earlier

| —

5,5 months earli

1 months earnlie

Detection of cancer S months earlier |

nit Hedan 2022



A marker for an earlier diagnosis ?

Follow up 30 dogs from to breeder : at risk (Age/ HS-test) -> interest for an earlier
diagnosis

Confirm these results on more dogs

Addition of new mutations to be more sensitive

If we are able to detect earlier HS, do we are able to improve treatment of HS?

A e
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New targeted HS therapy
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Targeting MEK in a Translational Model of

Histiocytic Sarcoma
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Pilot study of a MEK inhibitor in dogs with histiocytic
sarcoma

Status: Recruiting
Species: Dog
Veterinary Speciality: Oncology

Description

Histiocytic sarcoma represents a devastating disease in both dogs and humans, with little effective therapies for many patients.
While surgery, radiation and chemotherapy can be used to control disease for variable periods of time, most patients eventually fail
treatment and die of tumor spread (metastasis) within 6-12 months of diagnosis. Published studies have shown that gene mutations
(mostly the PTPN11 gene) in canine histiocytic sarcoma drive activation of a specific cell signaling pathway called the MAPK
pathway. One of the components of this pathway is a protein called MEK. Studies of canine histiocytic tumor cells in the laboratory
and in mouse models of disease show that an inhibitor of MEK called trametinib can slow or stop growth of this tumor. The purpose
of this clinical trial is to evaluate the effectiveness, safety and blood levels of the MEK inhibitor trametinib in dogs with histiocytic
sarcoma. While trametinib was approved by the FDA in 2013 to treat people with melanoma (an aggressive skin cancer) and has
now been iced to treat neonle with ceveral ather kinde of cancere it hacs not been <tudied formallv in dococs (i e there have heen no



Test HS : first genetic risk test for dogs
-> validated for all BMD origins

-> follow up of dogs confirms the interest of this test for selection

-> research is still needed to improve our knowledge on genetic bases of HS predisposition and

hematopoietic cancers! . .
Unique test for a canine cancer

Somatic mutations in HS tumors

- > Useful markers for an earlier diagnosis
for treatment ? Double benefit for vet and human medicine

Looking for samples (suspicion/cases, old dogs...) to pursue research!

Looking for the follow up of dogs tested with the HS test!

Contact us : benoit.hedan@univ-rennes| .fr
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