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In human In dogs

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 :

(Credit : J Donadieu )

- 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

AArCre

monocyte/macrophage or dendritic cells

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

limited response to chemotherapy

- 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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crs) Histiocytic Sarcoma (HS) it o B

In human In dogs

tumor-from histiocytic ecells::
monocyte/macrophage or dendritic cells
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localized or disseminated tumors:
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In dogs

localized HS (LHS):

o disseminated HS (DHS) subdural HS:
skin/joint

Cerebrum/spinal cord

www.histiocytosis.ucdavis.edu/sarcoma.html www.histiocﬁosis.ucdavis.edu/sarcoma.html

Retrievers BMD Pembroke Welsh Corgi
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Hypothesis 1: same cancers Hypothesis 2: different subtypes
observed at different time of Histiocytic cells

start of cancer

& @ > (=) Q localized HS to external organs
(skin, joint...)

localized HS ‘~

‘ @ " o disseminated HS to

@
metastases of HS & I,(% internal organs
(spleen, liver, lungs...) D “ '

disseminated HS *
time
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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

- Consanguinity and sire effect increase frequency of inherited diseases
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Abadie, Hedan et al. 2009
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Cancer = genetic disease

Sustaining Evading
proliferative growth
signaling SUPPressors

Deregulating
cellular
anergetics

. Resisting Enabling
+ o cell replicative
death immortality
Genome Tumy-
nstabil promoting
| 1utal-noyn ~ inflammation
Inducing Activating
angiogenesis - invason & Hanahan et Weinberg. Cell. 2011
metastasis
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Metastasis

Healthy Cell so@ci itlons Tumoral Cells som tic glterations
10) )

germlnal mutations Proliferakon Invasion

®© - Identify predisposing genes and risk alleles
-> Blood collection ¢

\ - ldentify 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 s 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)

-> |dentification of main loci : CFA1l, CFA14 (Shearin, Hedan et al. 2012)
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> New GWAS (Illumina SNP array 170K) 2011-2012: 154 unaffected and 172 affected BMDs
Peorrected: 6.4 X 10-5 l Peorrected: 4.8 X 10-7 Peorrected: 2.5 X 10-5
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> New GWAS (Illumina SNP array 170K) 2011-2012: 154 unaffected and 172 affected BMDs
Peorrected: 6.4 X 10-5 l Peorrected: 4.8 X 10-7 Peorrected: 2.5 X 10-5
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b b

7 8 9 10 11 12 13 4 15 16 17 18 19 20 21 22 23 24 25 2627 20 29 0 31 3333435363738 X

region 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
Peorrected: 6.4 X 10-5 l Peorrected: 4.8 X 10-7 Peorrected: 2.5 X 10-5
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b b

7 8 9 10 11 12 13 4 15 16 17 18 19 20 21 22 23 24 25 2627 20 29 0 31 3333435363738 X

region involved in lymphoma and hemangiosarcoma predisposition
(Tonomura et al. 2015)

region involved in osteosarcoma predisposition
(Karlsson et al. 2013)
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> New GWAS (Illlumina SNP array 170K) 2011-2012: 154 unaffected and 172 affected BMDs
Peorrected: 6.4 X 10-5 l Peorrected: 4.8 X 10-7 Peorrected: 2.5 X 10-5
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b b

7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 2627 2829 30 31 2333435363738 X

region involved in lymphoma and hemangiosarcoma predisposition
(Tonomura et al. 2015)

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

L’ region involved in mast cell
tumor predisposition
(Arendt et al. 2015)
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@ Lymphoma cases
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> New GWAS (Illlumina SNP array 170K) 2011-2012: 154 unaffected and 172 affected BMDs
Peorrected: 6.4 X 10-5 l Peorrected: 4.8 X 10-7 Peorrected: 2.5 X 10-5
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7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 2627 2829 30 31 2333435363738 X

region involved in lymphoma and hemangiosarcoma predisposition
(Tonomura et al. 2015)

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

L’ 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
=\

Peorrected: 7.9 X 10-7 3 Peorrected: 8.7 X 10-7
10 Peorrected: 1.6 X 105 Peorrected: 2.3 X 10-5

~log10(p-value)
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3 main regionson CFA 5,11 and 14 :
- the risk haplotype of CFAGS is shared between 3 breeds
- the risk haplotype of CFAL1 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
=\

Peorrected: 7.9 X 10-7 3 Peorrected: 8.7 X 10-7
10 Peorrected: 1.6 X 10-5 Peorrected: 2.3 X 10-5
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"

o hhwakudﬂu HhL-&MuUuuuhlmiuuhh

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

Risk of developing HS is linked to accumulation of risk alleles of these 3 main regions (CFAS5,
CFAll, CFA14)

frequencies of risk alleles in the 3 breeds Odds Ratio
number of risk
alleles

25 risk alleles 0,7 0,27 [4.04-7.24] 1.14x10-31
4 risk alleles 0,23 0,34 0. [0.37-0.67] 2.74x10-6

<3 risk alleles 0,07 0,29 0.15 (0.1-0.23] .2, 37%10:23

affected  unaffected Odds Ratio interval pval




> New GWAS on 3 predisposed breeds (BMD, Rottweiler, Flat coated retriever)
455 affected and 408 unaffected dogs.
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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, CFA5, 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 /2

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

ﬁ{ 4 alle 2B Benoit Hedan 2022
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> Estimation of risk to be unaffected (GLM model) :

exp(% (ai SNP)))

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

Index
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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 47 % of healthy

10% of affected

- -

Indice

affected NonAffected
p-value : 1.754 10-16 (Mann Whitney test)

Benoit Hedan 2022




Index distribution in case and control populations on 256 affected BMDs and 165 unaffected

Category A _3_ 47 % of healthy
: 10% of affected
Category B 43 % of healthy
: 50% of affected
. ;
d‘fo::lod NonA;fecbd

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

P
Category A __8 47 % of healthy
o 5 10% of affected

- :

k- :
CaegoryB |5 - 43 % of healthy
50% of affected
Category C : ' 10 % of healthy
. B 40% of affected

affected 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

Healthy

> 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%

A ne s

Benoit Hedan 2022




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

distribution of index in this population:

A 26%
B 44%
mcs 30%

A re

ou%
45%0
4U70
39
3U%
29
ZUY0
15%
1%
oo
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) @

1004
0784

strala mean  median
e A 112 11.3

Survival probabdlity

0284 ~ B 103 104

- C 9 8.8
000¢
' v H v z pvalue= 4x10-10
Tme
Number at risk
4 78658 245 Ak K 0
gh 1069 514 140 10 0
L | '_l|'.| 344 6bY l ]
¢ ‘ H 12 1%
Time

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

A e
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Since 2012 , Antagene has tested >6700 dogs (unknown phenotypes): /
follow up of >5 years old dogs (PhD Eléonore Thiery) @

antogene

1004
A : 10.6% of deaths

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

strala mean  median
e A 112 11.3

0764

Survival probabdlity
g

0284 ~ B 103 104

Bc o 8.8
0009
' H H " i pvalue=4x10-10
Tme
Number at risk
{4 765 245 L\ 13 U
g ey 1000 514 140 10 0
sorC4 1010 : 44 , ﬁﬁ s _ -
0 ‘ H 1 14
Tme

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

[{P{K'@ -
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Since 2012 , Antagene has tested >6700 dogs (unknown phenotypes): /
Focus on the 68 dogs with HS diagnosis (Histological diagnosis): @

100+

0.754

0504

Survival probability

0.2%54

0.00 4

0 25 5 ) 10 125
6.7, 7.7 8.3 pvalue=0.0.32
Number at risk
wice=A 4 10 8] 5 3 0
f scees] 26 22 14 5 1
D IndcesC 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)

L{’{Pfﬂt -
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Since 2012 , Antagene has tested >6700 dogs (unknown phenotypes):
Focus on the 68 dogs with HS diagnosis (Histological diagngsfs):

Survival probability

Strata

100+

D754

0.50 4

025+

000+

ndce~t 4

pvalue=0.0.32

Number at risk
5 i
: .
C Dogs are ely to be affected younger (mean 6.7 years)
while A dogs afe more likely to be affected older (mean 8.3 years)

A’ﬁﬂ'"@ B
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follow up of >5 years old dogs (PhD Eléonore Thiery)

Since 2012 , Antagene has tested >6700 dogs (unknown phenotypes): /2

ont@gne
> \Why ~14 % of affected are A?

1004

0754

Survival probability
g

> Why ~12% of unaffected are C?

Affected 14% 43.1%
T RO TR
Healthy 41.5% 46.5% 11.9%

e e e —— Benoit Hedan 2022




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

> Other 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

> Other involved chromosomes

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

| | |
. h‘ﬂ[ﬁl&dﬁﬂiﬂ hhﬂ“tﬂ“ﬂlﬂhﬂlﬂhﬂhﬂ

7 8 9 10 mn 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 3233 3435363738 X

7]

~log10(p-value)
o

o

"5 ‘

10

|
o hﬁwunlmmu hhhﬂuﬂmuhmmmhh

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 aaaaaﬂm%ﬂﬁgya X

~iog10(p-value)

o
- =




~log10(p-value)

o

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

> Other involved chromosomes

HS test based on 9 known markers but others regions involved :

l

I l

lu Adding new markers to improve test (On going)

Charline Bianchi
CNRSAI\ITAGEN%

hﬁmLuﬂﬂua AL-N

T

£l

27 28 29 30 31 3233 3435383738 X

s 6 7 8 9 10 11 12 13 14 15 6 17

=

| ',

i-imiluﬂuu iLuiMnﬁmnhmmmhh

4

5 6 7 8 9 10 1 12 13 14 15 16 17 118 19@21&@2‘52527%9%&3".‘4%%73 X



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

> Other 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 etal. 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)

[{’(H"t 5
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Test of 112 puppies from 18 litters

e
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different compatibility of dogs
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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

[{’(H"t\
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Development of Histiocytic Sarcoma Index Mate Selection (HSIMS)
online webtool

i _/;(
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How to use this test ?

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

-

i

i . I . A
| . g )
| - | |
i . .
I v ' v
| 0% A I 20% A
3506 B "
| 65% C W 60%B
A" 0 20% C
20% A
510 B
29% C
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How to use this test ?

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

-

i

i ; I » A
i - : .
| : | |
i - .
| v : :
| 0% A I
3506 B .
\|, 65% C

20% A

519 B

20% C

A e
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How to use this test ?

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

i

L G IR

s 26%
=5 44%
® 30%
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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!

| =N

compatible sire C
(AB,C)

A re

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!

C

v

compatible sire

[ |
L.JUU&QQJJ

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!

compatible sire

T |
aENe

Selection of your best candidate futur dams
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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!

compatible sire

L_J L_J u - | selection of your best candidate futur dams
TEST SH
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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!

@
C

v

compatible sire

[ | |
- - .

C B compatible sire

A e

U dam with lower risk to transmit HS
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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!

-

N
I T

NN UI—D
C B compatible sire

U dam with lower risk to transmit HS

comna
VUl

> keep diversity and select slowly
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Metastasis

Healthy Cell so@ci itlons Tumoral Cells som tic glterations
10) )

germlnal mutations Proliferakon Invasion

®© - Identify predisposing genes and risk alleles
-> Blood collection ¢

\ - ldentify 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 PTPN11 (MAPKinase pathway) : |
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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

A rCre
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Recurrent somat
In the genes TP53

Proliferation survival differentiation....

a¥a Yo IR
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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 PTPN11 in >100 HS - different breeds, with different clinical
presentations

-> PTPN11 mutated in 56,75% (63/111) of cases

-> major event for HS development

A e
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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 PTPN11 in >100 HS - different breeds, with different clinical

presentations -> PTPN11 mutated in 56,75% (63/111) of cases
48 36 42 25

breeds

p-value = 0.00035 (Exact Fisher test

PTPN11 Mutations linked to internal tumors:

internal

p-value = 0.07 (Exact Fisher test)

aYalatl
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Mutations in oncogenes of the MAPKinase pathway

Breed Breed
Localization

—
oo I ] [ e R TR 1 1 1 BT oS
g i PreN 1 I

Gene'mutated in human myelomonocytic Iel“lnla somatic KRAS |
'% | BRAF |

o CBL

Sequencing of PTPN11 in >100 HS of different breeds, with different clififéaP
presentations NRAS

> PTPM&U‘%M&QW&M) of cases

W Rottweiar

-> Alteration of this pathway in >65% of HS- a key event in HS development

A rcre
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Hypothesis 1: same cancers
observed at different time

start of cancer

localized HS

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

PTPNLL disse

mutations

time

Hypothesis 2: different subtypes
of Histiocytic cells

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

disseminated HS to
internal organs

PTPN11 mutations probably occur in late stages of the tumorsenoit Hedan 2021



Interest for the diagnosis:

- specific of HS : there are no PTPN11 nor KRAS mutations in any of the lymphoma
samples (Takada et al. 2019 Genes )

A e
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Interest for the diagnosis:
- specific of HS : there are no PTPN11 nor KRAS mutations in any of the lymphoma

samples (Takada et al. 2019 Genes )

- detectable in plasma of affected dogs

tumor cell

internal tumor

Detection of
tumor
o DNA

gIObUI ds cells
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Interest for the diagnosis:
- specific of HS : there are no PTPN11 nor KRAS mutations in any of the lymphoma

samples (Takada et al. 2019 Genes )

45 histiocytic sarcomas
- detectable in plasma of affected dogs

tumor cell

internal tumor

23 mutated 22\WT

Detection of
tumoral
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Interest for the diagnosis:
- specific of HS : there are no PTPN11 nor KRAS mutations in any of the lymphoma

samples (Takada et al. 2019 Genes )

. 45 histiocytic sarcomas
- detectable in plasma of affected dogs

tumor cell

internal tumor

- P
- r/,
- /
-

DNA 23 mutated 22\WT

v v

Detection of 21/23 mutated 22122 \WT
tumoral

DNA

-~
-~

gIObUI%Scells
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Interest for the diagnosis:
- specific of HS : there are no PTPN11 nor KRAS mutations in any of the lymphoma

samples (Takada et al. 2019 Genes )

. 45 histiocytic sarcomas
- detectable in plasma of affected dogs

tumor cell

internal tumor

gIObUI%Scells > 1/84

. __. tumor
DNA 23 mutated 22\WT
healthy
DNA
E Detectionof  21/23 mutated 22/22 WT
: tumoral
; ~ug DNA 84 control dogs ( lymphoma, melanoma
- , mast cell tumor, healthy)

Benoit Hedan 2022




Interest for the diagnosis:
- specific of HS : there are no PTPN11 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)

tumor cell

-~ /(G specificity 98.8 %
] 7"' Prouteau et al. 2021

Detection of
tumor
> DNA

gIObUI%Scells

internal tumor
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Interest for the diagnosis:

- specific of HS : there are no PTPN11 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)

tumor cell
' \

specificity 98.8 %
... tumor
DNA Prouteau et al. 2021
-> a tool for diagnosis of none
biopsable masses
_ healthy
PNA >3 prognostic tool?
plasma Detectionof - 10 follow treatment efficacy?
tumor
o DNA

-> useful for earlier diagnosi
QIObUI%sceIIs
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Prognosis marker ?

100

)

Survival probability (%)
3

3

g

o
[y

0 500 1000 1500 2000
Survival Time (days)

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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Prognosis marker ? -> Exploration of HS cases from different french histological labs

breed Internal masses External masses both =~  Total
1

4
6
2
4
4

93
1
4

18
6
1
2
1
6
1
9
1
5
6
3
6

18
2
1
6
4

26
2
1
2
1
4
1

37
1
1
3
1
1
9

Akita Inu
American Stafford Terrier
Australian Shepherd
Beagle
Beauceron
Belgian Shepherd

Collection of 305 blocs FFPE ol

(Oniris, IHP, LAPVSO,
Amboise) with Crinania
epidemiological data -
(Annabelle Garand, Julien Bacrsung
Ascencio, Charline Bianchi) Flal Coe Retieve

German Shepherd
Golden Retriever
Husky
Irish woljound
Jack Russel
King Charles Spaniel
Labrador
Maltese dog
Munster spaniel
other
Pinsher
Poodle
Pyrenean Sheepdog
Rolweiler
Scomsh Terrier
Shar Pei
Shepherd
Silky Terrier
Welsh Corgi
Yorkshire Terrier

orRrrwroRoNvooorBRrRrARrROoONRMwWRNMOOROORRLRNMNERRL,BWwRERENREO
woooorhrNvRrNNRREBwNvONENMNOwRr RORRRPORNWOZ R wrE Awe
COO0O0O0OrRODO0O0O0O0O0O0000O0O0O0O0O00O0O0O0000O0O0O0ORr OO0

305
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Prognosis marker ? -> Selection of 180 HS cases

localisakon
total externe interne
American Bully 1 1 muté

American Stafford Terrier 4 2 WTs 2 mutés
Berger Allemand 6 1 muté/I WT 2 muté/2 WT
Berger Australien 5 3 mutéS 2 mutés
Berger Belge Malinois 4 1 muté/L WT 2 mutés
Border 4 3WTs 1 mutés
Bouledogue 20 5 muté/4 WT 8 muté/3 WT
Bouvier Bernois 41 12 muté/7 WT 18 muté/4 WT
Boxer 3 2 mutés 1 mutés
Caniche 4 2 mutés 1 muté/IWT
Cavalier King Charles 4 1 muté/2 WT 1 mutés
Cocker 6 1WT 5 mutés
Dobermann 5 1 muté/2 WT 2 mutés
Flat Coat Retriever 11 5 mutés/4 WT 1 muté/IWT
Golden Retriever 11 2 mutés/3 WT 3 muté/3WT
Jack Russel Terrier 6 2 mutés 1 muté/3WT
Labrador 9 3WTs 3 muté/3WT
Labrador x epagneul 1 1 mutés
Rolweiler 30 10 mutés/5 WT 12 mutés/3 WT
Yorkshire Terrier 8 1 mutés/2 WT 3 mutés/2 WT
Yorkshire TerrierX 1 1 mutés

Mutations linked to internal localisation and enriched

in the breeds :

BMDs, Rottweiler, French Bulldog..

% d'individus

Articulations mutées 4 46%
Peau mutée 4 56% Rate mutée 4 77%
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Prognosis marker ? -> Selection of 180 HS cases
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Prognosis marker ? -> Selection of 180 HS cases
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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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A marker for an earlier diagnosis ?

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

+  deaths -> 4 HS
T 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)

+  deaths -> 4 HS

T T T T T with PTPN11 mutation

2 months earlier
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A marker for an earlier diagnosis ?

Follow up 30 dogs from two breeders : at risk (Age/ HS-test)
2 years
+  deaths -> 4 HS
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\ 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
/ .
4 months earlier

5,5 months earli
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A marker for an earlier diagnosis ?

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

2 years
"\\ 2 months earlier
PR
4 months earlier
5,5 months earli
11 months earlie

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

2 years

Follow up 30 dogs from two breeders : at risk (Age/ HS-test)
»  deaths -> 4 HS

CT L e
e
SO e

5,5 months earli

. : o _
These markers could be used for an earlier diagnosis! 11 months earlie

5,5 months earlier
I‘fﬁ(rf‘r .
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histiocytic sarcoma: RENN]

Somatic mutations : applications for veterinary medicine

A marker for an earlier diagnosis ?

Follow up 30 dogs frem-te breede
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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?

Benoit Hedan 2022




Interest for the treatment:

Hanahan et Weinberg. Cell. 2

New targeted HS therapy

Sustaining Evading
Aerobic glycolysis proliferative growth Immune activating
inhibitors signaling SUppressors anti-CTLA4 mAb

Selective anti-
inflammatory drugs [

Inhibitors of Inhibitors of
VEGF signaling HGF/c-Met Benoit Hedan 2022




Tests of proliferation rate (72h) with MEK inhibitor
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Description

oliferation rate
oliferation rate

0.5
Histiocytic sarcoma represents a devastating disease in both dggs and humans, with little effective itherapies for many patients.
While surgery, radiation and chemotherapy can be used to contrdldisease forwvariable pesiods of timé, mostpatients eventually fail
treatment and die of tumor spread (metastasis) within 6-12 months of diagriésis’ Published studies have shown fKat'ene 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. Stpjptp/ettes thmca!mw@r 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 bean 1icad to treat nennle with cavaral nther kinde nf rancerce it haec naot heen ctiidied formally in dooe (i e there have heen no
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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-rennes1.fr
KA rere

Benoit Hedan 2022
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- Gold standard histology:
large pleomorphic cells, whorls of spindle cells, or a mixture of the two

initial differential diagnoses include synovial cell sarcoma , lymphoma and
plasmacytoma , mast cell tumor, and amelanotic melanoma

- Immunostaining is necessary in many cases to confirm histiocytic origin of tumoral cells:
IBA1 (Macrophage/dendritic cells) (Pierezan et al. 2014), CD204 (Macrophage cells)
(Kato et al. 2014). Our cases are confirmed with CD204 by Jerome Abadie (ONIRIS)




Genome-wide DNA copy number analysis and targeted

updates

| updaes

transcriptional analysis of canine histiocytic malignancies
identifies diagnostic signatures and highlights disruption

of spindle assembly complex

The copy number of CFA 16 and 31 are diagnostic signatures

Katherine Kennedy « Rachael Thomas «

for HM. When comparing HM to

Jessica Durrant - Tao Jiang « Alison Motsinger-R  diseases that are frequently included in the differential

Matthew Breen )

process (HEM, MEL, LSA, MCT, CYT, and PL), the

overall specificity is 94.7%.

Received: 11 January 2019 /Revised: 18 February 2019/ Acq—__f
€ Springer Nawre B.V. 2019

Abstract Canine histiocytic malignancies (HM) are
rare across the general dog population, but overrepre-
sented in certain breeds, such as Bernese mountain dog
and flat-coated retriever. Accurate diagnosis relies on
immunohistochemical staining to rule out histologically
similar cancers with different prognoses and treatment
strategies (e.g., lymphoma and hemangiosarcoma). HM
arc generally treatment refractory with overall survival
of less than 6 months. A lack of understanding regarding

-

the mechanisms of discase development and progres-
sion hinders development of novel therapeutics. While
the study of human tumors can benefit veterinary
medicine, the rarity of the suggested orthologous
discase (dendritic cell sarcoma) precludes this. This
study aims to improve the understanding of underlying
discase mechanisms using genome-wide DNA copy
number and gene expression analysis of spontancous
HM across several dog breeds. Extensive DNA copy

-



- liquid biopsy:

PTPN11 mutations high specificity vs low sensitivity

OncoK9 :multi-cancer early detection (MCED) “liquid biopsy” test

petD}( using next-generation sequencing (NGS)

overall sensitivity (detection rate) of 54.7% -
it detected cancer signal from 30 distinct cancer types in 433
cancer-diagnosed subjects evaluated

not specific of HS

[{’(H"t 5




Identification of somatic mutations to prescribe targeted therapies ( not specific of HS)




Growth factors/cytokines - Macrophages and DC differentiation

< < < & .:f.o

Fig. 1. Stem cell foctors (SCF and Fit-3 Ligand) amplify histiocyte differentiation -

especially to DCs. GM-CSF and TNF-alpha induce differentiation toward DCs (interstitiol
DCs and LCs); TGF-beta influences the terminal stoges of LC differentiation. M-CSF

induces mocrophage differentiation.
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http://https/www.histiocytosis.ucdavis.edu/histiocytosis/

Pre-lymphoma cell

(cohfinBpR@Ehitor cell) In dogs

tumor from histiocytic cells % €' YmPhoma

\ocyte/macrophage or dendritic

e

pcalized or disseminated tumors:

mspleen, liver, lymph node, lung;

(1) » Transdifferentiation

0 chemotherapy v

limited respon

SRR
................ o

(Credit

i'mm'@néntiation ®
- extremely rare but very aggressive -rarein w
(1-5 cases/ year in F§ance). predisposed

le populationbut frequent in
hreeds (BMD, Rottweilers, Retrievers)

Histiocytic sarcoma
=> unique model to identify genetic

bases of this cancer
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previously called: malignant fibrous histiocytoma

(MFH), malignant histiocytosis...

localized HS (LHS): disseminated HS (DHS)

Is described as a multifocal disease with masses

Is considered to originate on a limb, skin, e _ )
or within a single internal organ occurring simultaneously at multiple sites
commonly the spleen, the lung (most commonly spleen, lung, liver,

and abdominal lymph nodes)

NB : hemophagocytic HS in spleen or bone marrow

o}

_ Hedan et al 2011 BMC cancer
Figure 2

Anatomical distribution of histiocytic tumors in FCR and BMD. Anatomical location of HS is significantly different

between the two breeds (p value < 0.001, Fisher Exact test). Benoit Hedan 2022
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Localized pulmonary histiocytic sarcomas in Pembroke Welsh Corgl
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Histiocytic sarcoma in 14
miniature schnauzers — a new breed
predisposition?
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Fig 5. GCN analysis of gene expression in MPS cell populations. Each sphere (node) represents a gene, and lines
between them (edges) show Pearson correlations between them of >0.75. Nodes were grouped into clusters with
PTPN lated expression mldlﬁﬁﬂ“{dﬂﬁtﬁd It}Srithm with an inflation value of 1.7. Lists of genes and expression
files of clusters are presented in 52 Data, (A)ﬁm ctwork generated by the BioLayout analysis. Elements with >5
m uta.tl are shown. Nodes are coloured by MCL chister”Lists of genes and average expression profiles for all clusters are
(2 ted in 52 Data. Monocyte and macrophage genes (black ovals), DC genes (red oval). (B) Networg shoftipsoerln 2021
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