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Histiocytic Sarcoma(HS) o N

In human In dogs
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In dogs

localizedHS (LHS):

TS disseminatediS (DHS) subduraHS:
skin/joint

Cerebrum/spinatord

www. histiocytosis.ucdavis.edu/sarcoma.html www,histioc\;tosis.ucdavis.edu/sarcoma.html

Retrievers BMD PembrokeNelshCorgi
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Hypothesisl: samecancers Hypothesis2: differentsubtypes
observedat differenttime of Histiocytic cells

startof cancer
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In dogs
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Breedpracticessouldincreasdransmissiorof risk alleles:
- Breed = isolatedpopulation <-> reducedliversity

- Consanguinityandsire effectincreasdrequencyof inheriteddiseases
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Breedpracticessouldincreasdransmissiorof risk alleles:

isolatedpopulation <-> reducediversity

- Breed

- Consanguinityandsire effectincreasdrequencyof inheriteddiseases
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. Resisting

Cancer = geneticdisease

Sustaining Evading
proliferative growth
signaling SUppressors

Deregulating
cellular
energetics

Enabling

cell replicative
death immortality
Genor Tumor-
instability & omoting
wtation inflammation
Inducing Activating
angiegenesis - nvason & Hangharet Weinberg.Cell. 2011
metastasis

Benoit Hedan 2022



Metastasis

HealthyCell SO{’[ICi itlons TumoralCells som tic glterations

germlnal mutations ProliferaKon Invasion

® - Identify predisposingienesandrisk alleles
-> Blood collection ¢

\ - Identify recurrentsomaticalterationsassociatedvith tumorprogression

-> Tissuecollection ’ , ’
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0 Since2002- CaniDNA biobank

- >4000bloodsamplesand > 400tissuesamples § Characterizatiomf the Disease:

- > 450HS casewith histopathologicateport Abadie,Hedanetal. 2009

0 IncollwithE.Os t r a lal(NIH, Bethesda)

GWAS: 232unaffectecand244affectedBMDs (American/European)
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GWAS: 232unaffectecand244affectedBMDs (American/European)
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GWAS: 232unaffectecand244affectedBMDs (American/European)

Markersdiffers betweenunaffectecandaffectedBMDs
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0 Since2002- CaniDNA biobank(dog.genetics.genouest.org)

- > 4000bloodsamplesand > 400tissuesamples ¢ Characterizatiomf the Disease:

- > 450HS casewith histopathologicateport Abadie,Hedanetal. 2009

0 IncollwithE.Os t r a lal(NIH, Bethesda)
GWAS: 232unaffectecand244affectedBMDs (American/European)

-> |dentificationof mainloci : CFA11,CFA14(ShearinHedanetal. 2012)
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0 New GWAS (lllumina SNParray 170K) 2011-2012: 154unaffectedand172affectedBMDs
Pcorrected 6.4 X 105 l Pcorrected 4.8 X 107 Pcorrected 2.5X 105
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gioninvolvedin lymphomaandhemangiosarcomaredisposition
(Tonomuraetal. 2015)
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gioninvolvedin lymphomaandhemangiosarcomaredisposition
(Tonomuraetal. 2015)

regioninvolvedin osteosarcompredisposition
(Karlssonet al. 2013)

L’ regioninvolvedin mastcell
tumorpredisposition
(Arendtetal. 2015)
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@ Lymphoma cases

@ Histiocytic sarcoma cases

{ Histiocytic sarcoma suspicions

FRE
K ) ’é} ’é’é P Jir’é:’é ,&’r;.“ ’$ DT
M ’l ) :ﬁm"’?iém’

LUV NN : Benoit Hedan2022

EO=EENRO




0 NewGWAS (lllumina SNParray 170K) 2011-:2012: 154 unaffectecand172affectedBMDs
Pcorrected 6.4 X 105 l Pcorrected 4.8 X 107 Pcorrected 2.5X 105

_ l !

?Z MMI *Mii IihléMnimhhniimm

[ 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 280 29 30 31 3233343536373 X

gioninvolvedin lymphomaandhemangiosarcomaredisposition
(Tonomuraetal. 2015)

regioninvolvedin osteosarcompredisposition
(Karlssonet al. 2013)

L’ regioninvolvedin mastcell
tumorpredisposition
(Arendtetal. 2015)

A re

Benoit Hedan 2022



0 New GWAS on 3 predisposed breeds (BMD, Rottweiler, Flat coated retriever
455 affectedand408 unaffectedlogs.

Peorrected 8.3X 1015
=

Peorrected 7.9X 107 3 Peorrected 8.7 X 107
10 Pcorrected 1.6X 105 Peorrected 2.3X 105

"

~log10(p-value)

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

3 mainregionson CFA5,11and14:
- therisk haplotypeof CFASis sharedbetweer3 breeds
- therisk haplotypeof CFAl11lis sharedoetweerBMDs andRottweilers

- the protectivehaplotypeof CFAl4is sharedetweer breeds
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Risk of developingHS is linked to accumulatiorof risk allelesof these3 mainregions(CFAS5,
CFA11,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, 37x10:21

affected  unaffected Odds Ratio interval pval
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0 Work in progresgo identify variantsassociateavith HS predisposition

0 CancerampactBMD life span

0 Cancer. polyfactorialdisease> involving geneticandenvironmentafactors

0 Manyregionsareinvolvedin HS predispositiorof which CFA11,CFA5,CFA14

> Needsof researcho betterunderstangbredisposingnutationsandinteractions

BUT data produced by researchcould be useful for breedersto help selection!
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In 2012, in collaborationwith Antagene we decidedo developa geneticrisk test /

(@

antagene

0 Basedonourfirst GWAS data,selectionof 140 markersassociateavith HS

0 Genotypingof 1081 FrenchBMDs ( 256 affecteddogs+ 165 unaffecteddogs)
-> selectionof the 9 markersmoresignificantly associatedavith risk to developHS
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0 Estimationof risk to be unaffected GLM model) :

exp(% (ai SNP)))

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

Index
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Indexdistributionin caseandcontrol populationson 256 affectedBMDs and165unaffected
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p-value: 1.75410-16 (MannWhitneytest)
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Indexdistributionin caseandcontrol populationson 256 affectedBMDs and165unaffected

CategoryA 47 % of healthy

10%of affected

Indice

affected NonAffected
p-value: 1.75410-16 (MannWhitneytest)
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Indexdistributionin caseandcontrol populationson 256 affectedBMDs and165unaffected

CategoryA _8_ 47 % of healthy
: 10%of affected
CategonB 43% of healthy
: 50%of affected
= ;
atecked NonAfiecied

p-value: 1.75410-16 (MannWhitneytest)
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Indexdistributionin caseandcontrol populationson 256 affectedBMDs and165unaffected

CategoryA

CategonB

CategonC

Indice

'
—_—

NonAffected

p-value: 1.75410-16 (MannWhitneytest)
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47 % of healthy
10%of affected

43% of healthy
50%of affected

10% of healthy
40%of affected




In collaboration with the Europeanbreederclubs and the BernerGarde(Dr V Yuzbasiyan

Gurkan).In total, 718 dogstestedfor developmenandvalidationof the pre-test
0 415dogswith Histiocytic Sarcoma

0 303unaffecteddogs(> 10years)

Affected 14%

Healthy

0 Statistics: 88% p-value: 2.110-24 (Xi2 test)
Index A to detecthealthydogs:
Specificityie probability that an affecteddogis not A : 86%

Index C to detectaffecteddogs:
Specificityie probability that a healthy dogis not C : 88%

A ne s
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Since2012, Antagenehastested>6700dogs(unknownphenotypes):

distributionof indexin this population:

T A 26%
mBs 44%
mcs 30%

[{’(H"t 5

oU%
45%
4U70
35%
SU%
2o
ZUY%0
15%
10%

Y0

0%

2015 2016 2017 2018 2019 2020 2021 2022

Benoit Hedan 2022



45%

40%

35%

30%

25%

20%

15%

10%

5%

0%

N
== EuropewithoutFrance
NUILUTATITIETICA
2015 2016 2017 2018 2019 2020 2021 2022 edan2022




Since2012, Antagenehastested>6700dogs(unknownphenotypes): /
follow up of >5 yearsold dogs(PhD EléonoreThiery) @

0754

0504 strata mean median

= A 111 113

Survival probabdlity

0284 ~ B 103 104

= C 9 838
000+
' v H v T pvalue=4x10-10
Time
Number at risk
4 YA 245 RE ()
g 41 1009 514 140 10 0
4 104 34 64 U
0 H H 1 14
Time

-> onthewholepopulation,evenwith unknowncauseof death,we observe
significantdifferencesof lifespanaccordingto index

At ne s
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Since2012, Antagenehastested>6700dogs(unknownphenotypes): /
follow up of >5 yearsold dogs(PhD EléonoreThiery) @

antogene

1004
A : 10.6%o0f deaths

B : 36.1%o0f deaths
C: 53.2%o0f deaths

strala mean median
e A 1112 113

Survival probabdlity

0284 ~ B 103 104

- C 9 8.8
000¢
v v H ‘ v pvalue=4x10-10
Tme
Number at risk
d [ 43 245 Rg 14 (
gh 1069 514 140 10 0
L | '_l|'.| 344 6bY l ]
¢ ‘ H 12 1%
Time

-> almosthalf of deathbetweerD and8 yearsoccurson C dogs!

A e
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Since2012, Antagenehastested>6700dogs(unknownphenotypes): /
Focusonthe 68 dogswith HS diagnosigHistological diagnosis: @

ontogene
1.004 —
0.75
£
-]
g 0.50 4
2
-
D00+
0 25 5 i 10 125
6.7, 7.7 8.3 pvalue=0.0.32
Number at risk
10 9 5 3 0
i Indice~B 4 26 22 14 5 1
D inccesc { 32 27 13 1 1
25 5 75 10 125
Time

C Dogsaremorelikely to be affectedyounger(mean6.7 years)
while A dogsaremorelikely to be affectedolder(mean8.3years)

A’{H"@ -
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Since2012, Antagenéhastested>6700dogs(unknownphenotypes);
Focusonthe 68 dogswith HS diagnosigHistological diagngsis:

Survival probability

S

1004
D754
0504
0254

000+

—y
3 indice~B 4
| o 4

v
0

Number at risk

while A dogsé

AP{H“E k

si—‘m’.ﬂ

emorelikely to beaffectedolder(mean8.3years)
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follow up of >5 yearsold dogs(PhD EleonoreThiery)

Since2012, Antagenehastested>6700dogs(unknownphenotypes): /2

ont@gne
0 Why ~14% of affectedare A?

1004

0754

Survival probability
g

0 Why ~12% of unaffectedare C?

Affected 14% 43.1%
Healthy 41.5% 46.5% 11.9%

e e e —— Benoit Hedan 2022




What explainsthe differences?  -> Histiocytic sarcoma= polyfactorial disease

0 Otherinvolvedchromosomes

HS testbasedon 9 knownmarkersbut othersregionsinvolved
->work ondiscordantdogs(GWAS/sequencing)
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What explainsthe differences?  -> Histiocytic sarcoma= polyfactorial disease

0 Otherinvolvedchromosomes

HS testbasedon 9 knownmarkersout othersregionsinvolved:
ul Adding newmarkersto improvetest(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 aaaaaa@g@lwaﬁwma X

~iog10(p-value)

o
- =




~log10(p-value)

o

What explainsthe differences?  -> Histiocytic sarcoma= polyfactorial disease

0 Otherinvolvedchromosomes

HS testbasedon 9 knownmarkersout othersregionsinvolved:

l

I l

lu Adding newmarkersto improvetest(On going)

CharlineBianchi
CNRSAI\I'I'AGENI%

hﬁuﬂ.‘.&dﬂ&d mhun

sdidshadliid

£l

27 28 29 30 31 3233 3435383738 X

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

=

i

| ',

hiwuluﬂﬂu aL.m.anhmm..mh

4

5 6 7 8 9 10 1 12 13 14 15 16 17 118 lﬁmﬂ&aaﬁﬁﬂ%rmlﬂ_%&ﬂma X



What explainsthe differences?  -> Histiocytic sarcoma= polyfactorial disease

0 Otherinvolvedchromosomes

HS testbasedon 9 known markersbut othersregionsinvolved
->work ondiscordantogs(GWAS/sequencing)

0 environnementaflactors:
- sexualhormones

- inflammation: orthopaedic ondi t i ons é
(Manoretal. 2017 ,Kujik etal. 2013,Rupleetal 2016
Inflammationmaybeamodifiablerisk factorfor thedevelopmenof HSin BMD
Rupleetal 2016

- treatments antiinflammatorymedicationgRupleetal. 2016)

[{’(H"t\
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Testof 112puppiesfrom 18litters
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Developmenof Histiocytic Sarcomdndex Mate SelectionHSIMS)
onlinewebtool

Participationof numerouBernesanountainclubsfor this online development
unique in veterinary medicine!

French Austrian,German American,SwedishCzech SlovenianSlovak
andSwissclubs

4123siresanddamsusedfor simulations

around50 000simulationsperyear

[{’(H"t\
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Developmenof Histiocytic Sarcomdndex Mate SelectionHSIMS)
onlinewebtool
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How to usethis test?

Developmenbf Histiocytic Sarcomadndex Mate SelectionHSIMS)
onlinewebtool

-

i

i . l . A
{ : y )
| - | |
i . .
I v ' v
0% A I )
l 3506 B : 20% A
| 65% C W 60%B
A" 0 20% C
20% A
5106 B
299% C
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How to usethis test?

Developmenbf Histiocytic Sarcomadndex Mate SelectionHSIMS)
onlinewebtool

-

i

i ; I » A
i - : .
| : | |
i - .
| v : :
| 0% A I
35% B .
\|, 65% C
20% A
5106 B
20% C

A e
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How to usethis test?

Developmenbf Histiocytic Sarcomadndex Mate SelectionHSIMS)
onlinewebtool

i

i ; | . A
s 26% i . y )
= 44% | : I
® 30% \ . I
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How to usethis test?

0 helpfor selectionand matingbasedon actual knowledge
otherimportantsunknowngeneticfactors
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How to usethis test?

0 helpfor selectionand matingbasedon actual knowledge
otherimportantsunknowngeneticfactors-> testwill beimproved
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How to usethis test?

0 helpfor selectionand matingbasedon actual knowledge
otherimportantsunknowngeneticfactors-> testwill beimproved

0 ahelpfulcriteriain associationvith othercriteria: Life span,health,i nbr e e d

0 keepdiversity and lineages Usethe C dogs(30%) and not overusedthe A dogs!
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How to usethis test?

0 helpfor selectionand matingbasedon actual knowledge
otherimportantsunknowngeneticfactors-> testwill beimproved

0 ahelpfulcriteriain associationvith othercriteria: Life span,health,i nbr e e d

0 keepdiversity and lineages Usethe C dogs(30%) and not overusedthe A dogs!
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How to usethis test?

0 helpfor selectionand matingbasedon actual knowledge
otherimportantsunknowngeneticfactors-> testwill beimproved

0 ahelpfulcriteriain associationvith othercriteria: Life span,health,i nbr e e d

0 keepdiversity and lineages Usethe C dogs(30%) and not overusedthe A dogs!

| G

compatiblesire C
(A,B,C)
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How to usethis test?

0 helpfor selectionand matingbasedon actual knowledge
otherimportantsunknowngeneticfactors-> testwill beimproved

0 ahelpfulcriteriain associationvith othercriteria: Life span,health,i nbr e e d

0 keepdiversity and lineages Usethe C dogs(30%) and not overusedthe A dogs!

C

compatiblesire

[ |
L.JUU&QQJJ

A e
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How to usethis test?
0 helpfor selectionand matingbasedon actual knowledge
otherimportantsunknowngeneticfactors-> testwill beimproved

0 ahelpfulcriteriain associationvith othercriteria: Life span,health,i nbr e e d

0 keepdiversity and lineages Usethe C dogs(30%) and not overusedthe A dogs!

compatiblesir
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How to usethis test?
0 helpfor selectionand matingbasedon actual knowledge
otherimportantsunknowngeneticfactors-> testwill beimproved

0 ahelpfulcriteriain associationvith othercriteria: Life span,health,i nbr e e d

0 keepdiversity and lineages Usethe C dogs(30%) and not overusedthe A dogs!

compatiblesir

L_J L_J u - - | selectionof your bestcandidatefutur dams
TESTSH

Benoit Hedan 2022




How to usethis test?

0 helpfor selectionand matingbasedon actual knowledge
otherimportantsunknowngeneticfactors-> testwill beimproved

0 ahelpfulcriteriain associationvith othercriteria: Life span,health,i nbr e e d

0 keepdiversity and lineages Usethe C dogs(30%) and not overusedthe A dogs!

compatiblesire C

[ | |
- - .

C B compatiblesire

A e

U damwith lower risk to transmitHS
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How to usethis test?

0 helpfor selectionand matingbasedon actual knowledge
otherimportantsunknowngeneticfactors-> testwill beimproved

0 ahelpfulcriteriain associatiornwith othercriteria: Life span,health,i nbr e e d
0 keepdiversity and lineages Usethe C dogs(30%) and not overusedthe A dogs!

ire - C

0 keepdiversity and selectslowly

|

T 1T 11
HEENOO UTJ
C B compatiblesire

U damwith lower risk to transmitHS
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Metastasis

HealthyCell SO{’[ICi itlons TumoralCells som tic glterations

germlnal mutations ProliferaKon Invasion

® - Identify predisposingienesandrisk alleles
-> Blood collection ¢

\ - Identify recurrentsomaticalterationsassociatedvith tumorprogression

-> Tissuecollection ’ , ’
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Recurrensomaticmutationsdentify by RNAseqof 4 tumors g
in thegenesIP53andPTPN11(MAPKinasepathway : |

Benoit Hedan 2022




Recurrensomaticmutationsdentify by RNAseqof 4 tumors g
in thegenesTP53andPTPN11(MAPKinasepathway : |

Genemutatedn humanmyelomonocytideukemia

A rCre
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Recurrensomati
in thegenesI'A53

Proliferation survival di f f erentiati o

a¥a Yo IR
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Recurrensomaticmutationsdentify by RNAseqof 4 tumors
in thegenesTP53andPTPN11(MAPKinasepathway : |

Genemutatedn humanmyelomonocytideukemia

Sequencingf PTPN11in >100HS - differentbreedswith differentclinical
presentations

-> PTPN11mutatedn 56,75%(63/111)of cases

-> major eventfor HS development

A e
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Recurrensomaticmutationsdentify by RNAseqof 4 tumors
in thegenesTP53andPTPN11(MAPKinasepathway : |

Genemutatedn humanmyelomonocytideukemia

Sequencingf PTPN11in >100HS - differentbreedswith differentclinical

presentations ->PTPNl1Imutatedn 56,75%(63/111)of cases
48 36 42 25

breeds

p-value= 0.00035(ExactFishertest

PTPN11Mutationslinkedto internaltumors:

internal

p-value= 0.07 (ExactFishertest)
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Genémutatedn humanmyelomonocytldell“m|asomat|c KRAS |
" BRAF |
ox CBL

Sequencingf PTPN11in >100HS of differentbreedswith differentclif 24P

presentations NRAS

-> PTP%U%&&MMM)N cases
B Rottweiar

-> Alteration of this pathway in >65% of HS- a key eventin HS development
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fr-banine histiocytic sarcoma;.
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PTPNI11 mutations in canine and human disseminated
histiocytic sarcoma

Recurrensomaticmitationsidentify. by-RNASeqof-4umors
in the genesT P53aidRTRNIMARKInasepathiway *
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Hypothesisl: samecancers Hypothesis2: differentsubtypes
observedat differenttime of Histiocytic cells
startof cancer
3, @ o @ localizedHSto externabrgans

(skin,j oi nt é)

localizedHS

x

0 disseminatedHSto
internalorgans

metastasesf HS
(spleenjiver,] ungs é»

diss_

PTPN11 fime
mutations PTPN1lmutationgprobablyoccurin latestageof thetumomenoit Hedan 2021



Interestfor thediagnosis:

- specificof HS : thereareno PTPN11nor KRASmutationsn anyof thelymphoma
samplegTakadaetal. 2019Genes
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Interestfor thediagnosis:
- specificof HS : thereareno PTPN11nor KRASmutationsn anyof thelymphoma

samplegTakadaetal. 2019Genes

- detectablen plasmaof affecteddogs

internaltumor tumorcell

Detectionof
tumor
DNA
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Interestfor thediagnosis:
- specificof HS : thereareno PTPN11nor KRASmutationsn anyof thelymphoma

samplegTakadaetal. 2019Genes

45 histiocyticsarcomas

- detectablen plasmaof affecteddogs
. internaltumor turnorceH ‘////////A\\\\\\\\‘

23 mutated
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Interestfor thediagnosis:
- specificof HS : thereareno PTPN11nor KRASmutationsn anyof thelymphoma

samplegTakadaetal. 2019Genes

_ 45 histiocyticsarcomas
- detectablen plasmaof affecteddogs

internaltumor tumorcell

23 mutated 22\WT

v A\ 4

Detectionof 21/23mutated 22/22WT

tumoral
DNA 84 controldogs( lymphomamelanom
, mastcell tumor healthy)

->1/8
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Interestfor thediagnosis:
- specificof HS : thereareno PTPN11nor KRASmutationsn anyof thelymphoma

samplegTakadaetal. 2019Genes

sensitivity42.8%

- detectablen plasmaof affecteddogs (upto 77%for lunglocalization)

internaltumor tumorcell

specificity98.8%
Prouteauetal. 2021

Detectionof
tumor
DNA
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Interestfor thediagnosis:
- specificof HS : thereareno PTPN11nor KRASmutationgn anyof thelymphoma

samplegTakadaetal. 2019Gene9y

sensitivity42.8%

(upto 77%for lunglocalization)

- detectablen plasmaof affecteddogs

u"norceu

specificity98.8%

~ DNA Prouteauetal. 2021
-> atool for diagnosisof none
biopsablemasses

DNA -> usefulfor earlierdiagnosi

i ‘_ ___healthy

PNA~ > aprognostictool?
Detectionof ~ -> 10 follow treatmentfficacy?
: tumor
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Prognosignarker?

100

)

Survival probability (%)
3
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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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Prognosignarker? -> Explorationof HS casedrom differentfrenchhistologicallabs

breed Internalmasses Externalmasses both =~ Total
0

0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0

Akita Inu 0
AmericanStaffordTerrier
AustralianShepherd
Beagle
Beauceron
BelgianShepherd

Collectionof 305blocsFFPE e e rood

(Oniris, IHP, LAPVSO,

Am bOISE)WIth Chihuahua

ChowChow

epidemiologicabata e
(AnnabelleGarandJulien Dachshund

Doberman

Ascencio,CharlineBianchi) Flai CoatReriever

GermanShepherd
GoldenRetriever
Husky
Irish woljound
JackRussel
King CharlesSpaniel
Labrador
Maltesedog
Munsterspaniel
other
Pinsher
Poodle
PyrenearSheepdog
Rolweiler
ScomshTerrier
SharPei
Shepherd
Silky Terrier
WelshCorgi
YorkshireTerrier

-  —— WSS S—
[{ 4 7f N L% P s e T 2 305
& ALE, ———————— Benoit Hedan 2022

o

e N I N

[oe]

SwnvonvENvouwrrOoRRRORMNWOZS R WRNWR

orrwroNRonvooorhraroNrwRrNOURTORRERNERRPR®WRRNR
o

OrRrPFRrWRrPZPERARPNMRNRMoORNEBEODWD R ORORNRO

WooOoOoORrRHRPNRLNREE




Prognosignarker? -> Selectionof 180HS cases

localisaKon
total externe interne
AmericanBully 1 1 muté

AmericanStaffordTerrier 4 2WTs 2 mutés
BergerAllemand 6 1 muté/IWT 2 muté/2WT
BergerAustralien 5 3mutés 2 mutés
BergerBelgeMalinois 4 1 muté/IWT 2 mutés
Border 4 3WTs 1 mutés
Bouledogue 20 5 muté/4AWT 8 muté/3WT
BouvierBernois 41 12 muté/7WT 18 muté/4WT
Boxer 3 2 mutés 1 mutés
Caniche 4 2 mutés 1 muté/IWT
CavalierKing Charles 4 1 muté/2WT 1 mutés
Cocker 6 1WT 5 mutés
Dobermann 5 1 muté/2WT 2 mutés
Flat CoatRetriever 11 5 mutés/ANT 1 muté/IWT
GoldenRetriever 11 2 mutés/ANT 3 muté/3WT
JackRusselTerrier 6 2 mutés 1 muté/3WT
Labrador 9 3WTs 3 muté/3WT
Labradorx epagneul 1 1 mutés
Rolweiler 30 10 mutés/SWT 12 mutés/AWNT
YorkshireTerrier 8 1 mutés/2WT 3 mutés/2WT
YorkshireTerrierX 1 1 mutés

Mutationslinked to internallocalisationandenriched

in thebreeds

BMDs, Rottweiler,FrenchBulldog..

% d'individus

Articulations mutées 4 46%

Peau mutée & 56% Rate mutée 4 77%
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80+
gl .
g 40+ = MUT
g * - WT
® 20+
=
&
‘/ \’
Localisation
Test du X?
p-value = 0.0007
1
- = WT
* * - MUT

1004

*

__.:———'—"

v" fe‘ s“'\\.‘
&s“" e"‘f &

Test du X?
p-value =003



Prognosignarker? -> Selectionof 180HS cases

Strata -

pvalue= 1x10-5

-
.
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Number ot risk
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Prognosignarker? -> Selectionof 180HS cases

Strata e 2 FIP .- S, 3 WT .- ¥ ) PP = -7

pvalue=2x10-4
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A markerfor anearlierdiagnosis?

Follow up 30 dogsfrom two breeders atrisk (Age/ HS-test)

+» Death

54 N Ae Benoit Hedan 2022




A markerfor anearlierdiagnosis?

Follow up 30 dogsfrom two breeders atrisk (Age/ HS-test)

+  deaths>4HS
T with PTPN11mutation

A re
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A markerfor anearlierdiagnosis?

Follow up 30 dogsfrom two breeders atrisk (Age/ HS-test)

+  deaths>4HS
T with PTPN11mutation

2 monthsearlier

A re
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A markerfor anearlierdiagnosis?

Follow up 30 dogsfrom two breeders atrisk (Age/ HS-test)
2years
+  deaths>4HS

LT e
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\ 2 monthsearlier
PR

4 monthsearlier
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A markerfor anearlierdiagnosis?

Follow up 30 dogsfrom two breeders atrisk (Age/ HS-test)

+  deaths>4HS
with PTPN11Imutation

"\\ 2 monthsearlier
/ .
4 monthsearlier

5,5monthsearli
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A markerfor anearlierdiagnosis?

Follow up 30 dogsfrom two breeders atrisk (Age/ HS-test)

+  deaths>4HS
with PTPN11Imutation

"\\ 2 monthsearlier
e .

4 monthsearlier

5,5monthsearli

11 monthsearlie
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A markerfor anearlierdiagnosis?

2years

Follow up 30 dogsfrom two breeders atrisk (Age/ HS-test)
»  deaths>4HS

CT L] e
e i
o S

5,5monthsearli

M L] s I )
Thesemarkers could be usedfor an earlier dlagn05|s.11 monthseatlie

5monthsearlier
fa a0
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A markerfor anearlierdiagnosis?

Follow up 30 dogsfrom to breeder. atrisk (Age/ HS-test)-> interestfor anearlier
diagnosis

Confirmtheseresultson moredogs

Addition of newmutationsto be moresensitive

If we areableto detectearlierHS, dowe areableto improvetreatmenof HS?

Benoit Hedan 2022




Interestfor thetreatment:

Hanaharet Weinberg.Cell. 2

New targeted HS therapy
Sustaining Evading
Aerobic glycolysis proliferative growth Immune activating
inhibitors signaling SUppPressors anti-CTLA4 mAb

el Telomerase
\ Inhibitors
Selective anti-
inflammatory drugs
Inhibitors of Inhibitors of
VEGF signaling HGF/c-Met Benoit Hedan2022




Testsof proliferationrate(72h)with MEK inhibitor
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Pilot study of a MEK inhibitor:in dogs with histi
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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'lene 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. StN'@u\f/eﬂesth@ca!piES(? 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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TestHS : first geneticrisk testfor dogs
-> validatedfor all BMD origins

-> follow up of dogsconfirmstheinterestof thistestfor selection

-> researchs still neededo improveour knowledgeon geneticbhasef HS predispositiorand

hematopoieticancers! : .
Unique testfor a caninecancer

Somaticmutations in HS tumors

- > Usefulmarkersfor anearlierdiagnosis
for treatment? Double benefit for vet and human medicine

Looking for samples(suspicion/casespld d o g s té pursueresearch!

Looking for the follow up of dogstestedwith the HS test!

Contactus : benoit.hedan@univennes].fr

Benoit Hedan 2022
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- Gold standardistology:
largepleomorphiccells,whorls of spindlecells, or a mixture of thetwo

initial differentialdiagnosesncludesynovialcell sarcoma lymphomaand
plasmacytomamastcell tumor,andamelanotienelanoma

- Immunostainings necessaryn manycasego confirm histiocytic origin of tumoralcells:
IBAL1 (Macrophage/dendriticells) (Pierezaretal. 2014),CD204 (Macrophageells)
(Katoetal. 2014).0ur casesareconfirmedwith CD204by JeromeAbadie(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

Thecopynumberof CFA 16 and31 arediagnosticsignatures

Katherine Kennedy « Rachael Thomas «

for HM. WhencomparingHM to

Jessica Durrant - Tao Jiang « Alison Motsinger-R  diseaseshatarefrequentlyincludedin thedifferential

Matthew Breen )

procesYHEM, MEL, LSA, MCT, CYT, andPL), the

overallspecificityis 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:

PTPN11mutationshigh specificityvslow sensitivity

OncoK9:multi-cancerearlydetectionfMCED)A | i Q u D gest

petD}( usingnextgeneratiorsequencingNGS)

overallsensitivity(detectionrate)of 54.7%-
it detectedcancersignalfrom 30 distinctcanceitypesin 433
cancerdiagnosedubjectsevaluated

notspecificof HS
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|dentificationof somaticmutationsto prescribgargetedherapieg notspecificof HS)




Growth factors/cytokines - Macrophages and DC differentiation

< < < ";EE

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/

------------------

(Credit

Pre-lymphoma cell

(cokAmBrigR@Eitor cell) In dogs

tumorfrom histiocyticcells? @' YmPhoma

ocyte/macrophagw dendritic

e

pcalizedor disseminatetumors:

M spleenliver, lymphnode Jung

(1) » Transdifferentiation

— limited respo chemotherapyv
: pRendtisdntiation ®

- extremelyrarebut vdry aggressive
(1-5 caseskearin !iance).

- half of « seca

- No consens
standardre

Histiocytic sarcoma
=> unique modelto identify genetic

basesof this cancer
{A"fﬁv " b i
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previouslycalled: malignantfibroushistiocytoma
(MFH), malignanthi st i ocyt osi sé
localizedHS (LHS): disseminatedHS (DHS)

is describedasa multifocal diseasevith masses
occurringsimultaneoushat multiple sites
(mostcommonlyspleenjung,liver,
andabdominalymphnodes)

is consideredo originateonalimb, skin,
or within asingleinternalorgan,
commonlythe spleenthelung

NB : hemophagocyti¢lS in spleenor bonemarrow

o}

_ Hedanetal 2011BMC 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 Hedan2022
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Localized pulmonary histiocytic sarcomas in Pembroke Welsh Corgl

Ymniho KAGAWA '*, Yko NAKANO®, Tetseys KOBAYASHIY, Kanbi ASANDY und Swondd TAKAGE CASE REPORTS
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