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INTRODUCTION - Classical Scrapie

CLASSICAL Transmissible spongiform encephalopathy affecting the central nervous system of sheep and goats.
SCRAPIE: Known since 1730s and endemic in many countries.

Infectious isolates that exhibit distinct prions disease phenotypes

SCRAPIE STRAIN (incubation time, distribution of prion deposits in the brain, clinical
symptoms and PrP"s biochemical features) in the same PrP

background.
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Classical scrapie in small ruminants is caused =
by at least four different prion strains
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INTRODUCTION - Classical Scrapie

CLASSICAL Transmissible spongiform encephalopathy affecting the central nervous system of sheep and goats.
SCRAPIE: Known since 1730s and endemic in many countries.
Infectious isolates that exhibit distinct prions disease
RA RA phenotypes (incubation time, distribution of prion deposits in
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INTRODUCTION - 0222K polymorhism distribution
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INTRODUCTION - 0222K polymorhism susceptibility to scrapie?
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Role of the Goat K,.,-PrP® Polymorphic Variant in Prion Infection

Resistance
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Mean survival time (days) = SEM (n/ng)"

K,,,-Tg516
mil:ll‘: (K:zllr_ ]

Tg501 X Tg516
mice (Q/K,,,)

=650 (0/5)
=650 (0/7)
=650 (0/5)
=650 (0/5)
=650 (0/6)
=650 (0/6)
=650 (0/6)

TSE-affected Q-"" - Tg501

animals/total Scrapie incubation period Isolate mice (Qza./—)
Genotype no. of animals (dpi) (mean * SD)

i -3
LooRyssRy 1 Qunn/IRRQ (wild type)  5/5 486 + 21 (foa[ ¢ F10 4§5 = 19(7/7)
IH,, ,RQ/IRRQ 5/5 624 + 148 Goat-Sc 13 659 = 10 (5/5)
IRQ,,,Q/IRRQ 5/5 1,291 + 325 Goat-Sc 19 600 * 43 (5/5)
[RQ...0O/IRRO...0 10/10 770 * 139 Goat-Sc S2 449 * 62 (9/9)
IRRK...[TRRO 2/5 1.900. 2.174 Goat-Sc S3 298 + 22 (6/6)
IRRK./TRRE. 15 2101 Healthy goat brain =650 (0/6)
Prion agent e Animal model

Tyl

e

=650 (6/6)
630 £ 26 (5/6)
=650 (0/6)
ND

=650 (0/6)
ND

=650 (0/6)

Classical scrapie

Heterozygous QK,,, goat
(++)

Homozygous K,,, goat (+)




EXPERIMENTAL DESIGN - Mouse models and isolates
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Category COS:;;Z\ of Sgﬁ;:f‘s Code PrP genotype? Prpres

| (Italians) Italy Sheep 198/9 wt 21 kDa

Spain Goat S2 wt; SP,,, 21 kDa

! France Goat CP060146 wt 21 kDa

UK Goat UKA2 wt; SP,,0 21 kDa

il France Goat F14 wt; IM,,,SP,,, | 19 kDa

France Goat F10 wt; SP,,, 21 kDa

v Cyprus Goat C1 wt; PP, 21 kDa
ool | Fonee | oo | R w -

° PrP genotype: wt means A;3cR5,Q,74




RESULTS~- Transmission studies

Category

Isolate

Qz 22‘Tg50 1

Mean survival time (days) + SD? (n/n0)®

15t passage

2nd passage

15t passage

2"d passage

| (Italians)

198/9

592+13 (6/6)

536246 (5/5)

>650 (1/6)°

ND¢

S2

228+15 (6/6)

233+4 (6/6)

>650 (3/4)°

>650 (7/7)°

CP060146

379431 (5/5)

ND¢

>650 (5/5)°

>650 (5/5)°

I+ 11

UKA2

245136 (5/5)

25218 (6/6)

>650 (4/4)°

>650 (5/5)¢

F14

526246 (4/4)

241422 (4/4)

>650 (4/4)°

>650 (5/5)°

\Y

F10

449+19 (5/5)

372414 (6/6)

>650 (6/6)°

>650 (5/5)°

Cl

483+15 (4/4)

301+10 (4/4)

>650 (7/7)°

ND¢

Negative
control

Healthy goat brain

>650 (0/6)

>650 (0/6)

>650 (0/6)

@ Mean survival time indicated in days + standard deviation.
°n/n,, number of diseased, PrP™s-positive animals/number of inoculated animals.
¢ Animals found dead or sacrificed at the end of their lifespan without showing clinical signs.

d Not done.

>650 (0/6)

Dead/sacrifized at the
end of lifespan
No signs of prion
disease
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RESULTS- Vacuolation profile of K,,,-Tg516 (comparedto Q,,,-Tg501)

. 198/9 (1) $2 (1) . CP06146 (1)
5
=@ Q222-Tg501 ==@==[K222-Tg516 =@ Q222-Tg501 ==@==[K222-Tg516 =@ 0222-Tg50] ==@um= K222-Tg516 ==@==K222-goat/K222-Tg516
4 4 4
3 3 3
2 2 2
1 p 1 1 i i
0 0 K’I 0
Gl G2 G3 G4 G5 G6 G7 G8 G9 W1l w2 w3 Gl G2 G3 G4 G5 G6 G7 G8 G9 W1l w2 w3 Gl G2 G3 G4 G5 G6 G7 G8 @9 w1l w2 w3
UKA2 (11 + I F14 (11 + 11
; (11 11r) 5 (I1+111) . F10 (IV)
=@==0222-Tg501 ==@=K222-Tg516 =@=(Q222-Tg501 ==@=K222-Tg516
4 4 =@ 0222-Tg501 ==@==K222-Tg516
4
3 V\' ’
3
2 2
2
1 1
b “\ 1
0 0 0
Gl G2 G3 G4 G5 G6 G7 G8 @9 W1l w2 W3 Gl G2 G3 G4 G5 G6 G7 G8 @9 w1l w2 w3
Gl G2 G3 G4 G5 G6 G7 G8 G@G9 W1l w2 w3
5 C1 (IV)

=@==(0222-Tg501 ==@==K222-Tg516

2 /)\( No vacuolation in K,,,-Tg516

Gl G2 G3 G4 G5 Gb6 G7 G8 G9 w1l W2 W3



RESULTS- Vacuolation profile of K,,,-Tg516 (compared to aged mice)

K,,,-Tg516

——198/9 —e—S2 CP06146 —e—UKA2 —0—F14 ——(CH1641 —e—F10 —e—C1 —e—Not inoculated

No vacuolation in K,,,-Tg516
Indistinguishable from aging

1 2 3 4 5 6 7 8 9 10 11 12 13




RESULTS- PrPSc plaques by immunohistochemistry and Pet blot

F10/K,,,-Tg516

20 pagsagre, Thalamus

<N
Cerebral SE
Cerebellum Thalamus Hippocampus cortex 5
=
i
M |

2% passage,

Kan-Tg516 (2A11)

Koo Te516 (2A11)

2" passage. Midbrain

PrP>c deposition in K,,,-Tg516 only after further ol
adaptation in the K,,, environment él
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RESULTS~ Proteinase K resistance analysis

Q22,-Tg501 K22,-T0516 Q222-T9501 K,,,-Tg516
PK (ug/ml) 500 50 1 0.1 500 50 1 0. PK (ug/ml) 500 50 1 500 50 1 0.1
% - % ' e ; l
S B B
- 21kDa — 21kDa
Dilution factor 1 1 1 1 1 1 1 1 Dilution factor 0.25 0.25 0.25 0.25 1 1 1
F10/K,,,-Tg516 CP060146/K ,,,-Tg516
Q22,-Tg501 K22-T9516 Q,0,-Tg501 K,,,-Tg516
PK (ug/ml) 500 50 1 0.1 500 50 1 0.1 PK (ug/ml) 500 50 1 0.1 500 50 1 0.1
onll w2 : Ll
8 8
wn n .
. - 21kDa - " |- 21kDa
Dilution factor 1 1 1 1 1 1 1 1 Dilution factor 05 05 05 0.5

The isolates when replicating in either Q222 or K222-PrP¢ contexts, retain the same proteinase K sensitivity.
Real low brain PrP"s accumulation in K,,,-Tg516.



RESULTS-~- Biochemical patterns

P060146 Cl 198/9

Q22,-Tg501

N

—21kDa L 51KkDa

Sha3l
170s
Sha31

21kDa —21kDa

Sha3l
300s
Sha31
30s

21kDa

Sha31
600s
Sha31
60s

21kDa

Dilutionfactor 025 1 1 1 1 04 1 1 1 025 1 Dilution factor 0,5 1 0,5 1

Slight higher molecular mass Lower PrP™s accumulation in —PRKsensitvity o iation
i i i , - Less PrPres
(independent on the prion strain) K,,,-T8516 Late accumulation




RESULTS-~ Kinetics of PrPres accumulation

CP060146/K,,,-goat
Q,,,-Tg501 K,,,-T8516
100 100 200 200 300 300 350 400 400 450 450 450 100 100 200 200 300 590 610 620

Both K,,, and Q,,,-PrPre*

. appeared at equal levels by 300
dpi. Q,,,-PrP" accumulation

- coninued to increase, while
Dilution factor 0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,5 1 1 1 1 1 1 1 1 K,,,-PrP's remained at low
levels.

Sha31

— 21kDa

- 1 R . L. :
Q,,,-Tg50 Ky2,-T8516 Low repllcatlon rates in K222'
100 100 200 200 300 300 400 400 460 530 200 200 300 300 400 400 500 500 650 680 Tg516 mice and/or high

efficient clearance of PrP"s
aggregates.

Sha31

— 21kDa

Dilutionfactor 7. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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RESULTS-~ Strain features

Mean survival time (days) £ SD? (n/n0)®
Category Isolate Q,,,-Tg501 Ky5,-Tg516
15t passage 2"d passage 15t passage 2"d passage e
| (Italians) 198/9 592+13 (6/6) | 536+46 (5/5) | >650 (1/6)c ND¢d % ©
S2 228+15 (6/6) | 2334 (6/6) | >650 (3/4)c | >650 (7/7) % )
I CP060146 379431 (5/5) NDd >650 (5/5) | >650 (5/5)¢ © ¢ oy
CP060146/K,,, goat | 415z 40 (6/6 >650 (4/4)° | >650 (6/6)c S 3 <
. 245£36 (5/5) | 25248 (6/6) | >650 (4/4) | >650 (5/5)¢ £ & =
526146 (4/4) | 24122 (4/4) >650 (4/4)° >650 (5/5)¢
F10 449+19 (5/5) | 372+14 (6/6) >650 (6/6)° >650 (5/5)¢ !
F10/K,,,-Tg516 495426 (3/3) NDd >650 (5/5)¢ >650 (6/6)° — 21kDa
+ + c d
— C1 483+15 (4/4) | 301%10 (4/4) | >650 (7/7) ND Q,,,Tg501
control Healthy goat brain >650 (0/6) >650 (0/6) >650 (0/6) >650 (0/6)

@ Mean survival time indicated in days + standard deviation.

®n/n,, number of diseased, PrP™s-positive animals/number of inoculated animals.

¢ Animals found dead or sacrificed at the end of their lifespan without showing clinical signs.
4 Not done.

High infectivity of K,,,-PrP> derived prions
Non-permanent shifts in prion strains



In conclusion- Take home messages

The K,,,-PrP¢variant is capable of sustaining PrP>¢ replication even in the absence of the Q,,,-PrP¢

variant. However, K,,,-Tg516 mice inoculated with classical scrapie did not develop typical prion
disease properties:

- Biologically: No clinical signs
- Biochemically: Low PrPr accumulation and changes in strain features
- Histologically: No histopathological alterations - indistinguishable from aging

... however this mice are as infectious as Q,,,-Tg501 mice.

- This study suggests that prions propagated under the K,,, allele can act as potential silent carriers of

the disease. In this context, K,,, homozygous goats may act as reservoirs for Q/K,,, and Q,,, goat
infection (implications in breeding selection programs).

Understanding whether the presence of the K,,, allele induces a change in the biological properties
of the strains and their potential transmission to other animal species is crucial.

)



To be continued...
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Transgenic Mouse Models for In Vivo Modeling of Protective Effects of PRNP Polymorphic Variants

Strain Wit-Tg501 R,7,-Tg552 | K;,4-Tg570 Susceptibility
Atypical scrapie ++ - - ++ High
Classical scrapie | ++ - -
- Low
Classical scrapie ll ++ -
The Jowmal of Infectious Diseases Infectious Diseases Society of America -
CI&SS'CaI Scraple I” ++ - = HIV Medicine Association EETETTH
Classical scrapielV ++ - Strain-Dependent Susceptibility to Prion Infection
_ _ Encoded by Arg;;, and Lys,»¢ Sheep Prion Protein
Bovine Spongiform ++ _ Polymorphic Variants
Encephalopathy et S s A s

* The polymorphic variants studied show susceptibility for atypical scrapie.

» Resistance to classical scrapie observed in mice expressing 171R or 176K polymorphic variants. In the case
of 176K, the resistance depends on the classical scrapie prion strain inoculated. When infected, the survival
times of the mice are prolonged.

» 176K polymorphic variant confers resistance to BSE strain.




Transgenic Mouse Models for In Vivo Modeling of Protective Effects of PRNP Polymorphic Variants

Strain Wit-Tg501 R,7,-Tg552 | K;,4-Tg570 | T,5,-Tg592 Susceptibility
Atypical scrapie ++ - - ? ++ High
Classical scrapie | ++ - s ?

- Low
Classical scrapie ll sty - ?
Classical scrapie lll St - - ?
Classical scrapie IV St - ?
Bovine Spongiform )
Encephalopathy t ) '

« Classical scrapie Iceland previosuly selected isolates are being tested
iIn Wt-Tg501 and T,3,-Tg592.

ICRAD Projec Sclce: Classical Scrapie in Iceland, a model for prion diseases worldwide
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