Prion strain properties are dictated
by route of inoculation

Glenn Telling
Prion Research Center, Colorado State University

Mechanisms of Neurodegeneration in Human Prion Diseases and their

Intersection with AD/ADRD
November 12, 2024

National Institutes P RC
of Health

prion research center




Abrogating the species barrier to human prions
In fransgenic mice expressing human PrP
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Epidemic spread of CWD in North America
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North American deer and elk differ at PrP residue 226
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Abrogating the species barrier to CWD prions in
transgenic mice expressing deer or elk PrP
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Drawbacks of conventional transgenic mice
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Uncontrolled transgene copy humber and chromosomal integration

TgQ and mice — different expression vectors

Challenging to assess the effects of 226E/Q heterozygosity

Uncertain peripheral pathogenesis



Targeted expression of deer and elk PrP to Prnp
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Previous knock-in mouse models failed to efficiently
eliminate prion transmission barriers
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CONCLUSION - Over-expression of transgenes encoding foreign PrP was
required to confer susceptibility to foreign prions within the lifespan of mice



Residue 226 controls CWD prion disease
kinetics in Gt mice

« Gt mice are susceptible to CWD prions from North American deer and elk

* Disease Is ~ 26 % faster in intracerebrally-challenged compared to GtQ mice
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« \We ascribe this effect to residue 226 since and G1OQ mice are otherwise syngeneic
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More efficient transmission of particular CWD prion
strains in Gt mice than over-expressing Tg mice
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More efficient transmission of particular CWD prion
strains in Gt mice than over-expressing Tg mice
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Heterozygosity for cervid S138N polymorphism results
in subclinical CWD in gene-targeted mice and progressive
inhibition of prion conversion
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Assessing the strain properties of CWD prions
from South Korea using Gt mice

CWD appears to have been
exported to S. Korea from
N. America in the late 1990’s.

ik Are the strain properties Korean
W sika deer CWD comparable with N. American
Chungnam Geumsan ' fg A Red deer CWD’ or _hav_e they evolved by
16FC357 . passage in different hosts?
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Sohn, Kang, TeITing et al.



CWD isolates from South Korea

Polymorphism
at 226 codon

F10C220(B)
Elk F10C211(B) E/E
16FC050(B) E/Q
Cross F10C236(B) E/E
F10C880(B) Q/Q
Hed deer 16FC357(B) E/Q
16FC168(B) Q/Q
Sika deer 16FC221(B) E/Q
16FC234(B) Q/Q

Sohn, Kang, Telling et al.



| strain identity
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Transmissions to Gt mice reveal strain identity
between Korean and North American CWD prions
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Transmissions 10 Gt mice reveal strain differences
between Nordic and North American CWD
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Transmissions 10 Gt mice reveal strain differences
between Nordic and North American CWD
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Summary - 1

North American deer and elk differ at PrP residue 226.

Gt mice expressing E-PrP and Q-PrP respond better to certain CWD prion strains
than their over-expressing Tg counterparts.

Previously-generated knock-in mice designed to be susceptible to human or
bovine prions respond comparatively poorly.

Residue 226 controls the responses of Gt mice to North American and Nordic
CWD prions.

The strain properties of Nordic CWD prions in reindeer, moose, and red deer are
distinct from those of North American CWD.

The strain properties of Korean and North American CWD prions are concordant.



Naturally contagious CWD transmission linked to
efficient prion propagation by peripheral routes
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CWD prions are inefficiently transmitted by
peripheral routes of exposure in Ig mice
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CWD prions are inefficiently transmitted by
peripheral routes of exposure in 1g mice
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CWD prions are efficiently transmitted by
peripheral routes of exposure in Gt mice
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By contrast, intracerebrally and intraperitoneally
challenged GtQ mice have indistinguishable
incubation times



CWD prions are efficiently transmitted by
peripheral routes of exposure in Gt mice
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Assessing the lymphotropic properties of
CWD strains in Gt mice
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Assessing the lymphotropic properties of
CWD strains in Gt mice

Splenic prions in diseased Gt mice inoculated with North American
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Assessing the lymphotropic properties of

CWD strains in Gt mice

No prions in the spleens of diseased GtQ mice
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Summary - 2

North American CWD prions are inefficiently transmitted by peripheral routes of
exposure in Tg mice.

Inoculated Tg mice fail to accumulate CWD prions in the spleen.

North American CWD prions are efficiently transmitted by peripheral routes of
exposure in Gt mice.

North American CWD prions and Norwegian reindeer CWD prions are lymphotropic.
Norwegian moose CWD prions are non-lymphotropic.
Gt mice are susceptible to peripheral challenges with lymphotropic CWD strains.

Peripheral challenges of Gt with non-lymphotropic strains fails to cause disease.



Propagation of different strains during peripheral
and intracerebral transmissions of CWD to Gt mice

Native prion strain properties maintained
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How does route of CWD prion exposure impact CNS
dystunction and strain propagation in Gt mice?¢
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Altered CWD prion replication kinetics during
iterative intracerebral transmissions in Gt mice
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Altered CWD prion replication kinetics during

iterative intracerebral transmissions in Gt mice
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Altered CWD prion replication kinetics during
iterative intracerebral transmissions in Gt mice

Adaptation of native CWD prions on primary intracerebral passages
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Altered CWD prion replication kinetics during
iterative intracerebral transmissions in Gt mice
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Unchanging CWD prion replication kinetics during
iterative peripheral transmissions in Gt mice
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Unchanging CWD prion replication kinetics during
iterative peripheral transmissions in Gt mice
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Unchanging CWD prion replication kinetics during
iterative peripheral transmissions in Gt mice

North
American CWD isolate
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The invariant incubation times on first and second intraperitoneal
passages indicates that native elk and deer CWD prions are fully

adapted for propagation by peripheral transmission in GtE and GtQ mice
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Quantifying prion levels in the CNS of intraperitoneally-
and intracerebrally-challenged Gt mice
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To address whether the accelerated kinetics during intracerebral
transmissions were associated with changes in the levels of prion
replication, we used the cervid prion cell assay to compare titers

of native elk and deer CWD prions with those of icE and icQ prions.
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Different prion levels in the CNS of intraperitoneally-
and intracerebrally-challenged Gt mice

IpE and ipQ prion titers were equivalent to native CWD titers




Different prion levels in the CNS of intraperitoneally-
and intfracerebrally-challenged Gt mice
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Different prion levels in the CNS of intraperitoneally-
and intracerebrally-challenged Gt mice
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Convergent conformations of native CWD
prions in the CNS of elk and deer

AL | CWD isolates | *

+ Elk CWD

lllllllll

*3 biological replicates,
with 3 technical replicates



IPE and ipQ prions maintain the convergent
conformational properties of elk and deer CWD prions
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poE and poQ prions also maintain the convergent
conformational properties of elk and deer CWD prions
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Intracerebral transmissions of CWD prions produce
ICE and icQ prions with divergent conformations
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IOE and ipQ prions have protease-sensitivities
equivalent to elk and deer CWD prions
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Protease-sensitivities of ick and icQ prions differ
from native elk and deer CWD prions
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How does route of CWD prion exposure impact CNS
dysfunction and strain propagation in Gt mice?¢

« The conformations and protease sensitivities of elk and deer CWD prions are
Indistinguishable

« These biochemical properties remain unchanged during iterative oral and
Intraperitoneal transmissions in Gt mice

« Conclusion - native CWD prions are adapted for peripheral propagation in Gt mice



How does route of CWD prion exposure impact CNS
dysfunction and strain propagation in Gt mice?¢

« The invariant biochemical properties of native elk and deer CWD prions change
upon intracerebral transmissions to GtE and GtQ mice to produce novel CNS
prions with divergent conformations and biochemical properties

« Unlike peripheral transmissions, intracerebral transmissions require
adaptation of native CWD strain properties



Distinct CNS abnormailities in intraperitoneally-
and intfracerebrally-challenged Gt mice
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Distinct CNS abnormalities in intraperitoneally-
and infracerebrally-challenged Gt mice




Distinct CNS abnormailities in intraperitoneally-
and intfracerebrally-challenged Gt mice
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Conclusions

 Different strains are selectively propagated during peripheral and intracerebral
transmissions of CWD in Gt mice.



Working hypothesis

Native elk and deer CWD prion preparations comprise an ensemble of quasispecies
conformations.

Elk and deer CWD strains are represented by the same dominant prion conformer A



Working hypothesis

Peripheral transmissions to GtQ and GtE mice preserve this conformational
equilibrium and maintain the natural strain properties of elk and deer CWD prions



Working hypothesis

Intracerebral transmissions requires adaptation leading to the selective propagation
of different conformers in the CNS of GtQ and GtE mice



Conclusions

 Different strains are selectively propagated during peripheral and intracerebral
transmissions of CWD in Gt mice.

 Involvement of tissue-specific factors during strain selection.

* We speculate that peripheral transmissions preserve the features of CWD prions
because this is their natural mode of transmission.

« Since it is an artificial mode of transmission, intracerebral propagation requires strain
adaptation resulting in divergent, distinctly different strains.

« Our findings illustrate the importance of experimental strain characterizations using
hosts that not only abrogate species barriers but also accurately recapitulate natural
transmission routes of native strains.
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