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Prion inferference with multiple prion isolates
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Co-inoculation of prion strains into the same host can result in
interference, where replication of one strain hinders the ability of
another strain to cause disease. The drowsy (DY) strain of hamster-
adapted transmissible mink encephalopathy (TME) extends the
incubation period or completely blocks the hyper (HY) strain of
TME following intracerebral, intraperitoneal or sciatic nerve routes
of inoculation. However, it is not known if the interfering effect
of the DY TME agent is exclusive to the HY TME agent by these
experimental routes of infection. To address this issue, we show
that the DY TME agent can block hamster-adapted chronic wasting
disease (HaCWD) and the 263K scrapie agent from causing disease
following sciatic nerve inoculation. Additionally, per os inoculation
of DY TME agent slightly extends the incubation period of per os
superinfected HY TME agent. These studies suggest that prion
strain interference can occur by a natural route of infection and
may be a more generalized phenomenon of prion strains.

Prion diseases are fatal neurodegenerative diseases that are caused
by an abnormal isoform of the prion protein, PrP%¢.! Prion strains are
hypothesized to be encoded by strain-specific conformations of PrPS
resulting in strain-specific differences in clinical signs, incubation
periods and neuropathology.>”” However, a universally agreed upon
definition of prion strains does not exist. Interspecies transmission
and adaptation of prions to a new host species leads to the emergence
of a dominant prion strain, which can be due to selection of strains
from a mixture present in the inoculum, or produced upon interspe-
cies transmission.®? Prion strains, when present in the same host, can
interfere with each other.

Prion interference was first described in mice where a long
incubation period strain 22C extended the incubation period of a
short incubation period strain 22A following intracerebral inocula-
tion.! Interference between other prion strains has been described
in mice and hamsters using rodent-adapted strains of scrapie, TME,
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Creutzfeldt-Jacob disease and Gerstmannn-Striussler-Scheinker
syndrome following intracerebral, intraperitoneal, intravenous and
sciatic nerve routes of inoculation.!%1> We previously demonstrated
the detection of PrP%¢ from the long incubation period DY TME
agent correlated with its ability to extend the incubation period or
completely block the superinfecting short incubation period HY
TME agent from causing disease and results in a reduction of HY
PrPS¢ levels following sciatic nerve inoculation.'? However, it is not
known if a single long incubation period agent (e.g., DY TME) can
interfere with more than one short incubation period agent or if
interference can occur by a natural route of infection.

To examine the question if one long incubation period agent can
extend the incubation period of additional short incubation period
agents, hamsters were first inoculated in the sciatic nerve with the DY
TME agent 120 days prior to superinfection with the short-incuba-
tion period agents HY TME, 263K scrapie and HaCWD.16-18 The
HY TME and 263K scrapie agents have been biologically cloned and
have distinct PrPS¢ properties.!>?0 The HaCWD agent used in this
study is seventh hamster passage that has not been biologically cloned
and therefore will be referred to as a prion isolate. Sciatic nerve inocu-
lations were performed as previously described.!!"1? Briefly, hamsters
were inoculated with 1030 i.c. LDy of the DY TME agent or equal
volume (2 pl of a 1% w/v brain homogenate) of uninfected brain
homogenate 120 days prior to superinfection of the same sciatic
nerve with either 104 i.c. LDy, of the HY TME agent, 10> i.c.
LDy, of the HaCWD agent or 1040 i.c. LDs/g 263K scrapie agent
(Bartz J, unpublished data).!®!821 Animals were observed three
times per week for the onset of clinical signs of HY TME, 263K and
HaCWD based on the presence of ataxia and hyperexcitability, while
the clinical diagnosis of DY TME was based on the appearance of
progressive lethargy.'018 The incubation period was calculated as the
number of days between the onset of clinical signs of the agent strain
that caused disease and the inoculation of that strain. The Student’s
t-test was used to compare incubation periods.'? We found that sciatic
nerve inoculation of both the HaCWD agent and 263K scrapie agent
caused disease with a similar incubation period to animals infected
with the HY TME agent (Table 1). In the co-infected hamsters,
inoculation of the DY TME agent 120 days prior to superinfection
with the HY TME agent resulted in a complete blockage of HY
TME agent from causing disease, consistent with previous studies
(Table 1).'? In hamsters inoculated with the DY TME agent 120
days prior to superinfection with the HaCWD or 263K agents,
the animals developed clinical signs of DY TME with an incuba-
tion period that was not different from the DY TME agent control
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Table 1 Clinical signs and incubation periods of hamsters inoculated in the sciatic nerve with either the HY TME,
HaCWD or 263K scrapie agents, or co-infected with the DY TME agent 120 days prior to superinfection of
hamsters with the HY TME, HaCWD or 263K agents

Onset of clinical signs

First Interval between Second Clinical signs PrP-res migration A/l° After 1% inoculation After 2" inoculation

inoculation inoculations inoculation

Mock 120 days HY TME HY TME 21 kDa 5/5 n.a. 72 + 3b

Mock 120 days HaCWD HaCWD 21 kDa 5/5 n.a. 73 +3

Mock 120 days 263K 263K 21 kDa 5/5 n.a. 72+ 3

DY TME 120 days Mock DY TME 19 kDa 4/4 224 + 2 n.a.

DY TME 120 days HY TME DY TME 19 kDa 5/5 222 + 2¢ 102 + 2

DY TME 120 days HaCWD DY TME 19 kDa 5/5 223 + 3¢ 103 £ 3

DY TME 120 days 263K DY TME 19 kDa 5/5 222 + 2¢ 102 + 2

oNumber affected/number inoculated; bAverage days postinfection + standard deviation; Incubation period similar compared to control animals inoculated with the DY TME agent alone (p > 0.05). n.a., not appli-

cable.

Route: i.c. i.sc. i.c. per os
1stinoculation: HY 263K CWD DY UN DY HY DY HY DY
Interval (days): n.a. 120 n.a. 60 90 120
2 inoculation: n.a. HY 263K CWD HY 263K CWD n.a. HY

21 kDa
19kDa —r—*

Lane: 1 2 4

9 10 11 12 13 14 15 16

Figure 1. The strain-specific properties of PrPS¢ correspond to the clinical diagnosis of disease. Western blot analysis of 250 pg brain equivalents of pro-
teinase K digested brain homogenate from prion-infected hamsters following intracerebral (i.c.), sciatic nerve (i.sc.) or per os inoculation with either the HY
TME (HY), DY TME (DY), 263K scrapie (263K), hamster-adapted CWD (CWD) agents or mock-infected (UN). The unglycoyslated PrPS¢ glycoform of HY
TME, 263K scrapie and hamster-adapted CWD migrates at 21 kDa. The unglycosylated PrPS¢ glycoform of DY PrPS¢ migrates at 19 kDa. Migration of 19
and 21 kDa PrPS¢ are indicated by the arrows on the left of the figure. n.a., not applicable.

group (Table 1). Proteinsase K digestion of brain homogenates and
PrP Western blot analysis was performed as previously described.!?
The PrPS¢ migration properties were consistent with the clinical diag-
nosis and all co-infected animals had PrPS¢ that migrated similar to
PrP5¢ from the DY TME agent infected control animal (Fig. 1, lanes
1-10). This data indicates that the DY TME agent can interfere with
more than one isolate and that interference in the CNS may be a
more generalized phenomenon of prion strains.

To examine the question if prion interference can occur following
a natural route of infection, hamsters were first inoculated per os
with the DY TME agent and then superinfected per os with the HY
TME agent at various time points post DY TME agent infection.
Hamsters were per os inoculated by drying the inoculum on a food
pellet and feeding this pellet to an individual animal as described
previously.?? For the per os interference experiment, 1057 i.c. LDy,
of the DY TME agent or an equal volume of uninfected brain homo-
genate (100 pl of a 10% w/v brain homogenate) was inoculated 60,
90 or 120 days prior to per os superinfection of hamsters with 1073
i.c. LDy, of the HY TME agent. A 60 or 90 day interval between
DY TME agent infection and HY TME agent superinfection resulted
in all of the animals developing clinical signs of HY TME with
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incubation periods that are similar to control hamsters inoculated
with the HY TME agent alone (Table 2; p > 0.05). The 120 day
interval group, however, developed clinical signs of HY TME with an
incubation period that was extended compared to control hamsters
inoculated with the HY TME agent alone (Table 2; p < 0.01). In all
three of the co-infected groups of hamsters, PrPS¢ migrated similar
to PrP%¢ from control hamsters inoculated with the HY TME agent
alone (Fig. 1, lanes 11-16). The eight-day extension in the incuba-
tion period of HY TME in the 120 day interval co-infected group
is consistent with a 1 log reduction in titer.?! This is the first report
of prion interference by the per os route of infection, a likely route
of prion infection in natural prion disease and provides further
evidence that prion strain interference could occur in natural prion
disease.23-25

The capacity of the DY TME agent to replicate modulates its
ability to interfere with the HY TME agent. TME interference,
following sciatic nerve inoculation, occurs in the lumbar spinal
cord and DY PrP5¢ abundance in this structure correlates with
the ability of the DY TME agent to interfere with the HY TME
agent.l2 Following extraneural routes of infection, DY TME agent
replication and PrP%¢ deposition are not detected in spleen or lymph
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Table 2 Clinical signs and incubation periods of hamsters per os inoculated with either the HY TME or DY TME agent,
or per os co-infected with the DY TME agent 60, 90 or 120 days prior to superinfection of hamsters with the

HY TME agent

Interval between Second inoculation

inoculations
120 days

First
inoculation

Mock

Clinical signs

HY TME HY TME

DY TME
DY TME
DY TME

60 days
90 days
120 days

HY TME
HY TME
HY TME

HY TME
HY TME
HY TME

Onset of clinical signs

PrP-res migration Al® After 1% inoculation After 2" inoculation
21 kDa 5/5 n.a. 140 + 5b
21 kDa 5/5 1956 1356
21 kDa 5/5 2305 140+ 5
21 kDa 5/5 269 + 3 149 + 3¢

Number affected/number inoculated; "Average days postinfection = standard deviation; ‘Incubation period extended compared to control animals inoculated with the HY TME agent alone (p < 0.01); n.a., not

applicable.

nodes, which is the major site of extraneural HY TME agent replica-
tion.!21:26 The DY TME agent can interfere with the HY TME
agent following intraperitoneal and per os infection, suggesting that
the DY TME agent is replicating in other locations that are involved
in HY TME agent neuroinvasion (Table 2).!!

Acknowledgements

We would like to thank Dr. Jean Manson for productive discus-
sions and constructive feedback and Dr. Anthony Kincaid for critical
reading of the manuscript. This work was supported by the National
Center for Research Resources (P20 RR0115635-6 and C06
RR17417-01), the National Institute for Neurological Disorders and
Stroke (RO1 NS052609) and the National Prion Research Program
(NP020041) to J.C.B.

References

1. Deleault NR, Harris BT, Rees JR, Supattapone S. Formation of native prions from minimal
components in vitro. Proc Natl Acad Sci USA 2007; 104:9741-6.

2. Bessen RA, Marsh RFE. Biochemical and physical properties of the prion protein from two
strains of the transmissible mink encephalopathy agent. J Virol 1992; 66:2096-101.

3. Collinge J, Clarke AR. A general model of prion strains and their pathogenicity. Science
2007; 318:930-6.

4. Dickinson AGaO GW. The scrapie replication-site hypothesis and its implications for
pathogenesis. In: Prusiner SBaH WJ, ed. Slow transmissible diseases of the central nervous
system. New York: Academic Press 1979; 13-31.

5. Fraser H, Dickinson AG. Scrapie in mice. Agent-strain differences in the distribution and
intensity of grey matter vacuolation. ] Comp Pathol 1973; 83:29-40.

6. Hecker R, Taraboulos A, Scott M, Pan KM, Yang SL, Torchia M, Jendroska K, DeArmond
SJ, Prusiner SB. Replication of distinct scrapie prion isolates is region specific in brains of
transgenic mice and hamsters. Genes Dev 1992; 6:1213-28.

7. Bessen RA, Marsh RE Distinct PrP properties suggest the molecular basis of strain variation
in transmissible mink encephalopathy. J Virol 1994; 68:7859-68.

8. Bartz JC, Bessen RA, McKenzie D, Marsh RE Aiken JM. Adaptation and Selection of Prion
Protein Strain Conformations following Interspecies Transmission of Transmissible Mink
Encephalopathy. J Virol 2000; 74:5542-7.

9. Kimberlin RH, Walker CA. Evidence that the transmission of one source of scrapie agent to
hamsters involves separation of agent strains from a mixture. ] Gen Virol 1978; 39:487-96.

10. Dickinson AG, Fraser H, Meikle VM, Outram GW. Competition between different scrapie
agents in mice. Nat New Biol 1972; 237:244-5.

11. Bartz JC, Aiken JM, Bessen RA. Delay in onset of prion disease for the HY strain of
transmissible mink encephalopathy as a result of prior peripheral inoculation with the
replication-deficient DY strain. ] Gen Virol 2004; 85:265-73.

12. Bartz JC, Kramer ML, Sheechan MH, Hutter JA, Ayers JI, Bessen RA, Kincaid AE. Prion
interference is due to a reduction in strain-specific PrPSc levels. J Virol 2007; 81:689-97.

13. Dickinson AG, Fraser H, McConnell I, Outram GW;, Sales DI, Taylor DM. Extraneural
competition between different scrapie agents leading to loss of infectivity. Nature 1975;
253:556.

14. Manuelidis L. Vaccination with an attenuated Creutzfeldt-Jakob disease strain prevents
expression of a virulent agent. Proc Natl Acad Sci USA 1998; 95:2520-5.

15. Manuelidis L, Lu ZY. Virus-like interference in the latency and prevention of Creutzfeldt-
Jakob disease. Proc Natl Acad Sci USA 2003; 100:5360-5.

www.landesbioscience.com

Prion

16.

20.

21.

22.

23.

24.

25.

26.

Bartz JC, Marsh RE, McKenzie DI, Aiken JM. The host range of chronic wasting disease is
altered on passage in ferrets. Virology 1998; 251:297-301.

. Bessen RA, Marsh RE Identification of two biologically distinct strains of transmissible

mink encephalopathy in hamsters. ] Gen Virol 1992; 73:329-34.

. Kimberlin RH, Walker C. Characteristics of a short incubation model of scrapie in the

golden hamster. ] Gen Virol 1977; 34:295-304.

. Safar J, Wille H, Itri V, Groth D, Serban H, Torchia M, Cohen FE, Prusiner SB. Eight

prion strains have PrP(Sc) molecules with different conformations [see comments]. Nat
Med 1998; 4:1157-65.

Safar J, Cohen FE, Prusiner SB. Quantitative traits of prion strains are enciphered in the
conformation of the prion protein. Arch Virol Suppl 2000; 227-35.

Kincaid AE, Bartz JC. The nasal cavity is a route for prion infection in hamsters. J Virol
2007; 81:4482-91.

Bartz JC, Kincaid AE, Bessen RA. Rapid prion neuroinvasion following tongue infection. J
Virol 2003; 77:583-91.

Aguzzi A, Heikenwalder M. Pathogenesis of prion diseases: current status and future out-
look. Nat Rev Microbiol 2006; 4:765-75.

Hadlow W], Kennedy RC, Race RE. Natural infection of Suffolk sheep with scrapie virus.
J Infect Dis 1982; 146:657-64.

Marsh RE Bessen RA, Lehmann S, Hartsough GR. Epidemiological and experimental stud-
ies on a new incident of transmissible mink encephalopathy. ] Gen Virol 1991; 72:589-94.
Bartz JC, Dejoia C, Tucker T, Kincaid AE, Bessen RA. Extraneural prion neuroinvasion
without lymphoreticular system infection. J Virol 2005; 79:11858-63.

63





