Table 1. Transmissibility of L-BSE in mice

TgHaNSE

Mouse /5

MHM2 0/5

2/3

5671, 853"

The brain homogenate of L-BSE was intracerebrally inoculated into mice. *Mice showed no clinical
signs, and tested negative for PrP* in the brain. 'PrP> was present in the brain.

Table 2. Incubation period of hamsters inoculated with C-BSE and L-BSE

2nd

L-BSE 1st

10/10 )

*Hamsters showed no clinical signs and were negative for PrP5 in the brain. fAfter one passage
of BSE from cattle in mice (incubation period, 408.6 (28.2) days) and subsequent transmission to
TgHaNSE mice (incubation period, 153.1 (1.1) days)." The brain of a diseased TgHaNSE mouse was
inoculated in a hamster.

Table 3. Comparison of the PrP amino acid sequences in mouse and hamster

Hamster

C-BSE? L-BSE 109 12

Rest

139

155 170

*Residue numbers correspond to those in hamster PrP. *Transmission results of C-BSE were
reported previously." *Susceptible. SResistant. YIndicates the same amino acid sequence as mouse
PrP. Transmission results of cattle were reported previously.t
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L type BSE prions ka’,rke»l‘de

Bovine spongiform encephalopathy (BSE) is one of the transmis-
sible spongiform encephalopathies (TSEs), or prion diseases, in
cattle. TSE is characterized by spongiform changes in the cen-
tral nervous system (CNS) and the accumulation of an abnormal
prion protein (PrP%) in the CNS.! PrP*¢ has been regarded as the
major component of TSE pathogens.?

BSE was detected in the UK in 1986, and subsequently spread
to the other European countries, Japan and North America.
BSE is thought to be caused by a single prion strain, based on the
analyses of its biological and biochemical characteristics.” From
2003, however, several atypical neuropathological and molecular
phenotypes of BSE (atypical BSE) have been detected in Japan,
several Furopean countries and North America.®*'7 Currently,
based on the molecular size of the proteinase-digested non-glyco-
sylated form of PrP%, atypical BSE is classified into two groups
(L-type and H-type)."

L-type BSE cases have been identified in the European coun-
tries, including Italy, France, Germany, Netherland, Poland and
in Canada and Japan.®" Two L-type BSE cases have been iden-
tified in Japan. One case was detected in a healthy 23-mo-old
Holstein steer (BSE/JP8),% and the other was detected in a 14-y-
old black Japanese beef cattle (BSE/JP24).° The latter case was
successfully transmitted to bovinized transgenic mice and cattle,
and the biological and biochemical properties differed from that
of classical BSE (C-BSE).’®® However, it is unclear whether
Japanese L-type BSE prion is identical to that of L-type BSE iso-
lates from other countries. To characterize the Japanese L-type
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mcal to those from the European cases

BSE isolate, we performed a comparative study of the Japanese
and foreign L-type BSE isolates.

A transmission study using experimental animals is 2 useful
approach for prion characterization. Therefore, we performed a
transmission study of the L-type BSE isolates in bovinized prion
protein (PrP)-overexpressing transgenic mice (TgBoPtP).?® Brain
samples of L-type BSE-affected cattle from Japan (BSE/JP24),°
France,’ Germany' and Canada'? were used in this study. The
brain homogenates were intracerebrally inoculated into TgBoPrP
using previously described methods in reference 18. All animal
experiments were reviewed by the Committee of the Ethics on
Animal Experiment of the National Institute of Animal Health.

All the examined L-type BSE isolates were transmitted to
TgBoPrP, and the affected mice developed progressive neuro-
logical diseases. Japanese L-type BSE isolate-affected TgBoPrP
exhibited a unique clinical sign, the circling behavior. The same
phenotype was observed when TgBoPrP were inoculated with
German, French and Canadian L-type BSE isolates. On the
other hand, in the first passage the incubation period for the
Japanese L-type BSE isolate was significantly different from that
of the other L-type BSE isolates (Table 1). We then performed
serial passages of these isolates for further characterization. The
incubation periods in the second passage were shorter than those
in the first passage. In the third passage, the incubation periods
for all the L-type BSE isolates converged at about 145 d. These
results suggest that the L-type BSE isolates in the primary pas-
sage were not fully adapted to the TgBoPrP mice. Furthermore,
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Table 1. Transmission of L-type BSE isolates in TgBoPrP mice

JPN GER

(21/721) (25/25) (12/12) (20/20)

*Mean (standard deviation); -, Number of affected mice/number of in-
oculated mice; *p < 0.05 for Japanese L-type BSE isolate vs. other L-type
BSE isolates in the first passage (Student’s t-test).

the different incubation periods in the first passage may be caused
by the lower titer of the Japanese L-type BSE prion.

Neuropathological examination of the L-type BSE isolate-
affected TgBoPrP were performed using previously described
methods.!® Lesion profile analysis revealed that the degree of brain
vacuolation due to the Japanese L-type BSE isolate was similar to
that caused by the other L-type BSE isolates (Fig. 1A). All the
L-type BSE isolates caused severe spongiform changes in the hip-
pocampus, septal nuclei of the paraterminal body and cerebral -
cortex. We next examined the PrP* deposition pattern in the
brain using paraffin-embedded tissue (PET) blot, as described
previously in reference 18. The distributions of PrP* deposits in
Japanese L-type BSE isolate-inoculated mice were similar to that
of mice inoculated with the other L-type BSE isolates; fine punc-
tate and fine granular PrP% were predominantly and uniformly
distributed in the pons, cerebellar medulla, midbrain, thalamus
and corpus callosum (Fig. 1B). Furthermore, similar PrP* depos-
its and distribution patterns were observed in the brain in the first
and subsequent passages of all the L-type BSE isolates (data not
shown).

We further examined the biochemical properties of PrPS,
such as the glycoform ratio and molecular mass of proteinase
K (PK)-digested PrP% (PrPcore). PrPS were extracted from the
brain of L-type BSE isolate-affected TgBoPtP using previously
described methods in reference 18. Western blotting analy-
sis revealed that the glycoform patterns and molecular mass of
the PrPcore of the Japanese L-type BSE isolate resembled that
of the other L-type BSE isolates. In contrast, clear differences
were observed between C-BSE and L-type BSE isolates (Fig. 2A
and B). Next, we examined the relative PK resistance of PrP%
from L-type BSE isolate-affected TgBoPrP, as described previ-
ously in reference 18. The PrP concentration of the sample was
adjusted using the signal intensity of western blot. The PK resis-
tance of PrP* from the Japanese L-type BSE was similar to that
of the foreign L-type BSE isolates. The PrP* of C-BSE-affected
TgBoPrP was resistant to digestion with 1,000 pg/ml of PK. In

Prion

contrast to C-BSE, the PrP% signal from the L-type BSE isolates
decreased when digested with 500 wg/ml of PK (Fig. 2C).

The analyses of L-type BSE cases have been performed
using different bovinized PrP-overexpressing transgenic mice,
such as TgBoPrP,® Tgbov XV'"?' and Tg540.22 Thus, it has
been impossible to compare the ptoperties of L-type BSE iso-
lates in detail. In this study, therefore, we performed a transmis-
sion study of the L-type BSE isolates using identical bovinized
PrP-overexpressing transgenic mice to further characterize the
Japanese L-type BSE prion. All the L-type BSE isolates trans-
mitted to TgBoPrP, and their incubation periods converged at
approximately 145 d following serial passages (Table 1). Similar
degrees of vacuolation and PrP% deposition patterns in the
brain were observed among the L-type BSE isolates (Fig. 1A
and B). Besides the biological characteristics, no differences were
observed in the biochemical characteristics of PrP* from the
L-type BSE isolates (Fig. 2A—C). These findings suggest that the
examined L-type BSE cases were caused by prions with identical
characteristics.

Italian L-type BSE cases are called bovine amyloid spongiform
encephalopathy (BASE). We could not compare the characteris-
tics of the Japanese L-type BSE with those of the Italian isolates.
In a transmission study using transgenic mice, the French L-type
BSE isolate and BASE exhibit similar biological characteristics.??
Our data indicated that the properties of the Japanese L-type
BSE prion are identical to those of the French L-type BSE iso-
late. It has also been reported that the characteristics of Japanese
L-type BSE isolate closely resemble those of BASE in an experi-
mental transmission study in cattle.”

The origin of L-type BSE prion is unknown. The present
study showed that the Japanese and Canadian L-type BSE pri-
ons are identical to those from the European cases. The fact that
identical L-type BSE prions exhibit a worldwide distribution is
important insight for devising atypical BSE control measures.
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