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Short Communication
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SUMMARY: A low molecular weight type of atypical bovine spongiform encephalopathy (LBSE) was
transmitted to two cynomolgus macaques by intracerebral inoculation of a brain homogenate of cattle
with atypical BSE detected in Japan. They developed neurological signs and symptoms at 19 or 20
months postinoculation and were euthanized 6 months after the onset of total paralysis. Both the incu
bation period and duration of the disease were shorter than those for experimental transmission of clas
sical BSE (CBSE) into macaques. Although the clinical manifestations, such as tremor, myoclonic jerk
ing, and paralysis, were similar to those induced upon CBSE transmission, no premonitory symptoms,
such as hyperekplexia and depression, were evident. Most of the abnormal prion protein (PrPSc) was
confined to the tissues of the central nervous system, as determined by immunohistochemistry and
Western blotting. The PrPSc glycoform that accumulated in the monkey brain showed a similar profile
to that of LBSE and consistent with that in the cattle brain used as the inoculant. PrPSc staining in the
cerebral cortex showed a diffuse synaptic pattern by immunohistochemistry, whereas it accumulated as
fine and coarse granules and/or small plaques in the cerebellar cortex and brain stem. Severe spongiosis
spread widely in the cerebral cortex, whereas florid plaques, a hallmark of variant CreutzfeldtJakob
disease in humans, were observed in macaques inoculated with CBSE but not in those inoculated with
LBSE.
Bovine spongiform encephalopathy (BSE) is a fatal
transmissible neurodegenerative disorder of cattle
caused by the BSE prion. This disease first emerged
among cattle in the United Kingdom in 1987 (1) and
subsequently spread throughout Europe, Japan, and
North America within the next decade (2,3). Based on
similarities in disease phenotype, brain pathology, brain
lesion profile, and the glycoform profile of the pro
teinaseresistant core of prion protein (PrPSc), it was ini
tially believed that the disease was caused by transmis
sion of a single prion strain conferring classical BSE (C
BSE) (47). However, two types of BSE, with distinct
biochemical and pathological characteristics from those
of CBSE, have been detected in the European Union
(EU), Japan, and the United States (814). These atypi
cal BSE types have been classified as H and LBSE (15)
in the light of the high and low molecular mass frag
ments of the nonglycosylated PrP molecule in the pro
teinase K resistant core of PrPSc. In addition, the Ltype
BSE prion is distinguishable by its high content of
monoglycosylated molecules in the core. To date, 27

cases of LBSE and 24 cases of HBSE have been report
ed worldwide (16), thus meaning that the prevalence of
atypical BSE is considerably lower than that of CBSE.
However, recent studies showed that LBSE is easily
transmissible to transgenic mice expressing human
(17,18) or bovine (19,20) prion protein, as well as to
nonhuman primates (21), with shorter incubation
periods than for the transmission of CBSE to these
animals. The virulent nature of LBSE has stimulated
new concern for human public health since the transmis
sion of CBSE to humans resulted in variant Creutz
feldtJakob disease (vCJD) (47), a new emergent prion
disease.
Since September 2001, 36 BSE cattle have been found
in Japan after blanket BSE testing of approximately 10
million cattle (22) by screening and active surveillance
programs conducted by the Ministry of Health, Labour
and Welfare and the Ministry of Agriculture, Forestry
and Fisheries (23). Two cattle, slaughtered at abattoirs,
were identified as having atypical BSE by confirmatory
examinations involving Western blotting (WB) and/or
immunohistochemistry (IHC). Both these cases were
classified as LBSE on the basis of their glycoform pro
files. The first LBSE case was reported in a young
Holstein steer (23 months old; BSE/JP8) (12), whereas
the second case was reported in an old Japanese meat
cow (196 months old; BSE/JP24) (13). Transmission of
the first LBSE case to bovinized mouse (transgenic
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caques, whereas the premonitory abnormal behaviors,
such as hyperekplexia and depression, seen upon trans
mission of CBSE to macaques were not evident (27).
Histopathological analysis and IHC, performed as
described previously (29), showed that severe spon
giform changes and the accumulation of PrPSc with
various patterns were detectable in the brains of both
monkeys (Fig. 1). Vacuolization was profound
throughout the cerebral cortex, from the frontal to the
occipital lobes (Fig. 1a). Likewise, synaptictype PrPSc
precipitation (30) was observed in the whole cerebral
cortex and basal ganglia by IHC (Figs. 1b and c). Dense
precipitates and plaques of PrPSc, which had been ob
served in cattle (JP24) brain (13), were not detected in
the cerebrum of the monkeys. PrPSc, in the form of
small plaques or coarse granules, was, however, detect
ed in the molecular layer of the cerebellum (Fig. 1e).
Despite the severe spongiosis in the cerebral cortex,
florid plaques, which are large PrPSc plaques surround
ed by vacuoles, a hallmark of vCJD (47,30) and CBSE
transmission to macaques (27,28), were not observed.
The histopathology of the brain was therefore similar to
that reported for the brain of LBSE (BASE)transmit
ted macaques (21).
Figure 2 shows the results of WB analysis of PrPSc in
the brain and peripheral nerves (dorsal root ganglia).
Despite the regionspecific morphology of PrPSc deposi
tion, the proportions of the di/mono/nonglycosylated
forms of PrPSc propagated in various regions of the

mice overexpressing bovine PrP) was unsuccessful,
probably due to the extremely low amount of PrPSc and
the limited sample size (24). In contrast, the second L
BSE case was readily transmitted to both bovinized mice
(25) and bovine (20,26), with shorter incubation periods
than those required for the transmission of CBSE to
these animals. The glycoform profile of PrPSc propagat
ed in the recipient animals was similar to that accumu
lated in the brain of the donor cattle (BSE/JP24)
(20,25,26). To date, the biochemical and histopatholog
ical characteristics of the JP24 case analyzed with
bovinized mice and bovine have been reported to be
similar to those reported for the bovine amyloidotic
spongiform encephalopathy (BASE) case, a representa
tive LBSE originally identified and characterized in Ita
ly in 2003 (8,18,19). In this study, we inoculated a brain
homogenate of BSE/JP24 into cynomolgus macaques
to investigate disease manifestation and the characteris
tics of LBSE in primates in comparison with CBSE.
Two macaques simultaneously developed neurologi
cal signs and symptoms 1920 months postinoculation
(mpi) with the brain homogenate of BSE/JP24. The
monkeys entered the terminal stage of the disease (total
paralysis) at 2425 mpi. Both the onset and duration of
the disease were shorter than those reported for the
transmission of CBSE to macaques by us and other
groups (27,28). The clinical manifestations such as
tremor, myoclonic jerking, and paralysis were similar to
those observed during the transmission of CBSE to ma

Fig. 1. Histopathology (HE) and PrPSc immunostaining of monkey brain. HEstaining of brain sections corre
sponding to the cortex of the cerebrum (a) and the cerebellum (d); PrPSc immunostaining of the cerebral cortex (b)
and basal ganglia (c) and the cerebellum (e); a consecutive section of (d). Bar  100 mm (a); 20 mm (b, c, d, and e).
HE and PrPSc immunostaining were performed as described previously (29). Antiprion protein antibody T4, a
rabbit polyclonal antibody raised against the synthetic peptide correspond to codons 211239 of bovine prion pro
tein (38), was used as the primary antibody. The CSA II amplification system (Biotinfree Catalyzed Amplifica
tion System; Dako, Kyoto, Japan) was used to enhance signal intensity instead of the Envision{ immunoenhanc
ing system.
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Fig. 2. PrPSc accumulated in the brain (A) and peripheral nerves (B) of euthanized monkeys. Upper and lower
panels represent the brains of different monkeys, #14 and #15, respectively. (A) Lane 1, PrPSc of CBSE (25 mg tis
sue equivalent); lane 2, PrPSc of LBSE (50 mg equivalent); lanes 310, PrPSc accumulated in the brain of a monkey
(10 mg brain tissue equivalent): lane 3, frontal lobe; lane 4, temporal lobe; lane 5, parietal lobe; lane 6, occipital
lobe; lane 7, thalamus; lane 8, mid brain/medula oblongata; lane 9, cerebellum; lane 10, olfactory bulb. (B) Lanes
12, PrPSc of C, LBSE (25 and 50 mg brain equivalent); lanes 36, spinal cord of cervical thoracic and lumber
regions (200 mg tissue equivalent): lane 6, dorsal root ganglia (1 mg tissue equivalent); lane 7, optic nerve (1 mg tis
sue equivalent); lane 8, retina (1 mg tissue equivalent); lane 9, trigeminal nerve (1 mg tissue equivalent); lane 10,
sciatic nerve (5 mg tissue equivalent); lane 11, olfactory bulb (20 mg tissue equivalent). All techniques used in this
analysis, including preparation of tissue homogenates, proteinase K treatment, polyacrylamide gel electrophore
sis on 12z gels (NuPAGE; Invitrogen, Carlsbad, Calif., USA) and transfer of protein onto PVDF membrane,
were performed as described previously (27,29). Antiprion protein antibody 6H4 (mouse monoclonal; Roche Ap
plied Science, Basel, Switzerland) and peroxidaselabeled antimouse IgG antibody (Fab)2, were used as the prima
ry and secondary antibodies, respectively. Immunoreactive protein on the blot was reacted with ECLplus
chemiluminescent reagent and signals were recorded and processed on a Luminoimage analyzer LAS3000 mini
(Fuji film, Tokyo, Japan). PrPSc of CBSE and LBSE were prepared from cattle brain by the same method and
electrophoresed as inhouse references to evaluate the whole process.

brain were similar to each other and to those observed in
the original JP24 cattle (Fig. 2A). Although it appeared
that the nonglycosylated PrPSc accumulated in the
monkey tissue showed a slight uppershift of its elec
trophoretic mobility towards that of CBSE in the
present WB analysis (for example, Fig. 2A lower panel),
it is not known whether this minor shift was significant
as the nonglycosylated PrPSc in the BSE/JP24 cattle
originally had a mobility similar to, or only slightly
different from, that of the CBSE case (13,25). Further
transmission experiments and a more accurate WB anal
ysis are therefore needed to confirm such subtle differ
ences in the nonglycosylated molecule of BSE prions
after transmission to macaques. Both IHC and WB suc
cessfully detected PrPSc in retina, trigeminal ganglia,
and dorsal root ganglia (Fig. 2B). PrPSc was barely de
tected in the sciatic nerve of monkey #15 by WB (Fig.
2B lowere panel lane 10). However, the amount of PrPSc
in the sciatic nerve was estimated to be less than 1/1,000
of the cerebral PrPSc. Deposition of PrPSc in lymphoid
tissues (spleen and tonsils) or lymph nodes (inguinal,
axillary, submandibular, deep cervical, mesenteric,
subiliac, and hilar lymph nodes) was not detected by
IHC or WB. Considering the sensitivity of WB analysis
and the amount of tissue (5 mg/lane) used in this experi
ment, the amount of PrPSc in lymphoid tissues must
therefore be lower than 1/5,000 of that in the brain.
The results of an enzymelinked immunosorbent as
say for bovine PrPSc (BSE TeSeE; BioRad, Mornesla
Coquette, France) suggested that the amount of PrPSc in
the inoculum used in this study was as low as 1/5 than in
a brain homogenate of CBSE (JP6; 105.2 LD50/g using
bovinized mice; see ref. 24) previously used for the
transmission of CBSE to macaques (27). Despite the
low concentration of PrPSc, both the incubation period

and the duration of the disease were approximately 2/3
shorter than those required for the transmission of C
BSE to macaques, although they were similar to those
reported for the transmission of BASE to macaques
(21). These results may therefore indicate that the L
BSE agent is more virulent in nonhuman primates.
However, further experiments involving oral adminis
tration would be required to assess the risk of LBSE
transmission from affected cattle to humans through
the consumption of beef products.
We were unable to detect PrPSc in lymphatic tissues or
lymph nodes by WB or IHC. However, this does not
necessarily indicate the absence of infectivity of those
organs. Determination of the infectivity using inbred
mice was difficult since they are reportedly insensitive or
have limited sensitivity, if any, to LBSE (25,31). The
BSE/JP24 isolate could not be transmitted to three
different lines of inbred mice, even 700 days after inocu
lation (Hagiwara, unpublished). Further analysis using
transgenic mice expressing bovine or human PrP, or in
vitro amplification of PrPSc by protein misfolding cyclic
amplification (32,33) or quakinginduced conversion
(34), would be necessary to detect trace amounts of
PrPSc or infectivity in the lymphatic tissues or lymph
nodes of the macaques.
The origin of atypical BSE is generally unknown, ex
cept for one HBSE case in the United States that is con
sidered to result from a heritable pathogenic mutation
in the PrP gene (35). Epidemiological evidence
(810,13,15) suggests that most cases of atypical BSE
are found in old cattle (À8 years of age), and the rela
tively even birthyear distributions lead to speculation
that atypical BSE is a sporadic prion disorder of cattle
similar to sporadic CJD in humans (36). In this context,
the conversion of BASE prion and other LBSE prions
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into CBSElike phenotypes during interspecies trans
mission to inbred mice or transgenic mice expressing
ovine PrP has been reported (31,37,38). These findings
are therefore of interest as regards the origin of BSE and
the possible divergent evolution of prion strains.
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