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Abst r act

For i mmunohi stochem stry of the prion diseases, severa
pretreat ment net hods to enhance the i munoreactivity of human
and animal PrP* on the tissue sections have been enpl oyed.
121 hydrated autocl aving pretreatnent nmethod or the

conbi nati on net hod of 121 hydrated autoclavingwithacertain
chem cal reagent (formc acid or Proteinase K, etc) are now
wi dely used. We found that an inproved hydrated autocl avi ng
method at 135 , nore effectively enhanced PrP*

I mmunoreactivity for the antibodi es recogni zing the |inear
epitope. Also, this nmethod was nore effective for the | ong
fixation sanples as conpared with other previous nethods.
However, thi s nodifiedmethod coul dnot retrieve PrP*antigenic
epi topes conposed of conformational structures or severa

di sconti nuous epitopes. W describe the conparative studies
bet ween our inproved nethod and other antigen retrieval
procedures reported previously. Based on the differences of
reacti on anong t he anti bodi es, we al so di scuss t he nechani sns
of the hydrated autoclaving methods to retrieve PrpP>

I mmunoreactivity.
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I nt roduction
Scrapi e in sheep and goat, bovine spongiform encephal opat hy
(BSE), chronic wasting di sease in deer and Creut zf el dt-Jakob
di sease (sporadic, iatrogenic, fam|lial and variant forns) and
Kuru i n humans are transm ssi bl e neur odegenerati ve di sorders
bel ongi ng to a group of prion di seases. They are characterized
by the accunul ati on of abnormal proteinase-resistant prion
protein (PrP*), that is an isoformof the cellular
prot ei nase-sensitive prion protein (PrP%, as a result of
post-translational nodification with increases of the
popul ation of B -sheet conformation in the brain [20]. The
pat hol ogy i s characterized by neuronal cell |oss, spongiform
change, gliosis and deposition of abnormal amyl oid protein.
| mrunohi st ocheni stry t o demonstrate PrP> intissue sections
I's nowa well -established techni que for the di agnosis of prion
di seases [2]. It has been reportedthat PrP> inmmunoreactivity
i s enhanced by several antigen retrieval procedures such as
formc acid [4,10], a conbination of form c acid pretreatnent
and m crowave processing [7,14], hydrated or hydrolytic
aut ocl aving [ 6, 11], guani di ne t hi ocyanate [ 4, 19], and conbi ned
protocols [1,8,9,15].

The recent di sclosure of BSE i n Japan has started an active



surveillance for all slaughter cattle since Cctober 2001.
Briefly, diagnostic procedure is follows: sanples have been
taken fromt he medul | a obl ongat a (obex regi on) and exam ned by
ELI SA test as the primary screening test, and then the
ELI SA-positive sanpl es have been confirmed by Western bl ot
and/ or i mmunohi stochem stry. In starting an active
surveillance for BSEin Japan, we applied vari ous pretreat nent
met hods for different antibodies to formalin fixed and
par af fi n- enbedded tissues to enhance PrP% imunoreactivity.
Al t hough the pretreatnent nethods reported previously were
found to retrieve PrP* for antibodies used in this study, we
found that an i nproved hydrated autocl aving nethod at 135
nore effectively enhanced PrP* imunoreactivity for the
anti bodi es recogni zing the |inear epitope. However, our
modi fi ed met hod coul d not retrieve PrP¥ antigens well for the
nonocl onal anti bodi es recogni zing the conformationa
structures.

In this paper, we describe the conparative studi es between
our inproved nmethod and ot her antigen retrieval procedures
reported previously, and di scuss t he nechani sns of t he hydr at ed

aut ocl avi ng nethods to retrieve PrP* inmunoreactivity.



Mat eri al s and Met hods

Sanpl es

We used the brain tissues that were cut coronally at the | evel
i ncl udi ng hi ppocanmpus and t hal amus fromtwo scrapi e—i nfected
and two negative control CRm ce, the nedul | a obl ongat a at t he
| evel of the obex, and the spinal cord from three scrapie
affected and two negative control sheep, and fromthree BSE
affected cattlein Japan and two control cattle. Two m ce were
i nocul ated intracerebrally with scrapie GL strain, which
i nduces anyl oid plaque formations in the brain. Affected or
non- af f ect ed sheep and cattl e were di agnosed and confirned by
hi st ol ogi cal , i munohi st ochem cal, and Western bl ot net hods.
These sanpl es were fixed in 15%formalin for 48 to 72 hrs and
enbedded routinelyinparaffin. BSEtissue bl ocksweretreated
with 98%formc acidfor 1 hr toreducetheinfectivity of prion
after formalin fixation. Al so, we prepared the serial tissue
bl ocks fromthe nedul | a obl ongata of scrapie-affected sheep,
which was imersed in 15%formalin at |east for six nonths.
| mmunohi st ochem stry

Serial tissue sections, 4umin thickness, were picked up on
si | ane-coat ed gl ass sl i des (Mut o Purechem cal s Co. Ltd, Japan).

After deparaffinization, endogenous peroxi dase was bl ocked by



i ncubation in 3% HO, for 5 mnutes. W applied six different
pretreatment protocols as follows: (1) 98%formc acid for 5
mn (designated as FA); (2) hydrated autoclaving at 121 , 2
at nosphere (atnm) for 20 mn (with Tony high-pressure steam
sterilizer KS-323. Japan) in distilled water (121DWHA); (3)
121DVWHA and 98%form c acid for 5 mn (121DWHA/ FA); (4) 121DWHA
and Proteinase K (0.4ng/mM, DAKO USA) treatnment for 1 mn
(121DWHA/ PK) ; (5) hydrated autoclaving at 135 , 3 atmfor 20
mnindistilled water (135DWHA); (6) 135DWHA and 98%form c
acidfor 5mn (135DWHA/ FA). After appl yi ng each pretreat nent,
ti ssue sections were incubated with 10% goat or horse norm
serum(Ni chirei, Japan) for 30 mn. Inthis study, we usedthe
avi di n-bi oti n conpl ex net hods (ABC kit; Vector Lab., USA) and
t he hor ser adi sh per oxi dase- | abel ed pol yner net hods ( Envi si on+
kit; DAKO, USA). Sections were exposed to primary anti bodies
for overnight at 4 or 1 hr at roomtenperature for ABC kit
or Envision+ kit, respectively. As negative controls, the
sections were exposed for each primary anti body w thout any
pretreatnments. The foll ow ng steps were perfornmedw th second
anti bodi es and others according to the each manufacture’s
instructions. The signals were detected using

di am nobenzi dine (Sinple stain DAB; N chirei, Japan).



Sections were counterstained with Mayer’s hemat oxylin.

The characteristics of the nine primary anti bodi es used in
this study are sunmarized in Table 1.

For sections prepared fromthe ti ssue bl ocks i mersed in 15%
formalin for six nonths, we tested the 121DWHA and 135DVWHA
met hods usi ng B103 and 43C5 anti bodi es.

Mor phonet ory

Serial sections fromBSE were pretreated with 121DWHA,
121DVWHA/ FA, 121DWHA/ PK, 135DVWHA, and 135DVWHA/ FA net hods, and
I mmunost ai ned wi t h f our anti bodi es (B103, 43C5, 44B1, and 6H4),
respectively. Each of the pretreatnent conditions were

eval uated on the selected five areas (total y ). The Lum na
Vi si on conputer anal ysis system(Mtani Corp., Tokyo, Japan)
was used to neasure the positive area of PrP immunostai ni ng.
The brown-col ored chronogen precipitate was sel ected,
digitized images of these areas, and the digital pixels
converted into the density area (g )on the software. The
hi ghest densi ty nmeasur enent was set to 100%andrel ati ve density
(RD) of inmunostaining by the other pretreatnents in the sane

area was cal cul at ed.



Resul ts

Hi st opat hol ogy

I nthe nouse, neuropil vacuol ati onassoci atedwi thastrogliosis
and m croglial proliferationwas observed throughout all areas
of the brain. Al so seen were the anyl oid plaque structures,
whi ch wer e of ten observedincontact withthecapillary vessels.

In the obex region of scrapie-infected sheep, neuropi
vacuol ation and single or multiple intracytoplasm c vacuol es
were particularly found in the dorsal notor nucl eus of vagus
nerve (DVMNV), gracile nucl eus, nucl eus anbi guus and reti cul ar
formation [22]. The hypogl ossal nucl eus, olivary nucl eus and
nucl eus of solitarytract (NST) wereonlymldlyaffected. Al so,
spongi formneuropil | esions were seen in the periphery of the
dorsal colum of spinal cord and the vertebral col um.

I n BSE cases, because of t he subclinical case, extrenmelymld
spongi form| esi ons were observed only in DVNV, and peri phery
of the reticular formation [24].
| mmunohi st ochem stry
| mmunohi st ochem cal exam nationreveal edthat noprionprotein
depositions were observed in the sections fromthe affected
ani mal s wi t hout pretreatnent and fromthe control animals with

and w thout pretreatnent.



Pr P> i nmrunost ai ni ng yi el ded characteristic patternsin each
animal s affected with prion disease [21]. The follow ng
I mrunost ai ni ng patterns were observed: (1) fine particulate
deposition; (2) coarse particul ate deposition; (3)
peri neuronal deposition; (4) glial type deposition; (5)
perivascul ar or perivacuol ar deposition; (6) plaque or
pl aque-1|i ke deposition.

In scrapie-infected mice, PrP* deposits were observed
di ffuselyincortex, thal amus, and hi ppocanpus. Al so seenwere
perivascul ar, perivacuol ar PrP* deposits and pl aque or
pl aque-|i ke structures in thal anus.

The PrP* deposits in scrapie-affected sheep were nost
intense in DMNV. The hypogl ossal nucl eus showed al so the
deposits, but thestainingintensity was sparse. G ial, coarse
particul ate, perineuronal, perivascular and perivacuol ar
depositions were found in the reticular formation.

I n BSE cases, the intense positive reactions of PrP* were
observed i n DVMNV, NST and peri phery of thereticular formation,
whi ch were fine, perineuronal and perivacuol ar patterns. The
fine or coarse particul ate depositions were seen in olivary
nucl eus. The hypogl ossal nucl eus showed al so positive

reactions, but a lowintensity of the inmmunostaining.



Conparison of pretreatnent nethods
M croscopi c exam nations i n each pretreatnents and anti bodi es
were summari zed in Table 2. Al antibodi es used in this study
reacted with PrP* of all animals under some pretreatments.
Si ngl e FA pretreat nent gave very weak or no reactions to all
anti bodi es, however, nouse anyloid plaques were positive to
sone anti bodi es (mAbs 149, 43C5, 72, 44B1, 44B2, and T2). Anpbng
121DVWHA, and a conbi nation of 121DWHA with FA (121DWHA/ FA) or
PK (121DWHA/ PK) pretreatnents, 121DWHA/ FA was nost effective
i n nost anti bodi es, but 121DWHA/ PK was nore or equally in the
effect as conpared with 121DWHA/ FA in mAb 43C5 and pAb B103.
According to the sensitivity to 135DWHA and 135DWHA/ FA
pretreatnments, the anti bodies used in this study were divided
intotwo types, one of which showed theincreaseinreactivity,
and the other significantly reduction or the |loss of the
reactivity. The mAbs 132, 149, 43C5 and pAb B103 in reacting
thelinear epitopeclassifiedtothe former group (Figs. la-d),
whi | e mAbs 72, 44B1, 44B2 and T2 recogni zi ng t he di sconti nuous
epitopereferredtothelatter group (Figs. 2a-d). The mAb 6H4
agai nst cowreconbi nant PrPreacted on bovi ne, ovi ne and nuri ne
PrP* with 121DWHA/ FA pretreatnent, but other pretreatnents

showed no positive reactions for all aninmals PrP* except for
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the nmurine plaque type of PrP* with 121DWHA, 121DWHA/ FA and
121DVWHA/ PK pretreat nents.

Ef fects on the sections fromthe tissues imersed in formalin
for long period

In 121DVWHA and 135DWHA pretreat nent, both anti bodi es (B103 and
43C5) gave positive reactions in al nost sanme areas for the
sections of scrapie-affected sheep, which were imersed in
formalin for six nonths. However, the sections treated by
135DVWHA et hod yi el ded i nt ense si gnal and wi despr ead st ai ni ng,
whil e the detectable antigens in 121DWHA pretreatnent were
limted and showed |l ow intensity (Figs. 3a and b).

Mor phonet ry

The conparison of relative density (RD) in each pretreatnent
met hod on BSE sections is showmn in Fig. 4. This digital

nor phonet ry was i n good agr eenent wi t ht he observati ons t hrough
the m croscope. Al though 135DWHA or 135DWHA/ FA net hods

i ncreasedthedensity onthe mAb 43C5 andt he pAb B103, t he ef f ect
of these net hods was stronger on the forner than on the latter
(Figs. 4a and b). In mAbs 44B1 and 6H4, 121DWHA/ FA pr ot ocol
was appropriate for the antigen retrieval and the 135DWHA or

135DWHA/ FA net hod were not effective (Figs. 4c and d).
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Di scussi on
I n i nmunohi stochem stry for the prion diseases, severa
pretreat ment net hods to enhance the i munoreactivity of human
and animal PrP* on the tissue sections have been reported.
121 hydrated autocl aving pretreatnent nmethod or the
conbi nati on net hod of 121 hydrated autoclavingwithacertain
chem cal reagent (formc acid or Proteinase K, etc) are now
wi dely used [5,13]. The precise nmechani sns by which
pretreat ments enhance the PrP* imunoreactivity are stil
unknown. However, the effect of those chem cal treatnents is
consi dered to make anyloid fibril proteins denature and break
down the structure of anmyloid fibrils, and expose the buried
epitopes [4]. In formc acid pretreatnent, m crowave
irradiation is thought to enable for formc acid penetration
intissue, and to expose the epitope and react with the anti gen
nore efficiently [7]. Also, it is specul ated that hydrol ytic
aut ocl aving contribute to alter the primary structures of PrP
in situ [11].

In this study, we described the new hydrated autocl avi ng
nmet hod cal | ed 135DWHA net hod t o enhance the i munoreactivity
of the PrP%, which were conpared with the methods reported

previously. Generally, 135DWHA or 135DWHA/ FA net hod for the

12



anti bodies reacting with |inear epitope showed hi gher
sensitivity than 121DWHA, 121DVWHA/ FA, or 121DWHA/ PK net hods,
except antibody 6H4. Although prolonged exposure of brain
mat eri al to al dehydes fi xatives usually dramati cal |y decr eases
the antigenicity of PrP* [16], this newy enhancing nethod
reveal ed nore effective for the long fixation sanples as
conpared wi th ot her previous nethods. On the other hand, our
sinmple nodification for the anti bodi es recogni zi ng

di sconti nuous or conformational epitope could not exert to
enhance the prion antigen.

In the i munohi stochem cal antigen retrieval techniques,
breaki ng crosslinking theory [17] and protein denaturation
theory or nodification-re-nodification hypothesis [3] have
been proposed, and thought to have advantage on the basis of
observation or supported by several studies, respectively
[ 18, 22,23]. Especially, thelater theory is based on heat- or
chem cal -i nduced nodi fication of the three-dinensiona
structure of “formalinized” protein, restoring the condition
of a formalin-nodified protein structure back towards its
original structure onthe paraffin-enbeddi ng tissue sections.
Because i munohi st ochem stry wi t hout pretreatnent di dnot give

any positive reactions usingthe pAb B103 and 44B1 inthe frozen
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sections (data not shown), there are sone di fferences between
this theory and our nodel. However, it seened probabl e that
t he hi dden epi t ope caused by t he aggregati on of prion proteins
exposes in the surface, or the conformational binding sites
formed by the other protein nolecules disintegrated due to
certain conformational changes by the hydrating autocl ave
nmet hods onthe formalin-fixed paraffinsections, assum ng t hat
the principle of the antigen retrieval nethods is to lead to
are-naturationor partial restorationof theproteinstructure
with re-establishnent of the three-dinmensional to sonething
approaching its native condition [22,23].

Anti body, especially reacting on discontinuous epitope,
recogni zes specific epitope localized in a spatia
configuration within the protein nolecule. The mAb 15B3
recogni zed di sconti nuous epitope in the pathol ogical PrP
isoform and a single continuous 15B3 binding site was
specul ated to be fornmed ei t her by aggregati on of two or sever al
PrP nol ecul es, or by structural rearrangenent of a single PrP
nol ecul e, or by a conbination thereof [12]. Exact nechani sns
of the differences between 135DWHA and 121DVWHA et hods i n t he
ant i bodi es recogni zi ng conformati onal epitope are stil

unknown. However, thesethings canbesurm sedasfollows; Sonme
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of the aggregate proteins or nol ecul es may be | oosel y arranged
and anti genic determ nant conetolie onthe surface at formc
acidor 121 , 2 atm Furthernore el evation of the tenperature
and at nosphere may change certain stereoscopic structure or
conmponent of PrP nol ecules, bring |l oss of its conformationa
epi tope; Additional formc acid treatnent give little change
and make sonme confornmational epitope come out.
Further studies of prion antigen retrieval technique,

i ncl udi ng establishnment the exact correlation of this
mechani sns and t he anti body epitope, may shed newlight inthe

pat hol ogy of the prion diseases.
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Legends

Fig. 1. | munohi stochem stry of theprionproteinw thmib43C5
in the thalanmus of scrapie-affected nouse; a 121DWHA, b
121DWHA/ FA, ¢ 135DWHA and d 135DVWHA/ FA net hods. The

i mmunodensityis considerablygreater inl135DWHA and 135DVWHA/ FA
nmet hods. Bars a-d 50u m

Fig. 2. I nmmunohi stochem stry of theprionproteinwthmib44B1
in the thalanmus of scrapie-affected nouse; a 121DWHA, b

121DWHA/ FA, ¢ 135DWHA and d 135DWHA/ FA net hods. 121DWHA/ FA

20



method i s nost effective for enhancing the prion protein and
only faint reactivity is observed in 121DWHA net hod. Al t hough
135DVWHA/ FA net hod enhances the prion protein, no reactive
deposits are observed in 135DWHA nethod. Bars a-d 50y m
Fig. 3. I munohi stochem stry of theprionproteinw thpAbB103
in the sections of scrapie-affected sheep fromthe sanple

i mersed formalin for six nonths; a 121DWHA and b 135DVWHA
net hods. Bars a, b 500y m

Fig. 4. Conparison of relative density (RD¥% under each
pretreatment nmet hod shows on each anti body for BSE secti ons;
a pAb B103, b mAb 43C5, ¢ mAb 6H4 and d mAb 44Bl1. MAb 44B1
recogni zes di sconti nuous epi t ope, and ot hers recogni ze | i near
epi tope. The effect of FA, 121DWHA, 121DVWHA/ FA, 121DWHA/ PK,
135DVWHA and 135DWHA/ FA is displayed on the bar A, B, C, D, E
and F, respectively. a. FAdisplayed 1 RD% 121DWHA (29 RD%
did not lead to a significant increase. 121DVWHA/ FA and
121DVWHA/ PK showed a density of 81, 75 RD% respectively.
| munodensity was further enhanced by 135DWHA (100 RD% and
135DVWHA/ FA (100 RD% . b. FA displayed 1 RD% 121DWHA,
121DVWHA/ FA and 121DWHA/ PK showed 15, 22, 18 RD% respectively.
135DWHA and 135DWHA/ FA resulted in 100 and 94 RD% which | ead

to significant increase. c. FA (5 RD%, 121DWHA (17 RD%,
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121DWHA/ PK (3 RD%, 135DWHA (1 RD% and 135DWHA/ FA (2 RD% did
not | ead to significant increaseininmunodensity. 121DVWHA/ FA
(100 RD%9 was the highest increase. d. FA showed 22 RD% and
121DVWHA 25 RD% | nunodensity was not enhanced by 121DVWHA/ PK
and 135DWHA. 135DWHA/ FA di spl ayed 4 RD% The best result was

obt ai ned by 121DWHA/ FA (100 RD%) .
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Epi t ope

Ant i bodi es Clonality Dilution | munogen Source
Posi tion L/ DC
132 119- 127 mAb 1/ 200 Mouse recPrP Hor i uchi
149 147- 153 L mAb 1/ 500 Mouse recPrP Hor i uchi
43C5 163- 169 L mAb 1/10000 Mouse recPrP Hor i uchi
B103 103-121 L pAb 1/ 1000 Cow recPrP Hor i uchi
6H4 155-163 L mAb 1/ 500 Cow recPrP Prionics (Zurich, Swtzerland)
72 89-231(143-151) DC mAb 1/ 500 Mouse recPrP Hor i uchi
44B1 155-231 DC mAb 1/ 200 Mouse recPrP Hor i uchi
44B2 155-231 DC mAb 1/ 200 Mouse recPrP Hor i uchi
T2 unknown DC mAb 1/ 500 Mouse recPrP Tagawa

Table 1. Characteristics of the nine antibodies used in this study.

L: linear epitope; DC. discontinuous epitope;

mAb: nonocl onal

anti body;

pAb: pol ycl onal anti body



Ant i bodi es 132 149 43C5 B103 6H4

M C S M C S M C S M C S M C S

Pretreat ne P/—D P/T P/—D P/—D P/—D
FA -/ - - - 2+ + - - + - - - -/ - - - -/ - - -
121 DVHA 2+ + - - +/ + - + 2+ 2+ 2+ 2+ +/ + + + +/ + + +

121DVWHA/ FA 2+/ 2+ + 2+ 2+/ 2+ 2+ 2+ 2+/ 2+ 2+ 2+ 2+/ 2+ 2+ 2+ 2+ 2+ 2+ 2+

121DWHA/ PK + - - - 2+ + - 2+ 2+ 2+ 2+ 2+ 2+ 2+ 2+ 2+ + - - -
135DVWHA 2+ + 3+ 2+ 34/ 3+ + 2+ 34/ 2+ 2+ 3+ 3+/ 3+ 3+ 3+ -/ - - -
135DVWHA/ FA 2+/ 2+ 3+ 3+ 2+ + 3+ 3+ 34/ 2+ 3+ 3+ 3+/ 3+ 3+ 3+ -/ - - -

Ant i bodi es 72 44B1 44B2 T2
M C S M C S M C S M C S
Pretreatne W W W W

FA 24/ - + - +/ - + - +/ - - - 24/ - - -
121DVWHA +/ - - + + - + - +/ - - - +/ - - .
121DWHA/ FA 3+ + 2+ 2+ 24/ 2+ 2+ 2+ 34/ 2+ 2+ 2+ 3+ ++ 2+ 2+
121DVWHAY PK -+ - - ; ; -/ - ; ] /- ] ]
135DVWHA - - - + - - ; - ; i /- ] ]
135DWHA/ FA 2+/ - - - 2+ 2+ + + 2+ + - - + - + -

Table 2. Results of the immunoreactivity for the anti bodi es under pretreatnent nethods.

FA: 96%form c acidfor 5 mnutes; 121DWHA: hydrated aut ocl aving at 121 , 2 atnosphere (atn) for 20 m nut es
indistilledwater; 121DWHA/ FA: 121DWHA and 96%f orm c aci d for 5 m nutes; 121DWHA/ PK: 121DWHA and Pr ot ei nase
Ktreatnent for 1 minute; 135DWHA: hydrated autoclaving at 135 , 3 atmfor 20 mnutes in distilled water;
135DVWHA/ FA: 135DWHA and 98% formc acid for 5 m nutes.



M scrapie-affected nouse; C. BSE-affected cow, S:. scrapie-affected sheep; P:. plaque type; D:. diffuse

type
3+: Strongly positive signal; 2+: noderately positive signal; +: faint positive signal; -: negative



