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Remarkable increases of a1-antichymotrypsin in brain
tissues of rodents during prion infection
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ABSTRACT. a1-Antichymotrypsin (a1-ACT) belongs to a kind of acute-phase inflammatory
protein. Recently, such protein has been proved exist in the amyloid deposits which is the hallmark of
Alzheimer’s disease, but limitedly reported in prion disease. To estimate the change of a1-ACT
during prion infection, the levels of a1-ACT in the brain tissues of scrapie agents 263K-, 139A- and
ME7-infected rodents were analyzed, respectively. Results shown that a1-ACT levels were
significantly increased in the brain tissues of the three kinds of scrapie-infected rodents, displaying a
time-dependent manner during prion infection. Immunohistochemistry assays revealed the increased
a1-ACT mainly accumulated in some cerebral regions of rodents infected with prion, such as cortex,
thalamus and cerebellum. Immunofluorescent assays illustrated ubiquitously localization of a1-ACT
with GFAP positive astrocytes, Iba1-positive microglia and NeuN-positive neurons. Moreover,
double-stained immunofluorescent assays and immunohistochemistry assays using series of brain
slices demonstrated close morphological colocalization of a1-ACT signals with that of PrP and PrPSc

in the brain slices of 263K-infected hamster. However, co-immunoprecipitation does not identify any
detectable molecular interaction between the endogenous a1-ACT and PrP either in the brain
homogenates of 263K-infected hamsters or in the lysates of prion-infected cultured cells. Our data
here imply that brain a1-ACT is increased abnormally in various scrapie-infected rodent models.
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Direct molecular interaction between a1-ACT and PrP seems not to be essential for the
morphological colocalization of those two proteins in the brain tissues of prion infection.
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INTRODUCTION

Prion diseases (PrD) are a group of chronic
and fatal neurodegenerative disorders usually
infect the central nervous system (CNS) of
human beings and other mammals, for
instance, scrapie in sheep and goats, bovine
spongiform encephalopathy (BSE) in cattle,
as well as chronic wasting disease (CWD) in
mule, deer and elk. Human prion diseases
consist of Creutzfeldt-Jakob disease (CJD),
fatal familial insomnia (FFI), Gerstmann-
Str€aussler-Scheinker syndrome (GSS) and
Kuru.1 The causative of these diseases known
as prion, an unconventional and unique path-
ogen, which conformational conversion from
a normal prion protein (PrPC) to a pathogenic
PrPSc form which is characterized by fiber-
like polymers, aggregation, partially resis-
tance to protease digestion, and resistance to
detergent solubilization. Besides of accumu-
lation of PrPSc in the affected tissues during
its extremely long incubation period, the pri-
mary neuropathological characteristics are
neuron loss, spongiform degeneration and
astrogytosis, therefore, these kinds of diseases
also called transmissible spongiform encepha-
lopathies (TSEs).2

a1-antichymotrypsin (a1-ACT) is one of
the serine proteinase inhibitors (serpin),
which consists of 3 b-sheets, 8 a-helices and
one active site situated within a hypervari-
able reactive center loop (RCL).3,4 Usually,
a1-ACT exerts their function by binding and
forms equimolar complexes with its target
proteinases to inhibit specific serine pro-
teases.5 a1-ACT is widely expressed in mul-
tiple tissue types, such as liver, heart, lung,
skeletal muscle, brain, spinal cord and pros-
tate.6 Physiologically, a1-ACT presents a
low level in brain tissues.7 In some patholog-
ical conditions, the expression of a1-ACT
may alter abnormally. In the patients with

Alzheimer’s disease (AD), a1-ACT has been
found surrounding astrocytes and is able to
form a complex with toxic beta-amyloid
(Ab)1-42 peptide which is main component
of the senile plaques.8,9 However, the situa-
tion of a1-ACT in the CNS tissues of prion
diseases is unclear. Recently, our proteomic
studies have proposed that the level of a1-
ACT remarkably increases in the brain tis-
sues of the prion experimental rodents and
sCJD patients, but decreases in the cerebro-
spinal fluid (CSF) of sCJD patients,10,11

highlighting that the brain a1-ACT may
undergo abnormal process during the pro-
gression of prion diseases.

In the present study, we found remarkable
up-regulations of a1-ACT in the brain tissues
of scrapie-infected rodent models, especially in
the regions of cortex, thalamus and cerebellum
where severe astrogliosis was observable.
Increased brain a1-ACT displayed a time-
dependent manner during prion infection. The
signals of a1-ACT were ubiquitously colocal-
ized with the glial fibrillary acidic protein
(GFAP)-positive astrocytes, Iba1-p-ositive
microglia and NeuN-positive neurons. More-
over, a1-ACT showed close colocalization
with the signals of PrP and PrPSc in the brain
tissues of scrapie agent 263K-infected hamster.
However, no detectable molecular interaction
was identified between a1-ACT and PrP com-
plexes either in the brain homogenates of scra-
pie agent 263K-infected hamsters or in the
lysates of prion-infected cultured cells.

RESULTS

Significant Increase of a1-ACT in the
Brain Tissues of the Scrapie-Infected
Rodent Models at End Stage

a1-ACT mainly expresses in the astrocytes
of central nerve system (CNS) and displays
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multiple biological functions.8 To see the possi-
ble changes of brain a1-ACT level during prion
infection, the brain homogenates of the scrapie
agent 263K-infected hamsters at terminal stage
were subjected into Western blot with a1-ACT
mAb. Compared with that of healthy controls,
the a1-ACT-specific signals were markedly
stronger in the preparations of three 263K-
infected hamsters, showing significantly
increased in the analysis of the mean gray val-
ues of a1-ACT (Fig. 1A). Remarkable
increases of brain a1-ACT were also detected
in the Western blots of other two scrapie-
infected mouse models, 139A- and ME7-
infected mice, at end stage (Fig. 1A). Further,
the expressions of a1-ACT in the brains of
those scrapie-infected rodents at end stage were
evaluated by a1-ACT-specific IHC assays. As
expected, guanidine-treated PrP-specific IHC
revealed widespread various-size granular
PrPSc-positive signals in brain sections of the
cortex regions of 263K-infected hamsters,
139A- and ME7-infected mice, but not in that
of uninfected control. Numerous large brown
a1-ACT-positive signals were observed in the
brain tissues of those three kinds of scrapie-
infected rodents, predominantly in the gray
matters of cortex, thalamus and cerebellum,
whereas only obviously less, smaller and
weaker the a1-ACT stainings were seen in the
brains of healthy rodents (Fig. 1B and 1C). It
implies that the brain a1-ACT levels were
markedly increased in the scrapie-infected
rodent models at end stage.

Time-Dependent Increases of a1-ACT
During the Incubation Period of Scrapie
Infection

To evaluate the dynamic alterations of
a1-ACT during scrapie infection, the brain
samples of 263K-infected hamster collected
on the 10th, 30th, 50th and terminal stage
(70th) dpi, and the brain samples of 139A
and ME7-infected mouse collected on the
86th, 117th, 147th and terminal stage (179th)
dpi were comparatively analyzed by a1-
ACT specific Western blot. Meanwhile, the
presences of PrPSc in those samples were

tested by PK-treated PrP specific Western
blot. It revealed that the a1-ACT levels in
the brain samples of 263K-infected hamster
were clearly up-regulated in the samples of
10 dpi, maintained at high level in those
collected at the subsequent time-points (30
and 50 dpi) till the end of disease (70 dpi).
Meanwhile, PrPSc signals were observable
in brains of 263K-infected hamsters of 50
dpi and much stronger in that of 70 dpi
(Fig. 2A). Similarly, the levels of the brain
a1-ACT in ME7-infected mice were contin-
ually increased in the samples of 117 and
147 dpi and reached to the top in that of
179 dpi, while the PrPSc signals were
detectable in the samples since 117 dpi and
increased steadily in the following ones
(Fig. 2B). It displays a time-dependent
increase of brain a1-ACT during prion
infection.

Comprehensive Distributions of a1-ACT
in the Proliferative Astrocytes and
Microglia, as well as the Damaged
Neurons in the Brain of Scrapie-Infected
Hamsters

To assess the distributions of brain a1-
ACT after prion infection, the brain slices of
the 263K-infected hamsters at the end stage
were immunofluorescently double-stained by
a1-ACT antibody together with the antibod-
ies against the biomarker for astrocytes
(GFAP), microglia (Iba1) or neuron (NeuN)
individually. Robustly stronger a1-ACT sig-
nals (green) were observed in the brain sec-
tions of 263K-infected hamsters than those of
normal ones under confocal microscopy
(Fig. 3). Large amounts of a1-ACT signals
(green) co-localized with the GFAP- and
Iba1-positive cells (red) in the slices of
263K-infected hamsters, whereas much less
colocalization between a1-ACT and GFAP
or Iba1 signals was visible in those of the
normal hamsters (Fig. 3A and B). In
the brain slices of 263K-infected hamsters,
the increased a1-ACT signals were also over-
lapped with the NeuN-positive cells showing
different sizes and shapes while in those of
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normal hamsters much less and weaker a1-
ACT signals seemed not to overlap with the
large and round NeuN-stained cells (Fig. 3C).
It illustrates a comprehensive distribution of

a1-ACT in the reactively proliferative astro-
cytes and microglia, as well as damaged neu-
rons in the brains of scrapie infected
hamsters.

FIGURE 1. Comparative analyses of the levels of a1-ACT in the brains of the scrapie-infected
rodent models. a Western blots of the brain homogenates of various scrapie-infected rodent mod-
els at the terminal stage and the individual age-matched normal ones. Each group contains three
individual animals. The scrapie strains are indicated on the top of each graph and the quantitative
assays of the various blots normalized with the data of b-actin are indicated on the left. b Represen-
tative IHC assays of a1-ACT in the sections of various brain regions of 263K-infected hamsters at
terminal stage, including the cortex, thalamus and cerebellum (presenting on the top side). The rel-
evant brain sections of normal hamsters are used as control (40 £). The magnified images are
shown under each picture. c Representative IHC analyses of a1-ACT in the sections of various
brain regions of 139A-infected (upper panel) and ME7-infected (lower panel) mice at terminal stage
(40 £).
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To evaluate the difference in fluorescent value
of a1-ACT per cell between uninfected and
263K-infected hamsters, the integrated optical
density (IOD) of a1-ACT per cell from three
slices each group were automatically captured.
Compared with that of uninfected control after
balanced the cell numbers, the average IOD value
a1-ACT per cell in the brain slices of 263K-
infected hamsters was remarkably higher
(Fig. 3D, left panel). Subsequently, the IOD val-
ues of a1-ACT per GFAP- and Iba1-postive cells
were separately counted. Significant higher IOD
values of a1-ACT both per GFAP-positive cell
(Fig. 3D, middle panel) and per Iba1-positive cell
(Fig. 3D, right panel) were also obtained in the
brain slices of 263K-infected hamsters. It suggests
that the increase of brain a1-ACT in prion
infected hamsters at the end course may result
mainly from not only the actively proliferated
astrocytes andmicroglia.

The Association of the Increased a1-ACT
with the Deposits of PrPSc in Brain
Tissues of 263K-Infected Hamsters

a1-ACT has been described to be a major
component of amyloid brain deposits in the
brains of the patients with AD.8,9 To explore
the possible association between a1-ACT and
PrPSc deposits in prion-infected animals, the
brain slices of 263K-infected and normal ham-
sters were double-stained with a1-ACT and
PrP antibodies in IFA. As shown in Fig. 4A,
large amounts of colocalization between a1-
ACT and PrP signals were observed in the brain
slices of 263K-infected hamsters, showing
asteroid or irregular polygon shapes morpho-
logically. Colocalization signals between a1-
ACT and PrP were observed in the brain slices
of normal hamsters, with significantly less
amount and small size.

FIGURE 2. Dynamic assays of the alterations of a1-ACT, total PrP and PrPSc in the brains of prion-
infected rodent models during incubation periods. a Western blots for a1-ACT, total PrP and PrPSc

in the brain of 263K-infected hamsters. The brain samples were collected 0, 20, 40, 60, 80 dpi. b
Western blots for a1-ACT, total PrP and PrPSc in the brain of ME7-infected mice. The brain sam-
ples were collected 0, 86, 117, 147, 179 dpi. Various blots are indicated on the left. The quantitative
analysis of gray values of total PrP and PrPSc is presented on the right.
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Furthermore, the association of a1-ACT and
PrPSc deposits in the brains of 263K-infected
hamster was evaluated by IHC assays using
serial brain sections. Prior to staining of PrP spe-
cific antibody, the brain sections were exposed
to GdnSCN for the purpose of removing normal
PrPC. As expected, large amounts of a1-ACT
and PrPSc specific signals were identified in vari-
ous brain regions of 263K-infected hamsters,
including cortex, thalamus and cerebellum.
Careful analyses of the serial brain sections of
263K-infected hamsters illustrated that many
brown signals of a1-ACT and PrPSc were at the

same positions (Fig. 4B). It suggests that the
increased a1-ACT may accumulate together
with PrPSc deposits during prion infection.

No Detectable Molecular Interaction
Between a1-ACT and PrP in the Brain
Homogenates of Scrapie-Infected
Hamsters or the Lysates of Prion-Infected
Cell Line

To assess the possible molecular interac-
tion between endogenous PrP and a1-ACT

FIGURE 3. Immunofluorescent analyses of the relationships of a1-ACT with various sorts of cells in
the brains of 263K-infected hamsters at the end of disease and the age-matched normal hamsters
as control. a-c Representative images of the hamsters’ brains double-immunostained with the anti-
bodies of a1-ACT (green) and GFAP, (red) (a), Iba1 (red) (b), or NeuN (red) (c) (100 £). The
zoomed-in pictures are shown on the bottom. d Analyses of the IOD values with the software in
Operatta. The average IOD values of a1-ACT per cell (£ 105) (left panel), per GFAP-positive cell
(£ 105) (middle panel) as well as per Iba1-positive cell (£ 105) (right panel). Statistical differences
between infected and normal animals are indicated above.
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in the brains, 10% brain homogenates of
263K-infected and uninfected hamsters were
performed by immunoprecipitation tests using
pAb a1-ACT as the capturing ones and anti-
PrP (mAb 3F4) as the detecting one. Fig. 5A

revealed that the endogenous a1-ACT was
precipitated with pAb a1-ACT, but no PrP-
specific signal was observed in the precipita-
tions with 3F4 mAb, showing similar blot
patterns as that of mouse IgG control.

FIGURE 4. Analyses of the association of a1-ACT with PrP in brain tissues. a Representative images
of double-stained IFA assays with the antibodies of a1-ACT (green) and PrP (red) on the brain
sections of normal and 263K-infected hamsters (100 £). The zoomed-in pictures are shown on the
bottom. b Representative images of IHC assays for a1-ACT and PrPSc in the serial sections of differ-
ent brain regions of 263K-infected hamsters, including cortex, thalamus and cerebellum (indicated
above). The magnified images are shown on the top right of each picture and the positions of the
observing fields within the whole brain are indicated on the left.
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To get more information of molecular inter-
action between endogenous PrP and a1-ACT
in the scrapie-infected cell model, scrapie
agent Chandler-infected cell line SMB-S15
and its control cell line SMB-PS were sub-
jected into immunoprecipitation. PrP-specific
(mAb 6D11) Western blot illustrated the simi-
lar results that no PrP signal was identified in
the products precipitated by pAb a1-ACT
(Fig. 5B). Those data indicate that endogenous
a1-ACT and PrP, either in the brain tissues or
in the cultured cells, seems not to be able to
form detectable complex.

DISCUSSION

a1-ACT is the member of serine protease
inhibitor superfamily of proteins, of which no
less than 700 have been identified in eukaryotes
and prokaryotes.5 In this study, we have found
the abnormally upregulated a1-ACT in the
brains of scrapie infected experimental rodents.

Actually, the increased brain a1-ACT has not
only been found in the senile plaques and
surrounding astrocytes, but also been identified
to form the complex with toxic Ab1-42 peptide
in patients with AD.12,13 Moreover, polymor-
phism of the a1-ACT gene is a susceptibility
factor for some neurological illnesses, such as
a1-ACT gene might be related to the early
onset of PD and MSA.14,15 Those data indicate
that the upregulation of a1-ACT may be a com-
mon neuropathological characteristic for differ-
ent neurodegenerative diseases.

Global microarray screens have identified
the transcriptional levels of a1-ACT are
remarkably elevated not only in the brains of
different scrapie-infected mouse models, but
also in the occipital cortices of sCJD patients.16

Previous study has reported that the transcrip-
tion of a1-ACT was highly upregulated in the
brains of scrapie-infected mice and increased
progressively during prion infections.16 It sug-
gests that the elevation of brain a1-ACT tran-
scription and expression may occur in prion

FIGURE 5. Evaluation of the molecular interaction between endogenous a1-ACT and PrP with
immunoprecipitation assays. a Brain homogenates of normal and 263K-infected hamsters. The
proteins in homogenates were precipitated with pAbs against a1-ACT or rabbit IgG (marked as iso-
type) and subsequently evaluated by PrP-specific Western blots. b Lysates of SMB-S15 and SMB-
PS cells. The proteins in cell lysates were precipitated with pAb a1-ACT or rabbit IgG (marked as
isotype) and subsequently evaluated by PrP-specific Western blots. Aliquots of brain homogenates
or cell lysates (marked as input) were directly loaded into SDS-PAGE as internal controls. HC and
LC represent the heavy chain and light chain of IgG.
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diseases of different species. Our IHC data here
exhibit that the increased a1-ACT occurs
mainly in some cerebral regions of 263K-
infected hamsters, 139A and ME7-infected
mice, such as cortex, thalamus and cerebellum,
where exhibit severe astrogliosis. IFA data
illustrate that the a1-ACT signals predomi-
nately colocalize with the GFAP-positive astro-
cytes and Iba1-positive microglia, especially in
the brains of scrapie infected mice at terminal
stage. Quantitative analysis reveals that the
increased brain a1-ACT intensity shows close
association not only with the increased cell
numbers of astrocytes and microglia, but also
with the increased a1-ACT expressing quantity
per cell during prion infection. It strongly indi-
cates that the major sources for overexpressing
a1-ACT are the reactive proliferating astro-
cytes and microglia during prion pathogenesis.

Astrocytes is one of the most abundant cell
types in brain tissues and more easily to present
reactive astrogliosis during prion infection.
Microglia activation is also repeatedly reported
in many neurodegenerative diseases.17-19 Once
activation, microglia has the ability to transform
into phagocytes and release various substrates
such as cytokines/chemokines, nitric oxide, free
radicals, etc.20 As a kind of acute-phase inflam-
matory protein, the expression of a1-ACT can
be stimulated by the presences of cytokines,
such as IL-1, IL-6 and TNF-a.21-23 More stud-
ies illustrate the levels of some cytokines are
elevated in the brains of rodents infected with
prion.24,25 Therefore, according to the data here
and many other observations, we speculate that
upon the propagation and accumulation of PrPSc

in the brains during prion pathogenesis, the
astrocytes and microglia in the brains are reac-
tively activated from the steady state to active
proliferation, followed by releasing some cyto-
kines and stimulating the microglia and astro-
cytes to synthesis a1-ACT.

The association with Ab amyloid deposits
with the increased a1-ACT has been addressed
pathologically and molecularly.12,13,26 Study of
AD with transgenic mouse models also demon-
strates that the tg mice expressing both ACT
and APP contain more age-related plaque depo-
sition in the brains than that expressing APP
alone.9 Using serial sections of brain tissues,

the specific stainings of a1-ACT and PrPSc in
IHC seems to locate at the same positions. IFA
data also illustrate colocalization of a1-ACT
signals with PrP proteins. Moreover, unlike the
merged signals of a1-ACT and PrP in the nor-
mal brain slices with cell-like morphology, the
merged signals in the infected brain slices were
much larger, rough and irregular, which may
indicate a colocalization of a1-ACT with PrPSc

deposits. PrP protein illustrates active molecu-
lar interaction with other proteins and more
than 20 various PrP-partner proteins have been
identified in the past two decades.27 Actually,
a1-ACT has the ability to interact with some
proteins, such as cathepsin G, human glandular
kallikrein 2, mast cell chymases, pancreatic cat-
ionic elastase, kallikrein 3 (prostate specific
antigen) and Ab. However, under our experi-
mental condition, we fail to figure out the
a1-ACT-PrP complex either in the brain homo-
genates of normal and 263K-infected hamsters,
or in the lysates of prion infected cell lines
SMB-S15 and its normal control SMB-PS that
contain detectable endogenous a1-ACT. Albeit
the experimental bias cannot be absolutely
excluded, no detectable molecular interaction
between the native a1-ACT and PrP in brain
tissues and cultured cells suggest that direct
molecular binding of those two proteins may
not be essential for the histological colocaliza-
tion of those two signals observed in IHC and
IFA assays. Whether such morphological
colocalization between a1-ACT and PrP in the
brains of prion infected animals is via the
potential third partner element deserves further
exploration.

Our IFA results here have also illustrated the
overlapping images of a1-ACT signals with the
neurons, even the morphologically shrunken
neurons, in the brains infected with agent
263K, but very rare with that in the normal
control. One of the possibilities for the colocali-
zation of a1-ACT with neurons in the scrapie-
infected brains might be the increased
expression of a1-ACT in the neurons due to
prion replication or accumulation. However,
the evaluations of a1-ACT by Western blot,
real time PCR and IFA in the prion infected
cell lines SMB-S15 and its normal control
SMB-PS do not identify distinguishable
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difference (Fig. S1), highlighting that the PrPSc

replication and accumulation in neuron-derived
cells, at least in vitro, does not significantly
change the transcription and expression of the
cellular a1-ACT. Another possibility is that the
a1-ACT overlapped on neurons in the scrapie-
infected brains comes from active secretion of
a1-ACT of the proliferating astrocytes during
prion infection. Besides of the overexpression
of a1-ACT surround of Alzheimer amyloid pla-
ques, clearly elevated a1-ACT have been
reported in cerebrospinal fluid and plasma of
AD patients.28-31 Additionally, the levels of
a1-ACT have been reported to be substantially
upregulated in urine of patients with sCJD and
the animals with natural prion disease, such as
cattle with BSE and deer with CWD.16 Those
data indicate that the overexpressed a1-ACT
can secret and distribute extensively in CNS
tissues and other body fluids, which eventually
deposits onto neurons via unknown pathway.

Hyperphosphorylation and accumulation of
tau leading to formation of neurofibrillary tan-
gles (NFT) in neurons and tau aggregation in
glial cells are the main pathological hallmarks
of AD as well as other tauopathies. The purified
a1-ACT has ability to induce tau phosphoryla-
tion and apoptosis in primary mouse and
human neurons.32 Various kinds of abnormal
tau pathology have been also described in dif-
ferent types of prion diseases, such as the aber-
rant phosphorylation of tau, alterations of tau
isoforms.33-36 Increase of tau in CSF samples is
used as diagnostic criteria for sCJD in many
countries. However, large amount of NFT in
brain is not frequently observed in prion dis-
eases. Obviously, different neurodegeneration
diseases may have different tau pathology. The
exact impact of increased a1-ACT on tau
pathology and pathogenesis in prion disease
deserved to further study.

MATERIALS AND METHODS

Ethics Statement

Usage of animal specimens in this study was
approved by the Ethical Committee of National
Institute for Viral Disease Prevention and

Control, China CDC. Animal housing and
experimental protocols were in accordance
with the Chinese Regulations for the Adminis-
tration of Affairs Concerning Experimental
Animals.

Cell Culture

Scrapie agent Chandler-infected cell line
SMB-S15 and its cured cell line SMB-PS were
obtained from Roslin Institute, UK. SMB-S15
was originally from the brain of a scrapie strain
Chandler-infected mouse and can support scra-
pie prions to replicate continuously in vitro,
which possesses almost same biochemical
characteristics as its original PrPSc in brain tis-
sues.37 SMB-PS is the cured permanently SMB
cells by pentosan sulfate (PS), which removes
the replication and infectivity of PrPSc thor-
oughly.38 Cells were cultured in DMEM with
10% fetal calf serum, under a 5% CO2 and
33�C humidified atmospheres. Cells were col-
lected, counted and stored at ¡20�C for further
study.

Reagents and Antibodies

The following primary antibodies were
enrolled in the present study, including anti-Alpha
1-Antichymotrypsin (a1-ACT) rabbit-derived
polyclonal antibody (pAb) (PAB015Mu01,
Cloud-Clone Corp, USA), anti-b-actin mouse-
derived monoclonal antibody (mAb) (Sc-47778,
Santa Cruz Biotechnology, USA), anti-NeuN
mouse-derived mAb (MAB377, Millipore
Corporation, USA), anti-Iba1 mouse-derived
mAb (ab15690, Abcom, USA), anti-Glial fibril-
lary acidic protein (GFAP) mouse-derived mAb
(#3670, Cell Signaling Technology, USA), PrP
specific mAb 3F4 (MAB1562, Millipore) and
6D11 (Sc-58581, Santa Cruz Biotechnology,
USA).

Horseradish peroxidase (HRP)-conjugated
goat-derived anti-mouse (#31430) or anti-rab-
bit IgG (#31460) were purchased from
Thermo. Alexa Fluor probe labeled secondary
antibodies (A-11034 and A-11004) were pur-
chased from Invitrogen. DAPI (D9542) was
from Sigma. Protease inhibitor cocktail set III
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(539134) were from Merck. HRP-conjugated
secondary antibody for immunohistochemical
staining was from BOSTER (SV0002, China).
Cell protein extraction reagent (CW0889) was
purchased from CWBIO. Enhanced ChemoLu-
minescence (ECL) system (NEL103E001EA)
was the product of PerkinElmer.

Preparation of Brain Homogenates

Brain samples from scrapie agent 263K-
infected hamsters, and from scrapie agents
139A- and ME7-infected mice were enrolled in
this study. The clinical and neuropathological
features of these rodent models have been
described elsewhere.39 Briefly, two weeks of
postnatal rodents were intracerebrally inocu-
lated with various scrapie agents under halo-
thane anaesthesia, respectively. The clinical
symptoms were recorded for statistically. The
incubation time was calculated from the inocu-
lation to the onset of clinical manifestations.
The incubation periods of the 263K-infected
hamsters varied from 45 to 82 days (66.7§1.1
days). The incubation periods of the 139A and
ME7-infected mice were from 154 to 226 days
(183§23.1 days) and from 165 to 193 days
(184.2§11.8 days), respectively. The brains of
those scrapie-infected rodents were harvested
surgically either under euthanasia with intra-
peritoneal injection of chloral hydrate at the
moribund time or postmortem after death.
Meanwhile, age-matched uninfected healthy
rodents were used as the controls. For dynamic
assays, brain samples of 263K-infected ham-
sters were separately harvested at the different
time points of prion infection: 0, 10, 30, 50,
and 70-day post inoculation (dpi), and brain
samples of the 139A and ME7-infected mice
harvested on the 0th, 86th, 117th, 149th and
179th dpi were included as well. The samples
of 70 dpi of 263K-infected hamsters and that of
179 dpi of 139A and ME7 represented the sam-
ples of terminal stage.

Fresh collected brain tissues were washed in
Tris-buffered saline (TBS, 10 mM Tris-HCl,
133 mM NaCl, pH7.4) for three times, and
then homogenized in lysis buffer (100 mM
NaCl, 10 mM EDTA, 0.5% NP-40, 0.5%

sodium deoxycholate, 10 mM Tris, pH 7.4)
containing protease inhibitor cocktail set III.
The homogenates were centrifuged at 2000 £ g
for 10 min, and the supernatant fractions were
aliquoted for further experiments.

Western Blots

Aliquots of brain homogenates were sepa-
rated by 12% sodium dodecylsulfate polyacryl-
amide gel electrophoresis (SDS-PAGE) and
electro-transferred onto nitrocellulose mem-
branes. Membranes were blocked with 5%
(w/v) skimmed milk in 1 £ Tris-buffered saline
containing 0.1% Tween 20 (TBST) at room
temperature (RT) for 30 min and incubated
with individual primary antibodies at 4�C over-
night. After washing with TBST, membranes
were subsequently incubated with individual
HRP-conjugated secondary antibodies and
reactive signals were developed using a com-
mercial ECL kit. Images were captured by
ChemiDocTM XRSC Imager (Bio-Rad, USA).

To test the protein K (PK)-resistant of PrP in
brain tissues of scrapie-infected rodents, the brain
homogenates of various scrapie-infected rodents
were treated with a final concentration of 25 mg/
ml PK at 37�C for 60 min prior to Western blot
analyses. The PK digestion was stopped by incu-
bating the samples at 100�C for 10 min.

Immunohistochemical Staining (IHC)

Brain tissues were fixed in 10% buffered for-
malin solution and paraffin sections (5 mm in
thickness) were prepared routinely. For PrPSc

immunohistochemical test, the prepared brain
sections were deparaffinized and immersed in
guanidine isothiocyanate for 1h at 4�C. PrP-
specific mAb (1:1000 diluted in 1% normal
goat serum) was incubated with the sections at
4�C overnight. For a1-ACT immunohisto-
chemical test, the sections were incubated with
1:100-diluted anti-a1-ACT pAb at 4�C over-
night. Subsequently, the sections were incu-
bated with 1:250-diluted HRP-conjugated
goat-derived anti-rabbit or anti-mouse second-
ary antibody at 37�C for 1h, and visualized
by incubation with 3, 30-diaminobenzidine
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tetrahydrochloride (DAB). The slices were
counterstained with hematoxylin for 1 min,
dehydrated and routinely mounted. The images
were captured with an attached digital color
camera (DP70, Olympus Optical).

Immunofluorescence Assay (IFA)

Brain sections were subjected to permeate
with 0.3% Triton X-100 in phosphate-buffered
saline (PBS) for 30 min and blocked with nor-
mal goat serum for 1 h. After blocked, sections
were incubated with 1:50-diluted anti-a1-ACT
and 1:50-diluted anti-GFAP, 1:50-diluted anti-
Iba1 or 1:50-diluted anti-NeuN, in dilution
solution (PBS with 2% BSA and 0.3% Triton
X-100) at 4�C overnight. The sections were
subsequently incubated with 1:200-diluted
Alexa Fluor 488-labeled goat-derived anti-rab-
bit and Alexa Fluor 568-labeled goat-derived
anti-mouse secondary antibodies at 37�C for
1 h. After removing secondary antibodies,
DAPI were used to stain the nucleus at final
concentration of 1 mg/ml at RT for 30 min.
The slices were then mounted with permount
and viewed using a PerkinElmer microscopy.

Immunoprecipitation (IP)

2 mg ofa1-ACT captured pAbwasmixedwith
50 ml Dynabeads�-coated Protein G (#100.04D,
Invitrogen, USA) at 4�C overnight and subse-
quently incubated with 400 mg of total protein of
the prepared 10% brain homogenate of normal
and 263K-infected hamster or whole SMB cell
lysate at 4�C overnight. The immunocomplexes
were collected by separating on the magnet and
washed for five times in washing buffer before
being separated by 12% SDS-PAGE. The immu-
nocomplexes were detected by PrP-specific (3F4
or 6D11mAb)Western blots.

Quantitative Real-Time PCR (qRT-PCR)

Real-time PCR in this study was performed
in a Bio Rad CFX96 Real-Time System (Bio
Rad, USA). Total cell RNAs were extracted
from SMB-PS and SMB-S15 cells with Trizol

reagent and were subjected to first-strand
cDNA synthesis with reverse transcription
system (Invitrogen, USA) according to the
manufacturer’s protocols. The specific primers
were designed based on the sequences of
mouse a1-ACT gene (SerpinA3N) in GenBank
(NM_009252.2), including 50- CCCTGAG-
GAGTGGAAGAAT-30 and 50-CCTGATGC
CCAGCTTTGAAA-30, respectively. PCR ampli-
fication was performed in triplicate with a total
of 40 cycles (3 s at 95�C, 30 s at 52�C and 30 s
at 72�C). The comparative Ct (the fractional
cycle number at which the amount of amplified
target reached a fixed threshold) method was
used for the relative quantitative detection of
the expressions of the target gene. The relative
Ct for the target gene was subtracted from the
Ct for the b-actin gene.

Statistical Analysis

In the present study, all experiments were per-
formed at least three times. Statistical analysis
was conducted by the SPSS 17.0 statistical pack-
age. Quantitative analysis of Western blot and
quantification of colocalization were processed
with Image J software. The final results were
presented as mean§ stand error of mean (SEM).
The student’s t test was evaluated for statistical
analysis and P<0.05 was considered significant.
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