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The vertical transmission of a prion disease from
infected mothers to their offspring is believed to be
one of the routes for the natural spread of animal
prion diseases. Supporting this notion is the observa-
tion that prion infectivity occurs in the placenta of
infected ewes. Furthermore, the prion protein (PrP),
both in its cellular form (PrPC) and its pathological
isoform (PrPSc), has been observed at the fetal-mater-
nal interface of scrapie-infected sheep. However,
whether these features of prion infectivity also hold
true for human prion diseases is currently unknown.
To begin to address such an important question, we
examined PrP in the uterus as well as gestational
tissues, including the placenta and amniotic fluid, in
a pregnant woman with sporadic Creutzfeldt-Jakob
disease (CJD). Although the proteinase K (PK)-resis-
tant prion protein, PrP27-30, was present in the brain
tissues of the mother, the PrP detected in the uterus,
placenta, and amniotic fluid was sensitive to PK di-
gestion. Unlike PrPC in the brain and adjacent cere-
brospinal fluid, the predominant PrP species in the
reproductive and gestational tissues were N-termi-
nally truncated, similar to urine PrP. Our study did
not detect abnormal PrP in the reproductive and ges-

tational tissues in this case of CJD. Nevertheless, ex-
amination by a highly sensitive bioassay is ongoing to
ascertain possible prion infectivity from CJD in the
amniotic fluid. (Am J Pathol 2009, 174:1602–1608; DOI:

10.2353/ajpath.2009.081045)

The transmissible prion diseases affecting both humans
and animals are characterized by the accumulation of an
infectious prion protein particle (PrPSc) mainly in the cen-
tral nervous system (CNS) and occasionally in the periph-
eral tissues.1–4 Animal prion diseases such as scrapie in
sheep and goats, chronic wasting disease in deer and
elks, and bovine spongiform encephalopathy in cattle are
believed to spread naturally by oral transmission, close
contact between animals, and maternal transmission. In-
deed, Western blot analysis and bioassays have demon-
strated that PrPSc and prion infectivity are present not
only in the CNS, but also in many peripheral tissues
including the tonsils, spleen, lymph nodes, nasal mu-
cosa, distal colon, ovaries, uterus, skeletal muscle, pla-
centa, and amniotic fluid of affected animals.2

In humans, the transmission of prion diseases has
been observed in the acquired form of the disease in-
cluding kuru, iatrogenic Creutzfeldt-Jakob disease
(iCJD), and variant CJD (vCJD).5 Kuru is associated with
cannibalistic rituals,6,7 whereas iCJD is caused by prion
exposure in the course of medical or surgical proce-
dures, and vCJD has been attributed to the consumption
of prion-contaminated meat.8,9 In addition to CNS, PrPSc

has also been detected in the tonsils, spleen, lymph
node, retina, optic nerve, rectum, adrenal gland, and
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thymus of vCJD and in the spleen and skeletal muscles of
sporadic CJD (sCJD).3,4 However, it remains unknown
whether human prion diseases are vertically transmitted
in pregnancy. For instance, none of four offspring born to
four gravid women with CJD had reportedly developed
the disease when they reached the respective ages of
22, 10, 7, and 3 years.10 In addition, no reports are
available concerning examination of PrP in the uterus and
gestational tissues from prion-affected patients.

We examined PrPSc distribution in CNS, uterus, and ges-
tational tissues from a woman affected with prion disease,
who had become pregnant and delivered a baby boy dur-
ing the time she had the disease. Typical PK-resistant PrP
core fragments and neuropathological changes, character-
istic of sCJD (with PrPSc type 1 carrying a valine/valine
polymorphism at codon 129 of PrP gene), were detected in
the brain tissues obtained at either biopsy or autopsy.
Although PrP was detectable in the uterus, placenta, and
amniotic fluid, it was PK-sensitive. Moreover, neither con-
ventional nor enrichment-based Western blot analysis re-
vealed the presence of abnormal PrP species. In contrast to
the PrP in the brain and cerebrospinal fluid (CSF), the PrP
detected in the uterus and gestational tissues, including
placenta and amniotic fluid, was N-terminally truncated,
similar to that normally found in the urine. Although the
presence of prion infectivity in tissue remains to be de-
termined by highly sensitive bioassay, our current study
suggests that abnormal PrP species, including both PK-
resistant and PK-sensitive forms, are undetectable in the
uterus and gestational tissues in sporadic CJD.

Materials and Methods

Reagents and Antibodies

Sodium phosphotungstic acid (NaPTA), proteinase K
(PK), and phenylmethyl sulfonyl fluoride were purchased
from Sigma Chemical Co. (St. Louis, MO). Peptide N-
glycosidase F (PNGase F) was purchased from New
England Biolabs (Beverly, MA) and used according to the
manufacturer’s protocol. Reagents for enhanced chemi-
luminescence (ECL Plus) were from Amersham Pharma-
cia Biotech, Inc. (Piscataway, NJ). Magnetic beads
(Dynabeads M-280, tosyl-activated) were from Dynal Co.
(Oslo, Norway). Anti-PrP antibodies, including rabbit anti-
C-terminal antiserum immunoreactive to human PrP res-
idues 220 to 231, mouse monoclonal antibody 3F4
against human PrP residues 109 to 112, mouse mono-
clonal antibody 1E4 against human PrP 97 to 108 (Cell
Sciences, Canton, MA), and mouse monoclonal antibody
6H4 against human PrP 145 to 152 (Prionics AG, Zurich,
Switzerland) were used.11–14

Human Tissues

Consent to use autopsy and biopsy material for research
purposes was obtained for all samples. The neuropatho-
logical examination of biopsy and autopsy specimens of
the proband was performed at the Indiana Alzheimer
Disease Center, Indianapolis, IN, and at the National

Prion Disease Pathology Surveillance Center, Cleveland,
OH (http://www.cjdsurveillance.com/). Biopsy brain tis-
sues were immediately frozen in liquid nitrogen and stored
at �80°C. The autopsy was performed within 20 hours of
death. Clinical data and relevant hospital records were ex-
amined. Brains, CSF, and urine were from patients free of
neurological disorders and PrP mutations indicated by neu-
rohistology, immunohistochemistry, Western blotting, and
genetic analysis at National Prion Disease Pathology Sur-
veillance Center, Cleveland, OH. The normal uterine and
placental tissues and amniotic fluid were provided by the
Pathology Department Human Tissue Procurement Facility,
Case Western Reserve University/University Hospital Case
Medical Center, Cleveland, OH.

Preparation of Tissue Homogenates

The 10% (w/v) brain, uterus, and placenta homogenates
were prepared in 9 vol of lysis buffer (10 mmol/L Tris, 150
mmol/L NaCl, 0.5% Nonidet P-40, 0.5% deoxycholate, 5
mmol/L ethylenediaminetetraacetic acid, pH 7.4) with
pestle on ice. When required, the tissue homogenates
were centrifuged at 1000 � g for 10 minutes at 4°C to
collect supernatants (S1).

Preparation of Gene 5 Protein

The recombinant g5p was isolated from Escherichia coli,
transformed with an Ff gene 5-containing plasmid and
purified using DNA cellulose affinity plus Sephadex G75
sizing columns as described.15 The purity was �99% as
determined by quantitation of Coomassie Blue-stained
bands on sodium dodecyl sulfate-polyacrylamide gel
electrophoresis.

Molecular Genetic Analysis

Genomic DNA was extracted from frozen brain tissue.
The human prion protein gene (PRNP) coding region
sequence and polymorphism at codon 129 were deter-
mined as previously described.16,17

Histopathology and PrP Immunohistochemistry
of Brain Tissues

Histopathology and PrP immunohistochemistry were per-
formed as described.18 The sections were deparaf-
finized, rehydrated, and immersed in 98% formic acid for
1 hour at room temperature. Endogenous peroxidase
was blocked by immersion in 8% H2O2 in methanol for 10
minutes. Sections were completely immersed in 1.5
mmol/L hydrochloric acid and microwaved for 10 min-
utes. After rinsing, they were incubated with 3F4 at 1:600,
washed, and incubated with secondary antibody (goat
anti-mouse, 1:50; Cappel, Durham, NC) followed by in-
cubation with mouse PAP complex (1:250; Sternberger,
Meyer Immunocytochemicals, Jarrettsville, MD). Diami-
nobenzidine tetrahydrochloride was used to visualize the
immunoreactivity.
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Enrichment of PrP by G5p and 6H4 Beads

The g5p molecule and 6H4 antibody (100 �g) was con-
jugated to 7 � 108 tosyl-activated magnetic beads in 1 ml
of phosphate-buffered saline (PBS) at 37°C for 20 hours.
The g5p- or 6H4 -conjugated beads were incubated with
0.1% bovine serum albumin in PBS to block nonspecific
binding. The prepared g5p or 6H4 beads were stable for
at least 3 months at 4°C. The specific capture of PrP by
g5p or 6H4 was performed as described incubating S1
fractions from the total brain homogenates, CSF, or am-
niotic fluid and g5p- or 6H4-conjugated beads (10 �g
mAb/6 � 107 beads) in 1 ml of binding buffer (3%
Tween-20 and 3% Nonidet P-40 in PBS, pH 7.5).19,20

After incubation with constant rotation for 3 hours at room
temperature, the PrP-containing g5p or 6H4 beads were
attracted to the sidewall of Eppendorf tubes by external
magnetic force, allowing easy removal of all unbound
molecules in the solution. After three washes in wash
buffer (2% Tween-20 and 2% Nonidet P-40 in PBS, pH
7.5), the g5p and 6H4 beads were collected and heated
at 95°C for 5 minutes in sodium dodecyl sulfate sample
buffer (3% sodium dodecyl sulfate, 2 mmol/L ethyl-
enediaminetetraacetic acid, 10% glycerol, 50 mmol/L
Tris-HCl, pH 6.8).

Enrichment of PrP by NaPTA

Precipitation of PrP aggregates by NaPTA was con-
ducted as described with minor modification.3,14 Briefly,
10% (w/v) homogenates from brain, uterus, or placenta
tissues were prepared in PBS lacking Ca2� and Mg2�.
The samples were centrifuged at 1000 � g for 10 minutes
at 4°C. A 500-�l aliquot of supernatant was mixed with an
equal volume of 4% (w/v) Sarcosyl prepared in PBS, pH
7.4, and incubated for 10 minutes at 37°C with constant
agitation. Samples were adjusted to final concentrations
of 50 U/ml Benzonase (Benzon nuclease; Merck & Co.,
Whitehouse Station, NJ) and 1 mmol/L MgCl2 and incu-
bated for 30 minutes at 37°C with constant agitation.
Subsequently, the samples were adjusted with 81.3 �l of
a stock solution containing 4% (w/v) NaPTA and 170
mmol/L MgCl2 at a final concentration in the sample of
0.3% (w/v) NaPTA. Samples were incubated at 37°C for
30 minutes with constant agitation before centrifugation
at 16,000 � g for 30 minutes. After careful isolation of the
supernatant, the pellet was resuspended in 1� lysis
buffer for Western blotting.

Western Blots

Samples were resolved on 15% Tris-HCl Criterion precast
gels (Bio-Rad, Hercules, CA) for one-dimensional gel
electrophoresis. The proteins on the gels were trans-
ferred to Immobilon-P membrane (PVDF, Millipore, Bed-
ford, MA) for 2 hours at 70 V. For probing the PrP mole-
cule, the membranes were incubated for 2 hours at room
temperature with either 3F4 (1:40,000), 6H4 (1:10,000), or
anti-C-terminal antibody (1:4000) as primary antibody.
After incubation with horseradish peroxidase-conjugated

sheep anti-mouse IgG or donkey anti-rabbit IgG at 1:3000,
the PrP bands were visualized on Kodak film (Eastman-
Kodak, Rochester, NY) by the ECL Plus (GE Healthcare,
Fairfield, CT) as described by the manufacturer.

Results

Clinical History

The patient was a 41-year-old pregnant Caucasian
woman who suffered from rapidly progressive behavioral
regression and eventually failed to perform simple activ-
ities of daily living. Shortly after the onset of her symptoms
she became pregnant. Concurrently, she had evidence
of executive cognitive dysfunction followed by weight
loss, insomnia, aggressive behavior, and inability to care
for personal hygiene. The patient had not traveled outside of
the United States nor had she had a blood transfusion,
corneal transplant, or treatment with human growth hor-
mone. There was no family history of dementia or ataxia.

The history, clinical course, and MRI abnormalities
were suggestive of CJD. As the disease progressed, the
patient developed myoclonus and ataxia. The definitive
diagnosis of sCJD was made by neuropathological, mo-
lecular genetic, and Western blot analyses performed at
the Indiana Alzheimer Disease Center, Indianapolis, IN,
and confirmed by the National Prion Disease Pathology
Surveillance Center, Cleveland, OH.

As the clinical neurological symptoms progressed rap-
idly to a state of severe dementia, a cesarean delivery
was performed at 35 weeks of gestation, during which
samples of the amniotic fluid, umbilical cord blood, pla-
centa, a full thickness biopsy of the uterine wall, and a
biopsy of the uterus in the location of the placental bed
were collected for storage and research. Tissues from the
uterus and placenta and �60 ml of the amniotic fluid
were sent to the National Prion Disease Pathology Sur-
veillance Center, Cleveland, OH, for PrP analyses (see
below).

After delivery of a vital baby weighing 2.61 kg and 45.5
cm in length, the patient was closely followed by her
neurologists. Five months after the delivery, the patient
was admitted to the hospital for dehydration. On exami-
nation, she was obtunded and had frequent myoclonic
jerks. The patient died at age 42 years and 1 month, 6
months after the birth of her child.

Histology and Immunohistochemistry of
Brain Tissue

There were severe spongiform degeneration, astroglio-
sis, occasional ballooned neurons, and possible neuro-
nal loss throughout the neocortex (Figure 1A). The hip-
pocampal formation and the basal ganglia were also
severely affected. The cerebellum showed minimal spon-
giform degeneration and no atrophy, and kuru plaques,
while the brain stem was normal (Figure 1A). Immuno-
staining for PrP was weak and consistently showed a fine
granular or synaptic pattern throughout the cerebral cor-
tex (Figure 1B). The neuropathological changes ob-
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served in the brain biopsy samples were similar to those
observed in the autopsy samples.

PRNP Analysis

To determine whether there was a mutation in the PRNP,
DNA was extracted from brain tissues and assessed by
genetic analysis. The polymorphism at codon 129 of
PRNP was of valine/valine and no mutations were ob-
served in the coding region of the PRNP in this patient.

Detection of PrPSc in Brain Tissues Obtained at
Biopsy and Autopsy Using Western Blot

A piece of brain tissue (�77 mg) obtained at biopsy was
homogenized in lysis buffer. The samples treated with PK
at 50 �g/ml were subjected to Western blot analysis with
3F4 antibody. Proteinase K (PK)-resistant PrP 27-30
(rPrPSc) was detected; the unglycosylated rPrPSc frag-
ment migrated at �21 kDa, identifying the rPrPSc as type
1 (Figure 2A). The brain samples received at autopsy
were also examined and the rPrPSc was confirmed to
have a migration pattern similar to the rPrPSc detected in
the biopsy tissue (Figure 2B).

Detection of PrP in the Uterus, Placenta, and
Amniotic Fluid

Western blot analysis showed that although PrPC was
easily detectable in both amniotic fluid and uterus, rPrPSc

was not observed in the CJD and non-CJD control sam-
ples using an antibody termed anti-C, raised against the
carboxyl terminus of human PrP 220-231 (Figure 3A).
Only faint PrP bands from both CJD and non-CJD pla-
centa samples were observed in overexposed films and
they were all PK-sensitive (Figure 3A).

To determine whether there is a small amount of PrPSc

in these tissues, a large amount of samples (6 ml of
amniotic fluid) was subjected to a gene 5 protein (g5p)-
based enrichment of PrPSc before Western blot analysis.
G5p is capable of capturing both rPrPSc and PK-sensitive
PrPSc (sPrPSc) species.14,20,21 Although the g5p beads
precipitated the abnormal PrPSc from 5 �l of CJD brain
homogenate, PrP was not detectable in samples cap-

tured by g5p from 6 ml of amniotic fluid and 6 ml of
uterine and placental homogenates each in both CJD
and non-CJD controls (Figure 3B and data not shown).
PrP was immunoprecipitable by 6H4-conjugated beads
(Figure 3B). However, the PrP species precipitated from
12 ml of amniotic fluid of both CJD and non-CJD control
was sensitive to PK digestion, suggesting that it is PrPC

(Figure 3B). There were faint bands migrating between
20 kDa and 35 kDa in the PK-treated amniotic fluid from
both non-CJD and CJD in the blots probed with1E4
against human PrP 97-108 and anti-C (Figure 3B and
data not shown). These bands should not represent PrPSc

because they were detected in both non-CJD and CJD
samples (data not shown). Using sodium phosphotungstate
(NaPTA), another reagent that has been widely used for
precipitating abnormal PrP, a small amount of PrP was also
precipitated from the uterus but not the placenta of both

Figure 1. Histology and immunohistochemistry
of brain tissues. A: Widespread spongiform de-
generation, often with large vacuoles, was ob-
served in the cortex. Reactive astrocytes also
were prominent. Inset: Ballooned neuron. B:
Immunostaining for the prion protein demon-
strated very minute positive granules, some of
which are indicated with circles, in the cortical
regions with severe spongiform degeneration
using antibody 3F4.

Figure 2. Detection of rPrPSc in brain tissues obtained at biopsy and autopsy.
A: rPrPSc in brain tissue obtained at biopsy was detected with Western blot
analysis. Ten percent of brain homogenates from the current case, negative
(Neg), or positive (Pos) CJD cases were treated with or without PK. A 5 �l or
20 �l of sample each was used for Western blotting. PK-resistant PrP was
detected in either 5 �l or 20 �l of samples of the current case. The gel
mobility of the PK-resistant PrP fragments from this case matches that of
rPrPSc type 1 control. T1, rPrPSc type 1 control; T2, rPrPSc type 2 control. B:
The rPrPSc in brain sample obtained at autopsy was also examined with
Western blotting. Blots in A and B were probed with 3F4.

PrP Detection in a Gravida with CJD 1605
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CJD and non-CJD (Figure 3, C and D). However, the PrP
species precipitated by NaPTA from CJD and non-CJD
uterus was sensitive to PK digestion (data not shown).

Characteristics of PrP from the Uterine and
Gestational Tissues

We compared the electrophoretic mobility of PrP ob-
tained from a variety of samples including amniotic fluid,
uterus, placenta, brain, CSF, and urine. Using the anti-C

to residues PrP 220 to 231, PrP was detected in all
samples despite the very small amount in the placenta
(Figure 4A). The mobility of most PrP species from the
brain and CSF was between �38 kDa and �20 kDa. In
contrast, the migration of most PrP species from the
amniotic fluid, uterus, and placenta was between 35 kDa
and 26 kDa. Moreover, using 3F4 antibody against PrP
109-112, PrP was only detected in the brain and CSF
but not in the peripheral tissues (Figure 4B), indicating
that predominant PrP species from the amniotic fluid,
uterus, and placenta are N-terminally truncated, similar
to the urine PrP. This is consistent with previous
observations.22–24

Figure 3. Detection of PrP in the uterus, placenta, and amniotic fluid. A: PrP
in the uterus, placenta, amniotic fluid, and brain from the present case was
detected with conventional Western blotting. Tissue homogenate (15 �l)
from uterus and placenta, or 15-�l of amniotic fluids from the patient were
examined. As controls, uterine and placenta tissues and amniotic fluid from
nonprion disease patients (Con) were also examined. The blot was probed
with antibody against the PrP C-terminal domain 220-231 (anti-C antibody).
B: PrP detection in amniotic fluid (AF) with Western blotting after enrich-
ment. PrP was captured by the g5p-conjugated beads from 5 �l of brain
homogenate from the present case and the truncated PrP fragments were
detectable after PK treatment of the sample precipitated by the g5p beads. In
contrast, PrP was not captured by the g5p beads from 6 ml of amniotic fluid
of normal control (Con) or the present case. Although a large amount of PrP
was immunoprecipitated by the 6H4-conjugated beads from 6 ml of AF of
both control and the present case, No PrP was detectable in the patient’s
amniotic fluid after PK treatment. The blots were probed with anti-C anti-
body. C and D: PrP enrichment from the uterus and placenta by NaPTA. The
PrP molecule was precipitated by NaPTA from 500 �l of 10% tissue homog-
enate from the uterus or placenta of normal (Non-CJD) (D) or present case
(sCJD) (C) before Western blot analysis with 6H4 antibody. Small amounts of
PrP were recovered from the uterus but not from the placenta of controls and the
present case by NaPTA. T2, control rPrPSc type 2 directly loaded onto the gel.

Figure 4. Comparison of profiles of PrP from different tissues. A: The profile
of PrP from the uterus, placenta, and amniotic fluid (AF) was compared with
that of PrP from brain, CSF, and urine using Western blot analysis with anti-C
antibody. The migration of most PrP species from the uterus, placenta, and
AF is between 24 and 34 kDa, significantly different from that of PrP from the
brain and CSF but similar to that of urine PrP. B: PrP from CSF, urine,
amniotic fluid (AF), uterus (Ute), placenta (Pla), and brain was probed with
3F4. PrP was detectable in CSF and brain samples but not in urine, AF, uterus,
and placenta. C: Samples from CSF, urine, AF, uterus, placenta, and brain
were deglycosylated with PNGase F before Western blot analysis with anti-C
antibody. As expected, PrP from CSF and brain shows two major bands
corresponding to the �28- to 29-kDa full-length and �18- to 19-kDa N-
terminally truncated PrP whereas PrP from urine, AF, uterus, and placenta
shows only one major band corresponding to the �18- to 19-kDa N-termi-
nally truncated PrP fragment.
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To further confirm that the dominant PrP species from
the uterine and gestational tissues are N-terminally trun-
cated, the samples were subjected to deglycosylation
with PNGase F. After treatment with PNGase F, by using
the anti-C antibody two major PrP fragments were de-
tected in brain tissues and CSF migrating at �28 kDa and
�18 kDa. In contrast, only one major PrP band was
detected in the amniotic fluid, uterus, placenta, and urine
migrating at �18 kDa (Figure 4C). As expected, the PrP
band migrating at �28 kDa, corresponding to the full-
length PrP, was only detected in brain tissue and CSF,
but not in the uterine and gestational tissues and urine
(Figure 4C).

Discussion

It is widely thought that vertical transmission constitutes
one route for the natural spread of prion diseases in
animals, including scrapie in sheep and goats and bo-
vine spongiform encephalopathy in cattle. However, the
precise mechanism underlying the transmission of prion
infectivity from ewe to lamb remains poorly understood.
Since it has been demonstrated that prion infectivity is
harbored in the blood of sheep with scrapie,25 vertical
transmission could simply result from the large accumu-
lation of blood in the placenta. Indeed, PrPSc has been
observed at the fetal-maternal interface of infected
sheep.22,26 As for human prion diseases, to date eight
gravid women with CJD (including the current case) have
been documented through the completion of pregnancy
and delivery of their neonates.10,27–29 In addition, an
11-month-old girl born to a mother with vCJD was sus-
pected to have the disease, inasmuch as she presented
with convulsions and stiff limbs and had difficulty swal-
lowing.30 However, to our knowledge, the diagnosis of
CJD in this case has never been established. In fact, no
case of vCJD has ever been reported in a baby to date.
The youngest patient (a 12-year-old girl) with vCJD had
no maternal history of the disease.31 Prion disease has
been transmitted by inoculation to BALB/c mice with
placenta and colostrum as well as leukocytes from um-
bilical cord blood samples, but not from amniotic fluid,
from only one of the eight pregnant women.28 The finding
of human-to-human transmission of vCJD through blood
transfusion32 further implies the possibility that transmis-
sion from infected gravid women to neonate could occur
through the placenta, a part of fetoplacental blood reser-
voir. But, neither the presence nor the individual features
of PrP have been reported in the reproductive and ges-
tational tissues in CJD and nonprion disease cases.

Genetic analysis revealed homozygosity valine at
codon 129 and no mutation in the coding region of the
PrP gene. Western blot of brain tissues obtained at bi-
opsy and autopsy demonstrated the presence of rPrPSc

type 1 (Figure 2), whereas neuropathological examina-
tion revealed severe spongiform degeneration, astroglio-
sis, and the presence of ballooned neurons associated
with weak PrP immunostaining, displaying a fine granular
pattern (Figures 1 and 2).33 Cumulatively, these charac-
teristics unquestionably define this case as sCJDVV1.33

Our study indicated that most of the PrP in the uterus,
placenta, and amniotic fluid is truncated at the N-terminal
and shares gel mobility (�18 kDa) with C1, a C-terminal
PrP fragment generated during normal metabolism of
PrPC in the brain.12 It is noteworthy that the gel mobility of
the PrP fragment present in these tissues is similar to that
of the urine PrP, but different from that of CSF and brain,
in agreement with earlier observations.22–24 The differ-
ence in the PrP profile between CNS and peripheral
organs suggests that PrP may be subject to distinct
metabolic pathways in the brain and peripheral organs.
But the molecular mechanism associated with the gener-
ation of different PrP profiles needs to be further investi-
gated. No significant differences in the amount and pro-
file of PrP from these peripheral tissues were observed
between normal controls and this CJD case. The rPrPSc

type 1 was detected in the brain from the patient but not
in the uterus, placenta, and amniotic fluid even after
using g5p enrichment procedure. Although a small
amount of PrP was precipitated from the uterus of the
present case by NaPTA, a similar amount of PrP was also
precipitated from the control (Figure 3C). Thus the cap-
tured PrP by NaPTA is unlikely to be associated with CJD.

PrPC and PrPSc in the reproductive and gestational
tissues have been well characterized in normal and
scrape-infected sheep using Western blot analysis and
immunohistochemistry.26,22,34 N-terminally truncated
and glycosylated PrPC that migrates at �23 to 37 kDa,
has been observed in cotyledonary chorioallantois, allan-
toic fluid, endometrium, myometrium, oviduct, and ovary
of pregnant and nonpregnant uninfected ewes.22 In ad-
dition, PrPC in low or undetectable amounts was ob-
served in intercotyledonary chorioallantois, amnion, and
amniotic fluid. When detectable, PrPC had an electro-
phoretic mobility of �18 to 22 kDa after deglycosylation.
The rPrPSc fragments were detected in enriched tissue
homogenates of uterine caruncular endometrium and
placental cotyledonary chorioallantois but not in other
parts of the uterus or placenta, nor in amniotic fluid from
pregnant scrapie-infected ewes.22 By immunohisto-
chemistry, PrPSc staining was observed mainly in the
uterine endometrial epithelium, trophoblast cells, and
multinucleate cells in zone A of the maternal endometrial
crypts of scrapie-infected ewes.34 Interestingly, the
rPrPSc bands present in sheep placenta had lower mo-
lecular mass than did corresponding bands from the
brain.26 It has been proposed that the differences in the
size and glycosylation patterns of the PK-resistant PrP in
the placenta and brain represent unique PrPSc process-
ing in different tissues.26,35

Although our current study did not detect abnormal
PrP species in the uterus and gestational tissues, includ-
ing the placenta and amniotic fluid from this CJD case, it
must be emphasized that only portions of the uterine and
placental tissues were examined. Given localization of
PrPSc only in certain areas of the uterus and placenta of
the infected ewes,22,34 additional studies on more areas
of these organs from gravid women with CJD are needed.
Moreover, whether these tissues are infectious remains to
be further determined by bioassay. Because the amniotic
fluid is continually being swallowed and inhaled by the
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fetus during pregnancy, it is important to determine
whether or not amniotic fluid harbors prion infectivity.
Although close long-term follow-up of the offspring of the
eight pregnant women with CJD is necessary, a definitive
negative result of the transmissibility studies by direct
bioassay or by amplification-based detection of repro-
ductive and gestational tissues including the amniotic
fluid would greatly relieve these children and their fami-
lies from discomfort and anguish.
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