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Simone Müller-Hellwig, Erwin Märtlbauer, and Werner M. Amselgruber

Institute for Hygiene and Technology of Milk, Ludwig-Maximilian Universität, Munich, Germany (AD,RD,EM); Anatomy and
Physiology of Domestic Animals, University of Hohenheim, Stuttgart, Germany (MS,WMA); Institute for Microbiology and
Toxicology, Federal Research Centre for Nutrition and Food, Kulmbach, Germany (MG); Federal Research Institute for Animal
Health, Friedrich-Loeffler-Institute, Insel Riems, Germany (MHG); and Unit of Microbiology, Zentralinstitut für Ernährungs-
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SUMMARY The cellular prion protein (PrPc) is a highly conserved glycoprotein with a still
enigmatic physiological function. It is mainly expressed in the central nervous system but
accumulating data suggest that PrPc is also found in a broad spectrum of non-neuronal tissue.
Here we investigated the cell-type-related PrPc expression in the bovine mammary gland by
using immunohistochemistry (IHC), ELISA, Western blot, and real-time RT-PCR. Specific
immunostaining of serial sections revealed that PrPc is selectively localized in mammary gland
epithelial cells. Particularly strong expression was found at the basolateral surface of those
cells showing active secretion. Results obtained by RT-PCR and ELISA complemented IHC
findings. No correlation was found between the level of PrPc expression and other pa-
rameters such as age of the animals under study or stage of lactation.
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TRANSMISSIBLE SPONGIFORM ENCEPHALOPATHIES (TSE) be-
long to a family of neurodegenerative disorders char-
acterized by accumulation of the pathological isoform
(PrPsc) of host-encoded cellular prion protein (PrPc).
Because it has been shown that conversion of PrPc to
PrPsc plays a crucial role in prion disease (reviewed by
Prusiner 1998), numerous investigations have addressed
tissue-specific expression of PrPc in neurons and also in
a variety of non-neuronal tissues of different species
(Horiuchi et al. 1995; Fournier et al. 1998; Pammer
et al. 1999; Brown et al. 2000; Ford et al. 2000; Peters
et al. 2000; Burthem et al. 2001; Moudjou et al. 2001;
Bounias and Purdey 2002; Tichopad et al. 2003). With
regard to the expression of PrPc in cattle, only few
systematic investigations have been carried out so far.
Particularly, basic information on cell-type-specific
PrPc distribution in the bovine mammary gland and its

potential secretion with milk is not available, although
the work of Moudjou et al. (2001) indicated a low con-
centration of PrPc in the ovine mammary gland. All
other studies published to date concentrated on the po-
tential infectivity of udder tissue or milk (Middleton and
Barlow 1993; Taylor et al. 1995). Because these and epi-
demiological studies (Wilesmith and Ryan 1997; Braun
et al. 1998; Donnelly 1998; Fatzer et al. 1998) did not
indicate maternal transmission, milk, colostrums, and
mammary tissue have been classified as non-detectable
infectivity (European Commission 2003). For human
TSEs, it was also demonstrated that milk from mothers
suffering from kuru was not infectious, and that breast-
feeding did not contribute to disease transmission (Gold-
farb 2002). For bovine PrPsc, results of a recent study
by Castilla et al. (2005) performed in a transgenic mouse
model did not suggest a contribution of milk to vertical
transmission. Maternal transmission also could not be
demonstrated for bovine spongiform encephalopathy-
infected sheep (Foster et al. 2004). It was shown recently
by Ligios et al. (2005) that, in the inflamed mammary
gland of sheep, PrPsc is mainly associated with lymphoid
structures in this organ. However, basic information on
the cell-type-specific distribution of PrPc in the bovine
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mammary gland is not available. We focused on this
subject and, by applying immunohistochemistry (IHC),
ELISA, Western blot, and RT-PCR, we were able to
demonstrate that PrPc is expressed in the bovine mam-
mary gland. IHC results show for the first time that PrPc

is selectively expressed in lactocytes with a preference to
the basolateral part of actively secreting cells.

Materials and Methods

A total of nine adult German Fleckvieh cows ranging from
24 months to 11 years of age were studied. Lactation stage
included early and late phases. Immediately after death, mam-
mary gland tissue was removed, prepared, and stored for
IHC, Western blot, ELISA, and RT-PCR.

IHC

Tissue samples were immersion fixed in Bouin’s solution for
48 hr or with methanol/glacial acetic acid 2/1 v/v for 24 hr.
The tissue was then dehydrated in a graded series of etha-
nol, cleared in xylene, and embedded in paraffin wax using
conventional procedures. Five-Am serial sections were cut on
a Leitz (Oberkochen, Germany) microtome and mounted on
gelatin/chromalaun-coated glass slides. Deparaffinized sec-
tions were heated in a microwave oven in 10 mM sodium
citrate buffer, pH 6.0 (4 3 5 min at 600 W) to expose anti-
genic sites. Sections were then rinsed three times in PBS,
pH 7.4, and incubated with 1% hydrogen peroxide in double-
distilled water for 10 min at room temperature to inhibit
endogenous peroxidase activity. After rinsing in PBS, speci-
mens were treated with 10% normal rabbit serum-blocking
solution (Dako; Hamburg, Germany) for 30 min at room
temperature. Overnight incubation in a humid chamber at
4C with a PrPc-specific monoclonal antibody (MAb) (L42,
diluted 1:50 in PBS) directed against amino acids 145–163 of
the ovine PrPc followed.

Specificity and cross-reactivity with bovine species has been
shown by previous studies (Harmeyer et al. 1998). On the
following day, slides were rinsed and treated with biotinylated
rabbit-anti-mouse immunoglobulin (diluted 1:400 in PBS) for
30 min at room temperature (Dako). After a final wash and
incubation with streptavidin–biotin–horseradish-peroxidase
complex for 30 min at room temperature (Strept-ABC kit;
Dako), the reaction product was visualized by using 3,3V
diaminobenzidine tetrahydrochloride as a chromogen (Bio-
trend Chemicals; Cologne, Germany). For simultaneous ex-
pression studies, serial sections were probed with either
anti-PrPc (1:50) or anti-a-smooth muscle actin (a-SMA)
1:1000 (Dako) antibodies. Finally, sections were counter-
stained in Mayer’s hematoxylin, dehydrated, cleared, and
mounted with DePeX (Serva; Heidelberg, Germany). Exami-
nation was performed using a brightfield light microscope
(DMRBE; Leica, Wetzlar, Germany) and a computer-coupled
video documentation system. IHC controls were performed by
(a) replacement of the primary antibody with an irrelevant
MAb of the same immunoglobulin class, (b) omission of the
secondary antibody, and (c) incubation with DAB reagent
alone to exclude the possibility of non-suppressed endogenous
peroxidase activity. In all control experiments no specific
staining was observed. Additionally, sections of bovine spinal

cord and dorsal root ganglia were processed in parallel as
positive controls for PrPc immunostaining.

RT-PCR

Material for RNA extractionwas immediately transferred into
RNA Later reagent (Qiagen; Hilden, Germany) and subse-
quently frozen to �20C. Total RNA was extracted by single-
step liquid preparation procedure using peqGOLD TriFast
(PeqLab; Erlangen, Germany). After RNA yield determination
in a Biostep Photometer (Eppendorf; Hamburg, Germany), a
constant amount of 500 ng total RNA was reversely tran-
scribed to cDNA. Random hexamer-based reverse transcrip-
tion was performed using 200 U of Moloney murine leukemia
virus (MMLV) reverse transcriptase (Promega; Madison, WI)
according to the manufacturer’s recommendations. Light-
Cycler (Roche Diagnostics; Basel, Switzerland)-based real-
time PCR was carried out in a 10-Al reaction volume using
12.5 ng cDNA. Commercially available LightCycler FastStart
MasterPlus SYBR Green I Kit (Roche Diagnostics) was applied
according to the manufacturer’s instructions. Primer se-
quences for PrP amplification were as follows: PrP forward
5VAAC CAA GTG TAC TAC AGG CCA and PrP reverse
5VAAG AGA TGA GGA GGA TCA CAG.

Crossing point (CP) of each sample was determined by
LightCycler software 4.0 according to the second derivative
maximum method. In this method, the second derivative
maximum within the exponential phase of the PCR is linearly
related to the initial amount of target, where a low CP reflects
high expression levels and vice versa. Therefore, CPs
computed by the LightCycler software were subtracted from
the maximum number of cycles (i.e., 35) performed. Relative
mRNA levels can also be computed as x-fold expression
calculated by E 5 2DCP, where E is the x-fold expression, 2 is
the efficacy of the PCR, and DCP is the difference of CPs
between high- and low-expressing animals.

Data in Figure 1 are computed on the basis of relative CPs;
therefore, the exponential character of x-fold regulation is
not depicted. Data achieved by LightCycler analysis and by
ELISA were statistically processed in Sigma Plot and Excel

Figure 1 Relative reactivity of mammary gland tissues of different
animals analyzed by RT-PCR or ELISA. PrPc mRNA expression, white
streaked bars; optical density (OD) ELISA, black bars. RT-PCR data are
computed on the basis of relative crossing points.
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(SPSS Software; Chicago, IL and Microsoft Software; Red-
mond, WA).

ELISA

Samples collected for protein detection in ELISA and Western
blot were stored at �20C. To homogenize the samples,
400 mg of mammary gland tissue was mixed in 1.2 ml of
3% glucose–PBS solution (w/v) for 45 sec at 6.5 m/sec in a
Ribolyzer (Hybaid; Teddington, UK). For the specific de-
tection of PrPc, microtiter plates (Nunc; Wiesbaden, Ger-
many) were coated overnight with 100 Al (5 Ag/ml) MAb P4
(R-Biopharm; Darmstadt, Germany) at room temperature.
Plates were then blocked with 3% fetal calf serum in PBS for
30 min at ambient temperature. After a washing step, serial
dilutions of homogenized tissue samples (50 Al/well) were
added with 50 Al of biotinylated V5B2 antibody (5 Ag/ml;
R-Biopharm) and incubated for 60 min at 37C in a humidi-
fied atmosphere. Subsequently, plates were washed four
times and further incubated with 100 Al ExtrAvidin-HRP
(Sigma; Mannheim, Germany) at room temperature in a
humidified chamber for 1 hr. After a washing step, 100 Al
of substrate–chromogen solution (1 mM 3,3V,5,5V-tetramethyl-
benzidine and 3 mM H2O2 per liter potassium citrate buffer,
pH 3.9) was added to each sample and incubated for 20 min
in the dark. Color development was stopped by adding 100 Al
of H2SO4. Optical density (OD) was determined on a Sunrise
ELISA reader (Tecan; Crailsheim, Germany) at 450 nm.

Western Blot

Before Western blot analysis, tissue homogenates from cattle
and sheep mammary gland prepared in the same way as for
ELISA were boiled in the appropriate amount of XT sample
buffer (BioRad Laboratories; Hercules, CA) and reducing
agent (BioRad) for 5 min. An aliquot (20 Al) of each sample
was loaded onto the gel. Brain homogenates of healthy cows
served as positive controls but were diluted 1:4 prior to
loading onto the gel. Brain homogenate from sheep was
diluted 1:20. Proteinase K (40 Ag/ml; Sigma–Aldrich) sen-
sitivity of PrP was tested by digestion of samples for 10 min
at 37C and subsequent inactivation at 99C. SDS-PAGE was
performed on 12%polyacrylamideCriterionXTGels (BioRad)
usingMOPS running buffer.

Proteins were then transferred to a polyvinylidene di-
fluoride membrane, Immobilon-P (Millipore; Bedford, MA).
Blocking was achieved by overnight incubation of the mem-
brane in 3% casein–PBS containing 0.02% Tween-20 at 4C.
Then, biotinylated MAb P4 (5 Ag/ml in the case of bovine
mammary gland and 2.5 Ag/ml in the case of ovine mammary
gland) was added for 1 hr at room temperature followed by
ExtrAvidin-HRP (Sigma Aldrich) for an additional hour.
Chemiluminescence signals were recorded on KODAK imager
(Eastman Kodak; Rochester, NY) after application of Super
Signal Western Femto (Pierce Biotechnology; Rockford, IL).

Results

Paraffin IHC was applied to localize the normal PrPc in
sections of bovine mammary glands by using a well-
characterized MAb. Animals included were different

ages and in different stages of lactation. The presented
results (Figure 2) are typical for multiple experiments
and showed specific immunostaining for PrPc in all
studied samples. The histological appearance of differ-
ent parts of the investigated lactating gland varies
considerably, and different areas are not all in the same
functional state at the same time. This is typical for all
investigated glands independent of age and duration of
lactation and is illustrated by Figures 2A–2D where the
intensity of PrPc expression also varied considerably
between individual alveoles. Particularly strong expres-
sion was found in such areas (Figures 2A and 2B) where
actively secreting lactocytes are cuboidal or columnar
in shape and show typical apocrine and eccrine se-
cretory activity. In contrast, in inactive alveoles where
the lumen is wide, the walls dilated, and the epithelial
layer flattened in shape (low cuboidal lactocytes), ex-
pression of PrPc is reduced (Figures 2C and 2D). No
expression was found in cells lining intralobular and
interlobular ducts (Figure 2C). On the cellular level,
prion protein is located in the cytoplasm with pref-
erence to the basolateral cell compartment (Figure 2B).
In contrast, PrPc is not expressed in cells of the vascu-
lar system (endothelial cells, pericytes, and smooth
muscle cells), in fibroblasts, and in intramammary leu-
cocytes (Figure 2D and inset). To clarify whether
intraalveolar myoepithelial cells contribute to PrPc ex-
pression, sequential staining of serial sections with anti-
bodies directed against a-SMA and PrPc was performed.
Detailed comparison of serial sections presented (Fig-
ures 2E and 2F) clearly show that myoepithelial cells
selectively labeled with anti-a-SMA (Figure 2F) do not
express PrPc (Figure 2E). Additionally, sections of bo-
vine spinal cord were stained in parallel as positive
controls where lamina I and II showed the most intense
reaction for PrPc (Figure 2H). Absence of detectable
staining of tissue elements in the negative controls (Fig-
ure 2G) verified specificity of the applied antibody.

To further validate IHC findings, MAbs with dif-
ferent specificities were used for Western blot and
ELISA analyses. Bovine as well as ovine brain homog-
enates reacted strongly in Western blot and ELISA and
had to be diluted 1:4 and 1:20, respectively. By using
ELISA, weak but clearly positive results were obtained
for bovine mammary gland homogenates of all nine
animals. Mean OD value was at 0.7 6 0.4; thus,
protein expression related to OD differed by a factor
of 10 between high- and low-expressing animals (Fig-
ure 1). However, analysis of selected mammary gland
samples by Western blot gave no visible band for PrPc.
In contrast, ovine mammary gland samples that were
analyzed in parallel by both methods and showed a
stronger reactivity in ELISA (data not shown) were
positive in the Western blot for proteinase-K (PK)-
sensitive expression of PrPc (Figure 3). Obviously,
failure of the Western blot technique for detection of

T
h
e
Jo
u
rn
al

o
f
H
is
to
ch

em
is
tr
y
&

C
yt
o
ch

em
is
tr
y

Bovine Prion Protein in the Mammary Gland 1257

 at TU München on November 3, 2016jhc.sagepub.comDownloaded from 

http://jhc.sagepub.com/


T
h
e
Jo
u
rn
al

o
f
H
is
to
ch

em
is
tr
y
&

C
yt
o
ch

em
is
tr
y

1258 Didier, Dietrich, Steffl, Gareis, Groschup, Müller-Hellwig, Märtlbauer, Amselgruber
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PrPc in bovine mammary gland samples was caused by
the low amounts of this protein in respective extracts.

Real-time RT-PCR with PrP-specific primers
revealed a specific product with one distinct melting
peak. Inspection of PCR products on a 2% agarose gel
showed one single band (data not shown). CPs were at
a mean value of 10.7 6 1.71. All samples of the nine
animals were positive in real-time RT-PCR. In addition
to relative expression of mRNA and protein, x-fold
expression was calculated (raw data not shown), and
strong individual differences in mRNA expression
became obvious (Figure 1). When calculating x-fold
expression differences, one should keep in mind that a
difference of one CP means that there was twice as
much starting material in the sample with the lower CP.
Thus, a difference of 8.4 CP between animals 1 and 4
reflects a 337-fold higher expression in animal 1. A
correlation between the age of the animals under study
and the expressed PrP was not found at the mRNA level
(r2 5 0018) or at the protein level (r2 5 0.18). Similar
results were obtained for PrPc expression levels and the
stage of lactation. Again, no linear correlation was
obvious (r2 5 0.04 for mRNA; r2 5 0.02 for protein).
Furthermore, PrP-mRNA expression sometimes did not
correlate well with the protein level detected in ELISA
(e.g., animals 5, 8, and 9).

Discussion

Many studies have addressed the question of PrPc

expression in different animal species and distinct
organs, but studies on cell-type-specific distribution of
PrPc in cattle are rather limited. In particular, data on
the PrPc mRNA and protein expression in the bovine
mammary gland have not yet been reported. Recently,
Tichopad et al. (2003) described tissue-specific expres-

sion pattern of the bovine prion gene by real-time RT-
PCR using an absolute quantification approach, but
they did not include mammary gland. Here we applied
IHC, ELISA, Western blot, and RT-PCR in a compre-
hensive approach to assess PrPc expression in the
bovine mammary gland.

MAbs P4 and L42 used for IHCmethods were raised
against amino acids 89–104 and 145–163 of the ovine
PrP sequence and showed significant reactivity to
bovine PrP, which differs in two amino acids within
each sequence (Harmeyer et al. 1998). The third MAb
applied here was V5B2, which was raised against a
synthetic peptide comprising amino acids 214–226
(CITQYERESQAYY) of the C-terminal end of human
PrPc. Based on the analysis of human brain sections by
IHC and testing of human brain homogenates by dot-
blot and ELISA, Šerbec et al. (2004) claimed that this
antibody is specific for human PrPsc. However, the
authors presented no data on the reactivity of this
antibody with cellular bovine PrP. In our experiments,
after initial trials testing all combinations of P4, L42,
and V5B2, V5B2 proved to be suitable as detection
antibody in a sandwich ELISA optimized for the
detection of bovine PrPc. This finding is in accordance
with the reactivity of a rabbit antiserum raised against
a slightly larger sequence (VEQMCITQYQRESQAY-
YQR) of bovine PrP that also exhibited no isoform
specificity (Takahashi et al. 1999). Furthermore,
applicability of this sandwich ELISA has been demon-
strated in a previous study on cell-type-specific expres-
sion of PrPc in bovine kidney samples (Amselgruber
et al. 2006). Compared with the latter study, ELISA
signals for mammary glands were relatively weak and
indicated that for PrPc in this tissue the extraction
efficacy of the applied method was low. Therefore, it
was not surprising that ELISA results could not be

’

Figure 2 Immunohistochemical localization of PrPc in mammary tissue during lactation. Selective positive staining was exclusively
demonstrated in epithelial cells (lactocytes) lining the tubuloalveoli. Stain intensity varies between animals and individual lobules (A,C). The
most intense staining was observed in active columnar cells (A,B), whereas in low cuboidal and rather inactive lactocytes (C,D), intensity of
the immunoreaction for PrPc is clearly reduced. Cytoplasmic PrPc expression is located preferentially to the basal cell compartment (B). Cells of
the vascular system (endothelial cells, pericytes, and smooth muscle cells) as well as fibroblasts and intramammary leucocytes (inset and
arrowhead in D) do not express PrPc. PrPc is not detectable in cells lining intralobular and interlobular ducts (star in C). Sequential anti-smooth-
muscle actin (SMA) and anti-PrPc staining of serial sections clearly show that a-SMA-positive myoepithelial cells (arrows in F) do not express PrPc

(arrows in E). Control sections of the mammary gland were devoid of specific staining after omission of the primary antibody (G) and strong
expression of PrPc is found in the dorsal root and in laminae I and II of bovine spinal cord (H).

Figure 3 Comparative Western blot
of selected bovine and ovine mam-
mary gland tissues. Even lanes cor-
respond to proteinase-K-digested
samples; uneven lanes correspond to
undigested samples. Lanes 1, 2 5 bo-
vine brain homogenate (1:4); Lanes 3,
45 cow 6; Lanes 5, 65 cow 7; Lanes 7, 85 cow 10; Lanes 9, 105 ovine brain homogenate (1:20); Lanes 11, 125 sheep 1; Lanes 13, 145 sheep 2;
Lanes 15, 16 5 sheep 3.
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confirmed by Western blot for which the same ex-
traction procedure was used. Confirmation was, how-
ever, clearly possible for ovine mammary gland samples
that exhibited distinctly higher ELISA reactivity. Al-
though only mammary gland samples of three sheep
were analyzed, this finding indicates that PrPc expression
in sheep may be quantitatively quite different from cat-
tle. In ovine mammary glands, Moudjou et al. (2001)
found PrPc levels of up to 39 ng/g. Overall, within our
study three different MAbs recognizing different epi-
topes of PrP and three different tests systems, with ELISA
being the most sensitive method, were used. Sample
treatment with PK constantly eliminated reactivity of the
applied antibodies, indicating absence of PK-resistant
PrPsc in the samples. RT-PCR was used as an additional
method to validate PrPc expression on mRNA level.
Samples of all animals were found to be positive. Al-
though we used a relative quantification system for
RT-PCR, which in principle allows better comparison
and correlation of results achieved by different methods,
PrP-mRNA expression did not correlate with the pro-
tein level detected in ELISA for all animals (Figure 1,
e.g., animals 5, 8, and 9). A similar observation was
reported by Ford et al. (2002) for neuronal tissue of
mice. The authors explained this result by potential
posttranscriptional regulation. However, the different
regional distribution of expression found by IHC would
also explain this finding because for methodical reasons
differences in samples used for each preparation and
analysis technique cannot be ruled out.

IHC clearly showed a strong positive staining for the
normal cellular prion protein mainly in alveoles com-
posed of actively secreting columnar cells and a reduced
expression in rather inactive alveoles and no reaction
in intralobular and interlobar ductules. No expression
could be demonstrated in myoepithelial cells. This PrPc

expression pattern was independent of age or stage of
lactation for all animals. Thus, age and stage of lac-
tation did not correlate with mRNA or with protein
levels detected by RT-PCR and ELISA, respectively.
This finding indicates that PrPc is expressed at a de-
tectable level only in actively secreting cells, which can
be found at different levels throughout the lactation
period but scarcely in the prepubertal mammary gland
and only at a low level during the dry period.

The physiological function of PrPc is largely un-
known. Studies on cells fromwild-type or PrP knockout
animals suggest that PrPc protects the cell by controlling
copper metabolism governing cell resistance to oxida-
tive stress (Brown et al. 1997; Brown 2001) or by
playing an anti-apoptotic role (Brown 2001; Hetz et al.
2003). In light of results presented here, a question
arises about a possible function of the cellular prion
protein in the mammary gland. The most interesting
finding of this study was that lactocytes selectively
express PrPc preferentially at the basolateral surface of

the cell when they are functionally active. This ob-
servation seems to be unusual because lipid raft-
associated GPI-anchored proteins are known to be
predominately sorted to the apical cell surface (Paladino
et al. 2002). Paquet et al. (2004) also found a pre-
dominate expression of PrPc on the apical surface of
Rov epithelial cells. Morel et al. (2004) demonstrated
that PrPc is apical-laterally located at the level of cell-to-
cell junctional domains. On the other hand, Sarnataro
et al. (2002) reported on basolateral expression of PrPc

on polarized Madin-Darby canine kidney (MDCK)
and Flp recombination target (FRT) cells. These results
were recently reported by Uelhoff et al. (2005). They
showed preferential sorting of PrPc to the basolateral
membrane ofMDCK cells. In contrast, the PrP homolog
Doppel was predominately found in the apical mem-
brane. Although functional implications of this obser-
vation are unclear, electrophysiological studies and cell
Ca21 measurements support the idea that PrPc absence
leads to a compromised Ca21 homeostasis (Herms et al.
2000). Thus, such a defect finally impinges on Ca21-
dependent neurophysiologic functions such as plasma
membrane K1 currents (Herms et al. 2001). Involve-
ment of PrPc in cellular calcium homeostasis is further
supported by a recent study (Brini 2003) that convinc-
ingly shows important regulatory functions of PrPc on
Ca21 homeostasis in cells transfected with PrPc. Similar
interpretations can be drawn from the fact that one of
the first events observed in neuronal cells exposed to
PrPsc is a substantial endoplasmic reticulum (ER) Ca21

discharge, followed by upregulation of stress proteins
and activation of ER resident caspase-12 (Hetz et al.
2003). Focusing on these data and our results of
preferentially basolateral PrPc expression, a possible
protective role of PrPc in lactocytes during lactation via
regulation of intracellular Ca21 homeostasis is tenta-
tively suggested. Other functions like protection of the
cell by controlling copper metabolism or governing the
cell resistance to oxidative stress (Brown 2001; Milha-
vet and Lehmann 2002) also need to be considered.

In conclusion, selective expression of PrPc in bovine
lactocytes demonstrates for the first time that PrPc is
abundantly present in bovine lactocytes and that cell
type could serve as an interesting model to study the
control of PrP gene expression as well as to gain further
insight into the physiological function of the cellular
prion protein.
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