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Abstrakt

Buns¢ny prionovy protein (PrB je evol&ng konzervovany protein, exprimovany na
povrchu busk rizného pvodu. Restoze PrP hraje zasadni roli v patogenezi
neurodegenerativnich chorob, jeho fyziologicka fimkfistava neznama. Prionové choroby
jsou charakteristické dlouhou dobou latencghem které nejsou diagnostikovatelné zadnou
konveréni metodou. Krev by mohla byt idealnim materialenm ypyvoj takovych test, bohuzel
vlastnosti PrP na krevnich bitkdch a jeho funkce neni dosud spolehlizyswétlena. Nase
prace ukazala, Ze jednotlivé lidskérvené krvinky exprimuji pouze malé mnozstvi Pride
vzhledem k p&tu erytrocyfi v krvi predstavuje tento proteirstinu Prl® vazaného na krevni
buiiky. Na zéklad naSich dat usuzujeme, 7e Pria povrchu erytrocit je unikatr
modifikovan. Podobna modifikace by ¥vipad® patologického PrP mohla zneshadat
diagnostiku prionovych chorob z krve. Je prokazate,v piibéhu prionovych onemoeni
dochazi k deregulaci transkripce erytroidnichiganze Pr® mysi maji oslabenou odpé¥
viisi experimentald navozené anémii. Pro obja&sii Glohy Prf® v erytropoéze jsme proto
sledovali jeho expresi u mySich erytroidnich prekur in vitro i in vivo. Prokazali jsme, Ze
v pribshu diferenciace butk dochazi k regulaci povrchové exprese Pria erytroidnich
prekursorech z mysi sleziny a kostriem. ZAavislost exprese PrPna pfibshu erytroidni
diferenciace jsme potvrdili i na modelu mysi erigukemické bu&iné linie (MEL). Pomoci
RNA interference (RNAI) jsme vytidi erytroleukemické bu&né linie se stabikhsnizenou
expresi PrP, u kterych jsme ukéazali, Ze za norméalnich podmieettiferenciace MEL buik
nezavisla na expresi PtPMetodu RNAi jsme dale pouzili pro studiunileZitosti exprese
PrP pii propagaci priofi v neuronalni bukené linii CAD5.
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Abstract

The cellular prion protein (PHpis evolutionary conserved protein expressed I g
various origins. Although PfP plays a basic role in the pathogenesis of thel fata
neurodegenerative prion disorders, its physioldgial@ remains enigmatic. Prion diseases are
characteristic by long latency period during whiloby are not identifiable by any conventional
methods. Although the blood is an ideal material developing of screening tests, little is
known about traits of PfPand its role in blood cells. We showed that hureaythrocytes
express low amounts of Priper cell, but due to the high numbers of erythtesythey are
major contributors to the pool of blood cell-assoeil Pr. Based on our biochemical
characterization we propose that Pdh human erythrocytes is uniquely modified. Such a
modification in abnormal prion protein may compteacreening tests for prion diseases in
blood. It was reported that prion diseases deréguke transcription of erythroid genes, and
PrP” mice demonstrate a defective response to experitheneémia. To investigate the role of
the PrP in erythropoiesis, we studied the protein’s exgi@s on mouse erythroid precursors
in vivo andin vitro. We showed that surface expression of‘Ru® erythroid precursors in bone
marrow and spleen follows similar pattern as thkscmature. We demonstrated that the
regulation of PrP expression in differentiating murine erythroleukancells (MEL) cells
resembles its regulation seenvivo. Using RNA interference (RNAIi) we created MEL lne
with stably silenced expression of BrRvhich showed that under normal conditions PrP
seems dispensable for erythroid differentiation MEL cells. We further used RNAI
methodology to study the effect of Priilencing on the propagation of prion infectiort ats

influence on neuronal CADS5 cell culture.
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1. Introduction

The cellular prion protein is protein of unknownypiological function expressed in
various tissues with the highest level of exprassio brain. It is conservative through the
whole vertebrae class. Together with its pathoklgisoform (PrP°5 plays a crucial role in
prion diseases. Also known as Transmissible SpongifEncephalopathies (TSE), they are
group of rare fatal neurodegenerative diseasestaiffemammals. In humans most of them
arise spontaneously (80%) without any detectablese&al9% are caused by a genetic
predisposition and only 1% are of infectious origifowever, all TSEs share common traits:
spongiform degeneration of brain, accumulation esfigstant form of prion protein in central

nervous system (CNS) and lack of systematic immagioal response (Prusiner et al., 1998).

1.1. Structure of the gene coding PrP

PrP is coded byPrnp gene whose sequence is already known for manyespieiuding
humans. Locus foPrnp is located on® or 20" chromosome in mice or humans, respectively.
In all speciesPrnp gene contains three exons, although the secondraag not be present in
the hamster and human mRNA (Li and Bolton, 199¢e(et al., 1998). The open reading
frame is encoded only in the third exon. RegulabbthePrnp promoter depends on a cell line.
Fisher et al. observed that introducing PrP-enaptliansgene requires at least one intron for
efficient expression of PfP(Fischer et al., 1996). In addition to promotemre 1 and intron 1
are key regions faPrnp promoter activity. The exon 1 inhibits promotetiaty when intron 1
was deleted. The intron 1 has intrinsic promotéiveg because it can initiate expression in the
absence oPrnp promoter (Haigh et al., 2007). Furthermore, Hagjhal. who identified a
putative TATA box within intron 1 of the bovirdérnp gene challenged previous classification
of Prnp as a housekeeping gene due to its lack of TATA. bitowever, when the mouse
sequence was analyzed by the same methods, a TAXAvas not found, but the strong
promoter activity was predicted within the sameigegHaigh et al., 2007). Several putative
binding sites for transcription factors controlliRgnp promoter activity have been proposed.
The intron 1 is supposed to be essential for ftdhpoter activity and contains putative binding
sites for e.g. heat shock factor 2, myocyte enhafazgor 2, E4 promoter-binding protein 4,
nuclear matrix protein 4/cas-interacting zinc fingeotein, regulatory factor X1, thyrotrophic
embryonic factor, and ecotropic viral integratiate Kim et al., 2008). In addition to these
factors, p53 and Spl may regulate transcriptioBrap as well (Qin et al., 2009).

15



1.2. Molecular characteristic of PrP

PrP is predominantly membrane GPl-anchored (at pasier 231) glycoprotein
(Stahl et al., 1987), but small portion of PiiB also in a soluble form. GPl-anchored form is
concentrated in detergent-resistant discret sphipidesterol rafts (Peters et al., 2003), (Oesch
et al., 1985). After the post-translational modifions (adding of GPIl-anchor and N-linked
oligosaccharides, cleavage of N-terminal 1-23 digeguence and 231-253 signal peptide for
GPIl-anchor), which take place in endoplasmic réficuand Golgi apparatus, it consists from
208 amino-acid residues with the molecular weidi¥M) 30-35 kDa (Fig. 1). MW slightly
differs due to the heterogeneity of oligosaccharideund in two positions- N181 and N197.
So far, more than 50 different oligosacharide stmas linked to the PfPwere detected. We
can recognize three major forms of PrRono-, di-, and unglycosylated form. Between
positions C179 and C214 is disulfide bond (Ruddlet2001), (Ermonval et al., 2003). C-
terminus forms stable globular structure containthgee a-helices, on the other hand N-

terminus is flexible formed structure.

cleavage place N-glycosylation positions

signal peptide octarepeats 111/112 N-181 N-197
\/ \/ \A
| | I I
§—S
1 23 51 904 179 214 231 4 254
| B-sheet structure hydrophobic region GPI anchor sequence
B c-helix
4 N-glycans

Figure 1: Schematic structure of Pt®efore post-translational modifications (addinga#¥I-anchor and N-
linked oligosaccharides, cleavage of N terminaBlIsigynal sequence and C terminal 231- 254 sigraidee
for GPl-anchor). Final product has MW 30-35 kDa,ickhslightly differs due to the heterogeneity of
oligosaccharides in positions- N181 and N197. Betwthe positions C179 and C214 is disulfide bond.

Stable globular C-terminus contains theeleelices, whereas N-terminus is flexible structure.
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1.3. PrP'>F pathological isoform of PrF~

Major event common to all TSEs is process of stmattchange from PfPto the
abnormal isoform- PrPE. During this conformational change, proportion Rfstructure
increases from 3% to 43%, whilestructure slightly decreases from 43% to 34%. The
mechanism is poorly understood, but according thenphypothesis, pathological prion
molecules modify conformation of adjacent normaPPmolecules to the aberrant form
directly by physical contact (Kupfer et al., 200Beterogeneity of PfP presence of different
glyco- and truncated forms may contribute to existeof the various P strains with
different organotropism, incubation time, abilibydross the species barrier and so forth (Pan et
al., 2002). The cell localization of this transitiss unknown, since PfRcycles between the
cell surface and early endocytic compartment imeasion with clathrin-coated pits (Shyng et
al., 1994) or migrates to late endosomes and lysesovia caveolae-containing endocytic
structures (Vey et al., 1996). Situation is quibenplicated since an unknown “third player” so
called “protein X” or maybe more factors could bedlved in the process of Pri® formation
(Telling et al., 1995). Some experiments show thatleic acids may still participate in the
prion propagation. Mixing of infected and uninfettarain homogenates led to the propagation
of PrP>F but after depleting of endogenous single-stranB&A (ssRNA) Deleault and
colleagues did not detect any amplification of BfPAdding of exogenous RNA extracted
from uninfected tissues increased prion amplifma®4-fold, but the nature of relevant sSRNA
is unknown. Process seems to be the species spelodcause the RNA isolated from
invertebrates did not support PrP amplification. Involvement of such additional fat in
conversion from PrPto PrP°F gives rise a question if these cofactors in differspecies
could be also somehow responsible for TSE straierdities (Deleault et al., 2003). In addition,
an interaction of small highly structured RNA withe human recombinant PrP (hrPrP) in
absence of PPPF caused resistance of hrPrP to proteinase K (Aetled., 2003). Since such
converted hrPrP was not infectious, it is questibmarow tightly it could reflecin vivo
conditions. Although Deleault did not observe iefige of DNA to PrP® amplification, Zou
et al. using antibodies against DNA or against gbgjngle stranded DNA binding protein,
immunoprecipitated from human brain homogenates BrBut not Prf. However, as they
wrote it remains unclear if binding of PrP to the DNA occurred after homogenization or
such complex may originate alsovivo (Zou et al., 2004). If also nucleic acids are iwed in
PrP to PrPSF conversion then it has to be answered in which a@hpartment they could
interact together. Presence of nucleic acids irvexmion and amplification of PFF does not

go against “protein only hypothesis” since it caunith host encoded DNA and/or RNA and
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not with RNA/DNA cotransferred with infectious agerHowever, Manuelidis isolated novel
circular DNAs from highly infectious culture andalom preparations. Both isolates resisted
nuclease digestion. Uncovered sequences could adawée in TSE infections despite their
apparently harmless, low-level persistence in nboekls (Manuelidis, 2010).

Castilla with coworkers contributed to this disdaasshowing that the only presence of
infectious particle is enough for the conversionPoF” to PrP°E In their experiment, they
were able to mimic PPPF propagation byn vitro cyclic amplification of PrP°t. Product of
this cyclic amplification shares similar biocheniaad structural properties like natural PYP
preserving even its pathogenicity (Castilla et 2005). Although their work brought strong
support for “protein-only hypothesis”, unfortungtehnswer for question of “protein only
hypothesis” does not answer the question of whah$&aells in the brain. Misfolded proteins
has long half-life and accumulate as amyloid depagsi CNS, but presence and accumulation
of nonneuronal Prt is not pathogenic. However, arresting the conwersif Pr to PrP>F
within neurons during scrapie infection prevent®mmeurotoxicity (Mallucci et al., 2003).
Therefore, what directly kills the neuronal cellsmains unclear. Could it be some toxic
intermediate product during Ptlo PrP>F shift or a lack of physiological PrPfunction?
Recently it has been suggested that prions thessealve not neurotoxic but catalyse the
formation of toxic species from PrPProduction of neurotoxic species is triggered nvhgon
propagation is in plateau phase, leading to a bvittam autocatalytic production of infectivity
(exponential phase) to a toxic (plateau phase)wmth(Sandberg et al., 2011). Nevertheless,
neurotoxic PrP properties may be tightly linkedhe physiological role of PfAn cell.

1.4. Physiological function of Pr®

1.4.1. PrP" mice

The rational approach to an elucidation of the gairotole may be to switch off such
protein e.g. by creating knockout animal. This apgh was also applied in effort to find out a
role of PrP in mice. However, studies showed that mice lackig" surprisingly do not
suffer from a loss of PfP but are resistant to TSE infection and do nopagate PrPt
(Bueler et al., 1992), (Bueler et al., 1993). lhestwords, loss of the protein seemed to be
more beneficial instead of malicious, quite unbellde phenomena for highly conservative
protein. Although, these experiments did not sahe mystery of PrPfunction, brought us

interesting results.
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First two knockout murine lineBrnp™ zurich | (Bieler et al., 1992) arférnp’” Edinburgh
(Manson et al., 1994) had normal development aant behavior did not show any alteration,
except some minor defects in circadian rhythm alegping (Tobler et al., 1996). More
excitement were from next knockout linBsnp’” Nagasaki (Sakaguchi et al., 1996), RcmO
(Moore et al., 1999) anBrnp”® zurich Il (Rossi et al., 2001). These animals sutoed to
degeneration of Purkinje cells and loss of myeloatcin peripheral nerves. In addition,
symptoms disappeared when such animals were trbgtiechp transgene. The results seemed
to be clear- symptoms were caused by lacking ofmabPrP. However, detailed insight into
the methods used in creation of these mice strawvsaled the reason. By depletingRyhp
gene newly discovered geiiend lying downstream got under th&rnp promoter leading to
the overxepression &frnd gene in neurons (Moore et al., 1999), (Moore ¢t28l01). Product
of this gene, named Doppel protein (Dpl), is membraound GPI-anchored protein consisting
from 179 aminoacid residues with sequence simi#arito C-terminus of PfP Dpl is
constitutively expressed in high level in testesrehit is essential for the sperm development
and its lack causes male sterility (Behrens et28l02). Its expression in brain is tiny, but in
above-mentioned knockout model, Dpl overexpresaiwhabsence of PrPesulted in onset of
ataxia and death of cerebellar neurons. Neurodeggore can be rescued by PéXpression.
Considering Dpl homology with PfPseveral models for Dpl-PfRnteractions were described
in which both proteins could bind to the same ldjamith opposite effects or they have
antagonistic functions in apoptotic pathway wherE“Reould be involved in neuroprotective

way and Dpl in pro-apoptic way. Nevertheless, thgsiplogical role of PrPremains obscure.

1.4.2. RNA interference of Pr®

RNA intereference (RNAI) is considered as a oneth&f promising approaches to
examine gene function. It provides advantage tddagenerating of knockout animals. The
field of RNAI biology is relatively young and wastioduced to wider scientific community
only in last decade. However, the RNAI has beemgeoognized to play crucial role in nearly
all physiological or pathological processes. RNAi dn evolutionary conserved sequence
specific gene knockdown that is induced by doublersled RNA (dsRNA). The RNAI
machinery can be triggered by experimentaly desigmal delivered, or endogenous sources of
dsRNA. The natural endogenous pathway is initiftganicro RNA (miRNA) genes. Mature
mMiRNAs are 19-24 nucleotide (nt) non-coding ssRN@&leauaules that regulate the expression of
target genes through perfect or imperfect bindirggthy to the 3 -UTR (untranslated region) of
MRNA. Disproportion between the relativelly smalinmber of miRNA genes and number of
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their target genes (in human 10%- 30% of all genas)be interpreted that a one miRNA can
potentially target several hundred genes and furitbee a single mRNA can be a target of
multiple miRNAs. Endogenous RNAI pathway begginghwiranscription of primary miRNAs
(pri-miRNAs) by RNA polymerase Il into long RNA mgin molecule. Subsequently, a
complex that contains the RNase Il enzyme Droslagsses primary transcripts resulting in
~70-90 nt stem-loop structures with 2-hitoverhangs known as precursor miRNAs (pre-
mMiRNASs). The dsRNA-binding protein Exportin-hen transports the pre-miRNA from
nucleus into the cytoplasm. In cytoplasm, the pBMA is recognized probably based on 2-nt
3" overhangs by complex of proteins containing DidRicer subsequently cleaves the pre-
MIiRNA at single site ~22 nt from the end of therpa. Mature miRNA are symmetrical with
2-nt 3’ overhangs at each end. However, only single stimfmhded to RNA-induced silencing
complex (RISC). The mature miRNA binds to its targgRNA 3-UTR while Argonaute
protein 2 directs RISC to translational repressaaad subsequent mRNA degradation. This is
true in case of imperfect miRNA binding, howeveairget mRNA is cleaved in case of perfect
binding (Fig. 2) (Kim et al., 2009), (Winter et,&009).

First attempts to downregulate Préxpression dates back to 2003 where two repodsred.
They showed that transfection of aRtinp SiRNAs to neuroblastoma N2a cells efficiently
silenced PrP expression in dose response manner. Silencingl$sdto abrogation of PHF
propagation in chronically scrapie infected N2a®12ells (Daude et al., 2003). The second
group used rabit kidney cells (RK13) cotransfedigdhe inducible plasmid expressing ovine
PrP with the one of two vectors expressing shRNA. Tislpwed that silencing effect
depends on the degree of complementarity to tameties specific mRNA (Tilly et al., 2003).
Golding et al. reported that RNAIi could be utilizex suppress PfPfor production of prion
disease resistant livestock and thus preventingstngssion of prion diseases to humans via
prion-contaminated meat. They described a strategysing RNAi-based technique to create
a cloned transgenic fetus with efficiently reduesgbression of PfP(Golding et al., 2006).
Pfeiffer et al. examined the potential of RNAIi inetapy of prion diseas@ vivo. Since
previous methodological approach using transfeabiosiRNAs or plasmid carrying arfirnp
shRNAs by Daude and Tilly groups led only to transidownregulation of PP Pfeiffer's
group used lentiviral vector which upon deliverytanget cells is able to integrate to host cell
genomic DNA. By injecting of lentiviral vector codj shRNA to the brain of prion-infected
mice, they achieved reduced Prpression and therefore less PfRormation in vicinity of

delivery site. Nevertheless, prion diseases aredypy disseminated degeneration of neurons
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over the brain. Therefore, beside the efficiengcHic, and safe vector design, improved mode
of lentiviral vector delivery should be found tagdat larger areas of tissue (Pfeifer et al., 2006).
Although, initial experiments showed the potenpialver of RNAiI method in possible therapy
of prion diseases, RNAIi based experiments focusetlioction of PrP have not brought us

deeper insight as was expected.
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Figure 2: The schematic overview of the RNAI pathway triggeby endogenous micro RNA (miRNA) and
exogenous short interfering RNA (siRNA) pathway. AANmay lead to two mechanisms of post-
transcriptional silencing, which share a commornyway. If the mRNA is directly cleaved or translatiis
inhibited depends on the degree of homology witirget MRNA, and the type of Argonaute protein (Ago
Pri-miRNA= primary miRNA; pre-miRNA= precursor miFN shRNA= short hairpin RNA. Published with
kind permission from Dr. Svoboda (Svoboda, 2007).

21



1.4.3. Proposed function of PrP

Subcellular localization of any protein and itseroh cell is tightly connected. PP
undergoes endosomal cell cycle internalized vithdlacoated pits or caveolae-like domains.
However, its primary localization where it exerts iole seems to be membrane rafts. Many
receptors can be found in rafts, suggesting a bagitentration of signaling complexes. These
membrane domains then could act as multi-signgdorts (Horejsi et al., 1999), (Hoessli et al.,
2000). Presence of Prin such signaling gates suggests its role in seigeal transduction
pathways. As discussed below many roles in diffetessues have been assigned for PrP
However, the amount of possible interactors mayniseading. Are these pathways equal as
for their importance? Do these interactions aab ailsvivo? Therefore, relevance of all these
interactions seems to be questionable.
The most highly abundant expression of Pwas found in developing and mature neuronal
tissue. In addition, PfPwas found in many other cells/ tissues e.g. Sarédls, spermatocytes,
spermatids (testes), epididymis, follicular dendritells, megakaryocytes, haemopoietic
progenitors, monocytes, red blood cells, endothekdls etc. (Ford et al., 2002). From the
below discussed physiological roles in varioususscan be inferred common or overlapping
theme or proposal for its function differs but @@ mutually exclusive. Nevertheless, PrP
function in many tissues was not examined at allfs, there is no consensus about“Rdte
in organism but several cellular processes areréavdOne of the most frequently discussed
cellular roles of PrPis a survival-promoting effect on neuronal and memonal cells, which

has been observéad vitro as well as inn vivo.

1.4.3.1. Antiapoptotic function

Some proteins are expressed only during the speoraditions e.g. stress. Some of
them are expressed continually in the absencere$sststimuli and may wait for their turn.
Thus introducing the stress conditions to an expemt may help to elucidate role of such
proteins. Since as shown below, neuronal cell ocestuderived from Zurich | and Nagasaki
murine strains were sensitive to external apopsitiouli we can speculate that Bréould be
one of the proteins for ,special-events”. This igygested by its dispensability in normal
circumstances, but its loss has impact on celle§éisnduring the stress conditions. Such
alternative was observed in PrPmice after comparison with wild-type mice that wer
subjected to restraint stress, electric foot shockswimming. Among non-stressed knockout
and wild-type animals, there was no significanfeddnce in performance of tests measuring

the anxiety levels and locomotion. However, Priice, after acute stress provoked by a foot
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shock or a swimming trial, showed a significant rdase in anxiety levels and decreased
locomotion when compared with control animals (N&t@l., 2005). Simple stress condition in
cell culture could be facilitated by incubationaglls in serum-free medium as was shown in
cells derived from PrP mice, which were more sensitive to serum withdtathan cells
derived from PrP* mice (Kuwahara et al., 1999). Although details moestill known, several
authors described association with apoptosis usttess conditions. Occurrence of cleaved
Caspase-3 and PARP, increase of Bax and decreasBcldl expression as well as
morphological changes and DNA fragmentation wergcdieed in neuronal cell line Hpl 3-4
derived from hippocampus of PfRmice. On the other side, transfection wittnp transgene
did not alter levels of Bax, Bcl-2 and p53 expresgiKim et al., 2004). Exact position of PrP
in biology of apoptosis remains unanswered. Somerte demonstrated that intensity of cell
protection mediated by PrRlepends on the type of apoptotic trigger. Thers seported only
30% success against oxidative stress with compatsd00% against Bax mediated pathway
(Bounhar et al., 2001).

Bcl-2 is one of the most important anti-apoptotiotpins in cell death regulation. It interacts
through its BH2 domain with cytosolic pro-apoptdiax protein. Octarepeat domains of PrP
present limited similarity to Bcl-2 BH2 domain, whisuggest possible acting of PiR Bcl-2
like manner (Bounhar et al., 2001). Deleting ofstheN-terminal octarepeats, which are
required for copper binding and may play some iol@xidative stress, has prevented its
neuroprotective function. In contrast to PrBice, animals expressing recombinantPnfth
truncated N-terminus postnataly underwent neurdegleneration. How PfPinteracts with
Bax is unclear because Bounhar and coworkers désedwthat GPl-anchoring is not necessary
for the anti-apoptotic function of PrRsince the free PfPcan also maintain neuroprotective
signal. A role in cell protection was observed afsovild-type neuroblastic cells from retinal
explants. Apoptosis in cell culture was triggereg dnisomycin, which inhibits protein
synthesis. The effect of Prin this system was investigated by Ptinding peptide (residues
113-128 of mouse PHp Binding of peptide to PfPin wild-type neuroblastoma cells led to
reduction of anisomycin-induced cell death abou®5MNo reduction of cell death was
observed in cells isolated from Ptfnice. Incubation of explants was followed by aation

of cCAMP dependent kinase A (PKA) and extracellyladgulated kinases (Erk) pathways.

PrP” retinal cells did not show such kind of activatidireatment of PKA with its inhibitor
blocked neuroprotection mediated by PrP bindingtidep whereas inhibitor of the Erk-
activating protein potentiated the protective dff@Chiarini et al., 2002). It seems also that

Pr# is involved in protection of carcinoma cells. Capression of PfPrendered MCF-7
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breast tumor cells resistant to apoptosis indugetNF-o, TRAIL, and Bax (Diarra-Mehrpour

et al., 2004). Involvement of PrPwas suggested to cause higher resistance of @astri
carcinoma cell lines to chemotherapeutic agentseiCal., 2005).

However, Christensen and Harris revalued formemyssseporting protective activity of PrP
(Kuwahara and Diarra-Mehrpour) and suggested trestemce of PfPhas only modest effect

in cytoprotectiorin vitro (Christensen and Harris, 2008).

1.4.3.2. Protection against copper mediated oxida stress

First data about possible connection betweerf Briél copper metabolism comes from
early 70s when prion-like disease was observedsiolbgical samples from patients treated
with CU** chelator cuprizone (Pattison et al., 1971). Latewas described that histidine
residues in the mammalian most conserved regioRréf, octameric (PHGGGWGQ) in N-
terminus bind Ct with high affinity (Brown et al., 1997), (Stocket al., 1998). Binding of
other divalent metals are due to lower affinityslggobable. Concentration of copper in brain
was estimated to be ~ 80-1Q®/1 but it seems to be higher in specific brain regidhis
concentration lays in interval 100-5Q8 of copper concentration, which was demonstraved t
enhance the internalization of Brin cultured neuroblastoma cells (Pauly and Hafr@98).
Free copper is able to change superoxid to othac teubstances (Fenton reaction). Thus
binding of free copper to proteins can reduce toisk of free Cu. Presence of PrP octarepeat
peptide in neuronal cell culture had protectiveeelffagainst copper toxicity. The protective
effect of this peptide was strongest in cell c@talerived fromPrnp’” mice (Brown et al.,
1998). In neurons, large amount of copper was foim@ynapses together with FrPin
addition, mice expressing higher levels of Piad upon the exposure to radioactive®Cu
increased radioactivity in immunoprecipitated Custiperoxid dismutase (SOD), which is an
enzyme important in antioxidant defense. Furthemio@eased levels of PrRvere linked to
increased levels of Cu,Zn SOD activity. Howevercengither lacking or overexpressing PrP
had levels of Cu,Zn SOD mRNA equivalent to thospregsed in wild-type mice (Brown and
Besinger, 1998). Nonetheless, latenivo study did not confirm contribution of PrRo SOD
activity (Hutter et al., 2003). Protective role R~ against Cu-mediated oxidative stress was
exhibited also in astrocytes (Brown, 2004). Asttesyare non-neuronal cells that perform
many functions, including biochemical support toe tmervous tissue, maintenance of
extracellular ion balance, and a role in the remdirbrain and spinal cord after injuries
(Kimelberg, 2010). Astrocytes expressing Pdan uptake Cii released from neurons. This

transfer could be inhibited by an anti-PrP antiboélyrthermore, astrocytes can uptake“PrP
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with bound copper released from neurons. Coppesulssequently bound to ubiquitously
expressed metallothionein proteins, which bind lpdtysiological and xenobiotic heavy metals.
Metallothioneins thus serve in regulation of metedtabolism and in protection from a variety
of stress conditions after exposure to toxic eleémench as cadmium and mercury. Copper can
be subsequently exported from the brain bound tolgglasmin, a major Cu-carrying protein
in the blood (Kim et al., 2008). These processep@se that astrocytes play an important role
in regulating of C&" levels in brain, and PFPis suggested to participate in this proces.
Nevertheless, Cii uptake is independent on presence of FBPown, 1999), (Nishihara et al.,
1998).

1.4.3.3. PrP in signaling cascades

Anchoring of PrP in lipid rafts confers its prospective functiondell signaling. There
are known potential interactors but still it is lear in how manner they are connected together
and how the signal is conducted, since“fi&s no direct contact with cytosolic compartment.
However, the family of PP counter players is still growing. According Aguzzirecent
review several experimental approaches- yeast- hylarids, co-immunoprecipitations and
cross-linking methods identified ~45 distinct pingeinteracting with Pr® They reside in
almost all cellular compartments- membrane proté€AM, Laminin Receptor precursor),
soluble/ extracellular (ApoE, Laminin, Plasminogerytoplasmic (Stress Inducible protein 1,
a-tubulin), mitochondrial (Hsp60) or nuclear (CBP.7Blowever, it is probable that many of
the proposed interacting proteins may be falsetigesiesults caused by protocol design e.g.
artificial exposure of PfPto unusual proteins in yeast two-hybrid systemtemgent in
immunoprecipitation allowing unspecific PHprotein interactions (Aguzzi et al., 2008).
Mouillet-Richard et al. useth vitro neuroectodermal progenitor cells 1C11 with anhegbil
morphology lacking neuron-specific functions, whigpon induction developed neuron-like
morphology and finally differentiated to the twollcknes- serotonergic and noradrenergic.
Both lines expressed PrRontinually during the entire differentiation. Aftthe cross-linking
of PrP” with antibodies 1A8 and SAF61, they observed tiared lineage-dependent activation
of Fyn a member of Src- phosphotyrosine kinasethotigh PrP level was similar in both
lineages through the time, activation of Fyn waedable on % day for serotonergic and %2
day in noradrenergic line. Spatial variability waso observed. In both lines neurit fraction of
PrP transduced signal to Fyn in higher level than“RoRalized in cell body. Since the Prd
located at the outer side of membrane and Fyn merirside without possibility of direct

physical contact, there is a question what transslsignal between them. Authors identified

25



caveolin r and caveolin 13 as the most possible transdudét®ugh results are inspiring,
authors were unable to notice any downstream clsarfilywuillet-Richard et al., 2000).
Moreover, their result was not so far repeatedsamde authors showed that in their model (rat
cereberallar granule cells) PrBoes not colocalize with Fyn (Botto et al., 2004).

Connection with the Src kinase was also describddiman Caco-2/TC7 enterocytes (Morel et
al., 2004). In these cells, Pri& targeted to the junctional complexes of thertmembranes
of adjacent polarized cells. Co-immunoprecipitati@vealed that PfPinteracts with Src
kinase, but not with E-cadherin, which interactshwérc and is the major component of
junctional complexes. Connection between“aRd Src-family kinases was supported also by
Nixon (Nixon, 2005). He hypothesized that if theyaggation of GPI-linked proteins activates
Src-family kinases then the aggregation of PfRould promote unregulated activation of
kinases. Indeed, in his study he presented supgditidings that the increase of expression in
Src-family kinases is due to the presence of BriHe did not find elevation of Src-family
kinases in healthy mice with increased expressidre". Increase of expression in Src-family
kinases occurred concurrently and preceded sympiwget. Similar results were obtained in
scrapie propagating ScN2a cell culture and twordiscanimal models of prion disease- RML-
inoculated mice and in Tg2866(MoPrP-P101L)Priice, a mouse equivalent of the PrP
mutation causing the familial human prion diseasss@nann-Staussler-Scheinker disease.
However, direct connection between P¥Rand Src-family kinases still was not demonstrated.
The involvement of PfPin signaling pathway of presynaptic nerve ternsnabs suggested
also by PrP co-immunoprecipitation with Grb2 and Synapsinyn&psin | is associated with
synaptic vesicles and together with another higtdypserved synapsins is required for a
regulation of neurotransmitters release. ExpressibrSynapsin |is not restricted only to
neuronal tissue, but it was found also in cellshwihtensive exocytosis. Grb2 is an
intracellularly localized adaptor protein involvad intracellular signal transduction where it
links extracellular signals coming to intracellutagnaling molecules. Therefore, interaction of
Grb2 protein with PrP may provide signal from extracellular receptors intracellular
molecules (Spielhaupter and Schétzl, 2001). Howéw@r and where PfRnteracts with Grb2
and Synapsin | is not known. Solforosi et al. whorfd out huge neuronal loss in hippocampal
area after cross-linking of PrPby antibodies targeting 95-105 region proposedexift
involvement of PrPin neuronal cell signalinip vivo. Authors offered speculative explanation
that antibodies mediated disruption of survivainsigbetween or among PrRnd unknown

molecules. Interestingly, another antibody usethia work IgG D18 binding to region 133-
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157 did not alter the proposed signal. The answertlos discrepancy may lie in the
involvement of different region in signal maintenar{(Solforosi et al., 2004).

1.4.3.4. PrP in iron metabolism

Role of PrP in iron uptake and transport, both vitro andin vivo, was recently
evaluated by Singh with collaborators. They fouhdttoverexpression of PrAn human
neuroblastoma M17 cells correlated with increassell of transitory iron, which serves as a
crossroad of cell iron metabolism between labib ipool and ferritin bound Fe. Concomitant
with the iron sufficiency, level of Transferrin (Tand Transferrin receptor (TfR) decreased.
On the other side, mutated PrP molecules exprdsseimilar level as PrfPshowed altered
levels of labile iron pool and Fe deposits in tamriDiverse iron levels specific to mutated PrP
were maintained even in the presence of extraeelfe® excess, pointing out to the relevance
of PrP in the Fe uptake and subsequent transport. AutBoggest that PfPfunction
predominantly in uptake of Fe rather than releasee no cell line had altered iron transport to
growth medium (Singh et al., 2009a). In their nsixtdy, Singh et al. demonstrated systemic
iron deficiency in Pr® mice, which was rescued after BriRtroduction. In comparison with
wild-type mice, PrP mice exhibited lower levels of iron in the plasrhegin, liver, and spleen.
In response to iron insufficiency Tf and TfR comgated the state by increasing their levels
and decreasing the levels of the iron storage proferritin. Authors hypothesize that iron
deficiency in PrP mice have two reasons- inefficient transport frgat to the blood and
impaired uptake by recipient cells. Brin enterocytes mediates iron export from the
basolateral membrane of enterocytes to the blaedrst rather than uptake from the intestinal
lumen. This was supported by the accumulation dibective iron in duodenal enterocytes of
PrP” mice instead of its transport out to the blooce likn wild-type mice. Contrary to
enterocytes, hematopoietic PrRells have impaired uptake of Fe despite the cosating
effect of Tf/TfR pathway and even despite the siéht iron level in the spleen and bone
marrow. Since most of the iron (~ 80%) is usedriythgocytes, it is not therefore surprising
that erythropoiesis in PfPmice is ineffective. Authors did not notice pronoad anemia in
PrP”" mice, however they detected e.g., a mild reduciiohemoglobin levels, a significant
reduction in serum iron, and an increased numbaetirctilating reticulocytes (Singh et al.,
2009b).
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1.4.3.5. PrP in cell adhesion

Several studies suggest that PnRay function in adhesion or like a recognition
molecule. PrP was described to bind like a ligand to Lamininemtor precursor (LRP)/
Laminin receptor (LR) (Rieger et al., 1997), (Gautski et al., 2001). The binding to LRP/LR
mediates internalization of Printo clathrin-coated pits. Sense of this intettis generally
unclear, but the role of LR like a receptor forraxtellular-matrix proteins laminin and elastin
could propose the possible involvement of PirPthis interaction. Laminin is required for cell
growth, differentiation, and migration. Upon thedtkade of PrP by antibodies, Graner et al.
observed abolishment of adherence in pheochromaayt®C-12 cells to laminin leading to
inhibition of laminin-mediated differentiation (Grer et al., 2000). It is probable that adhesion
is not the sole function of PrPbut through the interacting adhesion partners treysduce
signal to the cell. For example, Préould interact with intracellular signaling pathythrough
the transmembrane neural cell adhesion molecul€AM) (Santuccione et al., 2005). Authors
suggested model in which interaction between“PaRd NCAM at the neuronal surface
promotes recruitment of NCAM to lipid rafts. Trapshtion of NCAM to lipid rafts
subsequently lead to the association of NCAM witl teceptor type protein phosphatase
(RPTRy), a Fyn activator. The final result of the actigatis enhanced neurite outgrowth.

1.4.3.6. PrP and endogenous retroviruses

Endogenous retroviruses (ERVS) are stably intedratethe genome of vertebrates,
their origin is derived either from ancient gernilgefections by exogenous retroviruses or
from ancestral retroelements by transposition awbmbination. In mice or humans, they
compose approximately 10% of the genome sequerdaerding their sequences they are
divided to several groups as reviewed for exampleSbocking and Kozak (Stocking and
Kozak, 2008). ERVs contribute to diverse patholaband physiological cellular processes, in
particular to autoimmunity and reproduction (retraly derived proteins Syncytin A and B are
crucial for a formation of multinucleated tissueplacenta- syncytiotrophoblast). They confer
to genomic plasticity and they may regulate adjacgmmes. ERVs are highly susceptible to
endogenous and exogenous stimuli- cytokines, ster@iexamethasone), and some chemicals
(5-azacytidine) (Taruscio and Mantovani, 2004). @antion of ERVs with prions dates back to
90s of last century when Akowitz et al. identifi§girian hamster sequences of Intracisternal A
Particles (IAP) present in both CJD and uninfectadhples. Although they may represent
normal endogenous viral contaminants that cosedimh infectivity, their long terminal

repeats (LTRs) can drive the expression of mangrdey sequences, and it remains to be
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elucidated if CJD specific sequences are eithe@sthaced, or copackaged with protected IAP
complexes(Akowitz et al., 1993) Later Stengel et al. questioned whether scrapieciidn
might influence the expression pattern of murineVERFor this purpose, they compared
hypothalamic neuronal GT1 cells and neuroblastor®a é¢lls to their counterparts ScGT1 and
ScN2a chronically infected by mouse prion adaptédlLRstrain. First, they identified by
gualitative microarray analysis six ERVs common lboth tested cell lineEERV-L, MURRS
IAP-1, MLV, VL30 and VL30-2. Quantitative real-time PCR (qRT-PCR) analysisfrmed
that prion infection has an influence xP-1 andMLV expression in both ScN2a and ScGT1
cell lines. Analysis revealed that there is no cammeaction to prion infection shared by all
ERVs. Nevertheless, there is a general trend in £Rgulation depending by the cell lines.
Treatment of prion infected ScN2a cells by pentqsalgsulphate (PPS) led to the similar level
of ERVs expression to uninfected N2a cells. ThdfexiEs were specific to treatment since the
PPS alone did not induce changes in ERVs expregsiBrP °F free cells. The overall result of
this study proposes that murine ERVs sucMa¥ andIAP-1 are responsive to prion infection
and are potentially involved in prion pathogendSitengel et al., 2006). Jeong and colleagues
described correlation of ERVs expression in humaitis sporadic CJD (sCJD) (Jeong et al.,
2009). They revealed significant increase in tlegdiencies of several ERVs in cerebrospinal
fluid (CSF) of individuals with sCJD compared tarmal controls. Furthermore, occurrence of
HERVWandHERV-Lwere significantly increased in CSFs of sCJD camgdo incidences in
individuals with other neurological diseases. Thadservation is in agreement with previous
studies showing an effect of prion infection on ®ERYVs (Carp et al., 1999) ee et al.,
2006) Leblanc et al. observed that infection of NIH3T3lscéy Moloney Murine Leukemia
Virus (MoMuLV) together with 22L prion strain strgly enhances the release of Préthd
PrP>E from coinfected cells. Furthermore, they obseryed prion proteins are released in the
supernatant in association with MoMuLV particlesnfooning thus their association with
exosomes. They hypothesize that retroviruses arelvied in the spreading of the PrP
(Leblanc et al., 2006). Some murine neurovirulettaviruses, although does not require the
prion protein, induce spongiform encephalopathigsich share some features with prion
diseases e.g. ataxia, spongiform degeneratiomghissis, and lack of infiltrated inflammation
(Szurek et al., 1988), (Jolicoeur et al., 1996)weweer, Leblanc with coworkers observed
negative impact of PfPon the retroviral infection. They saw that inclegxpression of PP
resulted in a specific decrease of HIV-1 envelope ral protein R expression. Furthermore,
they spotted that HIV infectivity in the presendePoP~ was reduced up to 4-fold (Leblanc et

al, 2004). Nucleocapsid protein as the major nackaid-binding protein of the retroviral
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particle is tightly associated with the genomic RNA the virion nucleocapsid, where it
chaperones RNA dimerization, packaging, and prbidfdA synthesis by reverse transcriptase.
Human PrP functionally resembles nucleocapsid protein of HI\and it appears that N-
terminal fragment (23-144) of PrPposses the DNA-binding properties, whereas the C-
terminal domain is inactive (Gabus et al., 200{@gbus et al., 2001b)

Taken together, it remains to be elucidated ifachanges in the expression of ERVs are direct
consequence of prion infection or just side eff&milarly, possible functional link between

PrP and retroviral infection waits for explanation.

1.5. Erythropoiesis

1.5.1. Introduction

Erythropoiesis is a complex multistep process cosmg differentiation of
hematopoietic stem cells (HSCs) to mature erythescyo maintain steady state level of red
cells. In adult humans, almost whole process ocoutke bone marrow. However, in mice
erythropoiesis takes place also in the spleenhispbiesis begins from HSCs, which are self-
renewing and multipotent, which means that theyameestors of all blood cell lineages. The
erythroid development from HSCs to enucleated redd cells involves pathway through
several cells stages. HSCs give rise to multipopeagenitor (MPPs) cells, which lose self-
renewal capacity. The next stage is common myefmiogenitor (CMPs) following by
differentiating stage of megakaryocyte-erythroicbgenitors (MEPS). After MEPs, we can
observe first erythroid lineage-committed cells¥lyearythroid progenitors BFU-E (Burst-
Forming Units- Erythroid) and subsequently latetlemyid progenitors CFU-E (Colony-
Forming Units- Erythroid). This is the first stagearacteristic for erythroid differentiation (Fig.
3). The second phase involves developmental sequencmorphologically identifiable
erythroid precursors- proerythroblasts, basoph#ig/throblasts, polychromatophilic and
orthochromatic erythroblasts. This period of défetiation is characterized by four distinct
steps- accumulation of hemoglobin, expansion oftheoplasts, cell size decrease, and
irreversible condensation of chromatin leadingdsslof nucleus. Whole process advances in
association with macrophages within the bone magawity. The cell-cell interaction between
macrophage and erythroblasts creates “erythrobkand”, which serves as a stromal
microenvironment for erythroid maturation. Durirgst association, macrophage supplies the
erythroblasts with iron, brings individual erythfasts to physical proximity so they can

interact each other, and finally macrophage engxfsuded nucleus from erythroblasts (Fig. 3)
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(Chasis and Mohandas, 2008). The final third déifeiation part is represented by reticulocyte
maturation and erythrocyte circulation. During catocyte maturation, translation is
interrupted and internal organelles are degradedauipphagy. Rebuilding of cytoskeleton
leads to classic biconcave and discoid shape oblead cell. In humans, 24-48 hours after
entering the circulation reticulocytes lose remagniibosomes and mature to erythrocytes. Red
blood cells then circulate approximately 120 dagfter which they are recognized and
engulfed by spleen macrophages (Ingley et al., Rq@vickrema and Kee, 2009).
Blood vessel

1st stage 2nd stage 3rd stage
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Figure 3: Lineage specific stages of erythropoiesis. Phadesrythrocyte differentiation are divided
according the tissue origin (bone marrow and catoih in blood vessels) and erythroid lineage medion
characterized by three progressive stepssthge (Committed progenitors- BFU-E, CFU-E}? &tage
(erythroblast precursors) and" 3stage (late reticulocytes and enucleated erytlesgy Cellular
characteristics are based on relative proliferatioyiokine responsiveness, cell surface markerd/oan
presence of RNA. CFU-GEMM= colony forming unit-guwocyte, erythroid, macrophage, megakaryocyte;
BFU-E= burst forming unit-erythroid; EpoR= erythmetin receptor; CFU-E= colony forming unit-
erythroid; C-Kit R= stem cell factor receptor, CB7fransferrin receptor. Image is modified versidn o
figures by Torbees and Friedman in Erythropoietifrythropoietic Factors, and Erythropoiesis: Molacu
Cellular, Preclinical, and Clinical Biology (Elliotet al., 2009) and Palis in Molecular Basis of

Hematopoiesis (Wickrema and Kee, 2009).
1.5.2. Regulation of erythropoiesis

1.5.2.1. Erythropoietin is primary erythropoietic growth factor

Erythropoietin (Epo), 30-34 kDa glycoprotein is tim@in erythroid growth factor. The
crucial role of Epo and its receptor (EpoR) is aonéd by knockout studies that showed that
Epo’ or EpoR™ mice die in embryonic stage. Primary site of Epadpction in adult mammals

is localized in kidney peritubular interstitial fdblasts. However, expression of Epo has been
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found also in extrarenal tissues (e.g. brain, Jivget its physiological role in these tissues is
not clear. Furthermore, knockout mice for extrateBpo are viable with no observable
pathological signs. Epo concentrations are invgrsglated to hemoglobin concentration. In
response to Epo stimulation, its concentrationlaod can increase several fold depending on
hemolytic insult. It is noteworthy that Epo prodoat depends on circadian rhythms.
Interestingly, Epo is not required for developmehBFU-E in vivo. It suggests that Epo does
not recruit multipotent cells to erythroid diffetetion. Rather, Epo support the growth,
survival and differentiation of already committedlls to erythroid differentiation. This is
confirmed by the presence of EpoR, which is exg@skiring normal physiological conditions
primarily on CFU-E and immature erythroid precussd&poR has not been found upstream of
first erythroid committed cells until later BFU-Eitlv the highest expression on CFU-E and
proerythroblasts. Efoand EpoR embryos have normal BFU-E and CFU-E counts. Algfiou
in vitro forming of colonies by BFU-E and CFU-E requireEpnly CFU-E responses to Epo
in vivo. Activation of EpoR transduces the signal through the EpoR/Ja®/Stignaling
(Jelkmann, 2004)Torbees and Friedman in Elliott et al., 2D09

1.5.2.2. Epo regulation

Erythrocytes production and Epo concentration mirseis directly correlated. However,
the rate of erythropoiesis change is smaller tharrate of Epo expression, which suggests that
red blood cell’'s abundance is mainly controlleddxposure of erythroid-committed cells to
Epo and not by Epo concentration itself. The priyrteigger for stimulation of Epo expression
IS oxygen tension. A hypoxia activates Hypoxia icible factor 1 (HIF1) which binds to
enhancer (Hypoxia Response Element, HREEpb gene stimulating thus its transcription.
HIF are dimeric proteins composed fram and g-subunit. There are three subtypes, but
only subtype &- is together witl-subunit considered as primary mediator of hypaxiced
gene expression. Both HIFeland HIF-PB are continuously produced; their transcriptionos
elevated by hypoxia induction. However, level ofFHI is barely detectable during normal
oxygen level. HIF-f is constantly localized in nucleus. During norntogonditions, HIF-i is
hydroxylated at the proline residues (402 and 56&4ich labeled HIFd is tagged by von-
Hippel Lindau protein (pVHL) which forms complex twiE3 ubiquitin ligase. Subsequently
polyubiquitinated HIF-& is immediately degraded by proteasome. During kigpconditions,
HIF-1a is not hydroxylated and can enter to the nuclens dimerize with HIF-B. Dimers
then bind to HRE and stimulate transcription ofjgrgene (Jelkmann, 2004), (Tsiftsoglou et
al., 2009).
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1.5.2.3.Stem cell factor

In addition to Epo, other growth factors play imjaott role in hemathopoiesis. Notably,
Stem cell factor (SCF) and its tyrosine kinase peneSCF-R (known also as c-kit) perform
important role in early hematopoietic cells. Majprof hematopoietic progenitor cells express
c-Kit. Its expression is maintained at high levetiuBFU-E and CFU-E phase, after this stage
its level declines and disappears in polychromatapand orthochromatic erythroblasts (Fig.
3). Overall signaling pathways downstream the café complex and essential for regulating
proliferation, survival and promoting immature statDuring erythroid differentiation,
expression of c-Kit decreases along with decregseliferation of erythroid progenitor cells
(Tamir et al., 2000), (Rénnstrand, 2004), (Zhang laodish, 2008).

1.5.2.4. Iron as a regulator of erythropoiesis

Iron metabolism, cellular heme and erythropoiesis mseparably connected. The
major source of iron for erythrocyte precursorgas bound to transferrin (Fe-Tf) in plasma.
The low iron supply in the bone marrow resultsronirestricted erythropoiesis or anemia. The
level of cellular heme (derived in part from plasaral partially fronde novobiosynthesis in
mitochondria) is very critical in the regulation @frythropoiesis. Heme biosynthesis is
dramatically increased under hypoxic conditionsstress erythropoiesis. Moreover, heme
regulates the action of transcription factors flmbg and nonglobin genes. HIF promotes iron
transport by upregulating Tf and the TfR. FurtherepdlIF increases intestinal iron absorption
and mobilization of recycled iron from macrophagBsus, it appears that HIF simultaneously
stimulates the erythropoiesis to encounter hypari enhance the availability of iron to fulfill
higher demand in erythropoietic precursors. Cougplii erythropoiesis mediated by EpoR
signaling and iron metabolism was shown in micé&iteg Stat5, which suffered a reduction in
the levels of transferrin receptor-1 (TfR-1) onthrgid cells(Nemeth, 2008)(Haase, 2010)
Recently, a new mechanism through which hemoglomay be modulated according to iron
status has been proposed. The mRNA-bemoglobin stabilizing protein (AHSP) contains a
sequence at the 3'-UTR mRNA that resembles theregponsive element (IREjos Santos et
al., 2008) Through this sequence, iron regulates the exjoresd AHSP, which acts like a
molecular chaperone that binds and stabilizesdfg®bin during hemoglobin synthesis.
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1.5.2.5. Regulation of erythropoiesis on transcripvnal level

Central role in erythroid differentiation is fatdted by GATAL, which interacts with
other proteins to increase expression of erythspieeific genes by binding to GATA-binding
motif presented in promoters/ enhancer of all epjthgenes. GATAL is predominantly known
as a transcriptional activator of erythroid-specifienes, but it also downregulates several
genes ¢-kit andc-myq. GATAL is expressed in erythroid, megakaryocy&osinophils, and
Sertoli cells in testis. In erythroid progenitoits expression is hardly detectable but began
rapidly expressed after Epo induction with higHesels in CFU-E and erythroblasts. GATA
mice are not viable and die utera In addition to DNA binding activity, other tranmgation
factors like e.g. Friend of GATAl (FOG1) enforceeithactivity through protein-protein
interactions. FOG1 is abundantly expressed in esidhand megakaryocytic lineages
alongside GATAL. Its lack shows similar patterrelikoss of GATA1 suggesting that FOG1
helps GATALl in arranging hemathopoiesis. PU.1 ises8Bal for the development of
granulocytic, monocytic and lymphoid cells. Its msgression in murine model results in
erythroleukemia, because it blocks erythroid maioma On the other side, forced expression
of GATALl in myelomonocytic lineage directs cellstanerythroid, megakaryocytic and
eosinophilic cells. Thus, it seems that GATAl and.IP antagonize each other. GATAl
interferes with PU.1 function by competing with @s-activator c-Jun, whereas PU.1 blocks
DNA binding activity of GATAL. C-Myb is a transctipn factor activating transcription via
interactions with coactivator proteins, mainly CBBJO0. Both coactivators are related proteins,
which bind also to others transcription factorsnm@tex CBP/p300 provides bridging the c-
myb with transcription machinery and influence thehromatin context by their
acetyltransferase activity. Beside the modificatioh histones, they acetylate the c-Myb
increasing thus its affinity to DNA. Expression ofMyb is predominantly limited to
proliferating progenitor cells and is repressedifferentiating cells. Overexpression of c-Myb
leads to inhibition of erythroid and myeloid cellffdrentiation. C-Myb is required for
expansion of erythroid progenitors, but have tadbenregulated to permit differentiation to
mature erythrocytes. Proliferating proerythroblastpress c-Myb, but downregulate it upon
addition of Epo, which stimulate erythroid diffetetion. The repression of c-Myb is mediated
by GATA-1. Erythroid proliferation depends on thentbined action of Epo and SCF,
erythroid differentiation requires only Epo. Phemat of mice with mutated SCF or its receptor
(c-Kit) resembles the phenotype of c-Myb deficiente- prenatal lethality due to the impaired
definitive erythropoiesis, but not primitive. Itggests that at least partially c-Kit may mediate

function of c-Myb in erythroid cells. Moreover, cyM was found to bind to the c-Kit promoter
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and inducible inhibition of c-Myb expression in #@moblasts leads to decrease of c-Kit
expression. C-Myb was proposed to direct the pribgercells toward the erythroid
commitment. This was shown in mice with reduced ybMexpression, which led to
accumulation of immature cells expressing GATA-2).P and Flil, which are normally

downregulated to promote erythroid commitment (Pand Soreq, 2002), (Greig et al., 2008).

1.5.2.6. Involvement of miRNA in erythropoiesis

Unlike in other areas of hemathopoiesis, the rdlenilRNA in erythropoiesis has not
been extensively studied so far (Lawrie, 2010)thia first study where erythroid associated
MiRNAs was mentioned, authors observed a genecaéase in miRNA levels during the
erythroid differentiation (Lu et al, 2005). Intetiegly, miRNA expressed early in erythroid
maturation can be found even in erythrocytes. Tomparison between reticulocytes and
erythrocytes revealed that 83 miRNAs were downiagdl in reticulocytes but 8 miRNAs
were surprisingly upregulated in erythrocytes (Cletral., 2008). The role of miRNAS in
circulating erythrocytes remains mysterious. Sdveeculative functions are predicted
waiting for the proof. The miRNAs in red blood eelhay be part of the defense mechanism
against malaria parasite (erythrocyte miR-451 wesorted to be transferred to malaria
parasite), miRNAs may be released into bloodstré@m broken erythrocytes and may be
taken up by other cells, or erythrocyte miRNAs danction in macrophages after their
engulfment by spleen macrophages (Zhao et al.,)20t.6eems that from several regulated
mMiRNAs the locus miR-451/144 plays central role drythropoiesis. Both miRNAs are
regulated by the GATA1 and are highly abundantdticulocytes and erythrocytes. Mice
deficient for the miR-451/144 cluster display anpaiwment of late erythroblast maturation,
resulting in erythroid hyperplasia, splenomegalgd a&a mild anemia. Both miRNAs are
completely different and probably they target distisets of mMRNA, thus inhibit erythropoiesis
additively. Although miR-451/144 are most highlypeassed in erythroid cells, several reports
found their involvement also in other tissues, eegulating epithelial polarity or protecting
cardiomyocytes against ischemic and oxidative st(Bore et al., 2008), (Papapetrou et al.,
2010). The overall role of miRNA in erythropoiesias shown in AGO2 deficient mice, which
had severe abnormalities in erythropoiesis chatiaetk by accumulation of immature Ter119
cells (O'Carroll et al., 2007).
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1.5.4. Murine erythroleukemia cells4n vitro model for erythroid differentiation

Infection of susceptible mice strain by Friend spléocus-forming virus (SFFV) lead to
acute erythroleukemia. SFFV encodes unique envelymoprotein gp55, which covalently
interacts with EpoR. Binding of gp55 to EpoR causgsonstitutive activation leading to cell
proliferation in absence of Epo signal (Nishigakiak, 2001). For the efficient infection mice
must posses at least one copy of P\g@ne. Gene Fv=2encodes truncated short form of the
receptor tyrosine kinase Stk (sf-Stk). Mice expressnly full length Stk are resistant to SFFV
infection in comparison with mice carrying shortrfoallele. Expression of sf-Stk is limited
only on erythroid cells but interestingly have maparent role in normal erythropoiesis. The
early phase of infection is distinguished by rajpickease in number of proerythroblastic cells,
which cause hepatosplenomegaly that may lead tdhdes spleen rupture. Infected
proerythroblasts differentiate in absence of Epdhay are hypersensitive to Epo. Although
numbers of Friend virus-infected cells increase kedly they are not tumorigeni Vvivo,
instead they still have limited proliferative cajppc However, after two-three weeks post
infection, proerythroblast subpopulation blockeceigthroid differentiation emerges and invade
organism. This leukemic population is extremelylipecative, may be serially transplanted
vivo and is able to establish cell linesvitro- murine erythroleukemia cells (MEL). Malignant
transformation of erythroid cells are caused byeitignal mutagenesis of Friend virus to the
host genomic DNA. Characterization of integratiosdé showed that in 95% cases SFFV is
integrated to locusspi-1 (SFFV proviral integration site). Integration oFS/ in spi-1 locus
leads to subsequent overexpression of its MRNAghvisi activated by transcriptional enhancers
encoded by SFFV LTR sequence. Increased productidbpi-1 protein cooperates with the
constitutive signaling from gp55/EpoR/sf-Stk in mgahlnt transformation of proerythroblasts.
Furthermore, loss or mutations in p53 tumor sugmegene boost the growth and survival of
leukemic proerythroblast cells. Ectopic p53 expmssn such cells reverses apoptosis and
hemoglobin production. It was shown that Spi-ldentical to the transcription factor PU.1,
which downregulation is necessary for normal ewnithdifferentiation. Spi-1/PU.1 abrogates
erythroid differentiation by physical interactingitv GATAL1, however overexpression of
exogenously delivered GATA1l can limit tumorigeniotgntial and restore differentiation
program (Ruscetti, 1999), (Moreau-Gachelin, 2008}terestingly, in 1971 Friend et al.
described that incubation of MEL cells (known ak® Friend cells) with dimethylsulfoxide
(DMSO) return cells to their determination and nanerythroid differentiation (Friend et al.,
1971). Later, hexamethylene bisacetamide (HMBA9,nibxt widely used inducer was described

(Reuben et al, 1976). This unique characteristiderEL cells an extensively used model for
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the study of murine erythroid differentiatiom vitro. Upon induction, proliferative capacity is
limited to four-five cell divisions followed by detycle arrest. Process is characterized by
structural/ morphological (decrease in cell voluamel nucleus condensation) and biochemical
changes (activation of erythroid genes, hemoglauicumulation etc.) which resemble natural
erythroid differentiation (Sato et al., 1971), (Hgmet al., 2001). The stochastic kinetics of
inducer-mediated differentiation consists from tpbases. Addition of inducer (HMBA or
DMSO) triggers a latent period, which lasts appmately 12-14 hours post induction. This
early phase is associated with a number of reVersitetabolic changes (Fibach et al., 1977).
Upon withdrawal of cells during latent phase fronovgth medium containing inducer, cells
continue in their indefinite proliferation. Thers ino commitment to terminal erythroid
differentiation, which is defined as the capacitycells to express characteristics of terminally
differentiated cells beyond their removal from indu After latent period, the proportion of
committed cells arises and after 48 hours, mosthef cells are irreversibly determined to
erythroid differentiation (Chen et al., 1982), (Mte et al., 1984). Induction of MEL cells to
erythroid differentiation is connected with the wkdion of proto-oncogene expression &g.
myh c-my¢ c-fos and p53 Particularly regulation ot-myb expression may be critical for
commitment to terminal erythroid differentiationMBA induction leads to the commitment of
more than 95% of the cells by 48 hours. This isoagzanied by a persistent suppressio-of
mybtranscription and an increase in tsandc-mycmRNA, which return to levels found in
uninduced cells by 12 hours. Dexamethasone, amitohiof induced commitment, does not
prevent regulation of-myh c-mycandc-fosgenes in early period but it prevents the pensiste
suppression of-mybmRNA, which appears to be critical for cell trams to committed phase
(Ramsay et al., 1986). Furthermore, Clarke witHeagjues observed that continuatsnyb
expression from exogenously introduced humanyh driven by an SV40 viral promoter led
from a partial to complete inhibition of erythrailifferentiation of MEL cells despite a decline
of endogenousc-myb transcripts (Clarke et al., 1988). Supporting iinfation thatc-myb
expression maintains MEL cells in immature and ifeative state was shown also in MEL
cells transfected with construct coding dominatgrieringmyballele under the transcriptional
control of the inducible mouse metallothionein bqmoter. Its expression stimulated by ZnCl
led to interference with endogenousmylh hemoglobin production and inhibition of
proliferation (Chen et al., 2002).

37



1.6. Expression and the role of Prin blood cells

1.6.1. PrP expression on blood cells

Although the highest expression of PiiB in brain, many peripheral tissues including
blood cells express PrRas well. Its expression is regulated during défeiation to various
lineages. In humans, PrRvas found as early as on bone marrow CDB84iltipotential
hematopoietic stem cells. During stem cells diffidisgtion to the granulocyte lineage, its
expression is downregulated, but is maintainedyinphoid and monocyte lineages (Dodelet
and Cashman, 1998). Privas found in TCD4" and CD8) and B lymphocytes, natural killer
cells, monocytes, dendritic cells and folliculandgtic cells (FDCs) (Li et al., 2001), (Barclay
et al., 1999), (Isaacs et al., 2008). Expressiofrsf in human erythroid precursors is also
decreasing along maturation towards erythrocytedtiv@tion of CD34 cells in the presence
of SCF, IL-3, and Epo led to accumulation of céfishe proerythroblast stage expressing a
large amount of intracellular PTRvith weak cell surface PfPAfter 11 daysgex vivoculture
consisted from a heterogeneous population of balsophythroblasts and pronormoblasts with
lower PrP expression and its minimal presence on outer manebPr® was found mostly in
the perinuclear region of pronormoblasts rapidiglicg from the plasma membrane to internal
membranes. Subsequently, colocalization experinmggested that most of the PiB in the
endosomal compartment. PrBolocalized with the TfR, which is known to be engtosed in
clathrin-coated vesicles. Furthermore, significargportion of Prf on the plasma membrane
of erythroblasts is not located in lipid rafts (fBtins et al., 2007).
A substantial amount of cell-associated P blood resides in platelets. Platelet activation
leads to upregulation of PrPon their surface and release of PrBn exosomes and
microparticles. Contrary to erythroblasts, majoriti PrP” in platelets is localized within
platelet lipid rafts linked to the platelet cytokien (Brouckova and Holada, 2009). Presence
of PrP on circulating erythrocytes has been already tepofHolada and Vostal, 2000),
(Barclay et al., 2002), but so far the proportidrenythrocyte-associated Pren the pool of
blood cell-associated PrRvas largely underestimated (Panigaj et al., 2010).
Comparative analysis of Prexpression with different animal species revealeidue patterns
of PrP" expression on blood cell types, with none equivaie the human pattern (Holada and
Vostal, 2000), (MacGregor and Drummond, 2001), ¢Bgr et al., 2002). Significant
differences in PrP expression on platelets, erythocytes and leukscigelated from human
and nonhuman primates observed Holada with collEmaddolada et al., 2007). Chimpanzees,

rhesus macaques, squirrel monkeys displayed a rhigtter quantity of total blood cell
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membrane PfPthan humans. In contrast, cynomolgus macaqueslemdrs demonstrated
substantially lower levels of membrane riPhe expression of PrRon erythrocytes seems to
be a critical, due to the high proportion of ergitytes on blood cell count. All species
displayed PrP on white blood cells, with the highest levels fduan human cells. Only
humans, chimpanzees, and rhesus macaques exprBsBedon platelets. Differential
expression of PfPin various species including laboratory animahlights that we should be

cautious in extrapolation of observations of prigiectivity associated with blood to humans.
1.6.2. The role of PrP in hemathopoiesis

1.6.3. PrP supports self-renewal of Long term hematopoietictsm cells

Although bone marrow from PfPmice has normal level of progenitor and differatel
cells, there is an evidence that in some circunesgPrl® plays role in hemathopoiesis. Flow
cytometry analysis showed that Pris already present on the surface of all Long term
hematopoietic stem cells (LT-HSC). This was prolgdeconstitution of hematopoietic system
in lethally irradiated mice, since such repopulatability is hallmark of LT-HSC. PrPdonor
cells isolated from wild type (WT) mice repopulateath lymphoid and myeloid compartments
in comparison with PriAfraction. This suggests that Pr8 marker for LT-HSCs. Insight to the
possible role of PfPin activity of HSCs was gain by competitive redimsion assay. BM cells
from PrB’* or PrP” mice were cotransplanted in equal amount togetligr competitor WT
cells to lethally irradiated mice. First recipiemice showed equal donor cells engraftment
irrespective of PrP expression. Second irradiatedig received BM cells from first group of
transplanted mice and interestingly after the eftrgent, cells of PrP origin comprised only
30% of blood cells in comparison with PfPcells (60%). The similar trend was observed also
in third group of irradiated mice receiving BM ceffom the second group. This steady decrease
of PrP" cells contribution to repopulated blood cells ssig that lack of PfPimpairs self-
renewal of HSCs. To rule out unforeseen effectsarvhpetitor BM cells to investigated BM
PrP"* and PrP cells, they were transplanted to lethally irragibimice without competitor cells.
Again, in first group of recipients all mice surewt. Second and third group of mice received
BM transplants according previous scheme. Intarglsti in second group 86% mice with P¥P
BM cells survived but only 57% with PtPBM cells. Difference in survival of third group wa
more profound, 67% P# BM mice survived but no P¥PBM mouse. PrP involvement in the
survival of BM cells was confirmed by rescue expemt where PfPwas retroviraly delivered

to PrP” BM cells. Half of the mice with exogenously exmes PrP survived but no mice in
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control group expressing retroviraly introduced egrefluorescent protein (GFP). The same
situation was observed when irradiated mice obthBM cells expressing mutant PrP (deletion
23-72). These supplementing experiments confirrhad full length PrP supports engraftment
during serial transplantations (Zhang et al., 200@gresting regulation of PfRexpression was
found inex vivoculture system for expansion of repopulating HS@dy 6% of freshly isolated
BM lineage negative cells expressed ®rut after 10 days of cultivation, proportion afPP
positive cells increased up to 60%. Surprisingly,La-HSCs activity in these cultured cells
resided in PrPnegative cells and not in Prfraction. It shows that expression pattern of PrP
in fresh HSCs is different from cultured. Identicabulation was described also for receptor
tyrosine kinase Tie-2 which is involved in maintec@ of quiescent state of BM HSCs. Authors
of the study suggest that PrRke Tie-2 can act as a sensor for signals geeerhy the BM

microenvironment and play a role in regulation &&lquiescence (Zhang and Lodish, 2005).

1.6.4. The role of PrP in cells of immune system

Several authors recently discussed possible rdRe®fin immune system (Isaacs et al.,
2006), (Hu et al., 2007), (Aguzzi et al., 2008)PPis upregulated shortly after T cells
exposure to mitogenic activation with concanavalior phytohaemagglutinin (Mabbott et al.,
1997). In contrast to the relative ease of Rifregulation in activated T cells, treatment with
lipopolysaccharide does not increase PeRpression on B cells (Kubosaki et al., 2003).eRol
in macrophages was shown by de Almeida et al. wisemved thain vitro macrophages from
PrP"” mice had higher rates of phagocytosis th&#h facrophages. Thein vitro finding was
confirmed alsdn vivo, where knockout mice showed more efficient phagusig of zymosan
particles than wild-type mice (de Almeida et al008). Generally, the role of PrRn the

immune system is more complex and is out of thesad this work.

1.6.5. PrP is involved in anemia recovery

In mice, 40% of adult BM cells harbor PtFfrom these more than 80% is erythroid
cells (Zhang et al., 2006). Link between Prexpression and maturation of erythrocyte
precursors was shown in KO mice after experimentilction of hemolytic anemia (Zivny et
al., 2008). Three days after treatment with pheydiazine, hematocrit decreased similarly in
KO and WT mice from ~ 40 to 30%. Recovery of KO enin day five and seven was behind
the recovery of WT mice. Similarly, number of refimcytes was lower in KO animals for days
three and five. On day seven level of reticulocytes the same for both groups however in

WT mice the number decreased on tenth day but inskXys almost on the same level. In
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addition, the response of spleen to anemia was profeund in WT animals than in KO. The
weight of WT mice spleens was higher (~ 0.6 g) ifth fday and rapidly decreased on day
seven in comparison with KO mice where spleen weigds lower (~ 0.4 g) and remained the
same on day seven. After next three days, therenadifference in spleen size irrespective
the PrP® presence. Interestingly, based on the presenceedfld cells, no evidence was
observed in the number of erythroid precursors bh &lls in neither KO nor WT mice. The
same “starting point” before the anemia suggessithpaired onset of recovery in KO mice
lies downstream of erythroid differentiation. Autsuggest two possible answers. Although
the level of apoptosis before onset of hemolytieraia is similar, five days after induction the
signal- mean fluorescence intensity of apoptotitsae KO animals was ~ 2-fold higher. The
second difference possibly responsible for slowovecy of KO mice was lower Epo
production. Both, on the protein level in plasma am mMRNA level in kidneys, significantly
higher (3-fold) expression was found in WT mice day three. Moreover WT mice
downregulated Epo in plasma to basal level on day Wwhereas KO mice on day seven.
Similar rapid decrease in corresponding days wasmked on th&po mRNA level of WT
mice while KO mice decreasdtpo expression on day five and seven only weakly aotth b
groups achieved basal expression on day ten. Iii@idthe authors showed that erythroid
precursor cells of both origins have the similateptial to produce red blood cells. This was
observed after treatment of mice with single dosdasbepoietin. All animals responded by
equal production of reticulocytes, which gradugléaked at day three. Higher apoptosis rate in
challenged KO mice suggests involvement of intanfsictors affecting activated erythroid
precursors to sustain higher demand for erythropyoeluction. However, normal response in
all animals to darbepoietin points out that inadggueaction to anemia of KO mice is not
caused by intrinsic factor rather it is causeddwdr Epo production. Since Epo production is
activated by hypoxia, there may be the problem betwhypoxia sensing and/ or induction of

target genes (Zivny et al., 2008).
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1.6.6.Prnp gene is regulated in growth arrested and differemated MEL cells

The first work describing regulation of Pri erythropoietic model systeim vitro was
done by Gougomas and colleagues. They found outrdvescription of PrPdiffered markedly
during exponential growth and growth arrested phisethern blot showed th&rnp mRNA
is barely detectable in exponentially dividing MEklls and becomes gradually upregulated
when cell density in culture arises (up to 144 BpuUpon dilution of growth-arrested cells,
PrP is downregulated again. Similar pattern was otegralso in MEL cells induced to
erythroid differentiation by DMSO. Upregulation &frnp expression was noted only in
committed cells. The highest level Bfnp mMRNA was at 48 hours, which correlated to >50%
of hemoglobin positive cells, then slightly decr@dsand again was upregulated at 120 hours
after induction of differentiation. During the ceerat 96 hours, 36% of cells accumulated in
G1 phase and 50% in S phase, which was attribotadynchronous cell population. TRenp
gene activation in G1 phase of differentiating &l not due to the growth arrest mediated by
nutrition depletion rather G1 is caused by difféi@ion. Supporting notion thd&rnp mRNA
accumulation in G1 phase resulted from growth arneas seen after exposition of
differentiating cells to an inhibitor of commitmeN6-methyladenosine (sAdo). MEL cells
induced to differentiation in presence ofrAdo activatedPrnp gene in similar manner like
untreated cells reaching cell confluence. FurtheendMSO resistant cells similarly
accumulatedPrnp mRNA when became confluent. These data indicas¢ Rnnp gene is
transcriptionally activated in DMSO treated or doaht cells arrested in G1 phase of the cell
cycle (Gougoumas et al., 2001). These observatemh€sougomas et al. to investigate if the
growth arrest by serum deprivation will change s@aiption of Prnp gene. Their initial
experiments showed th&rnp was activated after 60 hours in cells growing unoemal
serum level, but in culture with 0.1% (v/v) serdmp was upregulated after 36 hours. On the
other side, transcription of gene coding for prgaptc protein Bax was simultaneously
suppressed in corresponding timeRyhp activation. Activation ofPrnp and suppression of
Baxoccurred along with detectable DNA fragmentatidiso in terminally differentiated cells,
Baxwas suppressed at timeRrinp activation and DNA fragmentation. To find outlikete is a
correlation betweeRrnp upregulation and apoptosis presented by DNA fragaten, authors
increasedPrnp level by transfection of MEL cells with vector d¢nd for Prnp cDNA.
However, DNA fragmentation in differentiated cellgth higher Prnp transcription was
comparable to cells with normdrnp transcription. Similarly, no protective effect was
observed in uninduced MEL cells challenged to apsiptby incubation in 0.25% (v/v) serum

(Gougoumas et al., 2007).

42



1.6.7. Erythroid genes are deregulated with prion athogenesis progression

CNS is the only organ in body functionally affectegd TSEs. From that point, it is
obvious that most of the research is aimed af Bi®logy in neurons. However, presence of
PrP in lymphoid tissue and blood cells plays importesie in prion neuroinvasion. During
prion infection, prior to brain invasion and ocance of clinical signs, prions are propagated
in peripheral cells of lymphoreticular system amlipheral nerves. This period spans several
years and is one of common attributes of TSEst Eoanection between prion pathogenesis
and erythropoiesis was suggested in mice by dowaggn of unknown erythroid specific
MRNA during prion disease, at that time named Eoythdifferentiation related factoEDRF)
(Miele et al., 2001), presently known as Erythragsociated factoEfaf). Subsequent studies
showed that mRNA of the unknown gene codes for dauoiprotein that binds to free
globin and prevents its precipitation, thereforesvwamedo- hemoglobin stabilizing protein
(AHSP) (Kihm et al., 2002), (Feng et al., 2004).lléwing study revealed that disease
progression also affected transcription of sevetlaér murine erythroid genes ekell, GPA
band 3andankyrin (Brown et al., 2007).

1.6.8. Blood as a source of prion infectivity andpcimen for diagnosis of prion disease
Natural infection by prion disease is acquiredlgrat through skin wounds. However,
we do not know how exactly the infectious prion tpho reaches its peripheral targets.
Presence of infectivity in blood may occur beforeafter invading the CNS. Especially the
iImmune system plays important role in prion diseaddis is based on the observation that
immunodeficient mice lacking B and T lymphocytes aresistant to peripheral prion
inoculation. This could be reversed by BM transfddon (Lasmézas et al., 1996). FDCs are
the principal sites for amplification of Pr¥ in lymphoid tissues during the early phase of
infection, before the disease spreads to the nerggatem (Brown et al., 1999). However,
recently Loeuillet et al. showed that the level RfP" expression in the hematopoietic
compartment does not influence the time coursé®iriduced disease (Loeuillet et al., 2010).
They compared infectivity of two different mousedulates ME-7 and RML strains, which
neuroinvasion is in both strains dependent uponpttesence of FDCs, but have different
affinity for BM derived cells. Mice reconstituteditty BM expressing different levels of PtP
(KO, WT and overexpressing) have the same incubaitioe (Loeuillet et al., 2010).
Until recently, in modern societies, the only doemted mode of transmission from human to
human was iatrogenic cases in which disease wasadpvia contaminated neurosurgical

instruments, tissue grafts or hormones (Brown gt28l00b). However, since the year 2003,
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four cases of probable transmission of vCJD by dlbansfusion were described in United
Kingdom (UK) (Llewelyn et al., 2004), (Gillies el.a22009). So far such possibility was
documented only in laboratory animals (Hewitt et 2006), (Brown, 2005), (Mathiason et al.,
2010). It seems that number of vCJD cases in UKredses (3 vCJD cases in 2010 in

comparison to 28 cases in 26p0However, due to the long and asymptomatic sl

phase, number of infected individuals may be highespective to manifestation of disease.
These cases may constitute threat of iatrogennsmtnégsion due to the broader organotropism
of vCJD. The situation requires development of gimesand non-invasive detection method
for prion diseases. Yet, the effort for a developtred such method is complicated by absence
of the molecular marker other than PtPitself, although Miele et al. recently found that
antichymotrypsin ¢;-ACT) was highly upregulated in brains of scrapiéected mice and as
well in urine of patients suffering from sCJD (Maedt al., 2008).

Blood is an ideal source for diagnostic screenesgst but detection of PY¥ in blood
is problematic. Properties of blood PtPare unknown. Moreover, its detection is complidate
by significant amount of poorly characterized ®which could interfere with PIPF detection
on blood cells. According current knowledge, mdstell-associated PfPresides on platelets
and leukocytes. Presence of Pdh erythrocytes was proven by flow cytometry, bpinions
about its expression on erythrocytes are consitiekatsious (0-50 % of total cell membrane
bound Prf in blood) (Barclay et al., 1999), (MacGregor et 4999), (Holada and Vostal,
2000), (Barclay et al., 2002). Analysis of resusliggested that the difference could be caused
by the use of different antibodies. To clarify tlasue is one of the goals of this study.
The only known difference between BrBnd PrP°F is their conformation that enhances
difficulties with PrP>F detection not only in blood. Although several baties discriminating
PrP>E were described, none of the PtPspecific antibodies are currently used in comnarci
diagnostic tests, which usually depend on proteinstreatment to distinguish partially
resistant PrPcfrom sensitive PrP(Korth et al., 1997), (Curin Serbec et al., 200deresting
approach was adopted by Safar et al., who develgimdormation dependent immunoassay”.
Method is based on different affinity of 3F4 antPRantibody to native and denatured BFP
Its epitope is hidden in central part of PYPmolecule, but is exposed after its denaturation.
Comparison of signals from native and denaturetigfasample allows Pre" detection (Safar
et al., 1998). An et al. established method fordb&ection of infectious PrP from the blood
utilizing the multimeric feature of PrP insteadusiing protease digestion. They hypothesized
that some epitopes that are unique in the monomweip are present in greater numbers on

the multimeric forms. They devised a multimer sfiedeLISA system which resembles a
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traditional sandwich ELISA, except that the captgriantibody, that is attached to a solid
surface, and the detecting antibody are direct@thagthe same or overlapping epitopes. This
means that capturing antibody blocks epitope onamar, therefore, it is not found with the
detecting antibody. Thus, only protein multimerg aetected (An et al., 2010). Soto and
coworkers developed technique termed protein ndsiglcyclic amplification (PMCA) which
enables PrPF amplification in the test tube. This method isdghen the conversion of large
amounts of PrPtriggered by undetectable quantities of PFPPrP °F aggregates are sonicated
to generate multiple smaller units, which serveaaseeds for formation of new PrB. The
cyclic conditions are analogical to PCR cyclingl{&ao et al., 2001). PMCA has been first
used to detect PI& in hamster blood showing 6,600-fold increase imsi#ity over standard
detection methods. Authors reported a capabilitgetect as little as 8,000 PP molecules
(Castilla et al., 2005). Recently Tattum with catjges succeeded to amplify infectious PrP
from blood of presymptomatic RML-infected mice (fLem et al., 2010). They used whole
blood reasoning that this is the most practicalemalt to use for blood screening, moreover
containing the infectivity associated with all fians. They did not observe proteinase
K resistant PrP in control normal whole blood aleweral rounds of sonicating by PMCA,
suggesting that this represents the amplificatibneal PrP°F present in the animals’ blood
rather tharde novogeneration of PrPF that has been already reported (Deleault et @072
Different organotropisms of prion strains represanbther challenge for a detection of
infectious prion proteins in blood. Recently Edgetivcet al. developed a solid-state binding
matrix to capture and concentrate disease-assdquitan proteins and coupled this method to
direct immunodetection of surface-bound materialg@vorth et al., 2011). They analyzed a
masked panel of 190 whole blood samples from 2iepatwith vCJID, 27 with sporadic CJD,
42 with other neurological diseases, and 100 nogoatrols. From this panel, they positively
identified 15 samples all from patients with vCJBowing 71% effectivity of detection
(Edgeworth et al., 2011). If infectious prion pragin patients with sCJD are also present in
blood remains unclear, although it should be ingastd since sCJD patients comprise 85% of
all cases. Importance of vCJD detection in bloodhsgious since all so far described cases of
PrP>E transmission by blood transfusion were vCJD. MweepovCJID prion strain shows
broader organotropism with substatial presencemmphoreticular tissues (Wadsworth et al.,
2001). Occurence of PI¥ in peripheral tissues of vCJD patients togethéh wieir relatively
young age (~30 years) make vCJD patients the mosbaple source for iatrogenic

transmission.
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2. Aims of the study

The objective of our studies was to contributehi® inderstanding of the importance of
PrP in physiology of blood cells, and its possibleatwement in TSE pathogenesis in blood
system. The knowledge of the BrBiology of blood origin can be subsequently applie a

development of non-invasive detection methodsahanot still introduced in general use.

Particular goals of my study:

1. To characterize the biochemical properties of thé“®n human red blood cells and to
reveal the reason for disproportions in publishathdoncerning quantity of erythrocyte-

associated PfP

2. To study the importance of PrRxpression for erythroid differentiation utilizingurine

models.

« To describe regulation of PrRon erythroid precursors during their differentatin
vivo andin vitro.

* To introduce and optimize methodology of RNAI immiar laboratory.

« To describe the effect of PrRsilencing on erythroid differentiation using theodel

system of MEL cells.

3. To study the effect of prion infection on erytleokemic MEL and neuronal CADS5 cell

cultures with silenced transcription Bfnp.
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3. Material and Methods

3.1. Human samples

Citrate-anticoagulated blood of healthy volunteesss provided by the Transfusion
department of Institute of Hematology and Blood nBfasion in Prague. Samples of cord
blood were provided by the Institute for the Cafréother and Child in Prague. Normal brain
samples (lobus frontalis) were provided by theitut of Pathological Medicine (First Faculty
of Medicine, Charles University, Prague, Czech BRéipu The collection of samples was

conducted in accordance with the Helsinki Declarati

3.2. Cell cultures

MEL cell line- clone 707 was purchased from Eurapé&ollection of Cell Cultures
(ECACC, Salisbury, UK). MEL and murine fibroblastroved NIH3T3 cells were maintained
in DMEM growth medium with high glucose (4.5 g/lly;,glutamine, sodium pyruvate, 10 %
fetal bovine serum (FBS), 100 U/mL penicilin and01@/mL streptomycin (all reagencies
PAA, Pasching, Austria). Packaging human HEK293 Ge®ntech, Mountain View, CA,
USA) and Phoenix line (Allele Biotechnology, Sare§o, CA, USA) both derived from human
embryonal kidney cells were cultivated in the sasoaditions like MEL and NIH3T3 cells.
Catecholaminergic neuronal tumor CAD5 cells (predicdby Charles Weissmann Department
of Infectology, Scripps, Florida) were cultivated®@pti-mem (Invitrogen, Carlsbad, CA, USA),
10 % FBS, penicilin and streptomycin. All lines wekept in 37 °C, humidified atmosphere
with 5% CQ. For all experiments, MEL cells betweel! 2™ passage were seeded at density
10° cells/mL 24 hours before induction to differeribatby 5 mM HMBA, final concentration
(Sigma Aldrich, St. Louis, MO, USA). Cell densitim other cells were adjusted according
the purpose of experiment. Viability and cell numsbevere determined by Trypan Blue

exclusion assay by counting in Blurker chamber aeihcounter- Countess (Invitrogen).

3.3. Animals/ Mice

In the present work we used PfFmice of mixed background (C57BL/6x129/SvxCD1).
The study was approved by the Committee on thec&tbi Animal Experiments of the First
Faculty of Medicine, Charles University in Pragi@emit Number: 217/07).
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3.4. Chemicals

During the study, MEL cells were treated with wais chemical compounds to modify
their physiology. One day prior to each treatm®tiL cells were diluted in growth medium to
cell density 18 cells/mL. At point 0 hours, HMBA and/ or appropgeaompound were added
to growth medium. If not stated otherwise, all cihmis were purchased from Sigma.
Azacitidine (5-Aza-2 -deoxycytidine; 5-AzaC) wasedsto regulate gene transcription by
inhibition of methyltransferases- causing demettiyha in particular sequence. Similarly,
Trichostatin A (TSA) was used to alter gene traipsion by inhibition of the class | and I
mammalian histone deacetylases. Dexamethasone (Dia€) used to inhibit erythroid
differentiation. To chelate iron from growth mediume used Desferral (DSFRL) (Invitrogen).

Their respective concentrations are noted latpam “Results”.

3.5. Flow cytometry

Quantitative fluorescence-activated cell sortind\@S) analysis was performed on
FACS Canto Il flow cytometer (Becton Dickinson, Saiego, CA, USA) equipped with BD
FACSDiva Software v6.0 (Becton Dickinson). For d&ittn of PrP® of human and murine
origin we used following monoclonal antibodies (nsAlat saturating concentrations: FH11,
AG4, AH6 (TSE Resource Centre, Compton, UK), 3FABA562, Chemicon Inc., Temecula,
CA, USA), and 6H4 (Prionics AG, Zurich, Switzerlanthbeled either with fluorescein
isothiocyanate (FITC) or phycoerythrin (PE). Antifies bind to different PfPepitopes as
depicted in the figure 4. Standard beads (Bangstaabries, Inc., Fishers, IN, USA) were used
for construction of calibration regression line,dathe number of immunoglobulin (1g)G
molecules bound per cell was calculated as destpbeviously (Holada et al., 2007).
MEL cells were washed with 1% BSA-PBS and labetmd?0 min, room temperature (RT) in
a final volume of 50 puL with AH6-PE (10 uL) and L pf CD71-PE (eBioscience, San Diego,
CA, USA). After incubation with mAbs, cells were steed and resuspended in 1% BSA-PBS
and analyzed. Viable cells were identified as 7-Af@olecular Probes, Eugene, OR, USA)
negative population. Mouse BM cells were isolatenf femurus by washing with 1% BSA-
PBS/ 2 mM EDTA (BPE). Sliced spleen and BM cellsrevpassed through a 40 um cell
strainer (Becton Dickinson) to eliminate stroma detiris. Approximately one million cells in
final 50 pL volume were labeled 30 min, at 4°C arldwith following mAbs: 4 yuL anti-mouse
Ter-119 eFluor 450 (eBioscience), 0.5 pL anti-moQ8¥ 1-FITC (eBioscience) and 10 pL of
AHG6-PE. Labeled cells were then three times wastmetiresuspended in BPE. Only live cells

were acquired. Erythroblast subpopulations from BN spleen were resolved according
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Terl19, CD71 and forward-scatter (FSC) signalseBtbroblasts (pro.E) were identified like
Ter119Mmcp71M" and FSE cells. Ter119%" cells were divided using both the CD71 and
FSC parameters into three populations, labeled AEr§ery.B and Ery.C, as described
previously (Liu et al., 2006).

AG4 FH11 3F4  6H4 AH6
| AR S | | |
23 51 90 s s 230
179 214

A N-181 A N-197

Figure 4: Schematic structure of posttranslationally modifieuman PrP Locations of the octarepeats
region (51-90), two N-glycosylation sites (181, 19rd the disulfide bridge (179- 214) together véititi-
PrP” mAbs epitopes used in the study are shown. Invbi we used following mAbs- AG4, FH11, 3F4,
6H4, and AHG6.

3.6. Preparation of brain homogenates and cell lyses

Human or murine brain tissue was homogenized (10% w ice-cold Tris buffered
saline (TBS; 20 mmol/L Tris and 145 mmol/L NaCl, pt#4) with 1 mmol/L EDTA and 1
mmol/L phenylmethylsulfonyl fluoride (PMSF). Coarsagments were removed (400@x10
min, 4°C) and the supernatant was stored frozealiquots at -80° C. Prior to lysis, cell
cultures were washed 3 times in ice-cold PBS. Reflevoided of serum proteins were lysed in
150 mM NaCl, 1% TX-100, 0.5% Sodium deoxycholat&é%® sodium dodecyl sulfate (SDS),
2 mM MgCh, 12 units/pL Benzonase (Sigma) and 50 mM Tris,8a®including EDTA free
protease inhibitor Complete (Roche Diagnostics Gnibéhzberg, Germany).

3.7. Isolation of erythrocyte ghosts

Blood was diluted 1:1 with platelet wash buffer (BWL2.9 mmol/L citrate, 30 mmol/L
glucose, 120 mmol/L NaCl and 5 mmol/L EDTA, pH 6a)d centrifuged (300 g, 15 min,
RT). The numbers of blood cells in individual stagé separation were monitored using a cell
counter (ADVIA 60, Bayer, Leverkusen, Germany) awived as a base for estimation of
numbers of contaminating cells in separated bloactibns. Erythrocytes were resuspended in
cold PBS (pH 7.4) and centrifuged (1500,XL0 min, and 4°C). The supernatant and the buffy
coat containing leukocytes were discarded togeth#r the upper quarter of the erythrocyte
phase. The middle half of the red blood cell phaae diluted with the same volume of PBS
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and erythrocytes were lysed with 14 volumes ofdcket lysis buffer (5 mmol/L sodium
phosphate and 1 mmol/L EDTA, pH 7.4). The remaincgntaminating platelets and
leukocytes were removed using centrifugation (20@) 5 min, and 4°C). Erythrocyte ghosts
were sedimented at 20,000gx(40 min, 4°C), washed three times with lysis buffiemally
resuspended in TBS and stored frozen at -80 °C.

3.8. Electrophoresis and western blot

Proteins were separated on a 10 or 12.5 % sodiwlacgbsulfate- polyacrylamide gel
electrophoresis (SDS-PAGE) and transferred to gudn2nitrocellulose membrane (Bio-Rad,
Hercules, CA, USA). Protein concentration in celltgre lysates was adjusted using BCA
assay (Thermo Fisher Scientific, Rockford, IL, USA)20 pg proteins/lane in SDS-PAGE.
Membrane was blocked with TBS with 0.05 % Tween#9,7.4 (TBST), followed by TBST
with 5% dry nonfat milk (TBSTM) (Bio-Rad) and incated with appropriate mAb diluted in
TBSTM. Human PrP was immunostained with 0.5 pg/mL 6H4 and 1 pg/mB4Aor 0.5
ng/mL 3F4. Murine PrPwas detected with 1 pg/mL of both AH6 and AG4 arb pg/mL
6H4. Anti-actin polyclonal antibody Ab 1-19 (0.5 fugl.) (Santa Cruz, Santa Cruz, CA, USA)
was used as a loading control. After washing, teenbirane was incubated with antimouse IgG
goat F(aby linked to alkaline phosphatase (Biosource Intéonal, Camarillo, CA, USA) or
goat anti rabbit (Ig)G alkaline phosphatase (CalBagkingham, UK), both at dilution 1: 4000.
Bands were visualized with a 5-bromo-4-chloro-3eiytiphosphate/ nitroblue tetrazolium
phosphatase substrate (BCIP/NBT). Densitometridyaisawas carried out with MiniLumi
densitometer software (DNR Bio-Imaging Systems O&tusalem, Israel).

3.9. Deglycosylation

Erythrocyte ghosts and brain samples were deglyates using PNGase F (New
England Biolabs, Ipswich, MA, USA) according to tanufacturer’s protocol. The samples
were denatured, supplemented with Complete protedmieitor (Roche Diagnostics), Triton
X-100 and incubated overnight at 37°C with 100 U/faNGase F. Finally, samples were
analyzed using immunoblotting. Fresh untreatedheoglyte ghosts, brain samples and their

aliquots incubated overnight without PNGase F stagcontrols.
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3.10.1n vitro modification of brain PrP® by N-hydroxysulfosuccinimide biotin, hydrogen
peroxide and glyoxylic acid

Samples of normal brain homogenate were separaied) $DS-PAGE and blotted.
Subsequently, the membrane was cut into stripsvithdhl strips were treated with increasing
concentrations of hydrogen peroxide(4) (O, 1, 5, 25, 130, and 640 mmol/L) in PBS for 30
minutes at RT or with increasing concentrationdNdiydroxysulfosuccinimide biotin (sulfo-
NHS-biotin, Thermo Fisher Scientific, Rockford, IUSA; 0, 0.01, 0.05, 0.1, 0.5, 1, and 10
mmol/L) in PBS (1 hr, 37°C). Incubation with incs&ag concentrations (0, 6.75, 12.5, 25, 50,
and 100 mmol/L) of glyoxylic acid (GA) was perforchan 0.2 mol/L phosphate buffer (pH 7.4)
containing 150 mmol/L sodium cyanoborohydride fdrturs at 37 °C (Ando et al, 1999).
After incubation, the strips were washed three siméh PBS and then developed with mAb

3F4 or 6H4 as described in part “Electrophoreséwaestern blot”.

3.11. Cloning- creation of retroviral vectors expresing shRNAs
In first approach, we selected two target seque(id@sl and 1830) using the Ambion
“siRNA Target Findel* (Austin, TX, USA), third target site was adoptednfi the work of

Tilly et al. (Tilly et al., 2003). Selected sequeacseemed to have no significant homology to
other genes excepPrnp as shown by comparison with database for murineome.

Subsequently, we used Ambion on-line “Insert Desigiol for the (Silencef™ Vectorg® to
design shRNAs (Table 1) matching to pSilencer &tto U6 vector (Ambion) (Fig. 5).

(1)

§'LTR

ColE1 Origin

pSilencer 5.1-U6 Retro
6486 bp

Hingdlll

siRNA Insert
BamHI

U6 Promoter

3'LTR

Pol Il Promoter

Figure 5: Schematic map of the pSilencer 5.1. retro U6 vec®= retroviral packaging signal sequence;
Hindlll and BarmHI= cloning site for siRNA insert; ColE1 Origin= ti@rial origin of replication; Pol I
Promoter= promoter for puromycin mammalian resisgamarker; 3' and 5' LTR= long terminal repeates;

Ampicillin= bacterial resistance marker. Picturerfr Ambior.
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Scrambled (SCRL), control shRNA was part of the kidividual complementary single
stranded oligonucleotides (EastPort, Prague, CRagublic) were annealed and cloned with
T4 DNA ligase (Fermentas, Burlington, Ontario, Gdedato pSilencer 5.1. retro U6 vector
according manufacturer’'s protocol. Ligated vectarsre amplified in transformeé. coli
DH5a strain during overnight selection with 106/mL ampicillin (Sigma). Amplified vectors
were isolated with QIAprep Spin Miniprep Kit (QiageHilden, Germany). Presence of inserts
was verified by analysis with restriction endonaskesBantH| and Hindlll (Fermentas) and
sequence accuracy was confirmed by sequencing griroen 5'- TTGTACACCCTAAGCCTG 3
primer (EastPort).

To achieve more effective silencing Bfnp gene we used second generation of shRNAs
expressed in context of mMiIRNA (Silva et al., 20@&hang et al., 2006) (Fig. 3 and 6).

A a  eeee- A

UG GCG GCUGCUGGUGCCAACCCUAUUUA GUG A

AU CGU CGACGACCACGGUUGGGAUAAAU CAC G
c 6 GUAGA C

Template oligo = single strand 97nt “mir30-like” DNA oligo

TGCTGTTGACAGTGAGCGAGCTGCTGGTGCCAACCCTATTTAGTGAAGCCACA

GATGTAAATAGGGTTGGCACCAGCAGCGTGCCTACTGCCTCGGA
Figure 6: Design of second generation shRNA- shRNAmIR. Uppet of image shows the secondary
structure of the mir- designed shRNA. Below is tiseresponding oligonucleotide DNA sequence derived
from the oligonucleotide RNA. The sequence in glesents the common flanking miR-30 sequences and
nucleotides in green denote the miR-30 loop stractlihe sense and antisense target sequences shown
black and blue, respectively, are optional by treearcher. The red flanking sequences are usatvessal
targets to prime a PCR reaction, whereby the entifR-30- styled shRNA is amplified to produce a PCR
product that can be cloned into a recipient ve@Raddison et al., 2004). Adapted with permissiamfr

Open Biosystems. Source Open Biosystems prodacatitré.

Both antiPrnp sequences HP_285770 (LP1) and HP_288208 (LP2paiable in_RNAI
codex databadgTable 1) and were purchased cloned in pSM2 (Fjgv2MM_66187 and
V2MM_63696 vectors (Open Biosystems, Huntsville, ,AUSA). Control nonsilencing
shRNAmMIR (LN) was ordered in pSM2 retro vector RAGZ (Open Biosystems). Next two

anti-Prnp mRNA shRNAs sequences were adopted from literatti?® from Pfeifer et al. and
LP6 from Tilly et al. (Pfeifer et al., 2006), (Tyllet al., 2003). Both LP5 and LP6 sequences
(Table 1) were purchased as oligonucleotides (BatBnd were processed to meet the criteria
for cloning to Murine stem cell virus (MSCV) basedrovector expressing shRNA from LTR

promoter (LMP) (Open Biosystems) (Fig. 8).
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Figure 7: Schematic map of pSM2 retrovector. U6= shRNAmiBnpoter, sShRNAmMiR= shRNA with the
flanking miR-30 sequences at each end; PGK= phagpterate kinase eukaryotic promoter; Paro
puromycin resistance for mammalian selection; 5T Rlong terminal repeat; sinLTR= 3' self-inacting
long terminal repeat; RK& conditional origin of replication (required fdnd expression of pirl gene to
propagate within the bacterial cell); K&©AM'= bacterial resistance marker. Adapted with perimisEom
Open Biosystems. Source Open Biosystems ww#. site

LTR 3 ¥ +5 5’ miR30gmi 3’ miR30 Puro's IRESs GFPLTR
Xho1 EcoR1

§' miR30 - 1528

Xhol - 1535 - C'TCGA_G
EcoRI - 1547 - G'AATT_C
3' miR30 - 1553

Figure 8: Schematic map of the LMP- Murine stem cell virtdSCV)-based retroviral vector expressing
shRNAmIR from the LTR promote¥= retroviral packaging signal sequengéyd/ Ecarl cloning site; 5'

and 3' miR30= common flanking sequence; ParBuromycin resistance for mammalian selection; PBGK
phosphoglycerate kinase eukaryotic promoter; IRESsrnal ribosome entry site; GFP= green fluoreseen
protein; LTR= long terminal repeats; AmpR= ampialiresistance; ORI= origin of bacterial replication

Adapted with permission from Open Biosystems. Se@pen Biosystems www sitand _product literatufe

Both oligonucleotides LP5 and LP6 were amplified @R using following common pSM2
primers: forward- Xhd primer 5 AAGCCCTTTGTACACCCTAAGCCF3 and reverse-EcoRl
primer 5 -ACTGGTGAAACTCACCCAGGGATTF 3™ (EastPort). Reaction conditions of PCR were as
follows: 0.5 pLPfu Polymerase (Promega, Madison, WI, USA), 5 pL oX I8action buffer
containing MgSQ@ (Promega), 0.5 uXhad primer, 0.5 pLEcaRI primer, 1 pL dNTPs, 41.5 uL
H,O and 1uL DNA template (LP5/LP6), 94° 1’, 20 cyc{ed° 30", 54° 30", 72° 45"), 72° 10’,

4° hold. Amplified product was purified accordingsél Extraction” protocol (Qiagen).
Purified PCR amplicons were digested wHtoR| andXhad and subsequently purified again to
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get rid of digested fragments by running on a 2&§arose gel. Desired amplicons were cut
from the gel and purified again based on “Gel Ettom” protocol (Qiagen). To prepare LMP
retroviral vector for insertion, we first digestgdvith EcoRI/ Xhad and purified the linearized
plasmid by running on a 1% gel. Similarly, we digespSM2 vectors coding LP1, LP2 and
LN sequences and purified them in same manner &s ILIP6 inserts. Ligation reaction was
performed in 20 pL reaction with equimolar amounftsnsert and vector DNA at RT for 2
hours. Ligated vectors were then transformedEtocoli DH5a strain and selected with
ampicillin. Sequences were verified using EECTTGAACCTCCTCGTTCGACE3’ sequencing

primer in clones that were positive by restrictébgest analysis.

389- ShRNA *

GATCCGCCTTGGT GGCTACATGCT! AGCATGTAGCCACCAAGCCCCTTTTTTGGAAAACCT

1071- ShRNA *

GATCCGTACCCCTGGCACT GATGCG CCCATCAGT GCCAGGEGGTATTTTTTGGAAAATGCT

1830- ShRNA *

GATCCACTGCGATAGCTTCAGCTT AAGCTGAAGCTATCCCAGT TTTTTTGGAAAACGCT

LP1- shRNAni R

TGCTGT TGACAGT GAGCGACCTATGI TTCTGTACTTCTAT ATAGAAGT ACAGAAACAT AGGGT GCCTACT GCCTCCGA

LP2- shRNAni R

TGCTGT TGACAGT GAGCGAGCAAAGGGT TCTACAACCAAA TTTGGTTGTAGAACCCT TTGCCTGCCTACT GCCTCCGA

LP5- shRNAni R

TGCTGI TGACAGT GAGCGAAGAACAACT TTGTGCACGACT AGT CGTGCACAAAGT TGTTCTGTGCCTACTGCCTCGGA

LP6- shRNAni R

TGCTGI TGACAGT GAGCGAGGGECCT TGECGECTACATGCT AGCATGTAGCCGCCAAGGCCCCTGCCTACTGCCTCGGA

Table 1: shRNA and shRNAmIR sequences used in the pregefit shown as DNA oligo. * number
denotes starting position of target siteRmp mRNA. Sequences 389, 1071 and 1830 were designed f
use in pSilencer 5.1. retro U6 retrovector. LP12 LIBP5, and LP6 were used in LMP retrovector. Red=
stem of sShRNA, complementary sequencBrigp mRNA. Green= loop of shRNA. Direction-53".

3.12. Transfection of the pSilencer 5.1. retro Uexpressing shRNAs to MEL cells

MEL cells were seeded 24 hours before transfeciion24-well plate in two
concentrations- 50 and 150 x*l¢ells per well at final volume of 0.5 mL. For tefection, we
used siPORT XP-1 (Ambion) transfection agent wisttior to DNA (retrovectors coding
shRNAs- 389, 512, 1071, 1830, and SCRL) as advlsgdnanufacturer. Efficiency of
transfection was determined indirectly during sedec of cells, where population with the
highest viability was considered as transfectedh whe most optimal ratio of SiPORT XP-1 to
DNA. Transfected and mock transfected control ce#se selected with puromycin. Prior to
selection, we found out by “Puromycin killing curvassay” as an optimal effective
concentration 0.5 pg/mL of puromycin. Since pSitamns.1. retro U6 vector does not code for

any easily observable marker like GFP, we transtegiasmid expressing EGFP (Clontech)
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under similar conditions like for pSilencer 5.1.troe U6 vectors to assess transfection

efficiency.

3.13. Confirmation of the pSilencer 5.1. retro U6 @ctor integration by PCR

Inserts in pSilencer 5.1. retro U6 vector stabkggnated into the genomic DNA were
detected by PCR. Using the Primer Expl¥ssoftware (Applied Biosystems) we designed
primers targeting two regions: Insert-300 bp (ditg presence of cloned insert shRNA) and
U6-1000 bp (detecting inserted shRNA together wit pgomoter). Primers for PCR were as
follows: forward 5 -AGACCAGGTCCCCTACATCGF 3', reverse 5 AGGACGCGGGATCCAGTACTF
3" for Insert-300 bp and forward 5 -CCTTTAACGTCGGATGGCG 3°, reverse 5'-
TCCATTTGTCACGTCCTGCA 3" for U6-1000 bp. DNA was isolated using “genonidNA
purification kit” (Fermentas). Samples were adjdst® 10 pg/mL upon measuring of
concentration by absorbance at 260 nm. Two pL lifteli DNA was amplified using PCR
master mix (Fermentas) with following thermal plefi94° 3", 40 cycles (94° 30", 53° 1", 72°

307), 72° 10’ and hold 4°. Presence of amplicoas wisualized by gel electrophoresis.

3.14. Retroviral transduction of target cells

Schematic overview of procedure is shown on FigP&kaging HEK293 GP2 cells
were seeded 24 hours before transfection at dendity x 10 cells/ well (24-well plate). After
24 hours, VSV-G plasmid coding envelope proteinadicular stomatitis virus (Clontech) was
cotransfected to HEK293 GP2 cells in ratio 1:2 veiipropriate retrovector (LN, LP1, LP2 and
LP5). Plasmids were delivered to cells in ratio @ith Arrest-in transfection agent (Open
Biosystems). Three days post transfection of HEK@#2 cells, media containing retroviral
particles were spun down to pellet eventual contation by packaging cells (400g< 5 min,
and 4°C). In parallel, target MEL cells were cdntyed (400 g, 5 min, and RT), resuspended
with fresh medium and 0.25 mL of cell suspensionwell was aliquoted in 24-well plate.
Growth medium from adherent target CAD5 cells groyvin 24-well plate was replaced with
0.25 mL of fresh medium. Supernatant containingalviparticles and 1,5-dimethyl-1,5-
diazaundecamethylene (Polybrene, Sigma) at finateatration of 4 pg/mL was added to
recipient cells in 1:1 ratio. Subsequently, targgdts with retroviral inoculum were centrifuged
for 90 min at 500 )y, RT.
To ensure successful infection of MEL cells we aésuployed co-cultivation as another
approach for transfer of viral particles from pagkag cell line to MEL cells. In this method,

24 hours post transfection, medium in HEK293 GP aeas aspirated and ~ 2 x 1IBIEL
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cells/well were added inside the 0.4 pum pores hlnaest polyphthalat insert (Beckton
Dickinson) in total 0.7 mL volume of fresh mediantaining 4 pug/mL Polybrene.

After 48 (co-cultivation) or 72 (spinfection) houo$ incubation cells were diluted with fresh
medium for recovery. Selection started next day dogling puromycin (Sigma) at final
concentration of 0.5 pg/mL for MEL cells and 1.5/mb for CAD5 lines. We monitored
progress of selection (as a percentage of cells iwtegrated retrovector) by FACS utilizing
expression of retrovirally delivered GFP. MEL deikes prepared by both methods were mixed
when reached >95% of GFP positivity. Overall, dgrihe study, we used MEL and CADS5 cell

lines named after appropriate retroviral vectorSARIR table 2.

Table 2: Names of transduced MEL 707 and CADS5 cell lines.

Retrovector Transduced lines Function of sShRNAmIR
LMP MEL LMP CAD LMP Empty vector

LN MEL LN CAD LN Nonsilencing shRNAmIR

LP1 MEL LP1 CAD LP1 AntiPrnp shRNAmIR

LP2 MEL LP2 CAD LP2 AntiPrnp shRNAmMIR

IR (v 5 oo - 5 mia] ook .@—WW Figure 9: Brief description of retrovirus production by

HEK293 GP2 line and its delivery to target cells&€kd
Moy 293 GP2 cells express retroviral geges andpol, but
‘ env gene for envelope protein production must be co-
transfected with retrovector. We us€&V-G plasmid
expressing the G glycoprotein of the vesicular stiiin
@ virus. VSV-G protein interacts with phospholipid

‘ components of the target cell membrane and promotes

the fusion of viral and cellular membranes. VSV-G

w © protein does not require a cell surface receptdrcam
w (= = serve as a substitute viral envelope protdssembled

~ ~ retroviral particles are released to growth medium
where can be collected and delivered to targetlioell

Upon integration to host genomic DNA, MSCV-based

/\ retroviral vector expresses shRNAmIiR from the

] retroviral LTR promoter. Stable integrants are celg

using puromycin resistance. GFP serves as a mianker

retroviral integration.
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3.15. RNA isolation and reverse transcription

To preserve RNA integrity, samples intended foufetRNA isolation were stored in
RNA later solution (Ambion) or processed immediat&lEL and CAD5 cells were collected
by centrifugation (400 >g, 5 min, RT) and cell pellet was immediately lysadRNA Blue
solution (Top-Bio s r.o., Prague, Czech RepubR$JA was isolated according manufacturer’s
manual. RNA pellet was diluted in RNase/ DNase Wwaéer and stored at -80°C. Approximate
integrity of RNA, based on the visualizing 88S rRNAand 18S rRNA was evaluated after
1.5% agarose gel electrophoresis (30 min, 100 Whc€ntration of RNA was measured by
absorbance at 260 nm. The RNA purity largely vabetiveen 1.9 and 2.2 as was estimated by
the ratio of absorbances between 260 and 280 nmta@inating genomic DNA was degraded
by treatment with the TURBO DNase (Ambion). The Rifegrity, concentration, and purity
were revalued like previously. For reverse traqgmn we used 0.5 pg of DNase treated RNA.
Afterwards, RNA was transcribed using RevertAidfirst strand cDNA synthesis kit
(Fermentas) in line with the producer protocol. &se transcription was primed by the reverse

transcriptase using random hexamer primers.

3.16. Quantitative real time PCR

Complementary DNA (cDNA) was tenfold diluted anqiR was used for quantitative
real time PCR (qRT-PCR) performed in ABI 7300 PGRt&m (Applied Biosystems, Carlsbad,
CA, USA) using TagMan Universal PCR Master Mix (Aipd Biosystems), thermal profile-
95° 10, 40 cycles (94° 157", 60° 1°), and primenathes detecting genes listed in table 3:

Table 3: List of gene names and TagMan Gene Expressionygaplied Biosystem) used in this studly.
Abbreviation Applied Biosystem identification ma%kgene name:

Bax Mm00432051_m1,; Bcl2-associated X protein,

c-myb MmO00501741_m1; myeloblastosis oncogene

Eif2ak2 MmO00440966_m1; eukaryotic translation initiatioottar 2-alpha kinase 2

Eraf Order Number- 2217982, Assay ID - EDRF-70; erytth@ssociated factor, (EDRF)
Gapdh Mm99999915 g1, glyceraldehyde-3-phosphate dehydiaxge

GATAL Mm00484678_m1; GATA binding protein 1

Hba MmO00845395_s1; alpha hemoglobin chain

Oasl MmO00712008_m1,; ribonuclease L (2',5'-oligoisoadateysynthetase- dependent)
Prnp MmO00448389_m1; prion protein

Rnasel Mm00836412_m1; 2'-5' oligoadenylate synthetase 1A
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Relative fold expression levels were calculatedigishe 2**“* method (Livak and Schmittgen,
2001) normalized to the referenGapdhgene- equation 1. Relative fold expression quastit

were calibrated specifically for each experimenstased later in results.

Equation 1: step 1- ACt= Clarget geney~ Clreference gene)
step 2-  relative fold exmieﬂ ZAACT: 2—(ACt(examined sample)ACt(calibrator sample))

Endogenous retroviruses (Table 4) were quantifieth 8YBR® Green PCR Master Mix

(Applied Biosystems) using primers (EastPort) addptrom Stengel et al. (Stengel et al.,
2006). Quantitative RT-PCR was performed on ABIOJBLR System using default thermal
profile. Melting curve analysis of dissociated ds®MNuring heating allowed us to assess the
specificity of PCR. To exclude the possible contaation of reaction components, negative

controls (water) were performed for each experimatit no signal detected.

Table 4: Primers used for the PCR amplification of seleeadogenous retroviruses (ERVS).
Primers in 5°-> 3" direction

ERV name Forward Reverse

IAP-1 GGAGAAGTCCTACCTCAGGGG GGAGAACAAAATGTCATCCATATA

MLV CCAGACTTGATCCTGCTACA CTCAGTCAGCCATCTCTGAC

ERV-L GTTTTGCCTCAAGTATATAT CAGCATAATGTCATCAATATA

MuRRS TTAGCCTCCTTCCGAGCTGA GCCTCTGTCAGCCACCGTTT

VL30 ACCTGGACTAGACTACCACA GGCTGCGATTAAAAGATCATC

VL30-2 CTCGCACCTTTTCGCGCTCG GCGAGGGGATCATCATAACA

3.17. Spectrophotometric determination of hemoglobi content in MEL cells

Hemoglobin concentrations in MEL cell lysates wemeasured by the
tetramethylbenzidine (TMB) assay as described ptsly (Petrak et al., 2007) with adaptation
to 96-well plate. MEL cells were harvested in 24uhdntervals during whole course of
erythroid differentiation. Upon washing with icelddBS cell pellets were lysed in 0.14 M
NaCl, 0.01 M Hepes, and 1.5% w/w Triton X100, pH.7TCell lysates were centrifuged at
14,000 xg, 20 min, and 4°C. Supernatant was transferred h@va tube and total protein
concentration was determined by the BCA assay (MmbeFisher Scientific). Samples were
adjusted to 100 pg/mL and TMB assay was performedlplicate by adding the reagents in
the following order: 10 puL supernatant (or pureidyBuffer for the blank sample), 80 pL
deionized water, 20 pL freshly prepared TMB solutio 90% acetic acid. The reaction was

started by the addition of 4 pL of 30%®. Absorbance was measured after 20 min of
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incubation at RT on VICTORD fluorometer (PerkinElmer, Waltham, MA, USA) ugis60
nm wavelength. Amount of hemoglobin was subtrafteswh the calibration curve composed of

serial dilutions of purified hemoglobin (Sigma).

3.18. Uptake of radiolabeled®Fe-transferrin by MEL cells

Two passages before experiment, MEL cells weresaell and kept in density .0
cells/mL. In time of analysis, cells were washedhwpre-warmed PBS and resuspended in
fresh medium. Subsequently, 3 pM transferrin s&dravith>’Fe was added to cell suspension.
At defined time points (1, 2 min 30 sec, 5, 10, 8¢ 60 min) aliquotes in triplicates each
containing 12x 19cells were diluted in 10 mL of ice-cold PBS togstbe iron uptake. Finally,
cells were three times washed with ice-cold PB3I. izlet was finally analyzed by Tesla NA

3601 gamma counter.

3.19. Infection of MEL cells with RML prion strain

MEL cells (MEL 707, LMP, LN, LP1, and LP2) were #1e96 hours to reach the
confluence. After 4 days, at the time of inoculatiave split the cells into triplicate to fresh
growth medium. Subsequently, 10 pL of 10% brain bgemate infected with RML prion
strain (prepared as described above in sectiorepd?ation of brain homogenates and cell
lysates”) was diluted in 1 mL of MEL cell suspemsieaching final concentration 0.1% of
RML brain homogenate. The cells were incubated@#sithen 0.1 mL of cell suspension was
diluted tenfold for the next passage and the reteosuspension was divided into halves. Both
halves were used for cell blot assay, one was whgiree times with PBS and the other was
used without washing. Passaged cells grew for Aeddys when were processed in the same
manner (here described as a first passage). Adtdrsdays (9 days post infection), passaging

was discontinued and all cells were harvested (Heseribed as a second passage).

3.20. Cell blot assay

Cell blot assay was used to examine propagatioRME prions in MEL and CAD5
cell cultures (Bosque and Prusiner, 2000). MELscelere pelleted by spining, adjusted to
equal volume and pipetted on 0.45 pm nitrocellulosembrane (Biorad) pre-wet in lysis
buffer (0.5% natrium deoxycholate, 0.5% Triton X81250 mM NaCl, and Tris-HCI, pH 7.5).
After 1 hour drying at RT, the membrane with addecell lysates was incubated 90 min at
37°C with 7 pg/mL of proteinase K (PK) in lysis ferf PK was inhibited by 10 min
incubation with 2 mM PMSF. Subsequently, membrares vi0 min treated with 3 M
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guanidium thiocyanate in 10 mM Tris-HCI, pH 8.0té&fextensive washing in water, cell blot
was processed as a normal western blot" R&& visualized using mAbs as described earlier.
Presence of infectious PrP in CAD5 cells was exanhilike in MEL cells except that CAD5
cells were grown on glass slides and at the defiimeel were transfered by pressing on the pre-

wet membrane.

3.21. Statistics

Statistical significance was determined by twoetit-test (paired or unpaired test)
using GraphPad Prism software version 5.00 for \Miwvgl (GraphPad Software, San Diego,
CA, USA). A p value of < 0.05 was considered statistically digant. Error bars are

represented by mean + standard deviation (SDytiktated otherwise.
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4. Results

4.1. Characterization of human PrP associated with erythrocytes suggests explanation

for quantitative differences in the literature

4.1.1. Characterization of erythrocyte Pr®

In our initial quantitative analysis of PrRn human erythrocytes isolated from eight
healthy donors, we observed notable differencéisarbinding of used antibodies to human red
blood cells. The highest number of PrRolecules (in assumption that one IgG molecul@$in
one PrP molecule) per one erythrocyte (290 + 140 Predian + SD) was found by mAb
6H4. Monoclonal antibodies 3F4 and FH11 bound moaer number of PfPmolecules per
cell: 80 £ 35 and 35 + 20 (median = SD), respetyiyEig. 10). In contrast, both mAbs 3F4
and 6H4 bound to platelet Prfrom identical samples roughly equivalent: 63050 nd 635
+ 280 (median + SD) (not shown).

6H4- : {

ol
FH11-)-I—{

0 100 200 300 400 500 600
Number of bound IgG

mAb

Figure 10: Quantification of PrP expression on human erythrocytes using FACS. Bindif mAbs to
erythrocytes of healthy human donors was measwsied) guantitative flow cytometry £18). The range of

the data, 50% percentile (box) and median are shown

We found that 3F4 bound minimally or not at allRd®™ on western blots of serially diluted
erythrocyte ghost samples. Contrary, we detectedb@fding to brain PrP(Fig. 11B). At the
same time, 6H4 detected erythrocyte PoR blots with similar sensitivity to brain PriRFig.
11A). WB analysis revealed that erythrocyte Pifas present mainly in its diglycosylated
form, detected as a diffuse band with a moleculaigit (MW) slightly higher (35-38 kDa)
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than brain PrP (Fig. 12A). Deglycosylation of PfPwith PNGase F led to the detection of a
single band with a MW similar to deglycosylatedibr&rF". No major fragments suggesting a
significant presence of truncated forms of PiR human red blood cells were detected.
Denaturation of the sample by boiling with SDS @ deglycosylation did not improve the
binding of mAb 3F4 to erythrocyte PrieFig. 12B).

A mAb 6H4
kDa 1 2 3 4 5 6 7 8 9 10 11 12
35 - :
e
29 =
21 -
B mAb 3F4
kDa 1 2 3 4 5 6 7 8 9 10 11 12
- B L &
29 = 5
RBC Brain

Figure 11: WB comparison of PfPdetection using mAbs 6H4 and 3F4. WBs of serigifgfold diluted
samples of 1 x H¥mL human erythrocyte ghosts (Lanes 1-6) and 10¥nabhuman brain homogenate
(Lanes 7-12) were developed with mAb 6HX) (or 3F4 B). Binding of 3F4 to erythrocyte PTRs not
improved by denaturation of proteins after boilwgh electrophoretic sample buffer, demonstratihgt t
poor binding of 3F4 to human erythrocytes is natseal by blocking of its epitope by conformatiorfzéuege
or the interaction of PfPwith its binding partner on the cell surface. Augible explanation of poor 3F4

binding is covalent modification of its epitopered blood cell Pr

The incubation of erythrocyte ghosts with incregsaoncentrations of proteinase K led to
gradual and complete cleavage of PrBemonstrating that erythrocyte Bri8 similarly as
sensitive to proteinase K as Prip equally treated samples of platelets or braimbgenate
(not shown). We obtained a similar result aftert@rase K treatment of intact erythrocytes

and platelets with subsequent FACS analysis of Brét shown).
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Figure 12: Characterization of basic features of Pd® human erythrocytesAY WB comparison of red
blood cells (lanes 1, 4 and 5) and brain (Lane3 and 6) PrP demonstrate that erythrocyte Pri8 not
significantly truncated. (c) Fresh untreated samiplg) samples deglycosylated using incubation with
PNGase F, and (-) samples incubated without PNGa3ée blot was developed with a mixture of mAbs
6H4 and AG4.B) Deglycosylation of erythrocyte PrRloes not lead to the restoration of 3F4 bindined R
blood cells (lanes 1-3) and brain (lanes 4-9) samplere (c) fresh untreated, (+) treated with PNGar

(-) incubated without PNGase F. Samples 4, 6, aaek 80-fold dilutions of Samples 5, 7 and 9, respely.
The blot was developed with mAb 3F4.

4.1.2. The influence ofn vitro modification of brain PrP® on the binding of mAb 3F4

The low binding of 3F4 to erythrocyte Prleould be caused by modification of its
epitope (KTNMKHM). Oxidation of brain PfPwith increasing concentrations of®h up to
130 mmol/L had little effect on the binding of mA&E4 or 6H4. At 640 mmol/L, the binding of
both 3F4 and 6H4 was diminished (Fig. 13). In casttrmodification of lysine residues M-
(carboxymethyl)lysine (CML) by incubation with ireasing concentrations of GA generated
complete inhibition of 3F4 binding, while the bindi of 6H4 was not affected (Fig. 13).
Similarly, incubation with increasing concentrasasf Sulfo-NHS-biotin led to a gradual loss
of 3F4 binding to PrP(Fig. 13).

Figure 13: Glycation of PrP could be the

reason of diminished binding of 3F4 to

human erythrocytedn vitro treatment of

6H4 ‘
‘.!'.'. ..?"‘ WBs of normal brain homogenate with

increasing concentrations of GA;®}, or

Sulpho-NHS-Biotin. Blots were developed
with mAbs 6H4 or 3F4. Modification of
.I..- lysine residues by GA to CML and Biotin

in contrast to oxidation of methionines by

3F4 '

. ‘i
| 1 . | e . .
Q 0@%&@@@ QA 5%"0%@ 009\0060,\6@ A a0 H;O, mimics the discrepancy in the

mM GA mMH,0, mM Biotin binding of mAbs 3F4 and 6H4 fourid

vivoin human red blood cell PYP
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4.1.3. FACS analysis of 3F4 and 6H4 binding to CD7&rythroid cells in cord blood
In contrast to peripheral erythrocytes, equal mgdof 3F4 and 6H4 to transferrin

receptor- positive (CD7) erythroid precursors in cord blood was recordgd.(14).
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Figure 14: Comparison of 3F4 and 6H4 binding to human cooddlerythrocytes. MAbs 3F4 and 6H4 bind
equally well to transferrin receptor- positive émgtid precursors in human cord blood. This sugghstisthe
modification of the 3F4 epitope (KTNMKHM) occurstef the release of red blood cells into circulation
Normal cord blood (n= 3) samples were analyzedgusivo-color flow cytometry. The logarithmic side
scatter/forward scatter (SSC/FSC) plot shows tlatexcproperties of cord blood and the positiorthef
erythrocyte gate (top left plot). CD7tells were gated on a FL2/FSC logarithmic plop (tight plot) and

their 3F4 and 6H4 fluorescence compared (bottomodyiam overlay).
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4.2. Expression of PrP® is regulated during murine erythroid differentiati on

4.2.1. Expression of PrfP differs on individual murine erythroblast subpopulations
Quantitative FACS analysis of PrRexpression on erythroid subpopulations isolated
from BM and spleen (Fig. 15A) showed that the esgpien of Prf is upregulated from
proerythroblasts (Pro.E) to basophilic erythroldggiry.A) ~ 2-fold in BM and ~ 3-fold in the
spleen cells. Temporal increase is followed by e@sing of membrane bound PrBuring

maturation toward reticulocytes (Ery.C) (Fig. 15B).
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Figure 15: PrF" is upregulated in early erythroblast precursoc then decreases during their maturation to
erythrocytes. A) Schematic gating strategy of erythroblast premurgiable cells (7-AAD negative) were
labeled with CD71-FITC (FL1) and Terll9-eFluor 4%BL5). Four populations were identified:
proerythroblasts (Pro.E; CD74Ter119™™™ and Ter11%%" that were gated further on FSC x CD71 to
distinguish 3 populations: basophilic erythroblag&ry.A; CD71""FSC™"), late basophilic and
polychromatic erythroblasts (Ery.B; CD"‘PT.FSC"W), orthochromatic erythroblasts and reticulocytes/(C;
CD71°“FSC®™). (B) Quantitative FACS analysis of BrExpression on erythroblast precursors isolateu fro
BM and spleen cells showed that expression of BsRsignificantly p = 0.004) upregulated from pro.E
(7800 + 3100) to Ery.A (16200 + 3700). Similarly, $pleen we detected 4200 + 600 Privlecules on
pro.E and 13400 + 5200 on EryA £ 0.023). Expression then decreases in Ery.B with05+ 1100 in BM
and 4600 + 1400 on spleen cells. On late precu(&mysC) amount of PIPis the lowest 470 + 230 or 680 +
280 Pr® molecules. Paired t-test; mean + SD; n= 5. Nurobenembrane PfPmolecules per cell, provided

that 1 molecule of anti-PfAmonoclonal antibody AH6 binds 1 molecule BrP
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4.2.2. Differential regulation of PrP during inducer mediated erythroid differentiation

MEL cells were grown 5 days in the absence or presef 5 mM HMBA. In both
instances, cells upregulated expression Rihp mMRNA. Cells induced to erythroid
differentiation upregulated PrPprotein as early as 6 hours post induction (F&), ith no
detectable upregulation of Prin uninduced MEL cells (not shown). Further exaation
documented that transcription &rnp mRNA in nondiferentiating cells reached maximal
expression at 96-120 hours (~ 13-fold expressioromparison with starting point at 0 hours)
(Fig. 17A). Similarly, after 24 houBrnp mRNA in differentiating MEL cells raised more than
2-fold, but the peak reached after 120 hours wipression ~ 9-fold compared to time of
HMBA addition at O hours (Fig. 17B). ExpressionRi in untreated cells correlated with
MRNA accumulation in later stages (Fig. 17C). CanyttoPrnp mRNA in differentiating cells,
PrP reached the maximal expression in 24 hours wiblssguent decrease to almost its basal
level (Fig. 17D). Quantitative FACS analysis comféd observed pattern of PrBxpression in
differentiating cells by WB (Fig. 17E).

Prp¢

actin

Figure 16: PrP upregulation may be recognized ~ 4-6 hours posBANhduction as shown by WB. MEL
cells were harvested in two-hour intervals posuaiibn to differentiation. PfPwas detected by mix of
mAbs 6H4, AG4 and AH6. Actin served as a loadingticd.
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Figure 17: Comparison of PfPexpression on mRNA and protein level in untreated differentiating MEL
cells. Expression oPrnp mRNA increases in uninduced MEL cell&)(similarly like in cells induced to
erythroid differentiationB). Expression was determined as fold differencatired to expression in starting
point (mean + SD). Hemoglobin production illustsajgrogress of differentiation (B, full line). Inased
production of PrP protein correlates with elevated mRNA transcriptio growth-arrested cell€f, but not
in the differentiated cells, where expression ¢fFprotein reaches its maximum 24-48 hours post itioluic
(D). WB was developed by mix of mAbs AH6, AG4 and 6H\tin was used for loading controE)
Number of membrane P¥Pnolecules per differentiating cell measured byntjtative FACS, mean + range.

(F) Densitometric analysis of PtRxpression during erythroid differentiation fromstpre D.
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4.2.3. PrP is upregulated after treatment with inhibitor of histone deacetylases

In this experiment, we examined dependencBrap gene transcription in MEL cells
on methylation status of its promoter sequence @dmdmatin status ifPrnp locus. For this
purpose we treated MEL 707 cells with 5-AzaC anhitbr of methyltransferases and TSA an
inhibitor of histone deacetylases. MEL cells wereubated with 2.5 and 5 ng/mL TSA or 1.25
and 2.5 pM 5-AzaC. After 24 hours, we monitorechs@iption of Prnp by gRT-PCR.
Expression oPrnp in TSA treated cells (2.5 ng/mL and 5 ng/mL) wa%X-fold or ~ 8-fold
higher than in cells at the beginning of treatm@g. 18A). Both TSA concentrations led to
significantly < 0.0001) highefPrnp transcription than was transcription in contRynp
untreated cells. We did not observe any signifi¢amip upregulation in cells treated with 1.25
or 2.5 uM 5-AzaC (Fig. 18B). The activation Bfnp expression by TSA but not by 5-AzaC

was detected also on a protein level by WB (nowst)o

A B

154 151

3 _ 3
o
- T -
° 101 © 101
5 T 5
F L 2
5 g
X 51 % 5
L) )
Q _ S _ — —_
G 1 U U T G 1 1 1 U
0 UNT TSA 2.5 TSA5 0 UNT AZA1.25 AZA25
Treatment (ng/mL) Treatment (pM)

Figure 18: Administration of TSA to growth medium of MEL celisd to the highePrnp gene transcription
than treatment with 5-AzaC suggesting that chramedinformation inPrnp locus repres®rnp activation.
Expression oPrnpin MEL cells was examined after 24 hours incubatigth 2.5 or 5 ng/mL TSA and 1.25
or 2.5 uM 5-AzaC, respectivelyA] Prnp expression is significantly activated during inatibn with TSA

an inhibitor of histone deacetylaseB) (Incubation of MEL cells with 5-AzaC an inhibitoof
methyltransferases did not lead Ronp activation. Prnp expression was quantified by qRT-PCR using
Gapdh as a reference gene. Expression was determineal fatd difference relative to expression in

untreated cells (UNT). Data from two independemqezinents; unpaired t-test; mean + SD.
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4.2.4. Inhibitor of differentiation does not preveri expression of Prf

In effort to describe regulation of PrRfter blocking of erythroid differentiation, we
treated MEL cells with Dexamethasone (DEX) an tioibiof MEL differentiation. In first
approach, we changed growth medium 12 hours (earipd) post induction (Fig. 19A). After
medium exchange cells continued in differentiatopresence of HMIBA alone, HMBA and 4
UM DEX or in growth medium only. Expression of Pnas determined by WB after 24 and
120 hours from the beginning of experiment. Degredifferentiation was evaluated by the
hemoglobin concentration 120 hours post inducfidre highest content of hemoglobin, 17 + 3
png/mL, was in cells continually incubated with HMB®hich hemoglobinized similarly like
non-manipulated differentiating cells 17 £ 2.9 pg/fmean £ SEM). Both lines also expressed
elevated levels of PfP24 hours after start of the treatment. At thisetjthigher level of PfP
was observed also in cells with medium changedHBA/DEX although hemoglobin level
was lower, 12.3 + 3.7 pg/mL (mean + SEM), thanefiscwith HMBA alone. Cells devoid of
HMBA or supplemented with DEX only, produced loweédés of hemoglobin comparable to
untreated or cells treated with DEX from the begignThey did not upregulated PrBfter 24
hours. In second group of cells treated from thggbey with HMBA/DEX, we observed that
after medium exchange cells upregulated “PoRly when HMBA was present in growth
medium during 24 hours. If not, the level of Pras lower. PrP production after 120 hours
was highest in cells that were not treated with Hvihd/or DEX. Cells treated with DEX did
not upregulate PfPin contrast to untreated confluent cells. AmouhPd™ in differentiated
cells was lower as expected. Cells treated with laafents had level of PrRlightly higher
than differentiating cells but lower than untreateslls. In second approach, we changed
medium 24 hours (late period) after incubation Wit BA or HMBA/DEX when expression
of PrP was upregulated (Fig. 19B). After medium exchange highest hemoglobin
production (20 + 1 pg/mL) at 120 hours was foundeils with continual presence of HMBA
(mean + SEM). PrPin these cells was downregulated. Similar downlagn was seen in
cells incubated with DEX after medium exchangehalgh their hemoglobin concentration
was ~ 3 or 6-fold lower. DEX did not prevent upriegion of Pr® at 24 hours in presence of
HMBA even in higher concentration- 8, 20 and 40 |Ad.well, 120 hours after treatment with
increasing concentrations of DEX, no Pripregulation was observed in comparison to DEX
untreated cells (not shown). Absence of HMBA andd&X upon medium exchange led to

PrP upregulation with hemoglobin levels ~ 7-8 pg/mL.
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Figure 19: The initial upregulation of PfRexpression after the induction of differentiatismot affected by
DEX. (A) Expression of total hemoglobin 120 hours postiatidn. Induced cells were incubated 12 hours
with HMBA and then the medium was changed as showrx- axis. Expression of PrRat 24 hours is
highest in cells with HMBA present also after mediexchange. Expression of Bri cells treated with
DEX was not similar to untreated cells. Three iretefent experiments, mean + SENB) (Hemoglobin
amount 120 hours post induction in cells treated2f hours with HMBA when medium was changed as
indicated on x- axis. After 120 hours, PrRas upregulated only in cells in growth mediumheitt HMBA
and/ or DEX. Two independent experiments, mean M SFEF was detected by mix of mAbs AH6, AG4

and 6H4. Hemoglobin was measured by TMB assay.
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4.3. Introduction of RNAI methodology and optimizaton of gene delivery

methods for the study of PrP role

4.3.1. Transfection of pSilencer 5.1. retro U6 veat coding anti-Prnp shRNAs did not lead
to PrP® downregulation

To find out the influence of Pffon the process of erythroid differentiationvitro we
planned to downregulate its expression. In firgirapch, we delivered the vectors coding anti-
Prnp shRNAs by transfection. In that time, there wes® tpublished sequences shown to
efficiently downregulate PfP(Daude et al., 2003), (Tilly et al., 2003). Howevenly one
sequence (here marked as 389) was suitable foingldo pSilencer 5.1. retro U6 vector.
Incorporation of second sequence to retrovectorldvdead to premature termination of
transcription. The reason for premature terminati@s in the presence of AAAAA (TTTTT)
sequence, which is termination site for RNA pol({Tihen et al., 2005). The next 2 sequences
(1071 and 1830) were designed and cloned to veadodescribed above in material and
methods part “Cloning- creation of retroviral vastexpressing shRNAs” (Tab. 1).
Selection of MEL cells transfected by pSilencer. 3etro U6 vectorcoding shRNAs led to
establishment of puromycin resistant populationg 88w that ratios 3:1 and 4:1 of siPORT
XP-1 to DNA were the most effective transfectionscells with starting density 5 x 1@ells
per well (Fig 20). However, in selected lines wesatved downregulation of PrRexpression
neither on mRNA (Fig. 21A) nor on protein leveldF21B).
Founding of clonal populations did not lead to s&tm of cell clones with downregulated PrP
Attempts to obtain single cells per well (96-welhte) by limited cell dilution of previously
selected cells resulted to decreased viabilityespective MEL cells. Only cells seeded in a
group were proliferating (not shown).
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Figure 20: Cell viability after puromycin selection in two @mps of MEL cells differing in initial cell
density at 24 hours prior to transfection. Perggataf viable cells was determined by Trypan Blue
exclusion assay in Burker chamber at 72, 120, &8hburs post transfection. CTRL 1 and 2 are cbntro
MEL 707 that were not transfected.
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Figure 21: Transfection of pSilencer 5.1. retro U6 vector ingdantiPrnp shRNAs did not lead to PP
downregulation.4) Similar expression dPrnp gene in MEL cells transfected with pSilencer $etro U6
vector expressing shRNAs after selection with @BnL puromycin as shown by gRT-PCR usfagpdhas
a reference gene. Expression in 389, 1071 and 1i889 was determined as fold difference relative to
expression in SCRL cellsBY Immunoblotting displays similar expression of ®geotein in all cells. PP
was detected by mix of mAbs AG4 and 6H4. As a loegdiontrol polyclonal anti-actin antibody was used.

CTRL= positive control for PfPdetection is represented by 10% murine brain h@matgp.

Next, we screened expressionRshp mRNA 12, 24 and 48 hours after transfection td fout

if the expression of shRNAs is not inhibited irelastages. We observed mild downregulation
(~ 50%) in case of 389-shRNA after 48 hours (FigAR At that time, second anB#np
shRNA was shown to be functional upon its trangioipfrom integrated lentivector (Pfeifer et

al., 2006). After the cloning of this sequence tw etrovector (marked as 512), we used it in
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similar screening as described above. We observet 6512-shRNA expression is
downregulated after 48 hours also in this instabge afterwards its level is similar as in
SCRL-shRNA (Fig. 22B).
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Figure 22: Transcription ofPrnp gene is partialy silenced after 48 hours postsfeantion with retrovectors
coding 389- and 512-shRNAA) Expression oPrnp mRNA after 12, 24, and 48 hours post transfection.
Only 389-shRNA downregulateBrnp transcription to ~ 50% after 48 hour®&) (Repeated screening 48
hours post transfection showed ~ 40% inhibitiofPfp expression transfected with 389-shRNA and ~ 60%
inhibition in case of 512-shRNA. After next 24 hsuinhibition was lost an&rnp expression in both 389
and 512 lines was similar like in control SCRL lirfguantitative RT-PCR witkeapdhas a reference gene.

Expression was determined as fold difference redat expression in SCRL line in specific time gsin

Vector integrated to the cell genome may be trapiscnally silenced by DNA methylation
and/ or histone modification. Therefore, we treatells upon selection with mix of 5-AzaC
and TSA. Administration of 5-AzaC/TSA may burdenrlsetherefore, we monitored their
viability prior to anlysis ofPrnp expression by gRT-PCR. Cells with stable integratectors
389, 512, and SCRL were analyzed by FACS afternit¥48 hour of 5-AzaC/TSA exposure.
Viability was measured by Annexin Vybrant kit (ltnagen) and 3,2dihexyloxacarbocyanine
iodide (DIOG) (Fig. 23). We saw similar levels of apoptosighility in all lines for respective
concentrations of 5-AzaC/TSA. After 14 hours pogiasure, average percentage of apoptotic
cells increased about 25% alongside increasing &=AESA concentration (Fig. 23A). After
additional 34 hours, the percentage of apoptotits @id not increase proportionally with
increasing 5-AzaC/TSA concentration (Fig. 23B).deatage of viable cells at 14 hours, as
stated by DiOg staining, corresponded inversely with percentdggpoptotic cells (Fig. 23C).
The same observation after next 34 hours showegragiertions in composition of cell

populations based on their viability, suggestireg some cells disintegrated (Fig. 23D).
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Figure 23: Effect of 5-AzaC/TSA treatment on viability of MEtells. @) Cultivation of cells with
increasing concentration of 5-AzaC/TSA led afterhiburs to dose response elevation of apoptosidl in a
lines irrespective of anfirnp shRNAs. B) After 48 hours percentage of apoptotic cells noegkedly to

56% only in cells treated by 1.25 5-AzaC (uM)/TSA/L). (C) Percentage of viable cells after 48 hours.
(D) Healthy cells almost disappeared in prolongedlation with 5 and 2.5 5-AzaC (UM)/TSA (ng/mL).

Based on previous data we analyzed expressionRfjBst for 389 and SCRL line after 14
hours. We saw increased expressionPofip mRNA after treatment with all 5-AzaC/TSA
concentrations (Fig. 24).

Figure 24: Exposure of MEL cells to increasing

{ concentrations of mixed 5-AzaC (UM)/ TSA (ng/mLJl lo

upregulation ofPrnp mRNA transcription after 14 hours.
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: : . [F10 to expression in mock treated SCRL line.
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In attempt to resolve why our MEL cells are resista puromycin after transfection but do not
show anyPrnp mRNA silencing we decided to test presence ofgrateed pSilencer 5.1. retro
U6 vectors in puromycin resistant cells, we desigeet of primers for their PCR detection.
However, we did not prove their insertion into gemo DNA (Fig. 25), suggesting that
recombination of retrovector during integrationhimst cell genomic DNA corrupted sequence

containing shRNA and its promoter.

Figure 25: No bands are present in PCR products from gen@hié of

stable transfectants- 389, 1071, 1830, and SCRL Nls with supposed
: incorporated retrovectors as shown by gel elecomsis after ethidium
bromide staining. Expected amplicons-bands shoaltbbg 300 bp (insert;
W oo o detecting presence of cloned shRNA) and 1000 bp (gecting cloned

shRNA together with U6 promoter) as was detectados) in control

(CTRL) purified retrovector diluted in water.
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However, final FACS analysis based on approximaty@FP transfection revealed that
transfection efficiency of pSilencer 5.1. retro Uéctors might vary between ~ 10 and 20%
(not shown). This observation hampers our previoulngs showing partiaPrnp silencing in

early stages post transfection.

4.3.2. Optimization of retroviral delivery by ,packaging cell lines*

Irreproducibility of previous nonviral gene deliyesystem urged us to employ gene
transfer based on retroviral transduction by vpaticles produced by ,packaging cell lines*.
As a first packaging cell line we used “Phoenixlic€Allele Bioscience). Phoenix cells were
transfected with transfection agent Arrest-in (OpBiosystems) to DNA of retrovector
expressing EGFP (pLEGFP-C1, Clontech) in ratioggtting ~ 50-70% transfection efficiency.
First, to prove functionality of our system we delied retroviral particles to NIH3T3 cells. We
tested two methods- spinfection and co-cultivatiBath ways led to ~ 30-40% positivity for
EGFP expression as shown by FACS. After two weélselection, EGFP positivity reached ~
98%. Similar infection of NIH3T3 cells with viralgpticles coding pSilencer 5.1. retro U6 389,
512 and SCRL shRNAs led to ~ 30-60% inhibitiorPonp expression (Fig. 26). Unfortunately,

similar approach was not successful in MEL celtst Ghown).
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1.2+ Figure 26: Expression of 389 or 512-shRNAs

g 1.0 o from integrated retrovirus silencedPrnp
— = ——
% B transcription about 30 or 60%, respectively.
é 0 Individual shRNAs were delivered to NIH3T3 cells
g’_ ' by spinfection of retroviral particles. Quantitativ
0.4
E RT-PCR with Gapdh as a reference gene.
2 02 Expression ofPrnp in 389 and 512 lines was
oc T T . . .
SCRL 389 512 determined as fold difference relative frnp

expression in SCRL line.

4.3.3. RNAi by shRNA of second class led to statded efficient PrP° silencing

Finally, we examined the suitability of second gatien of shRNAs expressed in
context of miRNA (Silva et al., 2005), (Chang et aD06) (Fig. 6). In following optimization
we changed packaging Phoenix cells for HEK293 G#f2ine (Clontech). NIH3T3 cells were
used as a control for arfBirnp vector delivery and efficiency (Nolan laboratf)y Based on
the FACS analysis of HEK293 GP2 cells transfecteElBFP plasmid, we found out as the
most effective 1:9 ratio of DNA to transfection aggeSubsequent optimization showed that we

get satisfactory EGFP positivity in target NIH3T8lls by using the 1:2 ratio of VSV-G
plasmid to EGFP retrovector in cells with initiglicdensity 1 x 10cells/mL (Fig. 27).

As described in material and methods, we prepaveddifferent antiPrnp shRNAmIR- LP1,
LP2, LP5 (the same target sequence as previously lmg 512-shRNA), LP6 (the same target
sequence as 389-shRNA) and control shRNAmMIR LNcdntrast to LP5 shRNAmIR, we
failed to prepare correct LP6 shRNAmMIR sequencéaut mutations- deletions of variable
length and position in shRNAmMIR insert (Tab. 3)ef@fore, we excluded LP6 sequence from
the next study. Prior to cloning of LP1 and LP2wawes to LMP vector, we tested their
silencing effectivity in pSM2 vectors using NIH3€8lls as taget line (Fig. 28).

TGCTGTTGACAGTGAGCGAGGGCCTTGGCGGCTACATGARGTGAAGCCACAGATGTAAGCATGTAGCCGCCAAGGCCCTGCCTACTGCCTCGGA

389/23 GCGGCTA

389/15 GCCAAGGCC
389/03 CTTGGCG

389/08 TGGC

389/05 TGGCG

389/1 CTTGGCGGCTACATGCT

389/A1 GCCGCC

389/A2 TGGCGG

389/B3 GCGGCT

Table 3: After cloning of PCR amplified 389-shRNAmMIR (LPé&)serts to LMP retrovector we found
various deletions in sShRNAmMIR sequences isolateth fseveral transformed bacterial colonies (in bold)

Blue sequence= expected correct LP6-shRNAmIR; Rgdences= missing sequences.
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Ratio of EGFP fluorescence in EGFP fluorescence after EGFP positivity after retroviral
vectors packaging line: retroviral infection- infection of NIH 3T3 (%)
target cells
PVSV-G : HEK293 GP2 NIH 3T3 *100 x 10 *200 x 16

pEGFP

2:1 39 18

1:1 48 24

1:2 54 29

density per mL, 24 hours before infection.

Figure 27: Schematic design of transfection to packaging loedl HEK293 GP2 with various ratios

“vector to envelope plasmid” and following outcomfter transduction of target NIH3T3 cells. * Ce

128

kDa P1 P2 PN

34-

26
55-

43-

Figure 28: Both antiPrnp shRNAmIiRs (P1 and P2) effectively silenced

Yoo Prnp expression in NIH3T3 cells after transduction waM2 retrovectors
V2MM_66187 or V2MM_63696. PN= control nonsilencisgRNAmMIR.

' Prp¢

PrP” was detected with mAb AH6. Actin was used as ditwacontrol.

actin

MEL cells were finally infected with LP1, LP2, LRd LN retrovectors using both methods
of retrovector delivery- spinfection and co-cultiea. Monitoring of EGFP positivity during
selection with 0.5 pg/mL puromycin showed rapidréase of EGFP positive cells within one
week (NIH3T3) or three weeks (MEL cells) for bo#troviral modes of delivery (Fig. 29).
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Figure 29: Puromycin treatment of MEL 707 and NIH3T3 celleeafetroviral infection led to the selection
of cells with integrated retroviral vector withinw&keks. Efficiency of selection was monitored bggance
of retrovector-derived EGFP. Percentage of EGFRtipesells reached > 90% regardless mode of vector

delivery and target cell line.

Both, spinfection and co-cultivation, led to eféint silencing ofPrnp on mRNA and protein
level in MEL and NIH3T3 cells using both LP1 and2_Bonstructs (Fig. 30A-B). We did not
note knockdown of PfPin cells transduced with LP5 vector (Fig. 30B).rleither mode of
gene delivery RNAI substantially induced cell potikee effects as shown by gRT-PCR
analysis of chosen interferon stimulated genes §)SIiHf2ak2 RnaselandOasla(Fig. 31).
Silencing of Pr in LP1 and LP2 lines is stable during the entiddBA-mediated erythroid
differentiation. In comparison with MEL LN line, Pt expression is inhibited from ~ 79%
(LP1) to 84% (LP2) at O hours to 93% (LP1) and 9@92) after 120 hours, as shown by
gqRT-PCR (Fig. 32A).

Quantitative FACS analysis confirmed downregulatd®rP on cell membranes ~ 83% (LP1)
to 88% (LP2) at O hours to ~ 92% (LP1) and 95% (L&&r 48 hours (Fig. 32B). Expression
of PrP protein in LN lines detected by WB shows similagulation as observed previously in
MEL 707 cells. However, we could barely observespree of PrPin LP1 and LP2 lines only

at 24 hours (Fig. 32C) showing effective silencifigotal cellular PrP protein.
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Figure 30: RNAI substantially downregulated PrRexpression in MEL LP1 and LP2 linesA)( Both
methods of retroviral vector delivery led to ~ 9@%encing ofPrnp mRNA in both lines expressing anti-
Prnp shRNAmIR (LP1 and LP2) when compared to MEL lir@ressing nonsilencing shRNAmIR (LN) as
shown by qRT-PCR usingapdhas a reference gene; mean + 3B).Confirmation of Prf downregulation
in LP1 and LP2 on protein level by WB, PriRas detected by mAb AH6. No silencing was obseimdd®5

cell line. Actin was used as a loading control. Esgion of bothfPrnp mRNA and PrP protein was
evaluated on the end of the selection by puromycin.
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Figure 32: Expression of PfPis stably repressed during the course of HMBA-uetl erythroid
differentiation. ) Downregulation ofPrnp on mRNA level; gRT-PCR usinGapdhas a reference gene;
two independent experiments; mean = SD. Expressiidrnp in lines LP1 and LP2 is determined as fold
difference relative to expression in LN cells atdurs. B) Downregulation of PfPon cell membranes in
LP1 and LP2 lines verified by quantitative FAC)if@experiments; mean + SOC)Y Confirmation of stable
PrP silencing by WB. PrPin LP1 and LP2 cells was hardly detectable at @dré post induction to
differentiation. PrP was detected by mAb mix AH6, AG4 and 6H4. Actinved as a loading control.

4.4. Silencing ofPrnp gene by RNAIi suggests that PfPis dispensable for

erythroid differentiation in vitro

4.4.1. Similar proliferative capacity and viability during differentiation was observed in
all MEL lines irrespective of Prnp quantity

Cell numbers in LN and LP1 lines similarly incredag to ~ 2.4 x 10or 2.3 x 16
cells/mL until 72 hours when fall occurred. In LE&Il line, we noticed higher proliferation
activity with maximum of ~ 3 x 10cells/mL (Fig. 33A). Twenty-four hours post indiact c-
mybtranscription was downregulated about ~ 73% inlibl, ~ 78% in LP1 and ~ 88% in LP2
line. After next 24 hours (48 hours post inductjianinybwas downregulated to ~ 2% level in

comparison to beginning and remained repressed tn&iend of experiment (Fig. 33B).
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Observed reduction af-mybtranscription suggests similar loss of proliferatcapacity after
HMBA induction. In parallel, we monitored percenga@f living cells by Trypan Blue
exclusion assay estimated by cell-counting maci@oentess (Invitrogen). The viability (~
94%) did not change during 72 hours post inductisiter that, we observed significant but
similar drop off in viability in all lines (Fig. 33). Possible induction to apoptosis by
transcriptional increasing of proapoptoBex was not observed regardless of PeRpression
(Fig. 33D).
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Figure 33: Viability and proliferation of MEL cells during wthroid differentiation shows similar pattern
irrespective to PfPquantity. &) Cell numbers during erythroid differentiation,ucting based on image
analysis. B) Transcription ofc-myb is similarly downregulated in all 3 MEL lines. Ehgssion was
determined in each line separately as fold diffegerelative to expression at 0 hour8) Cell viability
based on Trypan Blue exclusion ass®). Transcription oBaxgene in LP1 and LP2 lines was determined
as fold difference to expression in LN cells eaely thdividually. Quantitative RT-PCR usirgapdhas a

reference gene was used in figures B and D. Data fwo independent experiments; mean + SD.
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4.4.2. Silencing ofPrnp expression does not interfere with erythroid diffeentiation in
vitro

Production of hemoglobin was equal irrespectivePd® expression (Fig. 34A). In
average hemoglobinizing cells produced 14 = 5 pg/tdl+ 4 pg/mL and 17 = 5 pg/mL of
total hemoglobin in LN, LP1 and LP2 line, respeelyv(mean = SD). Similar quantity of
transferrin receptor (CD71) molecules per cell detected in all lines (Fig. 34B). Furthermore,
the pattern of its expression during differentiatiwas similar in all lines as well. Quantity of
CD71 was more a less stable during 72 hours, exuept at 24 hours when we observed quite
high variability. After 96 hours, number of CD71 imcules per cell decreased about 47% (LN),
52% (LP1) and 57% (LP2) in comparison with amodn€D71 at 72 hours. Decrease in CD71
molecules continued next 24 hours in similar manviegn we noted fall about 49% (LN), 55%
(LP1) and 56% (LP2) from the level of previous ¢8§ hours).
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Figure 34: Production of total hemoglobin during differenitiet was similar regardless on Bréllencing as
shown by TMB assay in 100 pg/mL of total proteidata from four independent experiments; mean + SD
(A). Pattern of CD71 expression on cell membrane elsag CD71 quantitiy was similar in all lineB)(
Number of CD71 molecules per cell, analyzed by tjtaiive FACS was based on assumption that one IgG

(anti-CD71-PE) molecule binds one molecule of TBRta from two independent experiments; mean + SD.

Monitoring of selected erythroid specific genes- $ Eraf), hemoglobine (Hba) and
GATAL1(not shown) at transcription level showed alsd@yieal expression in all lines during
the differentiation (Fig. 35A-B). Although we natid that in some time points (24-48 hours)
expression oEraf or Hba in LP2 line differs in comparison to expressiornresgpective genes

in LN line, we cannot assign observed differenaslg to PrP silencing.
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Figure 35: Transcription of selected erythroid markers mesglny qRT-PCR shows similar quantity and
pattern during erythroid differentiation. Transtigp of Eraf (a-hemoglobin stabilizing protein) andba
(hemoglobine) genes in LP1 and LP2 lines was determined asdiffdrence relative to expression in LN
cells each day individuallyA). Quantitative RT-PCR from four independent experits; mean + SDBJ
Representative pattern of transcription was detegthin each line separately as fold differencetixgao

expression in LN at 0 hours.

4.4.3. Low expression of PrP does not influence iron uptake in MEL cells

This part of the study was done in collaboratiothviRNDr. Jii Petrak, CSc. and Doc.
MUDr. Daniel Vyoral, CSc. from Institute of Pathgioal Physiology, 1. LF UK and Institute
of Hematology and Blood Transfusion in Prague, eespely. Besides the quantitation of
transferrin receptor by FACS during erythroid diéfetiation, we also examined uptake of 3
1M radiolabeled®Fe bound to transferrin (Tf) with relation to Brexpression in MEL cells
during normal conditions. MEL absorbé¥e-Tf in time dependent manner, but we did not
observe any relation 6fFe-Tf uptake to PfPquantity during short time incubation (1, 2 min
and 30 sec, 5 and 10 min) (Fig. 36A). On the ofie, uptake in MEL 707, LP1 and LP2 cells
was significantly lowerg < 0.0001) than in LN line during whole prolongedubation- 10, 30
and 60 min. (Fig. 36B). However, in follow up studg found out that iron uptake in MEL 707

cells was similar to LN cells except the 10 min @xyre to>°Fe-Tf when the iron uptake in
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MEL 707 was significantly lowerp(= 0.02). In the rest of the MEL lines with noesited
Prnp (LMP and LP5) we observed significantly highpr< 0.0001) iron uptake after 10, 30
and 60 min exposure tSFe-Tf (Fig. 36C). We also studi€édre-Tf uptake in MEL cells 48
hours post induction to erythroid differentiatidn.this instance, we saw significant difference
between LN and MEL 707 lines in all time points {®, and 15 min) (Fig. 36D). Significant
lower iron uptake was observed also in LP2 celisefach time point but uptake in LP1 cells

was significantly lower only after 15 min.
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Figure 36: Uptake of°Fe-Tf by MEL cells tends to be lower in LP1 and LIP2s in comparison to LN line.
However, variability in cells with fre®rnp expression counteracts to clear decisisv). ptake of*Fe-Tf
after short incubation (1, 2 min 30 sec, 5 and 1ff) showed no difference in respect to PrRiantity. B)
On the other side, uptake BFe-Tf in longer time points (10, 30 and 60 min)eated significant difference
of LN line from the rest of the linesCJ Variability in uptakes of*Fe-Tf among lines with non-silenced
PrP (MEL707, LMP, LN, and LP5).[§) Uptake of*Fe-Tf after short time exposure (5, 10 and 15 rifin)

cells 48 hours post induction to differentiatiompaired t-test; mean + SD.

4.4.4. All differentiating cells respond similarlyto lower level of iron
We compared expression of CD71 in differentiating, LLP1 and LP2 cells under
normal growth conditions and under conditions Witwer iron level when iron was chelated

by 20 uM Desferral (final concentration). Previguste showed that CD71 expression is
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similar during undisturbed differentiation of LPhdaLP2 cells and now we saw similar level
of CD71 on membranes of MEL cells even upon treatméth Desferral (Fig. 37A). Addition
of Desferral to growth medium simultaneously witMBA led after 24 hours to the slight but
significant @ = 0.034) decrease of CD71 in comparison to previday. At 48 hours
expression raised to ~ 1.1 + 1.4 X*19G/ cell which was significantlyp(= 0.0002) higher
than in untreated group ~ 7.5 + 0.4 X 1§G/ cell (mean * SD). Presence of CD71 in ungeat
group did not show significant difference after@448 hours. Afterwards, expression of CD71
in all treated and untreated cells decreased simildowever, significant difference in CD71
expression as seen between Desferral treated darehteu group after 48 hours disappeared,
except 120 hours when presence of CD71 was signific higher on membranes of cells in
treated goup (p = 0.003) (Fig. 37B).
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Figure 37: MEL cells in response to iron chelator- Desfe(@$SFRL) regulated CD71 expression similarly
regardless of PfPquantity. ;) Expression of CD71 in differentiating MEL linesder normal growth
conditions and incubated with DSFRIB)(Presence of CD71 during erythroid differentiationDSFRL
treated and untreated (UNT) group. Data from irttlial lines are grouped together according thenreat
and particular time point. CD71 is significantlyragulated in DSFRL treated group from 48 hours| 120
hours in comparison with UNT. Provided that one enale of mAb (IgG) binds one molecule of CD71,
numbers of IgG/cell equals to numbers of CD71/d@lhantitative FACS was done using anti-CD71-PE

mADb; two independent experiments; unpaired t-tesan + SD.

4.5. Utilization of RNAI in study of infectious prion in cell culture

4.5.1. Preliminary attempts to infect MEL cells wih RML infected brain homogenate
suggest that MEL cells do not propagate infectiouBrP
MEL 707, LN, LP1, and LP2 were left 96 hours towrontil they reached confluence.

From this time, cells were incubated for next 24ifsowith 0.1 % RML brain homogenate.
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After 24 hours, we were able to detect resistai iArall MEL cultures, even in cells with
minimal expression of PFR(Fig 38A). We obtained similar result also aftexn96 hours (t
passage) (Fig. 38A). However, signal intensity haQrs post infection was lower than after 24
hours and completely disappeard after additionah@és (3¢ passage) (Fig. 38A) suggesting
dilution and degradation of resistant PrP. Decreédsat still permanent presence of RML
signal in LP1 and LP2 lines in RML signal after wiamg of cells suggests that we detected
inoculum (Fig. 38B).
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Figure 38: (A) From left to right: RML strain is detected in MEL cells including LP1, LP2 lines after 24
hours incubation. We can detect resistant PrP aéeir 96 hours post infection®(passage) in all MEL cells
including LP1, LP2 lines. After next 4 days of gtow(2™ passage), we did not detect any positivity for
PrPSE. Cells from all intervals were washed prior to nbeame dot blotting. All cell blots were treated hwit
proteinase K.B) Significant drop off in PrPF positivity after washing of infected cells. No Brivas
detected in RML negative control cells suggesthrag tve did not observe background signal. Agaimgedl
blots were treated with proteinase K.)(Control assay of proteinase K function. Pfom MEL 707 cells
and normal brain homogenate (FVB) was only deteictethtreated cells. Proteinase K effectively ddgth
all Pr in RML uninfected cellss/homogenate. BAPYP >F was immunoblotted with mix of mAbs- 6H4,
AG4 and AH6.
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4.5.2. RNAI leads to efficient silencing dPrnp gene in CAD5 cells

Transduction of non-infected and also RML propagptCADS5 cells by LP1 and LP2
retrovectors led to efficient silencing &frnp as shown by WB (Fig. 39). Again, LP5
shRNAmIiR was not efficient and we excluded LP5 Igtantegrants from next study. In
comparison with LN, expression &np mRNA in LP1 and LP2 cells was lower for ~ 86%
and ~ 87% respectively (Fig. 40A). As well in CADé&lls that have been already infected by
RML prion strain, we observed downregulation for77% and 68% in LP1 or LP2 cells,
respectively (Fig. 40A). Quantitative FACS analys@nfirmed data by qRT-PCR showing
corresponding results where LP1 and LP2 were dayutated for ~ 93% and ~ 92%. In RML
infected lines, silencing d?rnp in LP1 and LP2 was lower for ~ 89% and ~ 87% (B@B).
From three analyzed ISGs ger&if2ak?2 Rnaseland Oaslawe detected by qRT-PCR only
Eif2ak2andRnaselalthoughRnaselonly in very low detectable level (Fig. 41). Exgs®n of
Eif2ak2 in LMP and LN lines in comparison with CAD5 cetlsat were not transduced by
retroviral vector, did not show significant diffei@e. On the other side, LP1 and LP2 lines in
RML uninfected cells showed significantly lower esgpsion ofEif2ak2 than LN line p <
0.0001 andp = 0.0004, respectively ) (Fig. 41A). In CAD5 ceiifected with RML prion
strain, expression d&if2ak2was significantly higher in all cells comparinglt (Fig. 41B) @
= 0.0003 andp = 0.035 for LP1 and LP2, respectively). We did nalculate difference in

expression oRnaseldue to its high variability (not shown).
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Figure 39: WB shows efficient downregulation of Prexpression in CAD5 cells transduced by retroviral
vectors expressing sShRNAmIRs targetiigp mRNA (LP1 and LP2). Transduction with LP5 vectat dot
lead to PrP downregulation, which is similar like in nonsilémg LN control and LMP line transduced with
empty vector. PrPwas detected with mix of mAbs - 6H4, AG4 and AB8ain= Prf positive control- 5%
FVB brain homogenate. RML/+ = susceptible or RML infected CAD5 cells. Actierved as a loading

control. WB was done after selection of stablegraats with 1.5 pg/mL puromycin.
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infected with RML strain (i) prior té&rnp silencing (two independent experiments) as showgRy-PCR.
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or absence of infectious PrP) individuall) (Number of PrP per cell membrane. Quantitative FACS based
on assumption that one anti-AH6-PE mAb binds orfé® Pnolecule. LMPi, LNi, LP1i, and LP2i= RML
infected cells. Mean + SD.
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Figure 41: Expression oEif2ak2in CAD5 cells. A) ExpressiorEif2ak2in uninfected LP1 and LP2 lines
showed significant lower expression in comparisathvitN, LMP or nontransduced CAD5 cellsB)(
Contrary to uninfected cells, expression Bif2ak2 in LP1 and LP2 cells infected with RML was
significantly higher in comparison witte novoRML infected LN cells but similar to LMP line. Qnititative
RT-PCR, Gapdh served as reference gene, RMicells three independent experiments; RML+ two
independent experiments; unpaired t-test; mean :EXpression was determined as fold differencedivela
to expression in LN cells in each treatment (presesr absence of infectious PrP). RMit denotes line

uninfected or infected with RML prion strain.
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4.5.3. Downregulation of Pri® expression significantly reduce PrP° formation

This part of the study was done in collaboratiothwidr. Olga Janouskova from our
laboratory. Downregulation of PfRexpression prior to infection with 0.1% RML comtiaig
brain homogenate significantly prevemts novoPrP>F formation in LP1 and LP2 cells as
shown by cell blot assay (Fig. 42 A-B). On the othand, RML infection of control LMP and
LN lines with normal PrP expression led to propagation of P¥Pand prion infectivity (Fig.
42A-B). This observation was supported by succasfatction of susceptible CAD5 cells with
conditioned media harvested either of infected LMPof LN cells. We detected P¥¥ in
CADS cells cultivated with infectious medium, dibdgt at 1:1 ratio with fresh medium, from
infected LMP or LN lines. No resistant PrP was sapon incubation with conditioned growth
medium from LP1 and LP2 (Fig. 42C). Similar reswaitthough in lower resolution, was
obtained after diluting the infected media withsfiegrowth medium in ratio 1:4 (Fig. 42C).
Analogical incubation of CAD5 cells with lysatesofn RML infected cells resulted in
propagation of PrPF only in cells infected with 1% or even 0.1% calédte derived from
LMP or LN lines but not from LP1 or LP2 lines (F#RD).
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Figure 42: Silencing ofPrnp gene substantialy counteractsd® novopropagation of PrS. Detection of
PrP'E after de novoinfection with 0.1% RML brain homogenate by celbtbassay- T passage after
infection A) and .4 passageR). Infection was carried out in triplicates (1- 8y transduced cells or in
duplicates for nontransduced cell€) Detection of PrP°F after infection of CAD5 cells with 50% or 25%
medium harvested from RML infected LMP, LN, LP1L&¥2 cells. D) PrP > after infection of CAD5 cells
with 1% or 0.1% cell lysate from LMP, LN, LP1 or 2Ppreviously infected with 0.1% RML brain

homogenate. Infection was performed in duplicé®eB.was detected with mAb AHG6.
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4.5.4. RNAI of Prnp gene does not cure RML infected cells

This part of the study was done in collaboratiothwidr. Olga Janouskova from our
laboratory. Silencing of PfPexpression in CADS5 cells, which have been infeatéth RML
prion strain prior to retroviral transduction deased, but did not prevent propagation of
infectious PrP°F (Fig. 43). This observation suggested that incéme of the established prion
infection downregulation of PFP substrate to approximately 10% of its originaveleis

sufficient to sustain PfBF multiplication.

LMP LN LP2 LP1 RML WT
-+ -+ -+ -+ - + -+ PK
g propagating infectious PrP prior Rynp silencing (LP1 and

LP2) demonstrates presence of PK resistant PrPh Suc

Figure 43: Proteinase K (PK) treatment of CAD5 cells

latent propagation of P& was observed after 10 passages.
PK-/ + = treatment without or with proteinase K. Indival
lanes were loaded with 30 ug (PKor 300 pug (PK+) of
total proteins. Pr#PrP™>F were detected with mAb AH6.

RNAi post RML infection

4.5.5. Expression of endogenous retroviruses in CAlxells

This part of the study was done in collaboratiothwidr. Olga Janouskova from our
laboratory. We screened transcription of selectedogenous retroviruses in CAD5 cells in
dependence of PfRexpression and presence of infectious PrP. Frarelmf monitored ERVs
(IAP-1, MLV, ERV-L, MuRRS VL30-1 andVL30-2 we detected expression only &P-1,
MLV andVL30-2 In RML uninfected LP1 and LP2 CADS5 cells expressofIAP-1, MLV and
VL30-2 had trend to decrease (Fig. 44A). Expression oV&€Rn LP1 and LP2 was
significantly lower than in LN as followsAP-1 was lower for ~ 43%p(= 0.006) in LP1 line
and for ~ 37 % = 0.03) in LP2 line. Expression &LV in LP1 was not significantly
different but in LP2 cells decreased over ~ 36 (0.002). In case ofL30-2transcription in
both LP1 and LP2 had significantly lower expressio®8% = 0.0006) and ~ 63%p(=
0.0009), respectively. No significant differenceswseen for any ERV between LMP and LN
line. On the other side, expression of ERVs in laAtl LP2 cells incubated with RML strain
was largely higher than in RML infected LN line ¢F44B). Difference in expression I&P-1
between LP1/LP2 and LN was significantly higherrove25% ¢ = 0.025) in LP1, and ~ 34%
(p = 0.042) in LP2 cells. The upregulationMLV transcription was as well higher over ~ 56%
(p = 0.0006) and ~ 71%p(= 0.002) for LP1 or LP2 cells, respectively. Diface in
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expression ofVL30-2 was significantly higher only in LP2 line, althdughe mean of
expression in LP1 was also higher but due to thliity was not significant. Furthermore,
transcription ofMLV andVL30-2in LMP line was also significantly higher thanlilN cells.
Comparison of ERV transcriptions in LN/RML + line expression of respectives genes in
LN/RML - cells revealed that expression of all analyzed ERV4.N/RML + line were
significantly downregulated (not shown). The sanoenparison in LMP lines showed that
expression of ERVs is similar irrespective of preseof infectious PrP. In LP1 and LP2 cells
incubated with RML brain homogenate, ERV expressi@as significantly higher only for
MLV (p = 0.032,p = 0.009 for LP1 and P2, respectively). Transaniptof IAP-1 andVL30-2

was similar for both treatments or was differeriyyon one cell line (not shown).
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Figure 44: Transcription of ERVs tends to decrease in uctef@ LP1 and LP2 cells contrary to RML
treated cells where transcription of ERVs has afiogntendency. Expression of individual ERVAR-1,
MLV andVL30-2 in noninfected (RML) cells A) and in cells incubated with RML prion strain (RML)
(B), as shown by gRT-PCR usi@gpdhas a reference gene. Expression was determinfaddadifference
relative to expression in LN cells in each treatim&ML - cells three independent experiments; RML+ two

independent experiments; unpaired t-test; mean + SD
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5. Discussion

5.1. Characterization of human erythrocyte-associa Pr/”

The presence of TSE infectivity in blood has repelgt been demonstrated in various
species, including mouse, hamster, sheep, deer,nanduman primates (Brown, 2005),
(Mathiason et al., 2010). In addition, the preseptenfectivity in the blood of donors
incubating vCJD was revealed by the transmissiah@idisease to three transfusion recipients
(Gillies et al., 2009). All of them received nornkeweduced erythrocytes. The nature of cells
associated with TSE infectivity in blood remainslaar. In rodents, infectivity seems to be
concentrated in leukocytes, while both plateletd anythrocytes are devoid of significant
infectivity (Cervenakova et al., 2003), (Holadaatt, 2002). Interestingly, platelets harbor
infectivity in the blood of infected deer, suggegtithat association of prions with blood cells
could be species and prion strain dependent. Theession of PrP may play a role in this
discrepancy because rodent platelets, in contoadeér platelets, do not express the protein
(Barclay et al., 2002), (Holada and Vostal, 2000pnsidering the importance of PrP
expression in many aspects of prion pathogenesrisstody was aimed at the elucidation of
controversies surrounding its expression in huneahhlood cells. PfPis present on CD34
marrow stem cells, and its expression is regulatedifferent cell lineages (Dodelet and
Cashman, 1998) (Risitano et al., 2003). Griffithed acolleagues demonstrated that PrP
expression in cultured human erythroblasts was Ignastracellular, with faint membrane
staining, and it was downregulated during tiheivitro differentiation to more mature erythroid
cells (Griffiths et al., 2007). This finding is cqatible with the low expression of the protein
on the membrane of circulating erythrocytes deteateprevious study (Holada and Vostal,
2000). However, this finding was contradicted byesal studies reporting no expression of
PrP on human red blood cells (Barclay et al., 1998la¢Gregor et al., 1999), (Dodelet and
Cashman, 1998), (Antoine et al., 2000), (Li et &001). Most of those studies utilized
probably the best characterized prion mAb 3F4 (Kakcet al., 1987). The antibody was
developed against hamster scrapie—associatedsfibolwever, it also cross-react with human
PrP. The epitope of the 3F4 (KTNMKHM) is located inetltentral part of the molecule
(PrPus-119, Which is known to undergo conformational chamge infectious PrP, resulting in
epitope inaccessibility (Lund et al., 2007), (Sataial., 1998). To elucidate the controversies
surrounding the expression of BrBn human erythrocytes, we first repeated the dfadine

flow cytometry study utilizing mAb 6H4 and two mAlbisat were used in previous negative

93



reports: FH11 and 3F4. Indeed, both antibodies ddaarhuman erythrocytes substantially less
than 6H4: 8.3-fold lower for FH11 and 3.6-fold lawer 3F4. This result was puzzling,
especially for 3F4, as its binding to plateletstlie same tube was equivalent to 6H4. The
overall lower binding of FH11 to a variety of bloodlls has been previously described and can
be caused by a proteolytic loss of its epitope {Py4P located on the sensitive N-terminus of
PrP (Holada et al., 2007), (Leclerc et al., 2003). iikar mechanism could also be
responsible for the lower binding of 3F4, althouighepitope (Pris-119 is located close to the
center of the molecule. The presence of a subatattiount of the stable C1 fragment of PrP
lacking the 3F4 epitope has been described in thvenal brain tissue of man and other
mammalian species (Chen et al., 1995), (LaffonuBre@t al., 2006). In contrast, we did not
find similar fragments in blots of human erythraeghosts, demonstrating that truncation was
not the cause of the decreased 3F4 binding. Théloes! cell PrP band had slightly lower
electrophoretic mobility and was more diffuse tia#* in the brain. This could be caused by
its different glycosylation pattern, which in thganay contribute to the inaccessibility of the
3F4 epitope. However, enzymatic deglycosylationeofthrocyte PrP did not restore its
recognition by 3F4. Considering that the binding36#% is prevented by the change in the
conformation of protease-resistant PrP, we testedsensitivity of PrP on erythrocytes to
proteolysis. However, we did not detect any prateasistant Pf® This, together with the fact
that low binding of 3F4 was also recorded on bédter denaturation of proteins by boiling in
SDS suggests that the low binding is not causetheyconformation of the protein. On the
same basis, the hypothesis that the low bindingFdf is caused by the shielding effect of an
unknown binding partner of PrFon the membrane of erythrocytes can be rejectale™
together, our results suggest that the reasonefcredsed binding of 3F4 to erythrocyte Pis®
posttranslational modification of its epitope KTNMIKI. This modification is apparently
introduced after the maturation and release ohevgltes into circulation as CD7&rythroid
precursors in cord blood bound antibodies 3F4 aid équally well. The modification does
not significantly change the electrophoretic mapilof erythrocyte Pr® because after its
deglycosylation, it has similar mobility to deglyytated brain PP The importance of both
methionine and lysine residues in the 3F4 epitape binding of the antibody has been
previously demonstrated (Lund et al., 2007), (Rsbsin et al., 1999). Methionine residues in
the 3F4 epitope have been shown to be sensitivexigation and may serve as internal
antioxidants, protecting the PrRmolecule from oxidative damage (Requena et alQ4p0
However, in our hands, oxidation of Prith H,O, did not diminish binding of 3F4 relative to

6H4, suggesting that oxidation is not the caustheflow binding of 3F4 to erythrocyte PtP
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In contrast, modification of lysine residues byfetNIHS-biotin readily led to the loss of 3F4
binding, confirming a previous report by Bolton aocoworkers (Bolton et al., 1991). One
physiologically occurring modification of lysinesidues in proteins is glycation. The treatment
of prion protein with glyoxylic acid, which modifelysine residues to the major advanced
glycation end products constitueki(carboxymethyl)lysine, led to a dose-dependentaiese

of 3F4 binding, while the binding of 6H4 was unatkx. The modification of membrane
proteins by CML in human erythrocytes during theging in circulation has been previously
reported (Ando et al., 1999). This is in agreenwveitth our observation that the epitope of 3F4
in erythroid precursors in cord blood as well asplatelets in circulation is not modified.
Obviously, time is needed for the modification twor, so for erythrocytes, with their life span
reaching 120 days compared to the 10 days of ptateit is more probable that will be
modified. Interestingly, glycation of lysine resekion the N-terminal of infectious PrP has
already been demonstrated in brains of TSE-infeoteénts (Choi et al., 2004). Despite the
lack of direct proof, our data suggest that the idiished binding of 3F4 to PfPon
erythrocytes may be caused by glycation. In efforfprove it directly, we are developing
monoclonal antibodies targeting AGEs on P(Pvorakova et al., 2011). This project is subject
of Eva Dvdékovds disertation thesis, therefore it is not discussete. The hypothetical
existence of a similar modification of blood infiects PrP would prevent its detection using
the conformation-dependent immunoassay and otsayaghat use 3F4 (Safar et al., 1998). In
addition, it is likely that the use of the 3F4 aotly was the reason for the underestimation of
the overall amount of the PrRpool associated with human erythrocytes in sonevipus
studies. All three methods employed in our studye&iimate the amount of PrAn
erythrocytes relative to platelets gave convergestlts. Using quantitative flow cytometry,
approximately 300 IgG molecules of mAb 6H4 bounane erythrocyte, while the binding to
resting platelets in identical samples was onlycénas high. Approximately 70% of Pris
localized inside of resting platelets (Holada et 2006), which suggests that the amount of
PrP per platelet, including its intracellular pool, teughly 7-fold higher than in one
erythrocyte. Conformation independent WB analysisPoP levels in carefully isolated
platelets and erythrocyte ghosts indicated thatameunt of PrP per platelet is just 4-fold
higher than in one red blood cell. An even lowdfedence was detected using sandwich
ELISA. Taken together, our data demonstrate thatdifference in the level of Pribetween
one platelet and one erythrocyte is less than I)-fehile the normal amount of erythrocytes
(5 x 1¢/mL) in man is about 20-fold higher than the amaoinplatelets (2.5 x FdmL). This
result implies that erythrocytes should carry astetwice as much PrRhan platelets, which
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makes erythrocytes the main source of cell-asstiBt’ in human blood. Previous studies
have described the release of up to 45% of plafiEt after theirin vitro activation by
agonists or during the 5-day storage of plateleteatrates (Bessos et al., 2001), (Robertson et
al., 2006). Although we consider it unlikely, wencat exclude that some release of Palko
occurred during the isolation of platelets usedun WB and ELISA studies. However, even if
we underestimated the physiological amount of [gaterP by approximately 50%, the
overall amount of PfPassociated with erythrocytes would still surpassRrf® platelet pool.
Despite this observation, erythrocytes remain alikelly source of prions in blood because
they do not have the ability to supplement thempagation with new molecules of FrP
However, the existence of posttranslational modifan in the critical part of the molecule
may give erythrocyte PfRunique properties and favor their binding of psealeased to blood
by other cells. Further studies aimed on the mddeatharacterization of this modification and
its influence on the interaction of PrRith prion particles should clarify if our curreniew
neglects the role of erythrocytes in the blood pgémesis of prion diseases.

5.2. Expression of PrP is regulated during murine erythroid differentiati on

Involvement of Prin cellular physiology was proposed for severglapntly various
processes but so far without any prevailing consenBublished works reported its attribution
to functions, which could be found also during krgtd differentiation, e.g. iron uptake,
proliferation and cell protection. Downregulatioi several erythroid genes during prion
infection was first observation that peripheral hogfenesis of prion diseases is linked to
erythropoiesis (Miele et al., 2001), (Brown et &007). However, it is not clear if the effect
was caused by direct interaction of prion particketh erythroid cells, or it is side effect of
prion infection. Griffiths et al. demonstrated thegulation of PrP expression during the
differentiation of cultured human erythroblasts vivoindicating that it may play a role in the
differentiation of erythroid precursors (Griffittet al., 2007). PfPwas found mostly in the
perinuclear region of proerythroblasts, and the wmmf Pr® declined as erythroid cells
matured. In our study, we demonstrated that théaseirexpression of PfPon erythroid
precursors in the mouse bone marrow and spleeswislh similar pattern as the cells mature.
The protein’s levels first increase with basophérgthroblasts, expressing more than twice as
much PrP as proerythroblasts, and then declines signifigaim late basophilic and
polychromatic erythroblasts, with most mature snelthroid precursors expressing only
around 500 PrP molecules per cell. This pattern of expressionsuggestive of PIPs

involvement in the early stages of erythroid difetiation. The differentiation of MEL cells in
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culture is known to resemble th& vivo process, with similar maturation stages:
proerythroblast-like, erythroblasts-like and, ocgaally, reticulocyte-like (Hyman et al., 2001).
The surface expression of BrBn uninduced MEL cells in the exponential phas@rofvth
was approximately six times higher than that obesgron proerythroblasts in the mouse bone
marrow or spleen. However, the induction of difféation led nearly to doubling of the PrP
number on MEL cell membranes within 24 h, whicherabled a similar increase of PrP
expression on basophilic erythroblastvivo. In agreement with previous observatiamsivo,

we found that this initial upregulation was follodvéy a gradual downregulation of PrP
surface levels along with the progression of MELls¢alifferentiation. This decrease did not
reach the degree observed in small TeEMXOD71°" erythroid precursorim vivo, which is in
line with the limited ability of differentiating ME cells to reach this stage of maturation. The
differentiation of MEL cells is composed of two segte events, growth arrest and terminal
differentiation. Both processes are characterizethb activation of early (cell-cycle control)
and late (morphological changes) genes (Hyman gt 24101). The first period lasts
approximately 12 hours, after which the first cortted cells occur. The majority of cells are
terminally differentiated between 24 and 50 houkbdch et al., 1977). In agreement with
previous studies by Gougomas et al. (Gougoumals, @081), we found that thernp gene in
MEL cells is transcriptionally activated both digimducer-mediated differentiation and in
confluent cells undergoing cell cycle arrest. Irdiidn, we were able to demonstrate the
regulation of PrPat the protein level by western blot. Interestinghd in accordance with the
flow cytometry results, in differentiating celliet expression of the protein was downregulated
after an initial increase, even though the levelPd®? mRNA continued to rise. This result
suggests that MEL cells’ differentiation leads tatranslational regulation of PYRevels
(Schroder et al., 2002) not seen in uninduced celtdergoing cell-cycle arrest. Alternatively
more differentiated cells could degrade P an increased rate as has been proposed to
explain the disparity between PrProtein and mRNA levels in different types of renal
cells (Ford et al., 2002a). Otsuka et al. recergported downregulation of Prprotein during
differentiation of highly responsive subclone of MEells (Otsuka et al., 2008). However,
their study did not detect an initial increase dPPexpression most likely due to the different
growing phase of cells at the point of inductiomaiscription ofPrnp gene in proliferating
cells (in exponential growth phase) may be repesseinaccessibility oPrnp promoter for
transcription factors. After induction to growthrest, Prnp transcription is probably activated
by chromatin relaxation as we show here by treatraEMEL cells with TSA- an inhibitor of

histone deacetylases. Although regulation sequemteBrnp gene contain CpG islands
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(Schroder et al.,, 2002) which may potentially serfee methylation, thus repressing
transcription, we did not see aRynp upregulation after blockade of DNA methyltranstas
with 5-AzaC. Our data are in agreement with Cabtall., who reported that regulation of the
Prnp gene expression depends on chromatin conformé@iabral et al., 2002).

Stimulation of the glucocorticoid receptor by DEXduces the proliferation and expansion of
erythroid progenitors and delays the terminal défeiation of erythrocytes (Chute et al., 2010).
In our hands DEX did not prevent the HMBA-induceitial upregulation of Prein MEL
cells (even in 10-fold higher concentration) sugiggsthat it precedes the effect of DEX which
is known to suppress the HMBA-mediated commitmertetminal cell division at a relatively
late step in this process (Kaneda et al., 1985)vaver, DEX prevented the increase of PrP
protein levels in confluent MEL cells after 120 m®uwf culture demonstrating that the
activation of glucocorticoid receptor can interfewéh the transcriptional activation of the
Prnp gene mediated by cell-cycle arrest. The mechaw@SmDEX’s action on the prevention
PrP protein upregulation in confluent MEL cells is makvn at present. DEX has been shown
to induce cell-cycle arrest in number of various loees (Mattern et al., 2007), but not in MEL
cells, in which it increases cell viability (Osberet al., 1982), both in induced and uninduced
culture. In summary, our results demonstrate thareégulation of PfPlevels in differentiating
MEL cells resembles, at least in part, its regalain maturing mouse erythroid precursors
vivo. To learn more about the importance of PifPthe process of MEL cellglifferentiation,

we created cell lines using RNAI to stably inhikstexpression.

5.2.1. Establishment of cell lines with stable sibeed Prnp expression

The nature of oum vitro model of erythroid differentiation put in the cahesration for
RNAI gene targeting several complications. Our expent with in vitro erythroid
differentiation takes six days. Furthermore, MELlare rapidly dividing (~12 hours doubling
time), therefore it is not suitable to use temppraiRNA transfection. Otherwise, SiRNA
transfection could lead to rapid dissolving of sfatted siRNA and diminishing of silencing.
Considerable problem could be also caused by thdrknsfection effectivity hampering thus
subsequent analysis. These potential problems dedather to establish the cell culture with
stable silencedPrnp transcription. The incorporation of retroviral W@cexpressing antrnp
shRNA, to host genome, seemed to be the most apg@@pproach. Our first model utilized
the retrovector coding shRNA of first generatioanscribed by RNA pol Ill. We used three
different antiPrnp shRNAs to minimize the side-effects caused by iptessunspecific

downregulation. However, after the selection oflscelith the stable integrated shRNA
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expressing retrovectors we did not observe any Bownregulation. Since selected cells may
be the heterogeneous population expressing vatiaéés of the PrP(Bengtsson et al., 2005),
we tried to isolate single cell clones. We found that limiting dilution approaching one cell
per well (in 96-well plate) interfered with thewrsival, suggesting the deprivation of cell-cell
contacts or special growth metabolites. The requergs for cell-to-cell contact or close
proximity of sister cells may be the remnants coresg fromin vivo erythroblast islands
(Chasis and Mohandas, 2008). Nevertheless, evewditmmed medium harvested from
exponentially growing MEL cells did not lead to enlced proliferation of isolated single cells.
One of the possible explanations why we did noteolssPrnp silencing is that retrovector-
genes, except the gene for puromycin resistanee transcriptionally repressed during the
selection. This was supported by transitional degatation ofPrnp transcription in 389 line,
at 48 hours post transfection, which faded aftet @d hours to level comparable in SCRL line.
We speculated that lack of downregulation in lid€®¥1 and 1830 was caused by several
factors. Occupation of shRNA-target site by pradasone of the possible explanations since
both shRNAs were targeted to 3° UTR in contras8&6 that was targeted to coding mRNA
region. Although 3" UTR is common target for endoges miRNAS, this sequence may be
blocked by proteins regulating translation (Wilkaeal., 2003), (Mazumder et al., 2003). On
the other side, Reynolds et al. suggests that ifumadity of SiRNA is rather determined by its
properties, than by properties of target mMRNA regiBeynolds et al., 2004). We abandoned
both sequences and employed new shRNA- 512 (P#ifal, 2006). As well in this instance,
we observed partidPrnp downregulation after 48 hours post transfectiohictv disappeared
in next 24 hours.

Subsequently we investigated fate of the vectaerafansfection. We speculated about two
most probable scenarios. In first scenario, we thggized that expression from our plasmid is
epigenetically controlled. Plasmid sequences cheratc by unmethylated CpG motifs,
which are prevalent in bacterial, but not vertebiggnomic DNA are recognized in the vector
backbone and whole plasmid is repressed (Komuah,et995) or transcriptional inhibition is
caused by formation of repressive heterochromatithe plasmid DNA backbone, which then
spreads and inactivates the transgene (Chen @08B). In second scenario, we hypothesized
that vector recombines while integrating to hoshageic DNA destroying thus shRNA
expression sequences (Murnane et al., 1990). Tesdtmith inhibitors of methyltransferases
(5-AzaC) and histone deacetylases (TSA) may abdtistpossible transcriptional silencing by

methylation and/ or chromatin condensation. Usingtume of both compounds, we expected
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activation of shRNA transcription upon the treatmeresulting toPrnp downregulation.
However, after 14 hours we saw upregulatioRofp transcription instead of downregulation.
Resistance to puromycin supported the notion tagistected vector must be present in cells.
Its maintenance in extrachromosomal state was Yighlikely. To support our hypothesis we
designed primers and reaction conditions for PCieatien of particular vector sequences. Our
two primer pairs were designed to amplify sequerm@staining ShRNA insert or ShRNA
together with its promoter. Although we were aleamplify desired fragments from purified
vectors, we failed to detect them from the isolagedomic DNA, suggesting that vectors were
recombined during the integration.

To gain complex insight into the preparation ofb&tatransfectant MEL cells, we analyzed
effectivity of the transfection. Since our retrotgc pSilencer does not code for easily
recognizable selection marker, we transfected MElscowith plasmid coding EGFP under
similar transfection conditions like for pSilendsgaring shRNAs. FACS analysis showed that
EGFP positivity is less than 20%. Such low transbec effectivity suggests that our
observations ofPrnp downregulation in short intervals post transfettiovere probably
overestimated.

In attempt to insert intact ShRNA to host genomidA) we finally utilized gene delivery
system using recombinant retroviral particles. Thee of the process lays in using so called
.packaging cell lines", cells that had been alreptpared to produce retroviral particles under
special circumstances. The packaging cell line esges all or part of the necessary gegeg (
pol andeny) for a virion assembling. Transfection of retraiplasmid should provide the rest
of the important retroviral parts- and 3 LTRs that are used by viruses to insert their gene
sequence into the host genomes arsmkquence responsible for packaging the genomehato
viral particles. After their import to packagingllse growing viral particles build in the DNA
sequence coding resistance gene, shRNA with pronaotghy sequence flanking with 5° and
3" LTR as its genome. Subsequently virions areasgld to growth medium.

Initially we used packaging cell line ,Phoenix®, wh is derived from HEK293 cells.
Successfull production of retroviral particles walsown by transduction of NIH3T3 cells
reaching ~ 30-40% EGFP positivity with maximum 2®after 2 weeks of selection. NIH3T3

cells were used as a test of the principle forveeli system as suggested by Nolan labordtory

We examined two different retroviral delivery medlso In first mode- spinfection, we
harvested growth medium from packaging cells af&hours post transfection when the virion
production should reach the maximum. Retroviraigthiction was also enhanced by addition

of the cationic polymer Polybrene, which neutradizharge repulsion between virions and the
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cell surface (Davis et al., 2004). Retroviral detiv by the spinfection is based on immediate
centrifugation of retroviral particles with targells. Spinning cells at 500g 90 min is not
enough to sediment viral particles in medium buisitthought that virus on membrane

fragments is spun onto target cells enhancing éffiestivity of infection (Nolan laboratof$).

In the second approach, co-cultivation, we culedatransfected Phoenix cells with target cells
for 72 hours. We separated both cell cultures kgrits with 0.4 pum pore membrane, allowing
transfer of subcellular material. In similar mannee transduced NIH3T3 cells with retroviral
particles produced by Phoenix cells after trangfacivith the pSilencer vectors 389, 512 and
SCRL. After selection, we obtained cell lines witbwnregulated®rnp expression from ~ 40
to 70% by 389- or 512-shRNA, respectively. Howearalogical protocol did not lead to
establishment of MEL cells with stably downregutbRrnp. Since selection led to overall cell
death, we concluded that viral particles probaldiyrebt enter the MEL cells.

To overcome possible problems with virus entryamét cell we changed Phoenix line for
HEK293 GP2 cells. The HEK293 GP2 cells also expnesgssary genes for virion production
except the envelope protein, which has to be csteated with retrovector. An advantage of
this setup is based on the possibility to use @pesprotein specific for target line or pantropic
protein with an affinity for indiscriminately mangells. In our set up, we used the G
glycoprotein of the vesicular stomatitis virus. V-®vdoes not require a cell surface receptor
but interacts with phospholipid components of thegét cell membrane and mediates the
fusion of viral and cellular membranes (Emi et 4B91). Second improvement of our gene
delivery system was based on the use of the rettowveexpressing shRNA in context of
endogenous miRNA. Expressed construct resemblesiiitBlA and enters the RNAI pathway
at the beginning, raising thus effectivity of sitamy (Fig. 2) (Silva et al., 2005), (Chang et al.,
2006). Complementary to previous aRthp shRNA sequences 389 and 512 we adopted
commercially available sequences designed heré®asahd LP2. However, in our system only

LP1 and LP2 sequences downreguld&eap gene.

5.2.2. Influence ofPrnp silencing by RNAI on erythroid differentiation in vitro

RNAI administered by shRNA from a retrovector haelei previously employed
efficiently to inhibit Pr® expressiorin vitro andin vivo (Tilly et al., 2003), (Pfeifer et al.,
2006). The main objective for using RNAI to supprésP was to study of its therapeutic
potential in preventing propagation of infectiousops. To the best of our knowledge, our
model is the first murine cell line of non-neurowaigin with stably silenced PfRexpression.

Inhibition of the proteits expression at both the mRNA and protein levels efficiently
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maintained during the differentiation of MEL cel&dthough it varied between 75 and 95 % in
individual time points. Despite the silencing, thduction of differentiation led to a slight but
detectable increase of PrBignal on blots after 24 hours, suggesting thatrégulation of the
proteir’s expression in LP1- and LP2-transduced cell lif@eows similar pattern as in
unmodified MEL cells, although at a suppressedlléseowth curve of LP1-, LP2- and control
LN-transduced cell lines after the induction offeliéntiation was similar, although the LP2
cell line exhibited a higher proliferation capaci§ince the LP1 line did not differ from the
control LN line, we could not assign the LP2 célels divergence solely to PrRilencing.
Similarly, the level of the proto-oncogesemyh expression of which is characteristic of the
proliferative state and its constitutive expresdi@s been demonstrated to block MEL cells
differentiation (Clarke et al., 1988), (Chen et aD02), decreased upon induction similarly in
all created cell lines and remained low duringehére course of the experiment. All cell lines
observed here demonstrated similar dynamics ared ¢é\hemoglobinization and regulation of
the transferrin receptor on their cell membranegnEunder the iron deprivation, expression of
transferrin receptor was similarly upregulated ihliaes. Furthermore, we did not observe
reliable difference in uptake of transferrin coupleith radiolabeled iron. This finding
suggested that silencing of Brih MEL cells does not lead to gross perturbatidniron
homeostasis, although the involvement of PirPiron-cell uptake was described receritly
vitro andin vivo (Singh et al., 2009a), (Singh et al., 2009b). Mmnmg of selected erythroid
markers Eraf, Hba and GATAJ on the transcriptional level also did not reveggnificant
differences among LP1-transduced, LP2-transducddLahtransduced cell lines, confirming
that PrP® silencing does not appear to disturb the difféation of MEL cells. In many cell
cultures, the enhanced expression of“RiBs proposed to facilitate cytoprotective effgtis

et al., 2007). However, overexpression of exogelyodelivered PrP in MEL cells did not
protect the cells against apoptosis initiated byrsewithdrawal (Gougoumas et al., 2007). We
also found that silencing of PrPdid not seem to sensitize cells to apoptosis gdurin
differentiation, as demonstrated by a Trypan Blxelwsion assay and by monitoring Bax
expression by gRT-PCR. This result is concurreti Wihristensen and Harris, who revaluated
former assays reporting a protective activity oPPand suggested that the presence of PrP
has only a modest effect in cytoprotectionvitro (Christensen and Harris, 2008). Taken
together, our results imply that, under normal dimas, PrP seems dispensable for the
erythroid differentiation of MEL cells.

The pattern of PfPregulation on erythroid precursars vivo suggests that PfRmay play a

role in the maturation of erythroblasts in erytHestic islands. We can speculate thatPrP
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which was shown to bind both laminin and the lamireceptor, can be involved in cell-cell
contacts in an erythroblastic niche, or with a @unding extracellular matrix (Graner et al.,
2000), (Gauczynski et al., 2001). Downregulation Rsf" then could play a role in the
dissociation of matured reticulocytes from the lemyblastic niche. Such a role for Pris
unlikely to be detected by the MEL cell model. Amatt explanation could be that Bréxerts

its function only under stress conditions. This dtyy@sis is consistent with the documented
poor recovery of PrP mice from experimental anemia (Zivny et al., 2008hally, it is
possible that the effect of PrBilencing was compensated for by an unknown pattovahat

the remaining expression is sufficient to sustteamale.

5.3. Effect of Prnp downregulation on propagation of infectious prionprotein in cell
culture and expression of endogenous retroviruses

The RNAI was believed to have a great potentiadleneloping a versatile method to
treat prion diseases, because RNAi downregufatep mRNA and thus PfPprotein, the
common substrate for all types of prion diseaséss @pproach overcomes many obstacles,
which may encounter anti-prion protein agents diyetargeting PrP°F or its propagation.
These obstacles likely originate from the spedificif individual PrP°F strains (Kim et al.,
2009). Correlation between anti-prion activity grebn strain was described by several groups
recently e.g. Kawasaki with colleagues (Kawasalalgt2007). Despite the many advantages
for therapy provided by RNAI at first glance, RNAas three main drawbacks- mean of
delivery, side effects and effectivity (Gallozzi &t, 2008), (White et al., 2008). However,
RNAI provides important research tool for studypabn pathogenesis vitro andin vivo.
We believed that erythroid differentiation of MEklks could provide amn vitro model for
previously observed deregulation of selected eoythigenes during progression of prion
disease (Miele et al., 2001), (Brown et al., 200iterefore, we employed RNAI to create
control lines for the study of influence of priamfection onin vitro erythroid differentiation.
Furthermore, as far as we know, establishment fetctious prion propagation in MEL cells
would present the first suspension cell cultureppgating PrP°E. However, infection of MEL
cells with 0.1% brain homogenate harboring RML pristrain led after 24 hours post
inoculation to the similar detection of PrPin all cells regardless the level of Préxpression.
Subsequent cell passaging revealed that signal fposteinase K resistant PrP diminishes
mostly due to the dilution of inoculum. Our obseiwa suggests that detected signal comes
from MEL-attached inoculum as was supported by iftgmt decrease decrease of PP

signal after cell wash. Inability of MEL cells togpagate infectious PrP may be caused by the
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relative low number of PfPmolecules on cell membrane with approximately di@-lower
level in comparison with CAD5 cells. In additiorxp@nencially growing MEL cells express
even lower number of PFPAdditive blocking event for PPP= propagation in MEL cells may
be provided by the presence of HEPES in growth amedivhich was recently shown to inhibit
accumulation of the PfPF in neural stem cells and N2a cell culture infectéth 22L prion
strain (Delmouly et al., 2011). Furthermore, rapatl division acts as a constant diluting factor,
halving the amount of PI& per cell at each division cycle (Ghaemmaghamil et2807).
Thus, even the cell proliferation impedes prionpaigation in MEL cell culture with doubling
time ~ 12 hours in comparison with CAD5 cells dandpleach ~ 20 hours (Qi et al., 1997).
Although now we are struggling to create MEL line®pagating PrPF, we showed that
infectious inoculum resists complete degradatioleadt 120 hours post application, sufficient
time for possible interaction with erythroid diféatiation. The question if the Pri® may
influence erythroid differentiation of MEL cells isxder investigation.

On the other side, we introducdd novaoprion infection in susceptible CADS lines, but mot
cells with stable downregulated BrRVe confirmed data presented by Kim et al. repgrthe
inability of RNAI to clear pre-existing P& in vitro (Kim et al., 2009). Similar drawback of
RNAI approach was described alsovivo (Pfeifer et al., 2006), (White et al., 2008).

To our best knowledge, we do not know any publicatilescribing the influence of PrP
silencing on expression of ERVs. Therefore, besitiesstudy of prion propagation in cell
culture, our aim was to extend the observation tehel et al., who described that chronic
prion infection of hypothalamic neuronal (GT1) anduroblastoma (N2a) cells affected
expression of endogenous retroviruses (Stengel.,eR@06). In our hands, we observed in
RML negative LP1 and LP2 cell lines significant doegulation ol AP-1 andVL30-2 In cells

de novoinfected with RML prion strain, we saw oppositéuation, LP1 and LP2 lines had
significantly higherlAP-1 andMLYV levels in comparison to LN/L30-2 mean expression in
LP1 and LP2 was also higher, but was not significRoutinely, we also examined expression
of several interferon stimulated genes, notdbiigak2, one of the prominent genes activated
during the stress conditions (Williams, 1999), (W&tlal., 2006). Quantitative RT-PCR did not
reveal upregulation of interferon stimulated gemestransduced lines over control cells.
Surprisingly, transcription ofEif2ak2 gene correlated with the expression of ERVs. In
uninfected cellsEif2ak2 was significantly downregulated contrary to inésgttcells where
mean of its expression was significantly higherbioth lines with downregulated PtP
However, implication of such regulation is currgntinclear. Although it could suggest

involvement of PrP in regulation of ERVs transcription, it is quesible if observed
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differences are also biologically meaningful silgtengel et al. considered only 2-fold change
in transcription as biologically relevant (Stengelal., 2006). Molecules of dsRNA are one of
the main triggers oEif2ak2, dsSRNA may also arise during ERVs biogenesis asshawn for
IAPs (Kramerov et al., 1985). Murinrnp gene has two well characterized allelesap® and
Prnp® of which sequences differs only in two amino acitisodons 108 and 189 (Brown et al.,
2000a). Of note is the finding of Lee et al. whpaeeed that mousBrnp® but notPrnp” allele
containslAP insertion in the anticoding strand of intron 2 Let al., 1998). IPrnp® allele is
present in CAD5 cells is unknown, but it would blaysible to speculate about coupled
transcriptional activation of botlPrnp and IAP gene. Moreover, it remains to further
investigation how prion infection could modify geregulation in target cells with repressed
Prnp transcription. It is probable that minimal expiessof PrP allows prion propagation
which could affect transcription by unknown meclsami but supposed process should be
different from the cells with normal level of PtRf our observation that prion infection affects
expression oEif2ak2 gene and ERVs truly reflects situation in CAD sethen our data are
contradicted by Julius et al., who did not find byicroarray analysis any statistically
significant and/or biologically convincing, differgally expressed gene in N2aPK1, CAD, and
GT1 cells as a response to RML prion infectioni(duét al., 2008). This work also challenges
previous work reporting several hundred differdhttiaxpressed sequences in the ScN2a and
ScGT1 cell lines infected with prion strain RML. &3e cells demonstrated unique changes in
RNA profiles with only minimal overlap in differeiat gene regulation between the two cell
types (Greenwood et al., 2009)o further strengthen our data, we used also seconttol
line transduced by empty retrovector (LMP). In Riikkgative LMP culture expression I&{P-

1, VL30-2 and Eif2ak2 was similar like in LN and nontransduced cells{ buLMP RML
infected cells expression of all analyzed ERV&IEif20k2 was higher than in LN line. Why
the expression of ERVs in LN RML positive cellsl@ver than in LN RML negative is
intriguing since expression in LMP cells is similarboth RML positive and RML negative
cells. It is unlikely that prion infection would Isetively downregulate ERV genes only in LN

line.
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6. Conclusion

Our data show that erythrocytes are the main soofr@ell-associated PFFAn human
blood. Furthermore, we emphasize that“PaBsociated with human erythrocytes may differ
from PrP associated with other blood cells and as such inply significant role in prion

pathogenesis.

We found out that expression of Pr8 regulated during erythroid differentiation of
murine erythroid precursora vivo andin vitro. Using RNAI, we created murina vitro cell
culture model for erythroid differentiation with waregulated PrPexpression. To the best of
our knowledge, our model is the first murine céflel of non-neuronal origin with stably
silenced PrP expression. We showed that under unchallenged thrmondition Prf is
dispensable for erythroid differentiatiamvitro.

MEL cells seem to be resistant to propagation efitifiectious prion protein. However,
RML inoculum is sustained in cell culture at suffict time required for erythroid
differentiation. De novo propagation of PrPF in CAD5 cells with downregulated PrRs
effectively abrogated. However, downregulation PP post PrP°F infection does not

eliminated prion infection.

We found differential regulation of several endogen retroviruses in CAD5S cells in
dependence on the level of PrBxpression and the presence of prion infectionvéier,

biological relevance of our findings remains fotuite clarification.
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TRANSFUSION COMPLICATIONS

Underestimation of the expression of cellular prion protein
on human red blood cells

Martin Panigaj, Adela Brouckova, Hana Glierova, Eva Dvorakova, Jan Simak,
Jaroslav G. Vostal, and Karel Holada

BACKGROUND: Recent transmissions of variant
Creutzfeldt-Jakob disease by blood transfusion empha-
size the need for the development of prion screening
tests. The detection of prions in blood is complicated by
the presence of poorly characterized cellular prion
protein (PrP°) in both plasma and blood cells. Accord-
ing to published studies, most of PrP° in blood cells
resides in platelets (PLTs) and white blood cells.
STUDY DESIGN AND METHODS: To clarify conflicting
reports about the quantity of PrP° associated with
human red blood cells (RBCs), quantitative flow cytom-
etry, Western blot (WB), and enzyme-linked immunosor-
bent assay (ELISA) were used to measure protein
levels in healthy donors.

RESULTS: RBCs expressed 290 + 140 molecules of
PrPC per cell, assuming equimolar binding of mono-
clonal antibody (MoAb) 6H4 to PrP°. Binding of alter-
nate PrP® MoAbs, FH11 and 3F4, was substantially
lower. WB estimated the level of PrP® per cell on RBCs
to be just four times lower than in PLTs. A similar level
of PrP® was detected using ELISA. The weak binding of
commonly used MoAb 3F4 was not caused by PrP°
conformation, truncation, or glycosylation, suggesting a
covalent modification, likely glycation, of the 3F4
epitope.

CONCLUSIONS: Taken together, human RBCs express
low but significant amounts of PrPC/cell, which makes
them, due to high RBC numbers, major contributors to
the pool of cell-associated PrP¢ in blood. Previous
reports utilizing MoAb 3F4 may have underestimated
the amount of PrP® in RBCs. Likewise, screening tests
for the presence of the abnormal prion protein in blood
may be difficult if the abnormal protein is modified
similar to RBC PrP°.
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ellular prion protein (PrP¢) is expressed in
various cell types and tissues, including blood
cells. The physiological function of PrP¢
remains unclear. Together with its conforma-
tionally altered form, PrP™E, it plays a crucial role in prion
diseases.! Prion diseases, or transmissible spongiform
encephalopathies (TSEs), are neurodegenerative disor-
ders affecting a broad spectrum of mammalian species.
The common trait of TSEs is a long subclinical period with
a final rapid deterioration of cerebral function followed by
inevitable death. Until recently, in modern societies, the
only documented mode of transmission from human to
human was iatrogenic cases in which disease was spread

ABBREVIATIONS: CML = N*-(carboxymethyl)lysine;

GA = glyoxylic acid; PBST = phosphate-buffered saline with
Tween 20; PK = proteinase K; PMSF = phenylmethylsulfonyl
fluoride; PRP = platelet-rich plasma; PrP¢ = cellular prion
protein; PWB = platelet wash buffer; RT = room temperature;
sulfo-NHS-biotin = N-hydroxysulfosuccinimide biotin;

TBS = Tris-buffered saline; TSE(s) = transmissible spongiform
encephalopathy(-ies); vCJD = variant Creutzfeldt-Jakob disease;
WB = Western blot.
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via contaminated neurosurgical instruments, tissue grafts,
or hormones.? Despite the proven transmissibility of prion
diseases via blood transfusion in laboratory animals, such
cases in humans remained undetected until recently.® As
of this year, four cases of variant Creutzfeldt-Jakob disease
(vCJD) transmission by blood transfusion, including one
asymptomatic vC]JD carrier, have been described in the
United Kingdom.* All of the patients received nonleukore-
duced red blood cells (RBCs) from apparently healthy
donors who developed vCJD symptoms many months
after the donation. Recently, vCJD PrP™t was found in the
spleen of a UK hemophilia patient who died from reasons
not related to TSE.> While the annual number of vCJD
victims remains low, the number of asymptomatically
infected individuals may be significantly higher.5” These
subclinical cases can pose a serious threat of vCJD iatro-
genic transmission. In this situation, the development of a
fast, sensitive, and noninvasive donor screening test for
prion diseases remains an important and controversial
issue.®® Unfortunately, PrP™F is currently the only known
specific molecular marker of the disease, and its detection
in blood is challenging.!® The nature and properties of
blood PrP™E are not known, and the availability of PrPTsE-
specific antibodies is limited. Commercial diagnostic
tests usually depend on proteinase K (PK) treatment to
distinguish partially resistant PrP™E from sensitive PrP°.
Another principle is used in the conformation-dependent
immunoassay developed by Safar and colleagues'' that
utilizes the difference in the affinity of monoclonal anti-
body (MoAb) 3F4 to native and denatured PrP™E. The 3F4
epitope is buried in the PrP™t molecule and becomes
accessible after denaturation. Thus, the comparison of
signals between native and denatured sample allows for
the detection of PrP™E. Human blood contains a substan-
tial amount of poorly characterized PrP¢, complicating the
detection of PrP™E by providing heterogeneous back-
ground. According to published studies, most of PrP¢ in
the cellular compartment of blood resides in platelets
(PLTs) and on white blood cells (WBCs).'>!* Opinions on
the expression of PrP® on RBCs differ significantly. A
number of studies have reported no or insignificant
expression of PrP¢. Dodelet and Cashman'* have reported
the absence of PrP¢ expression on RBCs using flow cytom-
etry with MoAb 3F4. Similarly, Barclay and coworkers'? did
not detect any PrP¢ on RBCs using flow cytometry with
MoAbs 3F4 and FH11. In addition, no expression was
reported in flow cytometry studies of Antoine and col-
leagues® and Li and colleagues'® using different PrP anti-
bodies (8G8, 3B5, and 8H4). MacGregor and colleagues™
used time-resolved dissociation-enhanced fluoroimmu-
noassay with FH11 as the capture antibody and 3F4 as the
detecting antibody to measure the amount of PrP¢ in
separated human blood cells. They estimated that 84% of
PrP¢ levels were associated with PLTs, 10% with WBCs, and
only 5.7% with RBCs. This observation was in accordance
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with the negligible PrP¢ expression reported by the above-
mentioned flow cytometry studies. Later, Barclay and
colleagues' used a panel of 12 MoAbs to compare the
expression of PrP¢ on blood cells using flow cytometry.
Out of 12 antibodies, only three (6H4, 4F2, and 8G8) dem-
onstrated weak but clearly distinct binding to human
RBCs. We first observed the expression of a minute
amount of PrP® on human RBCs using flow cytometry
with the 6H4 antibody.'® Our finding was questioned by
some authors, particularly due to the single-antibody
approach.' In view of the above controversial reports, the
question of the presence of PrP¢ on circulating human
RBCs has remained uncertain. This uncertainty has been
furthered by the repeated failure of MoAb 3F4, one of the
most trusted prion antibodies, to detect a significant level
of RBC PrP€.1?1417 Here, we provide a conclusive study
demonstrating the expression of PrP® on circulating
human RBCs using various antibodies and different
methods. In addition, we provide an explanation for the
weak binding of 3F4 to human RBC PrP¢ and discuss pos-
sible implications of this phenomenon for the develop-
ment of a PrP™F detection test.

MATERIALS AND METHODS

Samples

Citrate-anticoagulated blood of healthy volunteers was
provided by the Transfusion Department of Institute of
Hematology and Blood Transfusion in Prague. Samples
of cord blood were provided by the Institute for the Care of
Mother and Child in Prague. Normal brain samples (lobus
frontalis) were provided by the Institute of Pathological
Medicine (1st Faculty of Medicine, Charles University,
Prague, Czech Republic). The collection of samples was
conducted in accordance with the Helsinki Declaration.

Flow cytometry

Quantitative fluorescence-activated cell sorting (FACS)
analysis with fluorescein isothiocyanate (FITC)-labeled
MoAbs FH11 (TSE Resource Centre, Compton, UK), 3F4
(MAB1562, Chemicon, Inc., Temecula, CA), and 6H4 (Pri-
onics AG, Ziirich, Switzerland) against different epitopes
of human PrP°- PrPs, 55, PrPis.112, and PrPy.15. (Fig. 1) was
performed on RBCs of eight healthy donors as described
previously.'® Standard beads (Quantum 24, Bangs
Laboratories, Inc., Fishers, IN) were used for construction
of calibration regression line, and the number of immu-
noglobulin (Ig)G molecules bound per cell was calculated.
Two-color flow cytometry was used for the comparison of
MoAb 3F4 and 6H4 binding to transferrin receptor—
positive (CD71+) erythroid cells in cord blood. RBCs were
sedimented (1 x g, 45 min, room temperature [RT]) on
Ficoll-Hypaque. Cells in the supernatant were incubated

Volume 51, May 2011  TRANSFUSION 1013



PANIGAJ ET AL.

AG4 FH11 3F4 6H4 AH6 GES8

I 58 28 3 [ I |
23 51 90 s s 230
179 214

A N-181 A N-197

Fig. 1. Schematic structure of human PrP¢ with the location of
epitopes of MoAbs used in the study. MoAbs FH11, 3F4, and
6H4 were used in the flow cytometry study of its expression on
human RBCs. MoAbs AG4 and GE8 were used for measure-
ment of PrP¢ content in RBCs and PLTs by ELISA and together
with AH6 in WB studies. The mixtures of MoAbs AG4 and 6H4
or AG4, AH6, and GE8 were used in attempts to detect trun-
cated forms of RBC PrP€. The octarepeats region (51-90), two
N-glycosylation sites (181, 197), and the disulfide bridge (179-
214) are shown.

with saturating concentrations of MoAb 3F4 or 6H4,
fixed with 1% paraformaldehyde, and after washing,
incubated with FITC-labeled anti-mouse immunoglo-
bulin (Ig)G goat secondary antibody (Beckman Coulter,
Inc., Brea, CA) followed by phycoerythrin-conjugated
CD71 MoAb (MEM-75, Exbio, Prague, Czech Republic).
CD71-positive cells were gated on FL2/forward scatter
plot, and their FITC fluorescence was compared.

Preparation of brain homogenate

Brain tissue was homogenized (1:9) in ice-cold Tris-
buffered saline (TBS; 20 mmol/L Tris and 145 mmol/L
NaCl, pH 7.4) with 1 mmol/L ethylenediaminetetraac-
etate (EDTA) and 1 mmol/L phenylmethylsulfonyl fluo-
ride (PMSF). Coarse fragments were removed (4000 x g,
10 min, 4°C), and the supernatant was stored frozen in
aliquots at —80°C.

Simultaneous isolation of PLTs and RBC ghosts

Blood was diluted 1:1 with PLT wash buffer (PWB;
12.9 mmol/L citrate, 30 mmol/L glucose, 120 mmol/L
NaCl, and 5 mmol/L. EDTA, pH 6.5) and centrifuged
(300 x g, 15 min, RT). PLT-rich plasma (PRP) was trans-
ferred into a new tube, and sedimented cells were resus-
pended in PWB. This step was repeated three times to
remove the majority of PLTs and plasma. The numbers of
blood cells in individual stages of separation were moni-
tored using a cell counter (ADVIA 60, Bayer, Leverkusen,
Germany) and served as a base for estimation of numbers
of contaminating cells in separated blood fractions. RBCs
were resuspended in cold phosphate-buffered saline
(PBS; pH 7.4) and centrifuged (1500 x g, 10 min, 4°C). The
supernatant and the buffy coat containing WBCs were dis-
carded together with the upper quarter of the RBC phase.
The middle half of the RBC phase was diluted with the
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same volume of PBS and RBCs were lysed with 14 volumes
of ice-cold lysis buffer (56 mmol/L sodium phosphate and
1 mmol/L EDTA, pH 7.4). The remaining contaminating
PLTs and WBCs were removed using centrifugation
(2000 x g, 5 min, 4°C). RBC ghosts were sedimented at
20,000 x g (40 min, 4°C), washed three times with lysis
buffer, resuspended in TBS, and stored frozen at —80°C.
PLTs were isolated from PRP combined with washing RBC
PLT-containing fractions. PLTs were sedimented in one
tube (1500 x g, 10 min, RT) and resuspended in PWB.
Contaminating WBCs and RBCs were centrifuged (300 x g,
15 min, RT), and the supernatant containing pure PLTs
was transferred to a new tube. The PLTs were washed twice
with PWB, resuspended (5 x 10° PLT/mL) in TBS (pH 7.4),
and stored frozen at —80°C.

Electrophoresis and Western blot

Proteins were separated on a 10% sodium dodecyl sulfate—
polyacrylamide gel electrophoresis (SDS-PAGE) gel and
transferred to a 0.2-um nitrocellulose membrane. The
membrane was blocked with TBS with 0.05 % Tween 20,
pH 7.4, followed by TBST with 5% dry nonfat milk
and incubated with appropriate MoAb (0.5 ug/mL 6H4,
1 ug/mL AG4, or 0.5 ug/mL 3F4) diluted in TBSTM. After
being washed, the membrane was incubated with anti-
mouse IgG goat F(ab)2 linked to alkaline phosphatase
(Biosource International, Camarillo, CA) and bands were
visualized with a 5-bromo-4-chloro-3-indolyl-phosphate/
nitroblue tetrazolium phosphatase substrate.

Comparison of the amount of PrP¢ on PLTs and
RBCs using Western blot

Cells were isolated as described above. Care was taken to
avoid contamination of RBC ghosts and PLTs by other
cells. The comparison was performed by comparing the
intensity of PrP® bands on blots between samples pre-
pared from 1x 10 RBCs/mL and serial dilutions of
sample containing 5x 10° PLTs/mL. PrP® was detected
using MoAb 6H4 or a mixture of MoAbs AG4, AH6, and
GES8 (epitopes PrPs;.50, PrPisg.174, and PrPgs.191, respectively;
1 ug/mL of each, TSE Resource Centre, Compton, UK). In
the first round of experiments, the comparison was
performed between homologous PLTs and RBCs and
repeated three times on cells from three donors. The final
experiment was performed with homologous PLTs and
RBC ghosts isolated from five individual donors. The
density of bands on blots was quantified using densitom-
eter software (MiniLumi, DNR Bio-Imaging Systems Ltd,
Jerusalem, Israel).

Production of recombinant human prion protein

The pRSET A plasmid with the full-length human prion
protein sequence 23-230 (hrPrP) was provided by Prof.



Wiithrich (Institute of Molecular Biology and Biophysics,
ETH Zurich, Switzerland). Transformed bacteria (Escheri-
chia coli BL21 [DE3]) were grown at 37°C in Luria-Bertani
medium until the cell density was approximately 0.6 ODso
units. hrPrP expression was then induced using 1 mmol/L
isopropyl B-p-1-thiogalactopyranoside and the cultures
were grown for an additional 4 hours. The cells were
harvested using centrifugation and sonicated in PBS with
1 mmol/L PMSE Inclusion bodies were solubilized in
8 mol/L urea and the prion protein was purified on metal
affinity resin (TALON, Clontech, Saint-Germain-en-Laye,
France) and oxidized to form intramolecular disulfide
bonds, as previously described.?

Comparison of the amount of PrP€ on PLTs and
RBCs using enzyme-linked immunosorbent assay

Homologous PLTs and RBC ghosts of healthy donors
(n =5) were isolated as described above. A microtitration
plate (MaxiSorp, Nunc, Rosklide, Denmark) was coated
overnight with MoAb AG4 (1 pg/mL) in carbonate buffer,
pH 9.6, at 4°C. The plate was washed with PBS with 0.05%
Tween 20 (PBST) and blocked for 1 hour at RT in 5%
nonfat milk in PBST. Samples of PLTs, RBC ghosts, and
hrPrP were diluted in PBS with 1% Triton X-100 and
incubated overnight at 4°C (50 uL/well). The plate was
washed and incubated for 2 hours at 37°C with custom
biotinylated MoAb GE8. After being washed with PBST,
streptavidin-horseradish peroxidase (Invitrogen) diluted
1:10,000 was added to wells and incubated for 1 hour at
37°C. The plate was washed and developed with TMB sub-
strate for 4 minutes. The reaction was stopped with the
addition of 1 mol/L H,SO,, and absorbance was measured
at 405 nm.

Deglycosylation

RBC ghosts and brain samples were deglycosylated using
PNGase F (New England Biolabs, Ipswich, MA) according
to the manufacturer’s protocol. The samples were dena-
tured, supplemented with complete protease inhibitor
(Roche, Mannheim, Germany), Triton X-100, incubated
overnight at 37°C with 100 U/mL PNGase E and analyzed
using immunoblotting. Fresh untreated RBC ghosts and
brain samples and their aliquots incubated overnight
without PNGase F served as controls.

PK resistance assay on intact cells

Nine volumes of PRP were mixed with 1 volume of
whole blood to obtain similar numbers of PLTs and
RBCs in the sample. Cells were diluted 10-fold in N-
(2-hydroxyethyl)piperazine-N’'-(2-ethanesulfonic  acid-
bovine serum albumin (HEPES-BSA; 4 mmol/L HEPES,
137 mmol/L NaCl, 2.7 mmol/L KCI, 1 mmol/L MgCl,,
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5.5 mmol/L glucose, 3 mmol/L NaH,PO, with 0.1% BSA,
pH 7.4) and treated for 15 minutes with increasing
concentrations (0, 1, 5, 10, and 50 ug/mL) of PK at 30°C.
Proteolysis was terminated using 2 mmol/L PMSF and ali-
quots of samples were labeled with FITC-conjugated
MoAbs 3F4 or 6H4. After incubation, the cells were sedi-
mented (2000 x g, 5 min), resuspended in HEPES-BSA,
and analyzed using FACS.

PK resistance assay on cell lysates

Homologous RBC ghosts and PLTs and normal brain
homogenate were lysed using 1% Triton X-100 and treated
for 30 minutes on ice with 0, 2.5, 5, 50, and 100 pug/mL PK.
The incubation was terminated using 2 mmol/L PMSE
and samples were analyzed using immunoblotting with
MoAbs 6H4 and AG4.

In vitro modification of brain PrP°¢ by hydrogen
peroxide, N-hydroxysulfosuccinimide biotin, and
glyoxylic acid

Samples of normal brain homogenate were separated
using SDS-PAGE and blotted, and the membrane was cut
into strips. Individual strips were treated with increasing
concentrations of hydrogen peroxide (0, 1, 5, 25, 130, and
640 mmol/L) in PBS for 30 minutes at RT or with increas-
ing concentrations of N-hydroxysulfosuccinimide biotin
(sulfo-NHS-biotin, Thermo Fischer Scientific, Rockford,
1L; 0, 0.01, 0.05, 0.1, 0.5, 1, and 10 mmol/L) in PBS (1 hr,
37°C). Incubation with increasing concentrations (0, 6.75,
12.5, 25, 50, and 100 mmol/L) of glyoxylic acid (GA) was
performed in 0.2 mol/L phosphate buffer (pH 7.4) con-
taining 150 mmol/L sodium cyanoborohydride for 24
hours at 37°C.%' After incubation, the strips were washed
three times with PBS and then developed with MoAb 3F4
or 6H4 as described above.

In vitro modification of recombinant human prion
protein by GA

Oxidized hrPrP was diluted to 1 pg/mLin carbonate buffer
(15 mmol/L Na,COs and 35 mmol/L NaHCO3, pH 9.6) and
used for coating an enzyme-linked immunosorbent assay
(ELISA; MaxiSorp, Nunc) plate (3 hr, 37°C). After being
washed with PBST, the wells were incubated overnight at
4°C with increasing concentrations of GA (0, 6.75, 12.5, 25,
50, and 100 mmol/L) in 0.2 mol/L phosphate buffer (pH
7.4) containing 150 mmol/L sodium cyanoborohydride.
The plate was washed, blocked, and developed with MoAb
3F4 or AG4 (0.1 ug/mL in PBST) as described above.

RESULTS

Quantitative FACS analysis of PrP® expression
on RBCs

Notable differences in the binding of antibodies to
human RBCs were found. One RBC bound 290 *+ 140
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Fig. 2. Quantification of PrP¢ expression on human RBCs
using flow cytometry and WB. (A) Binding of MoAbs to RBCs of
healthy donors measured using quantitative flow cytometry
(n = 8). The range of the data, 50% percentile (box), and
median are shown. (B) WB comparison of PrP¢ levels in repre-
sentative standardized samples of RBC ghosts (1 x 10'° RBC/
mL) and PLTs (P1-P6 =5 x 10°, 2.5 x 10%, 1.25 x 10°, 6.25 x 10°,
3.13 x 108, and 1.56 x 10 PLT/mL) developed with MoAb 6H4.
(C) Densitometry of bands on blot (B) demonstrates that
RBCs contain four times less PrPC levels than an equal
number of PLTs.

(median + SD) IgG molecules of 6H4. The binding of
3F4 and FH11 was much lower: 80 = 35 and 35 = 20
(median = SD) IgG molecules per cell, respectively
(Fig. 2A). In contrast, the binding of 3F4 and 6H4 to PLTs in
identical samples was roughly equivalent: 630 = 150 and
635 * 280 (median = SD) IgG molecules per cell, respec-
tively (not shown).

Purity of homologous simultaneously isolated
PLTs and RBC ghosts

The isolation procedure led to the preparation of pure cell
fractions. Isolated PLTs contained a mean of 1 WBC per
680 = 270 (mean = SD, n=6) PLTs, and contamination
with RBCs in this fraction was below the limit of the cell
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counter. Isolated RBCs before hypotonic lysis contained 1
WBC per 1360 = 280 (mean * SD, n=6) RBCs, and the
PLT count was below the limit of the cell counter. In addi-
tion, the subsequent centrifugation step after the lysis of
RBCs removed virtually all remaining nonlysed cells,
leaving RBC ghosts free of cell contamination.

Western blot comparison of PrP® amount in RBCs
and PLTs

In the first set of Western blot (WB) experiments in three
separate donors, one PLT contained two- to fourfold more
PrP€ than one RBC ghost when measured with MoAb 6H4
and four- to eightfold more when measured with a mixture
of PrP MoAbs GE8, AG4, and AH6 (not shown). In the
second set of experiments, PLTs and RBC ghosts were pre-
pared from the blood of five separate donors and then
pooled to obtain representative mixed PLT and RBC ghost
samples. Densitometry analysis of the blot developed with
6H4 confirmed that one PLT contained approximately four
times more PrP¢ than one RBC ghost (Figs. 2B and 2C).

ELISA comparison of PrP® amount in RBCs
and PLTs

Recombinant human prion protein was used for the con-
struction of the calibration curve in a sandwich ELISA
using MoAbs AG4 and GE8. The assay gave a linear
response in the range of 2 to 25 ng hrPrP/mL (not shown).
Isolated homologous PLTs and RBC ghosts of five separate
donors were assayed in triplicate in serial dilutions con-
taining 1 x 10% 5 x 108, 2.5 x 108, and 1.25 x 10® cells/mL.
The mean level of PrP¢ per 1 x 10° PLTs was 8.2 = 1.6 ng
(mean = SD, n=5) and 2.9 * 0.6 ng (mean * SD, n=15)
per 1x 10° RBC ghosts. This result estimates the mean
amount of PrP¢ per PLT to be approximately three times
higher than one RBC ghost.

Characterization of RBC PrP¢ using WB

Little to no 3F4 bound to PrP¢ in serially diluted RBC ghost
samples after blotting, while 3F4 binding to brain PrP® was
readily detected (Fig. 3B). At the same time, 6H4 detected
RBC PrP° on blots with similar sensitivity to brain PrP¢
(Fig. 3A). WB analysis revealed that RBC PrP¢ was present
mainly in its diglycosylated form, detected as a diffuse
band with a molecular weight slightly higher (35-38 kDa)
than brain PrP¢ (Fig. 4A). Deglycosylation of PrP® with
PNGase F led to the detection of a single band with a
molecular weight similar to deglycosylated brain PrPC.
No major fragments suggesting a significant presence of
truncated forms of PrP¢ in human RBCs were detected.
Denaturation of the sample by boiling with SDS or its deg-
lycosylation did not improve the binding of MoAb 3F4 to
RBC PrP¢ (Fig. 4B).
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Fig. 3. WB comparison of PrP¢ detection using MoAbs 6H4 and 3F4. WBs of serially
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fication of lysine residues with increas-
ing concentrations of Sulfo-NHS-biotin
led to a gradual loss of 3F4 binding
to PrP¢ (not shown). Similarly, the
modification of lysine residues to N:-
(carboxymethyl)lysine (CML) by incu-
bation with increasing concentrations
of GA caused complete inhibition
of 3F4 binding, while the binding of
6H4 was not affected (Fig. 5B). Similar
results were obtained after GA treat-
ment of hrPrP adsorbed on ELISA
plates. Concentrations of GA above
50 mmol/L led to the complete loss of
3F4 binding, while the binding of AG4
was not affected (not shown).

0 11 12

10 11 12

DISCUSSION

twofold diluted samples of 1 X 10'/mL human RBC ghosts (Lanes 1-6) and 10%

normal human brain homogenate (Lanes 7-12) were developed with MoAb 6H4 (A)
or 3F4 (B). Binding of 3F4 to RBC PrP¢ is not improved by denaturation of proteins
after boiling with electrophoretic sample buffer, demonstrating that poor binding of
3F4 to human RBCs is not caused by occlusion of its epitope by conformational
change or the interaction of PrP€ with its binding partner on the surface of cells. A
plausible explanation of poor 3F4 binding is covalent modification of its epitope in

RBC PrPC.

Sensitivity of RBC PrP¢ to PK

The incubation of solubilized RBC ghosts with increasing
concentrations of PK led to gradual and complete cleav-
age of PrP¢, demonstrating that RBC PrPC is similarly as
sensitive to PK as PrP¢ in equally treated samples of PLTs
(not shown) or brain homogenate (Fig. 4C). A similar
result was obtained after PK treatment of intact RBCs and
PLTs with subsequent analysis of the presence of PrP¢
using flow cytometry (not shown).

FACS analysis of 3F4 and 6H4 binding to CD71+
erythroid cells in cord blood

In contrast to peripheral RBCs, equal binding of 3F4 and
6H4 to transferrin receptor—positive (CD71+) erythroid
precursors in cord blood was recorded (Fig. 5A).

The influence of in vitro modification of brain PrP¢
or recombinant human PrP on the binding of
MoAb 3F4

The low binding of 3F4 to RBC PrP¢ can be caused by
modification of its epitope (KTNMKHM). Oxidation of
brain PrP¢ with increasing concentrations of hydrogen
peroxide up to 130 mmol/L had little effect on the
binding of 3F4. At 640 mmol/L, the binding of both
3F4 and 6H4 was diminished (Fig. 5B). In contrast, modi-

The presence of TSE infectivity in blood
has repeatedly been demonstrated in
various species, including mouse,
hamster, sheep, deer, and nonhuman
primates.?*?® In addition, the presence
of infectivity in the blood of donors
incubating vCJD was revealed by the
transmission of the disease to three
transfusion recipients.* All of them
received nonleukoreduced RBCs. The nature of cells asso-
ciated with TSE infectivity in blood remains unclear. In
rodents, infectivity seems to be concentrated in WBCs,
while both PLTs and RBCs are devoid of significant infec-
tivity.2** Interestingly, PLTs harbor infectivity in the blood
of infected deer,”® suggesting that association of prions
with blood cells could be species and prion strain depen-
dent. The expression of PrP° may play a role in this discrep-
ancy because rodent PLTs, in contrast to deer PLTs, do not
express the protein.'”'® Considering the importance of
PrPCexpression in many aspects of prion pathogenesis, our
study was aimed at the elucidation of controversies sur-
rounding its expression in human RBCs. PrP¢ is present on
CD34+ marrow stem cells, and its expression is regulated in
different cell lineages.'* Griffiths and colleagues® dem-
onstrated that PrP¢ expression in cultured human erythro-
blasts was mostly intracellular, with faint membrane
staining, and it was down regulated during their in vitro
differentiation to more mature erythroid cells. This finding
is compatible with the low expression of the protein on the
membrane of circulating RBCs detected in our previous
study.’® However, our finding was contradicted by several
studies reporting no expression of PrP® on human
RBCs.'*1® Most of those studies utilized probably the best
characterized prion MoAb 3F4.%% The antibody was devel-
oped against hamster scrapie-associated fibrils; however,
it also crossreacts with human PrP¢. The epitope of the 3F4
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Fig. 4. Characterization of basic features of PrP¢ on human RBCs. (A) WB compari-
son of RBCs (Lanes 1, 4, and 5) and brain (Lanes 2, 3, and 6) PrPC demonstrate that
RBC PrPC is not significantly truncated. (c) Fresh untreated samples, (+) samples
deglycosylated using incubation with PNGase F, and (-) samples incubated without
PNGase FE. The blot was developed with a mixture of MoAbs 6H4 and AG4. (B) Degly-
cosylation of RBC PrP® does not lead to the restoration of 3F4 binding. RBC (Lanes
1-3) and brain (Lanes 4-9) samples were (c) fresh untreated, (+) treated with PNGase
F, or (-) incubated without PNGase E Samples 4, 6, and 8 are 10-fold dilutions of
Samples 5, 7, and 9, respectively. The blot was developed with MoAb 3F4. (C) Brain
and RBC PrP¢ displayed similar sensitivity to proteolysis by increasing concentra-
tions of PK (0, 2.5, 5, 50, and 100 pg/mL). Lanes 1 through 5 = brain samples; Lanes 6
through 10 = RBC samples. Sharp bands (~33 kDa) in Lanes 4, 5, 9, and 10 represent
a nonspecific signal of PK (arrowhead). The blot was developed with MoAb 6H4.

pattern of RBC PrP¢, which may in
theory contribute to the inaccessibility
of the 3F4 epitope. However, enzymatic
deglycosylation of RBC PrP¢ did not
restore its recognition by 3F4. Consider-
ing that the binding of 3F4 is prevented
by the change in the conformation of
protease-resistant PrP™E!! we tested
the sensitivity of PrP¢ on RBCs to pro-
teolysis. However, we did not detect any
protease-resistant PrP¢ on RBCs. This,
together with the fact that low binding
of 3F4 was also recorded on blots after
denaturation of proteins by boiling with
SDS suggests that the low binding is
not caused by the conformation of the
protein. On the same basis, the hypoth-
esis that the low binding of 3F4 is caused
by the shielding effect of an unknown
binding partner of PrP¢ on the mem-
brane of RBCs can be rejected. Taken
together, our results suggest that the
reason for decreased binding of 3F4 to
RBC PrP¢ is posttranslational modifica-
tion of its epitope KTNMKHM. This
modification is apparently introduced
after the maturation and release of RBCs
into circulation as CD71+ erythroid pre-

(KTNMKHM) is located in the central part of the molecule
(PrPigs-112),° which is known to undergo conformational
change into PrP™F, resulting in epitope inaccessibility."! To
elucidate the controversies surrounding the expression of
PrP¢ on human RBCs, we first repeated the quantitative
flow cytometry study utilizing MoAb 6H4 and two MoAbs
that were used in previous negative reports: FH11 and 3F4.
Indeed, both antibodies bound to RBCs substantially less
than 6H4: 8.3-fold lower for FH11 and 3.6-fold lower for
3F4. This result was puzzling, especially for 3F4, as its
binding to PLTs in the same tube was equivalent to 6H4.
The overall lower binding of FH11 to a variety of blood cells
has been previously described® and can be caused by a
proteolytic loss of its epitope (PrPs;.s5) located on the sen-
sitive N-terminus of PrP¢3' A similar mechanism could
also be responsible for the lower binding of 3F4, although
its epitope (PrPios.112) is located close to the center of the
molecule. The presence of a substantial amount of the
stable C1 fragment of PrP¢lacking the 3F4 epitope has been
described in the normal brain tissue of man and other
mammalian species.**** In contrast, we did not find similar
fragments in blots of human RBC ghosts, demonstrating
that truncation was not the cause of the decreased 3F4
binding. The RBC PrP¢ band had slightly lower electro-
phoretic mobility and was more diffuse than PrP¢ in the
brain. This could be caused by a different glycosylation
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cursors in cord blood bound antibodies
3F4 and 6H4 equally well. The modification does not sig-
nificantly change the electrophoretic mobility of RBC PrP¢
because after its deglycosylation, it has similar mobility
to deglycosylated brain PrP°. The importance of both
methionine and lysine residues in the 3F4 epitope for
binding of the antibody has been previously demon-
strated.”?* Methionine residues in the 3F4 epitope have
been shown to be sensitive to oxidation and may serve as
internal antioxidants, protecting the PrP® molecule from
oxidative damage.*® However, in our hands, oxidation of
PrP¢ with H,0, did not diminish binding of 3F4 relative to
6H4, suggesting that oxidation is not the cause of the low
binding of 3F4 to RBC PrP®. In contrast, modification of
lysine residues by sulfo-NHS-biotin readily led to the loss
of 3F4 binding, confirming a previous report by Bolton and
coworkers.** One physiologically occurring modification of
lysine residues in proteins is glycation. The treatment of
prion protein with GA, which modifies lysine residues to
the major advanced glycation endproducts constituent
CML, led to a dose-dependent decrease of 3F4 binding,
while the binding of 6H4 was unaffected. The modification
of membrane proteins by CMLin human RBCs during their
aging in circulation has been previously reported.? This is
in agreement with our observation that the epitope of 3F4
in erythroid precursors in cord blood as well as in PLTs in
circulation is not modified. Obviously, time is needed for
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Fig. 5. Glycation of PrP¢ could be the reason for diminished
binding of 3F4 to human RBCs. (A) MoAbs 3F4 and 6H4 bind
equally well to transferrin receptor—positive (CD71+) eryth-
roid precursors in human cord blood. This suggests that the
modification of the 3F4 epitope (KTNMKHM) occurs after the
release of RBCs into circulation. Normal cord blood (n = 3)
samples were analyzed using two-color flow cytometry. The
logarithmic side scatter/forward scatter (SSC/FSC) plot shows
the scatter properties of cord blood and the position of the
RBC gate (top left plot). CD71+ cells were gated on a FL2/FSC
logarithmic plot (top right plot) and their 3F4 and 6H4 fluo-
rescence compared (bottom histogram overlay). (B) In vitro
treatment of WBs of normal brain homogenate with increas-
ing concentrations of GA or hydrogen peroxide (H,0,). Blots
were developed with 6H4 (top) or 3F4 (bottom). Modification
of lysine residues by GA to carboxymethyl lysine in contrast to
oxidation of methionines by H,0; readily mimics the discrep-
ancy in the binding of MoAbs 3F4 and 6H4 found in vivo in
human RBC PrP¢, suggesting that glycation may be the cause
of the modification of its 3F4 epitope.

the modification to occur, and RBCs, with their life span
reaching 120 days compared to the 10 days of PLTs, are in a
better position to be modified. Interestingly, glycation of
lysine residues on the N-terminal of PrP™F has already
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been demonstrated in brains of TSE-infected rodents.*”
Despite the lack of direct proof, our data suggest that the
diminished binding of 3F4 to PrP® on RBCs may be caused
by glycation. The hypothetical existence of a similar modi-
fication of blood PrP™E would prevent its detection using
the conformation-dependent immunoassay'' and other
assays thatuse 3F4.In addition, itis likely that the use of the
3F4 antibody was the reason for the underestimation of the
overall amount of the PrP¢ pool associated with human
RBCs in some previous studies. All three methods
employed in our study to estimate the amount of PrP® in
RBCs relative to PLTs gave convergent results. Using quan-
titative flow cytometry, approximately 300 IgG molecules
of antibody 6H4 bound to one RBC, while the binding to
resting PLTs in identical samples was only twice as high. We
have previously estimated that approximately 70% of PrP°¢
is localized inside of resting PLTs.?® This suggests that the
amount of PrP¢ per PLT, including its intracellular pool, is
roughly sevenfold higher than in one RBC. Conformation-
independentWB analysis of PrP¢levels in carefully isolated
PLTs and RBC ghosts indicated that the amount of PrP¢ per
PLT is just fourfold higher than in one RBC. An even lower
difference was detected using sandwich ELISA. Taken
together, our data demonstrate that the difference in the
level of PrP¢ between one PLT and one RBC is less than
10-fold, while the normal amount of RBCs (5 x 10°/mL) in
man is about 20-fold higher than the amount of PLTs
(2.5 x 108/mL). This result implies that RBCs should carry
at least twice as much PrP¢ than PLTs, which makes RBCs
the main source of cell-associated PrP® in human blood.
Previous studies have described the release of up to 45% of
PLT PrPC after in vitro activation of PLTs by agonists or
during the 5-day storage of PLT concentrates.***° Although
we deem it unlikely, we cannot exclude that some release of
PrP€ also occurred during the isolation of PLTs used in our
WB and ELISA studies. However, even if we underestimated
the physiological amount of PLT PrP¢ by approximately
50%, the overall amount of PrP¢ associated with RBCs
would still surpass the PrP¢ PLT pool.

Despite this observation, RBCs remain an unlikely
source of prions in blood because they do not have the
ability to supplement their propagation with new mol-
ecules of PrP¢. However, the existence of posttranslational
modification in the critical part of the molecule may give
RBC PrP¢ unique properties and favor their binding of
prions released to blood by other cells. Further studies
aimed on the molecular characterization of this modifica-
tion and its influence on the interaction of PrP¢ with prion
particles should clarify if our current view neglects the role
of RBCs in the blood pathogenesis of prion diseases.
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Abstract

Prion diseases have been observed to deregulatatiseription of erythroid genes, and prion
protein knockout mice have demonstrated a dimimisi@sponse to experimental anemia. To
investigate the role of the cellular prion protdlrP) in erythropoiesis, we studied the
protein’s expression on mouse erythroid precursovevo and utilized ann vitro model of the
erythroid differentiation of murine erythroleukemecells (MEL) to evaluate the effect of
silencing Pr through RNA interference.

The expression of PfPand selected differentiation markers was analyagdjuantitative
multicolor flow cytometry, western blot analysisdaguantitative RT-PCR. The silencing of
PrP expression in MEL cells was achieved by expressibshRNAmir from an integrated
retroviral vector genome. The initial upregulatiai PrP expression in differentiating
erythroid precursors was detected biothivo andin vitro, suggesting PfBs importance to the
early stages of differentiation. The upregulatioasvhighest on early erythroblasts (16200 *
3700 Pr® / cell) and was followed by the gradual decredserg” level with the precursor’s
maturation reaching 470 + 230 BrPcell on most mature CD7ller119 small precursors.
Interestingly, the downregulation of PrRprotein with maturation of MEL cells was not
accompanied by the decrease of PrP mRNA. The stadpieession of anti-Prnp shRNAmir in
MEL cells led to the efficient (>80%) silencing &frF levels. Cell growth, viability,
hemoglobin production and the transcription of ctelé differentiation markers were not

affected by the downregulation of PrP

In conclusion, the regulation of Prexpression in differentiating MEL cells mimics thattern
detected on mouse erythroid precursersivo. Decrease of PfPprotein expression during
MEL cell maturation is not regulated on transcoptl level. The efficient silencing of PtP
levels, despite not affecting MEL cell differentaat, enables created MEL lines to be used for

studies of PrPcellular function.



Introduction

The cellular prion protein (PHPis expressed in cells of various origins. Itimserved through
the whole vertebrae class, suggesting its impoetamcellular physiology [1]. However, its role
in physiological processes remains enigmatic afjhoPr® plays a basic role in the
pathogenesis of the fatal neurodegenerative disbrleown as Transmissible Spongiform
Encephalopathies. Observation of Pdeficient mice (PrP) did not reveal significant health
problems. On the other hand, experiments in célles suggested that Pris linked to such
processes as the prevention of apoptosis, copptboism linked to oxidative stress, iron
metabolism, signalization and differentiation [2)3,A connection between prion pathogenesis
and erythropoiesis was suggested by the downregulaf thea-hemoglobin stabilizing protein
(AHSP) mRNA during prion disease [5]. A later studgicated that the disease progression
affected the transcription of several other muenghroid genes, e.g., Kell, GPA, band 3 and
ankyrin [6]. A link between PfPexpression and erythropoiesis was also demongtiaterP”
mice after the experimental induction of hemolytanemia. Upon treatment with
phenylhydrazine, P#Pmice produced fewer reticulocytes than did PrRice. This result was
probably due to the reduced level of erythropoigimoduction and higher percentage of
apoptotic erythroid precursors [7]. Apparently, theression of PPis generally important in
hematopoiesis. PfHs present on the surface of mouse long-term hmpodtic stem cells (LT-
HSCs) and supports their self-renewal and engraftmeéuring serial transplantation.
Quantitatively, 40% of mouse bone marrow (BM) celgress PP and, from this population
of cells, 80% are erythroid cells [8]. CD3#uman bone marrow stem cells also expres§ PrP
[9,10], and circulating human and mouse red bloeits have similarly low levels of PfFon
their cellular membranes [11,12]. A widely used rldor the study of erythroid differentiation
in vitro is presented by murine erythroleukemia (MEL) ceMEL cells are blocked at the
proliferative proerythroblast stage, and, after thddition of polar substances, e.g.,
hexamethylene bisacetamide (HMBA), they lose thetiferative capacity and enter cell-cycle
arrest. This process is characterized by struct(daicreased cell volume and nuclear
condensation) and biochemical changes (activatidn eoythroid genes, hemoglobin
accumulation), which resemble those exhibited byunah erythroid differentiation [13].
Gougoumas and colleagues demonstrated transcaptamtivation at the mRNA level of the
PrP gene in growth-arrested MEL cells [14]. Ourdsgtuextends their observations by
demonstrating divergences in the regulation of°RaPthe protein and mRNA levels during

inducer-mediated erythroid differentiation and -@gltbwth arrest caused by confluency. In



addition, we exploited MEL cell lines with stablpwinregulated levels of PfRo study its
importance in the differentiation of MEL cells.

Results
Regulation of PrP expression on mouse bone marrow and spleen erythroid precursors

Erythroid precursors were gated according theirlT8rand CD71 signals and the forward
scatter (FSC) signals to the proE, EryA, EryB and/CE subpopulations (Fig. 1 A).
CD71'Ter119" bone marrow proerythroblasts (proE) expressed #8000 Pr molecules /
cell, assuming that one molecule of mAb AH6 binds molecule of PfP The expression of
CD71'Ter119 basophilic erythroblasts (EryA) was elevated t@0®%+ 3700 Pre/ cell and
decreased in late basophilic and polychromaticheoyilasts (EryB) to 5100 + 1100 PrPcell
and was also diminished in late CDVdr119 small precursors (EryC) (470 + 230 PrReell).
Corresponding erythroid precursors in the splegessed 4200 = 600, 13400 + 5200, 4600 +
1400 and 680 + 280 PTP cell, respectively (Fig. 1 B).

Regulation of PrP expression during the erythroid differentiation of MEL cells

MEL cells were grown for five days in the absencepresence of 5 mM HMBA. The cells
increased their expression of Prnp mRNA, reachidg11.2 -fold and 8.7+ 2.8-fold relative
expression after 120 hours in uninduced and diffeeng cells, respectively (Fig. 2 A and B).
While the level of PrP mRNA in the differentiaticglls more than doubled within 24 h after
induction, a similar increase in the uninducedscelas observed after 48 h in culture when
cells were reaching confluency. At the protein letiee uninduced cells increased their ®rP
reaching a maximum expression in confluent culatr86 - 120 h (Fig. 2C) which correlated
with the expression of Prnp mRNA. In contrast, #eression of the PfPprotein in
differentiating cells peaked at 24 - 48 h post-itthn (Fig. 2D) with a subsequent decrease to
almost its basal level at 120 h, as demonstratedidnsitometry (Fig. 2F). The increased
density of the PrPband on the WB was already visible within 6 h goduction (not shown).
These results were confirmed by quantitative FACBalysis, which demonstrated
approximately twofold increase of Prlembrane expression after 24 h of differentiativith

a subsequent return to the basal level after ¥8ch {E).



Dexamethasone treatment of MEL cells lowers their expression of PrP® in confluent culture
irrespective of production of hemoglobin

Treatment of uninduced MEL cells with 4 uM dexanasttne (DEX) partially prevented the
increase of PrPlevels after 120 h in confluent culture (Fig. 3. Ahe intensity of the PfP
band in DEX-treated cells was similar to that of BIMstimulated, fully hemoglobinized cells.
Stimulation of cells with HMBA for 12 h was not $igfent to induce their effective
hemoglobinization and led to high levels of PiR confluent culture after 120 h. After 12 h
with HMBA, cells were transferred to medium with BFand the increase of Prievels at
120 h was inhibited. The stimulation of cells wHMBA in the presence of DEX led to a
partial decrease in hemoglobinization and interamedievels of PrP at 120 h. A slight
increase in PrPlevels after 24 h was detected in all treatmemtiich HMBA was present
during the first 12 h and the second 12 h of intiobairrespective of the presence or absence
of DEX (Fig. 3 A). In the second approach, the seNere stimulated with HMBA or
HMBA/and DEX for 24 h and then transferred to freskdium with or without HMBA or
DEX (Fig. 3 B). Again, the presence of DEX duringstf 24 h of cellular stimulation with
HMBA did not change the levels of PrBfter 24 h, even when a concentration of 40 pM was
used (not shown). However, the presence of DEXdesl marked decrease of Prevels after
120 h in comparison with cells cultivated withouEX, although the hemoglobinization of
cells was similar. The expression of PriRas comparable with that of fully hemoglobinized
HMBA-stimulated cells (Fig. 3 B). The detected ches in the levels of PfRvere not caused

by differences in loading, as demonstrated by dabeling.

Retroviral vector delivery of anti-Prnp shRNAmir leads to stable and efficient PrP® silencing

Both spinfection and co-cultivation methods lecefficient (~ 90%) silencing of PfPat the
MRNA (Fig. 4 A) and protein levels (Fig. 4 B) by 1LRnd LP2 constructs in comparison with
control construct LN. The LP5 construct did notguoe any downregulation of Ptifevels
(Fig. 4 B). Retroviral infection of cells did natduce cell-protective effects, as demonstrated
by gRT-PCR analysis of chosen interferon-stimutpaieneasla, Rnasel and Eif2ak2 (not
shown). The silencing of PfAn LP1 and LP2 lines was stable during the coofseMBA-
induced cell differentiation (Fig 5). In comparisaith LN, LP1- and LP2-transduced cells
exhibited 79% and 84% inhibition of Prnp mRNA exsmien at the beginning of
differentiation and 93% and 96% after 120 h of efiéhtiation, respectively (Fig. 5 A). The
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levels of Prnp mRNA and protein during differentat of the control LN-transduced cells
(Fig. 5 A, C) was upregulated similarly as in noampulated MEL cells (Fig. 2 B, D). The
stability of PrP silencing was confirmed by quantitative FACS as&lywhich demonstrated
downregulation of PrPat the cell membrane ranging from 17% (LP1) an% 1PP2) to 8%
(LP1) and 5% (LP2) of its expression (100%) in lisAsduced cells at the beginning of
differentiation and after 48 h, respectively (FgB). These results were confirmed by western
blot analysis in which we could faintly detect PiiR LP1 and LP2 cells only after 24 hours,

while the protein in LN-transduced cells was readitected (Fig. 5 C).

Slencing of the Prnp gene by RNAI does not affect HMBA-induced differentiation of MEL cells

Cell numbers in differentiating LN and LP1 linescieased similarly, reaching 2.4x °10
cells/mL at 72 h. The LP2-transduced cell line et slightly more cells, with a maximum
of 3.0x 16 cells/mL at 72 h (Fig. 6A). In a Trypan Blue exsibn assay, all cell lines
demonstrated a similar viability (~94%) over a 7pdst-induction period and, also, a similar
slight decrease of viability after 96 and 120 hg(F8 B). We did not detect any differences in
the transcriptional levels of proapoptotic Bax (rsftown). The dynamic of hemoglobin
production was comparable in all cell lines, iresve of the level of PfP(Fig. 6 C).
Similarly, surface expression of the transferrineggor (CD71) was similarly regulated in all
cell lines (Fig. 6 D). Also, no difference was derswated in the levels of c-myb mRNA,
which were downregulated approximately eightfolttaP4 h post-induction in all lines. After
48 h, c-myb mRNA was downregulated to ~ 2% of ttatisig level and remained silenced
until the end of the experiment (not shown). Sinhylamonitoring of the erythroid markers
Eraf and Hba (Fig. 7A and B) and GATA-1 (not showln)ing the differentiation of cells at

the transcriptional level indicated analogous essin in all lines, irrespective of PrRevels.



Discussion

The role of PrPin cellular physiology has been proposed for aetrof processes, but with
no prevailing consensus to date[l]. The downreguiabf erythroid genes during prion
infection has established a link between the perghpathogenesis of prion diseases and
erythropoiesis. However, it is not clear if theeeltf is caused by direct interaction of prion
particles with erythroid cells or if it is triggetdy some yet unknown humoral response to the
infection. The expression of PrRn circulating red blood cells (RBCs) of closeblated
nonhuman primates varies from several thousandcplrto zero [15], implying that its
function on mature erythrocytes is not conservatffitBs et al. demonstrated the regulation of
PrP expression during the differentiation of cultutesman erythroblast vitro, indicating
that it may play a role in the differentiation of/#hroid precursors. PfRwas found mostly in
the perinuclear region of proerythroblasts, andatmunt of PrP declined as erythroid cells
matured [16]. Human and mouse RBCs express appabeiyn200 PrP molecules per cell
[11], suggesting a similar regulation of its expgien in the erythroid lineage in both species.
In this study, we demonstrated that the surfaceession of PrP on erythroid precursors in
the mouse bone marrow and spleen follows a simpadtern as the cells mature. The protein’s
levels first increase with basophilic erythroblagtspressing more than twice as much“Fap
proerythroblasts, and then declines significantly late basophilic and polychromatic
erythroblasts, with most mature small erythroidcprsors expressing only around 500 PrP
molecules per cell. This pattern of expressioruiggestive of PrPs involvement in the early
stages of erythroid differentiation. The differatiton of MEL cells in culture is known to
resemble thén vivo process, with similar maturation stages: proentitast-like, erythroblasts-
like and, occasionally, reticulocyte-like [16,17he surface expression of BrBn uninduced
MEL cells in the exponential phase of growth wapragimately six times higher than that
observed on proerythroblasts in the mouse boneowasr spleen. However, the induction of
differentiation led to nearly doubling of the Brfumber on MEL cell membranes within 24 h,
which resembled a similar increase of PEXpression on basophilic erythroblastsiivo. In
agreement with previous observatiomsvivo, we found that this initial upregulation was
followed by a gradual downregulation of PrBurface levels along with the progression of
MEL cells’ differentiation. This decrease did netach the degree observed in small CD71
Ter119 erythroid precursors vivo, which is in line with the limited ability of diffrentiating
MEL cells to reach this stage of maturation. Thigéedentiation of MEL cells is composed of

two separate events, growth arrest and terminaferdiitiation. Both processes are



characterized by the activation of early (cell-eycbntrol) and late (morphological changes)
genes [17]. The first period lasts approximatelyhb2rs, after which the first committed cells
materialize. The majority of cells are terminalljfetentiated between 24 and 50 h [18]. In
agreement with previous studies by Gougomas ¢4, we found that the Prnp gene in MEL
cells is transcriptionally activated both duringucer-mediated differentiation and in confluent
cells undergoing cell-cycle arrest. In addition, were able to demonstrate the regulation of
PrP° at the protein level by western blot. Interesyngind in accordance with the flow
cytometry results, in differentiating cells, thepeassion of the protein was downregulated after
an initial increase, even though the level of PIRNA continued to rise. This result suggests
that MEL cells’ differentiation leads to a tran@aial regulation of PrPlevels [19] not seen in
uninduced cells undergoing cell-cycle arrest. Alatively, more differentiated cells could
degrade PrPat an increased rate, as has been proposed tirexipé disparity between PrP
protein and mRNA levels in different types of newabcells [20]. The downregulation of PP
protein during the differentiation of highly resgore subclones of MEL cells was recently
reported by Otsuka et al. [21]; however, their gtdél not detect an initial increase of PrP
expression, most likely due to the different stailisells at the point of induction. Stimulation
of the glucocorticoid receptor by DEX induces theliferation and expansion of erythroid
progenitors and delays the terminal differentiadrerythrocytes [22]. In our hands, DEX did
not prevent the HMBA-induced initial upregulatioh BrP~ in MEL cells, suggesting that it
precedes the effect of DEX, which is known to segprthe HMBA-mediated commitment to
terminal cell division at a relatively late steptims process [23]. However, DEX prevented the
increase of PrPprotein levels in confluent MEL cells after 12@hculture, demonstrating that
the activation of the glucocorticoid receptor cateifere with the transcriptional activation of
the Prnp gene mediated by cell-cycle arrest. Thehar@sm of DEX’s action on the prevention
PrP protein upregulation in confluent MEL cells is mukvn at present. DEX has been shown
to induce cell-cycle arrest in number of various loes [24], but not in MEL cells, in which it
increases cell viability [25], both in induced aadinduced culture. In summary, our results
demonstrate that the regulation of Ptévels in differentiating MEL cells resembles]esst in
part, its regulation in maturing mouse erythroiéqursorsin vivo. To learn more about the
importance of PrPin the process of MEL cells’ differentiation, weeated cell lines using
RNAI to stably inhibit expression of the proteinNRi administered by shRNA from a
retrovector had previously been employed efficiemtl inhibit PrP expressionin vitro andin
vivo [26,27]. The main objective for using RNAI to suegs PrP was to study its therapeutic
potential in preventing propagation of infectiousops. To the best of our knowledge, our
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model is the first murine cell line of non-neurowaigin with stably silenced PfRexpression.
Inhibition of the protein’s expression at both t&RNA and protein levels was efficiently
maintained during the differentiation of MEL cellthough it varied between 75 and 95% in
individual time points. Despite the silencing, thduction of differentiation led to a detectable
increase of PrPsignal on blots after 24 h, suggesting that thgulation of the protein’s
expression in LP1- and LP2-transduced cell lindlsvi similar pattern as in unmodified MEL
cells, although at a suppressed level. Growth caneeviability of LP1-, LP2- and control LN-
transduced cell lines after the induction of diéfetiation was similar, although the LP2-
transduced cell line exhibited a higher prolifevatcapacity. Since the LP1-transduced cell line
did not differ from control LN-transduced cell linee could not assign the LP2-transduced
cell line’s divergence solely to PrRilencing. All cell lines observed here demonstiaimilar
dynamics and level of hemoglobinization and regoitaof the transferrin receptor on their cell
membranes. This finding suggested that silencingréf in MEL cells does not lead to gross
perturbation of iron homeostasis, although the lwvement of PrP in iron-cell uptake was
described recently [28,29]. Similarly, the level thie protooncogene c-myb, expression of
which is characteristic of the proliferative stated has been demonstrated to block MEL cells’
differentiation [30,31], decreased upon inductionilarly in all created cell lines and remained
low during the entire course of the experiment. NMwmg of selected erythroid markers
(AHSP, Hba and GATA-1) on the transcriptional levaso did not reveal significant
differences among LP1-transduced, LP2-transducddLahtransduced cell lines, confirming
that PrP silencing does not appear disturb the differeiaiimbf MEL cells. In many cell
cultures, the enhanced expression of‘RvBs proposed to facilitate cytoprotective effd8g).
However, overexpression of exogenously deliverd? i MEL cells did not protect the cells
against apoptosis initiated by serum withdrawal.[88e also found that silencing of Priid

not seem to sensitize cells to apoptosis durinfpmiftiation, as demonstrated by a Trypan
Blue exclusion assay and by monitoring of Bax espi@n by gRT-PCR. This result is
concurrent with Christensen and Harris, who reeateldl former assays reporting a protective
activity of PrP and suggested that the presence of°PmBs only a modest effect in

cytoprotectionn vitro [34].

Taken together, our results imply that, under néroaditions, PrP seems dispensable for the
erythroid differentiation of MEL cells. The patteofi PrB regulation on erythroid precursors
in vivo suggests that PfAmay play a role in the maturation of erythrobldsterythroblastic

islands. We can speculate that ®rivhich was shown to bind both laminin and the kimi



receptor [35,36], can be involved in cell-cell amts in an erythroblastic niche, or with a
surrounding extracellular matrix. Downregulation BfF", then, could play a role in the
dissociation of matured reticulocytes from the lemyblastic niche. Such a role for Pris
unlikely to be detected by the MEL cell model. Amert explanation could be that Préxerts

its function only under stress conditions. This dtjy@sis is consistent with the documented
poor recovery of PrP mice from experimental anemia [7]. Finally, ifgessible that the effect
of PrP silencing was compensated for by an unknown pathem that the remaining

expression is sufficient to sustain its role.

In conclusion, we created model cell lines withiciéhtly silenced expression of PtRvhich
are the first of their kind and may serve in sulbged searches for the physiological function of
PrP and could be utilized as a valuable tool in stsidié the connection between prion

pathogenesis and the downregulation of erythrorckege
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Materials and Methods
Flow cytometry of mouse bone marrow and spleen erythroid precursors

The study was approved by the Committee on thec&tbi Animal Experiments of the First
Faculty of Medicine, Charles University in Pragieimit Number: 217/07). Bone marrow
(BM) cells were isolated from the femurs of PfPmice (C57BL/6x129/SvxCD1 mixed
background) by washing with PBS, 1% BSA and 2 mMIBDpH 7.4 (PBS-BE). Spleen and
BM cells were passed through a 40-um cell straiBecton Dickinson, San Diego, CA, USA)
to eliminate stroma and debris. The cells were l&abg30 min, 4° C) with saturating
concentration of monoclonal antibodies (mAbs): -ambuse Ter-119 eFluor 450, anti-mouse
CD71-FITC (both eBioscience, San Diego, CA, USA]J &il6 (TSE Resource Center, Roslin,
UK), custom conjugated to PE (Exbio, Vestec, CzRelpublic). Labeled cells were washed
and resuspended in PBS-BE, and their fluoresceiaseawalyzed on a BD FACSCanto Il flow
cytometer equipped with BD FACSDiva Software vaB&¢ton Dickinson). Dead cells were
excluded from the analysis by 7-aminoactinomycir{7/BPAAD) (Molecular Probes, Eugene,
OR, USA) labeling, and the fluorescence of livelxgll®) was analyzed. Erythroblast
subpopulations were resolved according Terl1l9, CBad forward-scatter (FSC) signals.
Proerythroblasts (proE) were identified as Teff#¢™ CD71" cells. Ter119%" cells were
divided using both the CD71 and FSC parameterstim&e populations, labeled EryA, EryB
and EryC, as described previously [37], and theliboy of the prion mAb AH6 was quantified
using Standard Quantum R-PE MESF beads (Bangs atbi@s, Fishers, IN, USA) [15].

Flow cytometry of cell cultures

Cells were washed with 1% BSA-PBS, pH 7.4 (PBS-BJ &beled for 20 min at RT with

saturating concentrations of the AH6-PE or anti-eeo@€D71-PE (eBioscience) mAbs. Next,
washed cells were resuspended in PBS-B and analysing a flow cytometer to standardize
the fluorescence readings and to allow for the tifieation of PrP and CD71 expression

Standard Quantum R-PE MESF beads were run as aaszpmmple. Viable cells were
identified as a 7-AAD-negative population.
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Cdll cultures

The MEL cell line (clone 707, ECACC, Salisbury, Udnd packaging cell line HEK293 GP2
(Clontech, Mountain View, CA USA) were maintainedDMEM growth medium containing
high glucose (4.5 g/L), L- glutamine, sodium pyrie/al0% fetal bovine serum and
puromycin/ streptamycin (all reagents from PAA, ¢Paisg, Austria). Cells were cultured at 37
°C in a humidified atmosphere containing 5% CEbr all experiments, MEL cells between the
second and fourth passages were seeded at a dehsiycells/mL 24 h before induction of
differentiation by 5 mM HMBA (final concentrationln some instances, 4 UM dexamethasone
(DEX) (Sigma-Aldrich, Prague, Czech Republic) wagdito block the commitment of MEL
cells. The cells were incubated with either HMBAVIBA and DEX or DEX alone for 12 h or
24 h, and then the medium was changed, and the welle grown in the presence of either
HMBA, DEX, HMBA and DEX, or in medium only.

Cloning

For the silencing of cellular prion expression, wsed shRNAmir sequences HP_285770 (LP1)
and HP_288208 (LP2), which are available in the RNAodex database
(http://cancan.cshl.edu/cgi-bin/Codex/Codex.cgihe TshRNAs, together with the control
nonsilencing shRNAmir (LN), were ordered in the pBSMetro vectors V2MM_66187,
V2MM_63696 and RHS1707 (Open Biosystems, Huntsvile, USA)[38]. The third anti-
Prnp mRNA sequence (LP5), adopted from Pfeifel.etnas purchased as an oligonucleotide
[27]. All sequences were cloned into the LMP retcor MSCV/LTRmIR30-PIG (Open

Biosystems). Constructs created in this study wergied by sequencing.

RNAI of Prnp expression

Packaging HEK293 GP2 cells were seeded at a denfsipproximately 1.5x Tocells/well
(24-well plate). After 24 h, the cells were tramséal with a mixture of the VSV-G plasmid,
coding the envelope protein of the vesicular stamatirus (Clontech), and the appropriate
LMP retrovector (LN, LP1, LP2 or LP5). Plasmids wetelivered in a ratio of 9:1 with the
Arrest-in transfection agent (Open Biosystems) e€hdays after transfection, media containing

retroviral particles were centrifuged (400 g, 4 t€)pellet eventual cell contaminants, and the
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infectious supernatant, containing 4 pg/mL Polybré8igma-Aldrich), was added to MEL
cells in a 1:1 ratio. Subsequently, transduced Meglls were spun down at 450 g for 90 min at
RT (a method known as spinfection). In a secondagmh, the MEL cells were infected by co-
cultivation with a packaging cell line. In this rhet, medium in HEK293 GP2 cells was
aspirated 24 h postinfection, and 2xX* MEL cells/well were added inside the 0.4-um-pore
translucent polyphthalate insert (Becton Dickinsonp 0.7 mL total volume of fresh media
containing 4 pg/mL Polybrene. After 48 (co-cultieal) or after 72 (spinfection) hours of
incubation, the cells were diluted with fresh medjwand selection started the next day through
the addition of puromycin (Sigma) at a final cortcation of 0.5 pg/mL. The percentage of
cells with an integrated retrovector genome wasitamd by FACS utilizing eGFP positivity.
Cell lines prepared by both methods were mixed dfftee weeks after reaching >95% eGFP

positivity and were frozen in aliquots.

Western blot

Cells were washed in PBS and lysed with 1% TX-1DB8% sodium deoxycholate and 0.1%
SDS in 150 mM NaCl, 2 mM Mggland 50 mM Tris, pH 8.0, supplemented with 12 dplts
benzonase (Sigma) and the EDTA-free protease tohiGiomplete (Roche Diagnostics, Basel,
Switzerland). Protein concentration was measured®@p assay (Thermo Fisher Scientific,
Rockford, IL, USA), and 20 pg proteins/lane weraded for SDS-PAGE analysis. Separated
proteins were blotted to nitrocellulose membrargis-Rad, Hercules, CA, USA) and PtP
detected with a mix of the mAbs AH6, AG4 (both 1/mb, TSE resource center) and 6H4
(0.05 pg/mL, Prionics AG, Zurich, Switzerland). Thati-actin polyclonal Ab 1-19 (Santa
Cruz, Santa Cruz, CA, USA) (0.5 ng/mL) was used &sading control. Secondary antibodies
were goat anti mouse IgG F(akjlkaline phosphatase (Biosource) and goat anbirdgG
F(ab) alkaline phosphatase (Caltag, Buckhingham, UK)hbat a dilution of 1. 4000.
BCIP/NBT (Caltag) was used as a chromogen.
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Rever se transcription and quantitative PCR

RNA was isolated using the RNA Blue solution acaogdo the manufacturer’'s manual (Top-
Bio, Prague, Czech Republic). Contaminating genddNA was degraded by treatment with
TURBO DNase (Ambion, Austin, TX, USA). RNA integritvas evaluated by electrophoresis,
and 0.5 pg RNA was reverse-transcribed with theeRéwd first-strand cDNA synthesis kit
(Fermentas, Burlington, ON, Canada) according ¢ontlanufacturer’s manual. Complementary
DNA was tenfold diluted, and 2 puL were used for gRTR performed in an ABI 7300 PCR
System using TagMan primers, probes and the UralePCR Master Mix (Applied
Biosystems, Carlsbad, CA, USA). We monitored th@ression of the following genes:
glyceraldehyde-3-phosphate dehydrogen&@spdh), the prion proteinRrnp), the hemoglobin
alpha adult chain IHba-al), the myeloblastosis oncogefMyb), thea-hemoglobin stabilizing
protein Eraf), the GATA-binding protein 1QGATA-1), 2'-5' oligoadenylate synthetase 1A
(Oasla), ribonuclease LRnasel), the eukaryotic translation initiation factor laa kinase 2
(Eif2ak2) and the BCL2-associated X proteBek). Relative expression levels were calculated
using the 2“*°" method [39] and normalized to the reference Gapgdhe. Expression

guantities were normalized as described in results.

Soectrophotometric determination of hemoglobin content

The hemoglobin concentration in MEL cell lysatesswaeasured with the TMB assay as
described previously, with adjustments for 96-vpddites [40]. The cell lysates were diluted to
contain 100 pg of protein per mL, and their abseckaat 660 nm was measured using a
VICTOR? D fluorometer (PerkinElmer, Waltham, MassachusetiSA). The amount of
hemoglobin was subtracted from the calibration ewsomposed of serial dilutions of purified

hemoglobin (Sigma).
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Figurelegends
Figurel.

The expression of PfPon mouse bone marrow (BM) and spleen erythroiccypsers is

upregulated in early erythroblasts and, then, desa® with the cells’ maturation.

(A) Gating strategy for erythroid precursors: upedr1 scattergram of BM cells; upper right —
gating of viable 7-AAD negative cells (BM live); u@r left — live BM cells labeled with
CD71-FITC (FL1) and Terl19-eFluor450 (FL5): ProECD71'Ter119" proerythroblasts;
Ter119 cells were further gated on CD71-FITC (FL1) andCRSot (lower right): EryA - large
CD71" early basophilic erythroblasts, EryB - small CDTdte basophilic and polychromatic
erythroblasts, EryC - small CD7drthochromatic erythroblasts and reticulocytes.

(B) Quantitative FACS analysis of PrRexpression on erythroid precursors in mouse bone
marrow and spleen. Expression of Pdn early basophilic erythroblasts (EryA) is sigrahtly
higher (p> 0.005, n=5) in comparison with proergtilasts (ProE), both in BM (upper) and
spleen (lower). The initial increase of expressmoifollowed by its decrease on late basophilic
and polychromatic erythroblasts (EryB), and mosturgsmall precursors (EryC) express a
low number of PrP. Quantification is based on assumption that onéecute of MAb AH6

binds to one molecule of PtP
Figure 2.

Initial increase of PrP protein expression in differentiating MEL cells fisllowed by its

downregulation.

(A) Transcriptional activation of the Prnp gene inndaced MEL cells (- HMBA) correlates
with growth arrest in confluent culture at 72 h,desnonstrated by qRT-PCR. A similar, but
lower, increase of PrP mRNA is seen in cells indueerythroid differentiation (+ HMBA)
(B). Progress of cell differentiation is monitored doyerall hemoglobin level (full line, n=2,
mean + SD). The amount of PrProtein on western blots (WB) in uninduced cel®) (
correlates with the level of mRNAAJ. In contrast, the amount of PrPprotein in
differentiating cells D) is highest 24-48 h after induction and, thend@svnregulated, as
shown by densitometryF}, despite the level of PrP mRNA continues to (Bg Blots were
developed with a mix of PfPmAbs (AH6, AG4, 6H4) and actin antibody was usedaa
loading control. Surface expression of Préh HMBA induced differentiating MEL cells
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measured by quantitative flow cytometiy)(correlates with the levels detected by WB (F)

(n=2, means + range).
Figure 3.

The initial upregulation of PfPexpression after the induction of MEL cells’ diffatiation by
HMBA is not affected by dexamethasone (DEX).

(A) Overall hemoglobin level 120 h post induction.lI€evere induced by incubation with
HMBA for 12 h and then the medium was changed taio HMBA, DEX, HMBA/DEX or
medium only as shown on x- axis labels. ExpressioRrP was monitored by western blot
(WB) at 24 h and 120 h. The presence of HMBA dufirgl 24 h of culture leads to increased
levels of PrP® irrespective of the presence of DEX. In contr@EX decreases the level of

PrP in uninduced cells after 120 h to the level seedifferentiated cells.

(B) Overall hemoglobin level 120 h post inductiorcalls treated with HMBA for 24 h with a
following medium change, as indicated x- axis lab@lgain, the upregulation of Prietected
by WB after 24 h was not prevented by DEX. HoweWEX prevented the upregulation of
PrP in cells cultured without HMBA after 120 h, despithe level of hemoglobin in the
cultures was similar. PfPwas detected by mix of mAbs AH6, AG4 and 6H4. Astira

antibody was used as a loading control. Hemoglalasis measured by TMB assay.
Figure4.
Downregulation of PrPexpression by RNAi in MEL cells after selectiorttwpuromycin.

(A) Both methods of retroviral vector delivery led+®0% silencing of Prnp mRNA in both
lines expressing anti-Prnp shRNAmir (LP1 and LPZ2)ew compared with the MEL line
expressing nonsilencing shRNAmir (LN), as depidtgcgRT-PCR. B) Confirmation of PrP
downregulation in LP1- and LP2-transduced celihatprotein level by western blot. PriRas
detected by mAb AH6. No silencing was observedm® [cell line. Actin was used as a loading

control.
Figureb.
Expression of PfPis stably repressed during the differentiatioM&L cells.

(A) Level of PrP mRNA measured with gRT-PCR in cale$ stably expressing anti-Prnp
shRNAmir (LP1 and LP2) is downregulated in comparis/ith control (LN) during the course
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of cell differentiation (2 experiments, mean = S[B) The effect of silencing on the level of
PrP on cell membrane estimated by quantitative flowometry (four experiments, mean *
SD. (C) Confirmation of stable PfPsilencing on the protein level by western bloPPwas
detected by mAb mix AH6, AG4 and 6H4. Actin wasdiss a loading control.

Figure®6.

Differentiating MEL cells display similar charadstics irrespective to the level of PrP

expression.

(A) Growth curves of LP1, LP2 and control LN linesidg erythroid differentiation induced
by HMBA. (B) Cell viability based on a Trypan Blue exclusissay. C) Concentration of
total hemoglobin in the cells per 100 pg/ mL ofatotell proteins. ) Number of CD71
(transferrin receptor) molecules per cell, analybgdquantitative flow cytometry, based on

assumption that one anti- CD71-PE mAb binds oneecudé of transferrin receptor.
Figure?.

Transcriptional levels of selected erythroid masker differentiating MEL cells indicate a

similar pattern, irrespective to PrP silencing.

(A) Expression of Erafothemoglobin stabilizing protein) and Hba (Hemogioh) in LP1-

and LP2-transduced cells was compared with thd levtbe control LN-transduced cell line on
individual days, as measured by qRT-PCR (n= 4, me&D). B) Representative pattern of
Eraf and Hba expression during differentiation. Tdweel of expression in individual days was

normalized to the level in the LN-transduced dek lin day O.
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Figure 2.
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Figure3.
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Figure4.
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Figureb.
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Figure®6.
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