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Abstract

A retroviral vector (pSFF) derived from murine Friend

spleen focus forming virus was used to transduce murine

hematopoietic stem cells and express a cell surface marker

protein, mutated murine prion protein, in vivo after

transplantation. To enhance retroviral vector integration in

bone marrow cells, mice were treated with 5 - fluorouracil (5-

FU) to increase stem cell mitotic activity. The infectivity

titer of the vector, pSFF-mPrP-3F4, was determined by a novel

assay in which antigen-positive foci of infected cells were

detected after replication and spread of the vector in

cultures of mixed packaging cell lines. Infection of Sca-

1 + /Lineagene9''low cells with pSFF-mPrP-3F4 resulted in marker

protein expression in 40% of the progeny cells after 7 days of

culture. Transplantation of marrow cells or sorted Sca-

1 + /Lineagene9'low cells transduced with vector resulted in 3F4-

positive mPrP expression in 11-37% of donor-derived peripheral

blood leukocytes at two weeks. Although the percentage of

3F4-positive blood cells gradually declined, at 28 weeks 23%

of recipient mice still maintained expression of the marker

gene. Expression was observed in lymphoid, myeloid and
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erythroid lineages and was detected in Scal + /Lineagene9_low

marrow cells. The multi-lineage, high frequency expression

observed suggests that pSFF may have utility in gene therapy

directed to hematopoietic stem cells and their differentiated

progeny.
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INTRODUCTION

The development of replication defective viral vectors

and their use to shuttle foreign genes into cultured cells has

led to the introduction of genes into mammalian host cells in

vivo (1,2,3). Retroviral vectors stably integrate into the

host cell genome and are thus transferred to the progeny of

transduced cells (3,4,5) . The retroviral vectors utilized to

shuttle genes into hematopoietic cells have predominantly been

derived from Moloney murine leukemia virus (6) . However, a

variety of other murine retroviruses exist which naturally

infect hematopoietic cells (7,9,10). The murine Friend

erythroleukemia virus complex consists of the replication-

competent helper virus Friend murine leukemia virus (F-MuLV)

and a replication-defective spleen focus forming virus, SFFV

(S) . F-MuLV and SFFV can infect many lineages of

hematopoietic cells (11,12,13). While long terminal repeat

(LTR) sequences derived from Friend MuLV have been utilized in

the construction of chimeric viral vectors for the

transduction of hematopoietic cells, the SFFV genome has not

been explored as a vector for this purpose (12,13,15) . It has

previously been shown that pSFF, a eukaryotic expression
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vector derived from SFFV (16), is capable of high level

expression in human and murine cell lines in vitro (17,18,14) .

In the present report we have evaluated pSFF for its ability

to express a marker protein in hematopoietic progenitor cells.

The pSFF vector we utilized contained a mutated form of the

endogenous murine prion protein (mPrP) gene in place of its

envelope gene. mPrP is expressed on the cell surface and is

detectable with monoclonal antibody 3F4 (17,18) . In this

study, we demonstrate that the vector, pSFF-mPrP-3F4, is

capable of transducing murine hematopoietic stem cells with

high frequency. Transplantation of these cells resulted in

long-term expression of the mPrP reporter gene in blood cells

of multiple lineages.

LITERATURE REVIEW

Gene Therapy

Gene therapy can be thought of as the treatment of a

disease by means of genetic manipulation. It selectively

targets a cell population with a gene to be expressed in an

appropriate manner. Gene therapy has several applications,

including the blocking of a detrimental gene, the addition of

a therapeutic foreign gene, or increasing the expression of a
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deficient gene. The most currently used vehicle to administer

the gene is the viral vector. Retroviral vectors are

advantageous over other viral vectors due to their gene

transfer efficiency and their expression in a wide range of

cell types without substantial deletion or rearrangement of

the surrounding host DNA. Their main disadvantages are the

size constraint (a maximum of 7 to 8 kb of added sequence),

and their dependence upon active DNA replication for efficient

integration.

Retroviral Structure

A retrovirus consists of an inner core (nucleoid)

enclosed in a phospholipid envelope. The envelope is a

roughly spherical phospholipid bilayer derived from the plasma

membrane of the virus-producing cell (41). The core contains

an icosahedral protein shell, the capsid, which is separated

from the envelope by- matrix protein and which houses two

copies of the positive sense viral RNA genome (41). Virally-

encoded protease, reverse transcriptase and integrase enzymes

are also contained within the capsid. The murine retroviral

genome contains three main genes referred to as gag, pol, and

env. Gag encodes structural proteins of the viral capsid and
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matrix, the pol region encodes the enzymatic activities for

genome processing, and the env gene encodes for proteins of

the viral envelope (a surface glycoprotein and a trans

membrane protein) (46) . These reading frames are bound by

long terminal repeat (LTR) regions that contain enhancers and

promoters essential for expression of the viral genes. The

LTR regions also contain sequences required for the retroviral

genome's integration into host chromosomal DNA. A single copy

of the RNA genome, as found in pSFF-mPrP-3F4, is shown in

Fig.lA. The pSFF vector has multiple deletions in the gag

and pol genes, nearly all of the env gene has been excised,

and a polylinker was inserted downstream of the env splice

site (16). The 3F4-positive mutated mPrP differs from

endogenous mPrP by only two amino acids and this mutation

confers reactivity with monoclonal antibody (mab) 3F4 (17,23) .

Retroviral Life Cycle

The viral envelope glycoprotein attaches the virus to its

cell surface receptor and catalyzes a membrane fusion event

which releases the viral core into the cytoplasm of the target

cell (41) . As it is transported to the cell nucleus, the RNA

genome is converted to double-stranded DNA by reverse
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Fig 1A. Schematic diagram of the proviral DNA encoded by pSFF- 
mPrP-3F4. The parent pSFF vector differs (16) from SFFV (42) 
by deletion of an EcoRl/BamHl fragment in the pol gene and a 
BamHl/EcoRl fragment in the env gene. The sequence of the 
replication defective pSFF vector has been reported (16, EMBL 
accession #Z22761). The marker gene in pSFF-mPrP-3F4 is the 
cDNA for murine prion protein (mPrP) that was mutated to 
methionine at amino acids 108 and 111 to confer a unique 
epitope reactive with mab 3F4 (17).

Figure 1. B. Two foci of 3F4-positive cells in a mixed 
culture of PA317 and Psi-2 packaging cells infected with pSFF- 
mPrP-3F4. In this field the monolayer of packaging cells is 
confluent, but only the cells expressing 3F4-positive mPrP are 
visible as detected by an indirect immunoperoxidase assay 
(magnification 75X).

PSFF-mPrP-3F4

A
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transcription, catalyzed by viral reverse transcriptase

encoded by the pol gene and packaged within the virion. Newly

formed pro-viral DNA integrates randomly in host chromosomal

DNA.

After integration of the DNA provirus, regulatory

promoter and enhancer elements in the U3 region of the LTR

drive transcription of the viral genome (41). A full-length

mRNA transcript is translated to a gag-pol polyprotein which

is cleaved by a viral protease. A smaller spliced mRNA

transcript encodes the env proteins. The assembly and release

of fully infectious viral progeny is dependent upon

oligomerization of the gag proteins to form budding viral core

particles. Full-length viral mRNA binds through its packaging

signal sequence, Psi, to the gag polyprotein during particle

assembly. Envelope glycoproteins are expressed on the cell's

plasma membrane and are incorporated into viral progeny as

they bud from the cell surface (41) . The retroviral life

cycle is summarized in Figure 2 (48).

Replication Defective Retroviral Vectors

Human gene therapy applications require replication

defective retroviral vectors capable of delivering therapeutic
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Fig. 2. The life cycle of a typical retrovirus. (48)
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genes to individual target cells without further replicative

spread (41). After the formation of a retrovirus virion, no

further viral protein synthesis is required for the events

leading to retrovirus integration into the genome of an

infected cell (47) . In designing a replication defective

vector, it is critical to retain the essential cis-acting

elements required for reverse transcription and integration of

the viral nucleic acid, such as the Psi packaging signal

sequence which promotes encapsidation of the vector RNA into

virions. The protein coding sequences of the viral genome

(gag, pol, env), however, may be discarded and replaced by

heterologous coding sequences (41) .

Packaging Cell Lines

Packaging cell lines have been developed to produce

helper-free and replication-defective recombinant retroviruses

(45) . Packaging cells are designed to produce the necessary

retroviral proteins to package retroviral vector RNA into

virions; retroviral vectors produced by these cells can thus

infect (non-packaging) cells but cannot replicate further

Packaging cells are typically derived from fibroblast

(47) .
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cell lines that have been stably transfected with plasmids

that express retroviral proteins required for reverse

transcription and virion formation. These packaging cell

lines cannot produce a viable (infectious) virus on their own.

Packaging cell lines can be designed to produce

retroviruses with different host ranges (16) . Retroviruses

are categorized into different host-range groups based on the

viral env genes that encode glycoprotein "knobs" on the virion

membrane envelopes (16) . Murine leukemia viruses are

classified as ecotropic (able to infect only mice and rats),

amphotropic (able to infect most vertebrate cells), or

xenotropic (able to infect all mammalian cells except mice and

rats) (16) . The Psi-2 packaging cell line releases a virus

with an ecotropic host range, whereas the PA317 cell line

releases virions with an amphotropic host range (16).

It has been shown that cells infected with a retrovirus

are resistant to "superinfection" by a second virus of the

same host-range group (16). This interference occurs because

the synthesis of an env glycoprotein by a cell somehow blocks

the corresponding receptor sites on the cell. Retrovirions of

any host range class cannot infect cells that synthesize 

envelope glycoproteins of that same class (43) . Because of
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interference, each cell line is resistent to infection by the

virus it releases. However, Psi-2 and PA317 packaging cells

are susceptible to infection by virions of the other host-

range group (16) . Co-cultures of these two cell lines

transfected with a replication defective retroviral plasmid

results in back-and-forth (ping-pong) vector replication and

superinfection may be achieved (43) . Consequently, cell

culture supernatants will contain a high titer of retrovirus.

The packaging cell line system we have used is summarized

in Fig. 3. The PA317 and Psi-2 cell lines were both derived

by transfection with plasmids containing a murine Moloney

retroviral genome with a deleted psi- packaging signal in the

5' end of the gag gene. PA317 also has a deleted poly purine

track required for second strand synthesis, has the 3' LTR

replaced with the SV40 poly adenylation signal and has a

deletion in the 51 LTR (16). Packaging of the genomic

transcripts into virion particles requires the psi packaging

(RNA) signal (46). Consequently, the retrovirus genome within

the packaging cells provides only the packaging functions and

is not itself encapsidated (45).

r
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Fig.3. Psi-2 and PA317 packaging cell line system in which 
ping-pong replication of a replication defective retroviral 
vector m^y be achieved.

Packaged Vector

pSFF-mPrP-3F4
plasmid

E2LH—I--- p-—fuwl

eco-env

L-j-J - ecotropic receptor 

- amphotropic receptor
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The Hematopoietic Model

Hematopoiesis is an intricate process whereby a single

precursor cell, the hematopoietic stem cell, differentiates to

produce progenitors for the separate lineages of various blood

cells (Fig. 4) . Hematopoietic stem cells (HSC's) play an

essential role in hematopoiesis and can be classified as

having either short-term or long-term repopulating ability.

HSC's, the most primitive hematopoietic precursor population,

are distinguished from other hematopoietic progenitors in the

bone marrow by their unique ability to undergo multi-lineage

differentiation and self-renewal (44).

Gene Transfer to Hematopoietic Stem Cells

pSFF and other type C retroviral vectors cannot readily

cross the intact nuclear membrane and stable integration into

host chromosomal DNA occurs only in cells undergoing mitosis

(27,28) . The target cells for gene therapy of the

hematopoietic system, multipotent HSC's, however, are

typically quiescent with low mitotic activity in normal

marrow. In previous studies mice were treated with the anti-

neoplastic drug 5-fluorouracil (5-FU) to enrich for and

increase the mitotic activity of this population (15,29,22).

12
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Rapidly proliferating cells are generally considered to be the

most susceptible target of 5-FU, which drastically reduces the

number of cells in both the myeloid and lymphoid compartments

of treated individuals (34) . The hematopoietic stem cell

compartment consists of a quiescent, slowly cycling

population. Hematopoietic precursors are therefore able to

resist the toxic effects of 5-FU. Widespread cell death from

the effects of this drug on actively dividing cells stimulates

(through cytokine release) the proliferation and subsequent

differentiation of hematopoietic stem cells in an attempt to

replace lost lineage-specific progenitor cells. Thus, an

enriched and mitotically-active population of HSC's is

created. Previous studies have determined the time of maximal

mitotic activity following 5-FU administration in C56B6 mice

to be 8 days (39).

MATERIALS AND METHODS

Preparation of pSFF-mPrP-3F4 vector

The construction of pSFF-mPrP-3F4 from pSFF and the 1.2

kilobase cDNA for the 3F4-positive mPrP has been described by

Rocky Mountain Laboratories (RML) previously (17). pSFF was

14



derived from the full length molecular clone of SFFV (16). As

stated earlier, this vector has multiple deletions in the gag

and pol genes and nearly all of the env gene has been excised

and replaced with mPrP. The sequence of pSFF-mPrP-3F4 has

also been reported by RML (EMBL accession #Z22761).

Co-cultures of PA317 (24) and Psi-2 (25) packaging cell

lines were transfected with pSFF-mPrP-3F4 DNA using the

calcium phosphate precipitation method as described (appendix

A) and utilized to produce supernatant stocks of the vector.

It has previously been shown that use of this co-culture can

produce a high titer of the pSFF vector (16) . Twenty four

hours later, cells were treated with 3 mL of trypsin enzyme

(STV) to break confluency and replated at 1:5 to allow cell

growth and retroviral spread through the culture. When cells

were 50 to 100% infected, as detected by an immunoperoxidase

assay with mab 3F4 (Appendix B) , the cells were passed to

75cm2 flasks and virus stocks were collected as supernatant of

confluent co-cultures.

The titer (infectivity strength) of the pSFF vector in

the supernatant stocks was determined by an infectivity assay

in co-cultures of the PA317 and Psi-2 packaging cell lines

where the replication defective vector is capable of spread

15



and foci of transduced cells express 3F4-positive mPrP. Ten

centimeter dishes were seeded with both 1 x 104 PA317 cells

and 1 x 104 Psi-2 cells in 5 mL RPMI-1640 medium (for

contents, see Appendix F) with 10% fetal calf serum and 100 IU

penicillin per ml. After 24 hours the wells were infected

with 100 ul of ten fold dilutions of viral stock with 4 micro

grams polybrene per mL (hexadimethrine bromide, Sigma, St.

Louis, MO). Four days later foci of infected cells expressing

3F4-positive mPrP were detected and quantitated using an

infectivity assay (Appendix B) . Two of these foci are

photographically displayed in Figure IB (page 5). The titer

of the stock of pSFF-mPrP-3F4 vector utilized in this study

was calculated to be 1.2 x 105 focus forming units (FFU) per

ml (Appendix C). In addition, pure cultures of 2 x 104 of

each type of cell and NIH3T3 fibroblast cells were infected as

described above. No replication competent vector was

generated in this system as the vector was unable to spread in

pure cultures of any of these cells.

Animals

C57BL/6 mouse strains congenic at the Ly 5 (CD45) locus

were utilized as donors and recipients for hematopoietic stem

16



cell harvest and subsequent transplantation. Nucleated blood

cells from these mice can be differentiated using mabs A20.1

and AL14A2, specifically reactive with the Ly5.1 (donor) and

Ly 5.2 (recipient) alleles, respectively (19) . Transplant

recipient animals were irradiated with a 137Cesium source (Mark

I gamma irradiator, J.L. Shepherd and Associates, Glendale,

CA) as previously described (26) to ablate their bone marrow

cells, and were administered oral antibiotics for the next two

weeks (neomycin sulfate, 2 mg/ml, ad libitum in the water

source, AgriLabs, Omaha Vaccine CO, Omaha, NE) . To prevent

any infection all mice were continually maintained on

acidified water (pH 2.5) and autoclaved chow (Purina Mills

Inc., St. Louis, MO) . Animal care and experiments were

approved by the Institutional Animal Care and Use Committee

and done in accordance with the National Institutes of Health

regulations.

Hematopoietic stem cell isolation

Mice were treated with 5-fluorouracil (5-FU) (150 mg/kg,

intravenous, SoloPak Laboratories Inc., Elk Grove Village, IL)

and were euthanized on day 8 post-5-FU by cervical dislocation

following general anesthesia with isofluorane. Collection of

17



bone marrow cells and isolation of the Sea-1 + /Lineageneg~low

subset phenotype, a population of highly enriched

hematopoietic stem cells (HSC) (20,21,39), was done as

described in Appendix D. In isolating HSC's, bone marrow

cells that expressed high levels of Sca-1 antigen (Ly6A/E) and

negative to low levels of the. lineage markers (CD2, CD3, CD5,

CD8, Mac-1, Gr-1, B220 and an erythroid marker (TER-119)) were

analyzed and sorted by flow cytometry. A FACStar instrument

modified for 5-parameter operation (Becton Dickinson

Immunocytometry Systems, San Jose, CA) was utilized for this

purpose.

Infection/transduction and transplantation of stem cells

Enriched hematopoietic stem cell populations and

nucleated bone marrow cells isolated from mice on day 8 post-

5-FU treatment were exposed to the pSFF-mPrP-3F4 vector in

vitro for 2 hours prior to transplantation of these cells into

irradiated congenic recipients. Certain mice were also

transplanted with hematopoietic cell populations exposed to a

control pSFF vector which lacked the 3F4-positive mPrP gene.

To aliquots of 8 x 104 stem cells or 2 x 106 bone marrow cells

was added 1 ml of thawed viral vector supernatant containing

18



1.2 x 10s FFU in Dulbecco' s Modified Eagle Media (for

contents, see Appendix G) with 10% fetal calf serum, 110

microliters of 10X concentrated WEHI-3B-D(-) cell culture

supernatant as a source of hematopoietic growth factors (IL-3,

G-CSF, GM-CSF, IL6) for myeloid series stimulation, and

polybrene (6 ug/mL, hexadimethrine bromide, Sigma, St. Louis,

MO) to enhance retrovirus-target cell contact. This mixture

was incubated at 37°, 5% C02 and 100% humidity for 2 hrs. A

2 hr. infection period was used to minimize the potential

harmful effects of culture on stem cell function and viability

before transplantation. Following incubation 3 mL of

Dulbecco's Modified Eagle Medium (DMEM) with 10% fetal calf

serum was added, the cells were pelleted by centrifugation at

1200 rpm for 5 minutes and resuspended in 1.6 mL and 0.8 mL

DMEM for purified stem and bone marrow cells, respectively.

The suspension was then injected intravenously in the retro-

orbital sinus of irradiated recipients at 0.2 mL per mouse (1

x 104 stem cells or 5 x 105 bone marrow cells) .

Stem cell culture in vitro

To analyze the transduction efficacy of the infection 

protocol in vitro, 8 x 104 Sea-1 + /Lineageneg_low bone marrow

19



cells collected on day 8 post-5-FU were infected with pSFF-

mPrP-3F4 as described above. Cells were washed after a 2 hour

infection period and were aliquoted to TC-6 wells in 5 mL of

RPMI-1640 supplemented with 20% fetal calf sera, 100 units/mL

penicillin, and 0.5 mL of 10X concentrated WEHI-3B-D(-)

supernatant. On day 7 post infection, cells were removed from

the dishes by treatment with 2.5 mM sodium EDTA, incubated

with mouse Ig (Pel-Freeze, Rogers, AR) as a blocking agent for

Fc receptors, and stained with fluorescein-conjugated mab 3F4

and analyzed for expression of the 3F4-positive mPrP by flow

cytometry. Dead cells were excluded during analysis on the

basis of staining with propidium iodide (10 micrograms/mL).

Determining percentage of 3F4-positive donor-derived 
leukocytes, residual recipient-derived leukocytes, and their 
lineages in vivo

Six to ten drops of peripheral blood were collected in

heparin sulfate from the retro-orbital sinus of mice

anesthetized with isofluorane from 2 to 28 weeks post

transplantation. Leukocytes were isolated and stained for

expression of the Ly 5.1 (donor) allele, the cell surface

marker protein (mutated prion protein), and lineage markers

(myeloid vs. lymphoid) as described in Appendix E and
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diagrammed in Figure 5. Analysis was done by flow cytometry.

Phycoerythrin-conjugated anti-Ly 5.1 mab, fluorescein-

conjugated mab 3F4, and Red613-conjugated streptavidin were

used for the FACS (Fluorescence Activated Cell Sorter)

detection of the donor Ly 5.1 allele, prion marker protein,and

lineage markers, respectively. Fc receptors were blocked-with

mouse immunoglobulin (Ig) in order to prevent the binding of

type G Immunoglobulin, which may result in cell lysis through

the activation of the complement cascade. Residual recipient-

derived peripheral leukocytes were identified by an anti-Ly

5.2 mab. During analysis, dead cells were excluded on the

basis of their light scatter properties and high intensity

staining with propidium iodide.

An example of a Fluorescence Activated Cell Sorter

(F.A.C.S.) dot plot revealing the in vivo expression of 3F4-

positive mPrP in murine bone marrow hematopoietic stem cells

infected with pSFF-mPrP-3F4 and transplanted into recipient

mice is seen in Figure 6. Certain mice were also transplanted

with hematopoietic cell populations exposed to a control pSFF

vector which lacked the 3F4-positive mPrP gene (panel A) .

The F.A.C.S. compares two variables (parameters) at a

time on a logarithmic scale of intensity (10-fold

21



Fig. 5. A schematic diagram of the staining of peripheral 
blood leukocytes for expression of the Ly 5.1 allele, the cell 
surface marker protein (mutated prion protein), and lineage 
markers (myeloid vs. lymphoid). The anti-lineage antibodies 
are listed in appendix E.

Peripheral Blood

□ = CD2, B220, Gr-1, MAC-1
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differences). Standard negative control in analysis is 

considered to be any intensity below 101 in power. (It is
&

never zero: some fluorescence is always detected.) For

example, in quadrant 1 of panel A we see two groups of cells

(events) clumped along the y-axis. One group is around 101 in

logarithmic intensity for detection of the phycoerythrin-

conjugated anti-Ly 5.1 mab (denotes donor cell) and can thus

be considered negative for Ly 5.1 (donor) expression. The

other group is clumped in the 102 intensity range and can thus

be considered to be positive for Ly 5.1 expression. However,

both groups are in the 101 range along the x-axis and can be

considered negative for expression of mPrP, which is detected

via the presence of fluorescent-conjugated mab 3F4. In panel

B, a group of donor derived (5.1) cells does exist that is

positive for mPrP expression (quadrant 2).

By constructing lines around the appropriate positive and

negative expression groups, quadrants are created and the FACS

can then count the number of events in each quadrant (and

their percentage in relation to the cells in the other

quadrants), thus arriving at appropriate analytical results.

In panels C and D, the group of cells found in quadrant 2

represent 3F4-positive cells in the myeloid and lymphoid
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Fig. 6. A Fluorescence Activated Cell Sorter (F.A.C.S.) dot 
plot analysis revealing the in vivo expression of 3F4-positive 
mPrP in purine hematopoietic stem cells infected with pSFF- 
mPrP-3F4 and transplanted into recipient mice.

In Vivo Expression 

Analysis of Specific Lineages

*
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lineages, respectively.

to*
RESULTS

Expression of 3F4-positive PrP in hematopoietic stem cell

progeny in vitro

One important aspect in my study was determining if the

viral vector pSFF-mPrP-3F4 could express the PrP marker gene

in the progeny of transduced hematopoietic stem cells after in

vitro culture. On day 8 post-5-FU treatment, Sca-

1 + /Lineagene3_low bone marrow cells were infected with the vector

for two hours and cultured in vitro in the presence of

cytokines. Seven days later, the cells were removed from the

dishes by treatment with 2.5 mM sodium EDTA and stained with

fluorescein-conjugated mab 3F4 and propidium iodide (10

micrograms/mL) to exclude dead cells from analysis. The

percentage of live cells expressing 3F4-positive mPrP was

determined by immunofluorescent flow cytometry. In this

infection, 4 x 104 cells were incubated with 1.2 x 105 FFU of

vector. On day 7 of culture, 40% of the progeny cells had
%

surface expression of 3F4-positive mPrP as determined by flow

cytometry. A Fluorescence Activated Cell Sorter (F.A.C.S.)
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histogram revealing the expression of 3F4-positive mPrP in

cultured murine bone marrow hematopoietic stem cells infected
|k

with pSFF-mPrP-3F4 is seen in Figure 7. Panel A reflects the

resulting intensity from non-transduced stem cells, which

served as our uninfected control. Panel B reflects the

resulting intensity for stem cells transduced with pSFF-mPrP-

3F4. In panel B we see that the logarithmic intensity

resulting from fluorescein-conjugated mab 3F4 (reactive with

mPrP) clearly surpasses that of the fluorescence intensity of

our uninfected control. Analysis of our uninfected control

indicates that the florescence intensity resulting from

fluorescein-conjugated mab 3F4 is only verifiable if it is

above 101 on the logarithmic scale. (Cells with less than

this intensity only reflect background intensity and are

considered negative for expression of 3F4-mPrP.) By counting

the relative number of events (cells) found under the

curve above 101 in relation to the total number of events

found under both curves (above and below 101) , the F.A.C.S. is

able to determine the percentage of cells expressing 3F4-

positive mPrP.

4
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Fig. 7. A F.A.C.S. histogram revealing the expression of 3F4- 
positive mPrP in cultured murine bone marrow hematopoietic 
stem cell's infected with pSFF-mPrP-3F4 seven days prior.

A. Uninfected control
fc

B. Infected with pSFF-mPrP-3F4
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In vivo expression of 3F4-positive mPrP after transplantation

To determine whether pSFF-mPrP-3F4 could transduce

multipotent, long-term bone marrow repopulating stem cells,

either 2 x 106 unsorted bone marrow cells or 8 x 104 purified

Sca-1 + /Lineagene3‘low cells were infected in vitro by incubation

with 1.2 x 10s FFU of the pSFF-mPrP-3F4 vector. Two hours

later cells were injected into groups of lethally-irradiated

recipient mice. (Without subsequent bone marrow repopulation,

the mice would not survive due to the intensity of radiation.)

The 3F4-positive mPrP was readily detected on transduced

peripheral blood cells by flow cytometry. In all mice tested,

the fluorescence intensity of mab 3F4+ cells was easily

distinguished from controls (Figure 6). Cells were collected

from recipient mice at 2 week intervals, up to 28 weeks, after

the transduced cells were injected intravenously into the

retro-orbital sinuses of irradiated recipients. The

percentage of donor-derived peripheral white blood cells which

expressed 3F4-positive mPrP was greatest at 2 weeks after

transplantation (11-37%), the earliest time point examined

(Figure 8A and 8B) . At subsequent times the percentage of

3F4-positive donor cells gradually decreased (Figure 8A and

8B). However, even at the latest time point analyzed, 28
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Figure 8. Analysis of 3F4-positive mPrP expression in vivo. 
Cell surface expression of 3F4-mPrP was analyzed in donor- 
derived peripheral blood leukocytes after transplantation of 
nucleated bone marrow cells (panel A) or marrow hematopoietic 
stem cell enriched populations (Sca-1+/Lineagen,fl'low cells, 
panel B) which were infected in vitro with pSFF-mPrP-3F4 on 
day 8 post-5-FU. Each dot represents data obtained from a 
single transplant recipient. Mice that expressed 0-1% 
positive 3F4 expression in donor white blood cells were deemed 
insignificant and not accounted for.
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weeks, 29% (4 of 14) of mice which received marrow cells

(Figure 8A) and 17% (3 of 18) of mice which received Sca-

1 + /Lineageneglow cells (Figure 8B) maintained detectable 3F4-

positive mPrP expression. According to the data found in

Figure 8, there appeared to be no significant difference in

the percentage of donor-derived cells with 3F4-positive mPrP

expression regardless of whether mice were transplanted with

unsorted marrow cells or sorted Sea-1 + /Lineagelie3_low cells.

In vivo expression of residual recipient-derived leukocytes

and their lineages

In determining the percentage of 3F4-positive donor-

derived leukocytes and their lineages using flow cytometry

(Appendix E) , we were able to simultaneously determine the

percentage of residual recipient-derived peripheral leukocytes

and their lineages. The latter represented a mean of 10% and

less than 3% of the peripheral leukocyte population in

transplant recipients at 4-8 and 12-28 weeks post

transplantation, respectively. Residual recipient cells

present after 8 weeks were T lymphocytes. To confirm that

3F4-positive mPrP expression could only possibly exist in the

donor-derived stem cells transduced with our vector, it should
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be noted that there was no detectable expression of the 3F4-

positive mPrP in Ly 5.2 recipient-derived blood cells in mice

receiving Ly5.1 marrow cells transduced with pSFF-mPrP-3F4.

Also, for the same reason, it should be noted that mab 3F4 was

not reactive with blood cells in mice transplanted with

hematopoietic cell populations exposed to a control pSFF

vector which lacked the 3F4-positive mPrP gene.

Lineage specificity of expression in 3F4-positive donor-

derived leukocytes

We also examined the lineage specificity of expression of

3F4-positive mPrP in donor-derived peripheral blood cells in

transplant recipients. The percentages of donor-derived

peripheral blood myeloid, lymphoid and erythroid cells

expressing 3F4-positive mPrP at various times after

transplantation are shown in Figure Peripheral blood

leukocytes and red blood cells were isolated post

transplantation of pSFF-mPrP-3F4 infected bone marrow or Sca-

1 + /Lineageneg“low marrow cells and stained for Ly 5.1 allelic

expression, 3F4-positive mPrP expression, and for lineage

specificity including myeloid (Mac-1 and Gr-1 positive cells),

lymphoid (CD2 and B220 positive cells) and erythroid (gated by
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Fig. 9. Lineage specificity of donor-derived peripheral blood 
cells expressing 3F4-positive mPrP after transplantation. 
Lines above each bar graph indicate standard deviation for 
each measurement.
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size) . At each time point the data was obtained from 8-12

transplant recipients. The data represents mean and standard

errors of the percentage of donor-derived leukocytes in each

lineage or of total red blood cells which expressed 3F4-

positive mPrP at the denoted time periods after

transplantation. In analyses of erythroid expression, donor-

derived and recipient-derived erythroid cells could- not be

distinguished due to the absence of Ly 5.1 allelic expression

in mature cells of this lineage (19) . At 2 weeks post

transplantation, expression was greatest in myeloid cells.

3F4-positive peripheral blood lymphoid and erythroid cells

were rarer at this time period due to the longer time required

for their differentiation (30). However, by 4 weeks, there

were equivalent frequencies of expression in myeloid,

erythroid and lymphoid lineages.
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DISCUSSION

The Friend murine leukemia virus complex is known to

infect erythroid, lymphoid and megakaryocytic lineages

(7,9,11). Therefore, it seemed likely that the pluripotent

hematopoietic stem cell precursor of these lineages might also

be susceptible to infection by this virus complex. Utilizing

the endogenous LTR promoter/enhancer of SFFV resulted in

multilineage, high frequency expression of a marker gene in

vitro and in vivo following infection of marrow cells with the

retroviral vector, pSFF-mPrP-3F4. It is noteworthy that such

a high frequency of expression occurred in the absence of any

form of positive selection and after only a two hour in vitro

infection period.

Though all mice had high frequency of expression of the

marker gene shortly after transplantation, a gradual decrease

was noted with time. However, at 28 weeks post

transplantation an average 23% of mice still had detectable

expression of 3F4-positive mPrP. This decrease in expression

frequency has also been reported with the use of other

retroviral vectors (33,41). The decrease in the percentage of

cells expressing the marker in these experiments could be due
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in part to loss of short-term progenitor cells which were 

activated by 5-FU treatment and subsequently transduced by the 

vector, or to selection against transduced long-term

repopulating stem cells due to the presence of a newly

expressed gene product, or the inactivation of the marker

gene. Nevertheless, our evidence suggests that hematopoietic

stem cells were transduced by the vector. For example,

expression was present in myeloid cells far beyond 12 weeks

post-transplantation. By this time committed myeloid

precursor cells present in the initial cell population

transplantation would have been replaced, and thus any 3F4-

positive myeloid cells present in the peripheral blood beyond

12 weeks post-transplantation could only have arisen from

transduced hematopoietic stem cells (31,32). Furthermore, at

8 and 16 weeks post-transplantation, stem cells (Sca-

1 + /Lineageneg_low) isolated from bone marrow of transplanted

recipients were found by direct analysis to express the marker

gene .

The results obtained when either transduced un

fractionated marrow cells or sorted Sea-1 + /Lineageneg'low marrow

cells were transplanted into recipients were markedly similar.

This occurred in spite of the difference in the ratio of
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vector to cells used in the infection protocol of isolated

Sca-1 + / Lineagene9_low cells versus unfractionated marrow cells.

Though the actual number of cells utilized in these two groups

differed, both cell pools when transplanted had similar

numbers of Sca-1+/ Lineagene9'low cells due to the fact that the

post 5-FU marrow was highly enriched for Sea-1 + /Lineagene9'low

cells and that a ten fold higher number of unfractionated

marrow cells were transplanted. Though we expected to see

some degree of short-term expression of the vector after

transplantation of unfractionated marrow cells due to

transduction of committed progenitor cells present in this

population, the similarity in the degree of expression after

transplant ion of purified Sea-1 + /Lineagene9_low marrow cells was

surprising. Previous work by others has demonstrated that 5-

FU enriches for long-term repopulating hematopoietic stem

cells and does not appear to affect their function (34,29).

Though it has been shown that this phenotype is enriched for

stem cell activity on day 4 post 5-FU (39), it is not known

for marrow cells collected 8 days post 5-FU what proportion of

Sea-1 + /Lineagene9_1°” cells are long-term, multilineage repop

ulating stem cells. Our results suggest that the 8 day post

cell population contained some

37
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committed progenitor cells as well as long-term repopulating 

cells. If so, it is not clear that there was any advantage in 

our preselection of stem cells prior to transplantation with

the retroviral vector. Omitting this step should simplify

future experiments using these protocols.

Recently, it has been demonstrated that because

retroviral vector integration in the host cell DNA occurs

after DNA replication, infection of a cell with a single

vector is capable of transferring DNA to only one daughter

cell (40) . Thus a 100% infection efficiency in a one hit

infection of a cell with a single vector would result in

transfer of the vector DNA to only 50% of the progeny cells

(40). Therefore, the 40% expression frequency demonstrated

here in stem cell progeny in vitro suggests that the infection

efficiency in vivo with pSFF-mPrP-3F4 could have been as high

as 80%.

Similar to recent reports describing utilization of other

cell surface membrane proteins to mark transduced cells

(35,36,37,38), the 3F4-positive mPrP gene has utility as a

marker gene to identify transduced hematopoietic stem cells.

In the future, the 3F4-positive mPrP marker system might be

useful for increasing the efficiency of hematopoietic cell
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gene therapy by immunoselection and subsequent transplantation

of a purified population of transduced stem cells selected for

gene expression by flow cytometry.

The success of the 3F4-positive mPrP marker system and

the recent demonstration that infection of a cell with a

single vector is capable of transferring transduced DNA to

only one of the two daughter cells has led to our invest

igation of a positive drug selection model where a vector

incorporating a methotrexate resistant mutant dihydrofolate

reductase gene would allow for 100% infection efficiency.

Dihydrofolate reductase (DHFR) catalyzes the reduction of

folate to tetrahydrofolate, an essential cofactor in the

synthesis of glycine, purines, and thymidine (49) .

Methotrexate (MTX), a chemotherapeutic drug, binds tightly to

the catalytic site of DHFR, inhibiting the enzyme and

resulting in subsequent cell death (51).

Establishing methotrexate resistance via retroviral

transduction of stem cells would not only provide a means for

potentially doubling the infection efficiency of this

particular vector, it would also serve as a major stepping

stone for improving the chemotherapeutic treatment of cancer

patients.
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Although it is still considered to be in its infancy, we

have entered an era of gene therapy. Experimental evidence

indicates that new genetic information can be efficiently

introduced into primitive and long-lived hematopoietic stem

cells not only in mice, but also in larger animals and humans.

We are continually searching for targeting systems, such as

pSFF, that will deliver the sufficient quantities of the

transduced genes selectively to site(s) where they are needed.

Human somatic gene therapy has become a reality, and

hematopoietic stem cells are beginning to play a crucial role

in this expanding field.

w
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APPENDIX A

Calcium phosphate transfection protocol

1. To 10-cm dishes add 1.2x10s PA312 + 1.2xl05 Psi-2 
packaging cells the day before transfection. On the day 
of the transfection, cells should be well separated on the 
dish. Cells should be fed with 9.0 mL Delbecco's Modified 
Eagle Medium (DMEM: contents in appendix G) with 3% calf 
serum 2 to 4 hr prior to addition of the precipitate.

2. Ethanol precipitate the DNA to be transfected (for 
sterilization purposes) and air dry the pellet by invert
ing the microcentrifuge tube on a fresh Kimwipe inside a 
tissue culture hood. Resuspend the pellet in 450 ul 
sterile water and add 50 ul of 2.5 M CaCl2. The amount of 
DNA that is optimal for transfection varies from 5 to 10 
ug per 10-cm dish, depending on the cell line to be 
transfected. I used 10 ug per dish.

3. Place 500 ul of 2X HEPES buffered saline solution (a 
synthetic buffer, HEPES stands for 4 -(2-Hydroxyethyl)-1- 
Piperazineethane Sulfonic Acid) in a sterile 15-mL conical 
microcentrifuge tube. Use a mechanical pipettor attached 
to a plugged 1- or 2-mL pipet to bubble the 2X HEPES and 
add the DNA/CaCl2 solution dropwise with a Pasteur pipet. 
Immediately vortex the solution for 5 seconds.

4. Allow precipitate to sit 20 min. at room temperature.

5. Use a Pasteur pipet to distribute the precipitate evenly 
over a 10-cm dish of the cells and gently agitate the dish 
to mix precipitate and medium.

6.Incubate the cells for 16 hrs. Remove the medium. Wash 
the cells twice with 5 mL of IX Phosphate Buffer Solution 
(PBS: contents in appendix H) and feed the cells with 10 
mL of DMEM containing 10% calf serum.
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APPENDIX B

Immunoperoxidase assay for pSFF-mPrP-3F4 expression

1. Apply sufficient amount of 3F4 monoclonal antibody (mab) 
to completely submerge the cell monolayer. Let sit 20 
minutes.

2. Wash three times with phosphate buffer solution (PBS) 
containing 1% fetal calf serum (FCS).

3. Apply sufficient amount of ethanol fixative to completely 
submerge the cell monolayer. Let sit 5 minutes.

4. Repeat step three using peroxidase-labeled goat anti-mouse 
Ig antibody (Cappel, Organon Teknika Corp., West Chester, 
PA) .

5. Repeat step two.

6. Repeat step three using glycerol/2% formalin fixative 
solution.

7. Cells expressing 3F4-positive PrP are red in color and can 
be counted using a dissecting microscope as previously 
described.

APPENDIX C

Calculation of titer

[# of foci]
--------------------------- X [Dilution factor] = Focus
[Vol. of diluted stock] Forming

Units 
(FFU)/ml

example: 12 foci
--------- X 103 = 1.2x10s FFU/ml
0.100 ml
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APPENDIX D

Bone marrow collection/ stem cell isolation

1.Saturate the hind leg/pelvic area of the euthanized animal 
with 95% ethanol.

2. Make a small incision around the ankle with sterile 
scissors and pull the skin of the hind leg toward the 
animal's mid-line with sterile forceps, exposing the 
entire femur.

3. Disarticulate femur from the acetabulum with sterile 
scissors. Try to avoid severing the femur itself. Sever 
the distal fibia to remove the foot and place the hind leg 
in 3-5 mL Hank's Balanced Salt Solution (HBSS, contents: 
see appendix I) with 3% fetal calf serum and 10 mM HEPES 
buffer, pH 7.2 .

4. Using a sterile scalpel, separate each femur from the 
tibia and fibula. Holding the femur with sterile forceps, 
scrape away the attached muscle with the scalpel and place 
the bone into fresh HBSS (3-5 mL). Repeat with tibia, 
scraping the fibula away with muscle. Open the ends of 
the marrow cavity by transecting the proximal and distal 
ends of each bone.

5. Holding each bone with sterile forceps, remove the marrow 
plug with a sterile 26 gauge needle and 1 cc syringe by 
forcing media down the center of the shaft.

6. Break up the marrow plug with repeated pipetting of the 
plug and surrounding media. Pipet marrow-HBSS mix through 
sterile nylon mesh filter into a 10 mL tube.

7. Wash: pipet .5 ml of sterile fetal calf serum to bottom 
of tube for underlay, centrifuge at 1200 rpm for 10 
minutes, discard media on top of pellet, tap base of tube 
to disrupt pellet and resuspend cells in 1 ml HBSS.

8. Count cells.

9. Pellet cells and apply 2 mL of ammonium chloride to cells
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in order to lyse red blood cells. Let sit 5 minutes on 
ice. Wash 2 times (HBSS & underlay). Save desired amount 
of bone marrow cells at this point before continuing to 
isolate stem cells.

10. Apply 50 ul of "lineage cocktail" containing monoclonal 
antibodies RM-2.2, KT3-1.1, 53-7.313, 53-6.72,
Ml/70.15.115.HL, RA3-6B2 and RB6-8C5 which correspond to 
the major murine leukocyte differentiation markers (CD2, 
CD3, CD5, CD8, Mac-1, B220 and GR-1 respectively). The 
lineage cocktail also allows for the staining of the 
erythroid marker terr 119. Let sit 20 minutes on ice. 
Wash twice.

11. Apply 50 ul of FITC-conjugated goat anti-rat 
immunoglobulin (biomeda Corp., Foster City, CA). Let sit 
20 minutes on ice. Wash twice.

12. Apply 100 ul rat immunoglobulin to block any free goat 
anti-rat Ig that is present (perhaps only one arm is 
bound to lineage ab and the other is free to cross react 
with mouse mabs added in next step). Let sit 10 minutes 
on ice. Apply 50 ul phycoerythrin-conjugated Ly6A/E mab 
to detect Sca-1 antigen and 900 ul HBSS. Let sit 20 
minutes on ice. Wash twice.

13. Apply 250 ul of propridium iodide (10 ug/ml)/HBSS 
dilution to identify dead cells (excluded during 
analysis).

14.Isolate and count cells with fluorescence activated cell 
sorter (FACS) by electronically gating on Lineageneg_low 
(FL-1) and Sca-1+ (FL-2) cells.

♦
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APPENDIX E

Analysis of in vivo expression

1. Add 0.5 ml 2% Dextran/PBS to each tube of collected blood.
Let sit in 37° waterbath for 30 minutes.

2. Carefully remove (pipet) the fluid above the settled layer 
of red cells and place in a clean tube. Add 2-3 mL HBSS 
with 3% FCS. Wash with underlay.

3. Add 0.5 ml ammonium chloride, let sit 5 minutes. Wash.

4. Apply 50 ul each of mabs to Mac-1 (Ml/70.15.115.HL) and
Gr-1 (RB6-8C5) to identify myeloid cells or to B220 (RA3-
6B2) and CD2 (RM-2.2) to identify lymphoid cells. Let sit 
20 minutes. Wash twice.

5. Apply 50 ul of biotin-conjugated goat anti-rat 
immunoglobulin (biomeda Corp., Foster City, CA) . Let sit 
20 minutes. Wash twice.

6. Apply 100 ul rat immunoglobulin. Let sit 10 minutes.
Wash twice.

7. Add 25 ul each of fluorescein-conjugated mab 3F4 (anti- 
mPrP-3F4) and phycoerythrin-conjugated anti-Ly 5.1 mab
(mab A20.1: identifies donor-derived blood cells). If 
desired, add 25 ul of phycoerythrin-conjugated anti-Ly 5.2 
mab to identify recipient -derived blood cells. Let sit 20 
minutes. Wash twice.

8. Add 50 ul of Red613-conjugated streptavidin (Immunoselect,
Life technologies Inc., Grand Island, NY). Let sit 20 
min. Wash twice.

9. Apply 250 ul of propridium iodide (10 ug/ml)/HBSS 
dilution.

10.Isolate and count cells with FACS (see figure 7).
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APPENDIX F

Formulation for RPMI-1640 (50)
Mole. Cone. Molarity

COMPONENT Weight (mg/L) (mM)

INORGANIC SALTS
Calcium nitrate (Ca(NO3)2 4H2O) 236 100.00 0.424
Potassium chloride (KC1) 75 400.00 5.30
Magnesium sulfate (MgSO4 ) 120 48.84 0.407
Sodium chlqride (NaCl) 58 6000.00 103.44
Sodium bicarbonate (NaHCO3) 84 2000.00 23.800
Sodium Phosphate (Na2HPO4) 142 800.00 5.63

OTHER COMPONENTS
Glucose 180 2000.00 11.10
Glutathione Reduced 3 07 1.00 0.0032
Phenol red 398 5.00 0.0125

AMINO ACIDS
L-Arginine 174 200.00 1.10
L-Asparagine 132 50.00 0.379
L-Aspartic Acid 133 20.00 0.150
L-Cystine dihydrochloride 313 65.15 0.206
L-Glutamic Acid 147 20.00 0.136
L-Glutamine 146 300.00 2.05
Glycine 75 10.00 0.133
L-Histidine 155 15.00 0.0967
L-Hydroxyproline 131 20.00 0.153
L-Isoleucine 131 50.00 0.382
L-Leucine 131 50.00 0.382
L-Lysine hydrochloride 146 40.00 0.219
L-Methionine 149 15.00 0.101
L-Phenylalanine 165 15.00 0.0909
L-Proline 115 20.00 0.174
L-Serine 105 30.00 0.286
L-Threonine 119 20.00 0.168
L-Tryptophan 204 5.00 0.0245
L-Tyrosine disodium, dihydrate 261 28.83 0.110
L-Valine 117 20.00 0.171

VITAMINS
Biotin 244 0.2 0.008
D-Ca Pantothenate 477 0.25 0.0005
Choline Chloride 140 3.00 0.0214
Folic Acid 441 1.00 0.0022
i-Inositol 180 35.00 0.194
Niacinamide 122 1.00 0.0081
p-Aminobenzoic Acid (PABA) 137 1.00 0.0072
Pyridoxine HCl 206 1.00 0.0048
Riboflavin 376 0.20 0.0005
Thiamine HCl 337 1.00 0.0029
Vitamin B12 1355 0.005 0.00000369
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APPENDIX G

Formulation for Dulbecco1s Modified Eagle Medium (DMEM) (50)
4

♦

COMPONENTS
Mole. 

Weight
Cone.

(mg/L)
Molarity

(mM)

INORGANIC SALTS
Calcium Chloride (CaC12) (anhyd.) 111 200.00 1.80
Ferric Nitrate (Fe(NO3)3-9H2O) 404 0.10 0.000248
Potassium Chloride (KC1) 75 400.00 5.30
Magnesium Sulfate (MgSO4) 120 97.67 0.813
Sodium Chloride (NaCl) 58 4750.00 81.89
Sodium Bicarbonate (NaHCO3) 84 3700.00 44.10
Sodium Phosphate (NaH2PO4-H2O) 138 125.00 0.906

OTHER COMPONENTS
D-Glucose 180 1000.00 5.55
Phenol red 398 15.00 0.0346
HEPES 238 5958.00 25.00
Sodium Pyruvate 110 110.00 1.00

AMINO ACIDS
L-Arginine-HCl 211 84.00 0.398
L-Cystine 2HC1 313 63 . 00 0.200
L-Glutamine 146 584.00 4.00
Glycine 75 30.00 0.399
L-Histidine HC1-H2O 210 42.00 0.20
L- Isoleucine 131 105.00 0.802
L-Leucine 131 105.00 0.802
L-Lysine-HCl 183 146.00 0.798
L-Methionine 149 30.00 0.201
L-Phenylalanine 165 66.00 0.400
L-Serine 105 42.00 0.400
L-Threonine 119 95.00 0.078
L-Tryptophan 204 16.00 0.078
L-Tyrosine 2Na 2H20 261 104.00 0.398
L-Valine 117 94.00 0.803

VITAMINS
D-Ca pantothenate 477 4.00 0.0083
Choline Chloride 140 4.00 0.0285
Folic Acid 441 4.00 0.00906
i-Inositol 180 7.20 0.04
Niacinamide 122 4.00 0.0328
Pyridoxal HC1 204 4.00 0.0196

Riboflavin 376 0.40 0.00106
Thiamine HC1 337 4.00 0.0118
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APPENDIX H

Formulation for Phosphate-Buffered Saline (PBS) (50)
a

COMPONENTS
Mole. 

Weight
Cone.

(mg/L)
Molarity

(mM)

KH2PO4 139 210.0 1.51
NaCl 58 9000.0 155.17
Na2HPO 7 H2O 268 726.0 2.80
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APPENDIX I

Formulation for Hank's Balanced Salt Solution (HBSS) (50)
4

COMPONENTS
Mole. 

Weight
Cone.

(gm/L)
Molarity

(mM)

INORGANIC SALTS
Potassium Chloride (KC1) 75 0.40 5.33
Potassium Phosphate Monobasic (KH2PO4) 136 0.06 0.44
Sodium Chloride (NaCl) 58 8.00 138.00
Sodium Bicarbonate (NaHCO3) 84 0.35 4.00
Sodium Phosphate Dibasic (Na2HPO4) 142 0.048 0.30

OTHER COMPONENTS
Glucose 180 1.00 5.60
Phenol Red 398 0.01 0.03

*
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