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ANTISERA ASSAYS FOR MLV RELATED VIRUSES IN HUMANS AND OTHER
MAMMALS
CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority under 35 U.S.C. §119
from Provisional Application Serial No. 61/408, 630, filed October
31, 2010, the disclosure of which is incorporated herein by
reference.
TECHNICAL FIELD
[0002] The disclosure relates to methods of detecting MLV
related viruses, including retroviral replicating vectors, and
detecting immune responses to such viruses using purified whole
viral particles as the target antigen by ELISA, competitive
binding, Western blot or other serological detection methods. The
purified particles can also be used for stimulation of T cells to
detect cellular immune response.
BACKGROUND

[0003] There are several needs and advantages that come from
the ability to detect the presence of MLV or MLV related viruses in
human or mammalian subjects. Firstly therapies are currently being
developed that employ retroviral replicating vectors (RRV) in human
therapies, mainly for cancer (see W02010036986 and

(www) .clinicaltrials.gov NCT01156584) and there is a need to
follow the RRV replication in the blood stream in case this reaches
levels considered potentially pathogenic and warrant
pharmacological intervention (e.g., around several hundred thousand
copies/ml for HIV). Quantitative or semi-quantitative
seropositivity has been a useful way to follow ongoing viral
infections in general, and retroviral infection in particular, and
provides information on infection and active replication of such
agents. However the specifics of individual RRV’s may vary and it
is possible that changes in the virus may occur after prolonged
replication in humans or animals. Therefore it is important that an
assay for monitoring such events be as broad-based as possible and
not focus on one or a few antigenic epitopes. Secondly, it seems
very likely that some individuals may be or have been infected with
MLV related viruses. This is based on the observation that high

level seropositivity to MLV related viruse has been clearly shown
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to exist in a small percentage of individuals (around 1%).
Recently various publications suggest that several exogenous gamma-
retroviruses have been isolated from humans, and these are known as
XMRV or MLV-related wviruses (MLVRV, Urisman A, Molinaro RJ, et al.
(2006) PLoS Pathog 2(3): e25., Lombardi V.c. et al. Science 2009,
Lo et al PNAS 2010 (www) .pnas.org/cgi/doi/10.1073/pnas.1006901107).
SUMMARY
[0004] The disclosure provides a method for detecting anti-
viral antibodies for amphotropic MLV or MLV-like virus in a
biological sample compromising (a) incubating a biological sample
with a capture reagent immobilized on a solid support to bind
multiple anti-viral antibodies to amphotropic MLV to the capture
reagent, wherein the capture reagent comprises a purified viral
prepration; and (b) detecting bound anti-viral antibodies bound to
immobilized capture reagent by contacting the bound anti-viral
antibodies with a labeled detecting secondary agent. In one
embodiment, the biological sample is isolated from a mammal. 1In
further embodiment, the mammal is an autoimmune, virally infected,
immune suppressed or cancer patient. In yet another embodiment,
the biological sample is isolated from a human. In a further
embodiment, the human is an autoimmune, virally infected immune
suppression or cancer patient. In one embodiment, the method
further comprises measuring the amount of anti-viral antibody,
wherein the amount of antibody is titred using a dilution series;
wherein the amount of antibody determined is IgG or IgM by use of
specific detecting secondary reagents. In one embodiment, the
biological sample is plasma, serum, urine, saliva, bucchal swab,
nasal swab, fine needle aspirate, semen, vaginal secretion or milk.
In yet another embodiment, the capture reagent is immobilized at
about 1.5 pg/mL. In one embodiment, the solid support is a
microtiter plate, a glass slide, a nylon slide, a nitrocellulose
membrane or a PVDF membrane. In another embodiment, the solid
support is a latex bead, a glass bead or a microsphere. 1In a
further embodiment, the solid support is a pipette tip,
microfluidic card or semiconductor chip. In yet another embodiment,
the secondary agent is a secondary antibody that is detectably

labeled. 1In certain embodiment, the method further comprises a
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control comprising the monoclonal 83A25 mAb. In a further
embodiment, the method further comprises a control comprising human
serum or plasma from an individual who is strongly seropositive for
MLV, identified by screening multiple human sera.

[0005] The disclosure also provides an immunoassay kit for
detecting anti-viral antibodies comprising: (a) a monoclonal
antibody that specifically binds to amphotropic envelop as a
control; and (b) a capture reagent comprising a purified wviral
particle. 1In one embodiment, the solid support is a microtiter
plate. In a further embodiment, the solid support is a
microsphere. In yet another embodiment, the capture reagent is an
MLV-1like viral particle. 1In yet another embodiment, the capture
reagent is a purified protein of MLV origin. 1In yet another
embodiment, the capture reagent is a purified recombinant protein
of MLV origin or MLV-like sequence. In another embodiment, the
positive control is human serum or plasma from an individual who is
strongly seropositive to the capture antigen, and such serum has
been identified by screening multiple human sera. In one
embodiment, the detectable antibody is a monoclonal antibody. In
vet a further embodiment, the detectable monoclonal antibody is a
murine monoclonal antibody. In yet another embodiment, the
detectable antibody is a polyclonal antibody. In a further
embodiment, the detectable polyclonal antibody is a rabbit or goat
or sheep or chicken polyclonal antibody. In any of the foregoing
embodiments, the the kit is used in a clinical or diagnostic
setting. In one embodiment, the kit is used to monitor the immune
responses of MLV-infected or MLV-like infected or treated
individuals.

[0006] In any of the foregoing methods or kits the the purified
viral particle is produced by a method comprising transforming a
293 cell line with a plasmid encoding a retroviral MLV or MVL-like
virus; culturing the 293 cell to produce viral particles; isolating
the viral particles; infecting an HT1080 cell line with the wviral
particles thereby producing the viral particle producing cell line,
producing the wviral particles and purifying the viral particles.
[0007] The disclosure provides retrovirus producing cell lines

for the production of a replication competent retrovirus particles,
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the cell line comprising a mammalian cell line such as a prostate
cancer cell, a T cell line, a neural tumor line, a fibrosarcoma, an
osteosarcoma a thymoma cell line, a fibroblast line or endothelial
cell line, said cell line stably expressing a retroviral genome
comprising a gag gene, pol gene, env gene, and retroviral psi (¥)
factor for the assembly of the recombinant retroviral genome. In
one embodiment, the replication competent retrovirus particle is
stably expressed. In another embodiment the immortalized cell line
is a human cell line. In another embodiment the cell line is
selected from one of:the prostate tumor cell lines LNCAP (ATCC#CRL-
1740, DUl45 (ATCC#HTB-81), or PC-3 (ATCC#CRL-1435); the human
fibrosarcoma cell line HT1080 (ATCC#CCL-121); the Human glioma cell
line U87-MG (ATCC#HTB-14); the human T cell line SupTl cell line
(ATCC#CRL-1942); the human cervical carcinoma line Hela, the
african green monkey cell line CV1 or derivatives such as COS
cells; HEK 293 and 293 derived cells; or CHO and CHO derived cells.
In another embodiment the cell line was isolated and already
expressed the retrovirus. In a related embodiment the cell line is
222Rv1l (ATCC CRL-2505, Knouf et al. J.Virol 83: 7353-7356,
2009)which makes the artifactual recombinant XMRV (T.Paprotka, et
al. 2011, op.cit.). In another embodiment, the half life is greater
than 7 days at 2-8°C. In one embodiment, the retroviral
polynucleotide sequence is derived from one of murine leukemia
virus (MLV), Moloney murine leukemia virus (MoMLV), amphotropic
MoMLV, Xenotropic MLV related retrovirus (XMRV), MLV related virus
(MLVRV) found in humans, xenotropic MLV, Polytropic MLV,
amphotropic MLV, Gibbon ape leukemia virus (GALV), murine mammary
tumor virus (MuMTV), Rous Sarcoma Virus (RSV), Gibbon ape leukemia
virus (GALV), baboon endogenous virus (BEV), feline virus RD114,
T5.0002 (WO2010045002A2) or other gamma retrovirus, or hybrids of
the above. The genome of the retrovirus produced by the producer
cell line or introduced into a cell line to make a producer cell
line comprises various domains. For example, the promoter may
comprise a CMV promoter having a sequence as set forth in SEQ ID
NO:7, 8 or 9 from nucleotide 1 to about nucleotide 582 and may
include modification to one or more nucleic acid bases and which is

capable of directing and initiating transcription; a CMV-R-U5
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domain polynucleotide comprises a sequence as set forth in SEQ ID
NO: 7, 8 or 9 from about nucleotide 1 to about nucleotide 1202 or
sequences that are at least 95% identical to a sequence as set
forth in SEQ ID NO: 7, 8 or 9, wherein the polynucleotide promotes
transcription of a nucleic acid molecule operably linked thereto;
the gag nucleic acid domain comprises a sequence from about
nucleotide number 1203 to about nucleotide 2819 of SEQ ID NO: 7 or
9 or a sequence having at least 60%, 70% 80%, 90%, 95%, 98%, 99% or
99.8% identity thereto; the pol domain comprises a sequence from
about nucleotide number 2820 to about nucleotide 6358 of SEQ ID
NO:7 or 9 or a sequence having at least 60%, 70% 80%, 90%, 95%,
98%, 99% or 99.8% identity thereto; the env domain comprises a
sequence from about nucleotide number 6359 to about nucleotide 8323
of SEQ ID NO:7 or 9 or a sequence having at least 60%, 70% 80%,
90%, 95%, 98%, 99% or 99.8% identity thereto; the IRES and the
heterologous nucleic acid are optional extra sequences that are
used when the virus is being used as a wvector.

[0008] The disclosure also provides a cell free preparation
comprising purified viral particles obtained from the retrovirus
producing cell line described herein. In some embodiments a
preparation the isolated viral particles is used to make an ELISA
or other antibody binding assay for testing human or animal blood,
plasma, serum, urine, saliva, bucchal swab, nasal swab, fine needle
aspirate, semen, wvaginal secretion, milk or other bodily fluid or
extract. Antibodies detected can be IgM, IgG, IgA, IgE or IgD,
depending on the type of secondary antibody or other secondary
binding reagent used in the assay.

[0009] The disclosure also provides a method of constructing a
vector producing cell line described herein comprising transforming
a 293 cell line with a plasmid encoding a retroviral vector
comprising from 5’ to 3': a CMV-R-U5 fusion of the immediate early
promoter from human cytomegalovirus to an MLV R-U5 region; a PRS,
primer binding site for reverse transcriptase; a 5’ splice site; ¥
packaging signal; a gag coding sequence for MLV group specific
antigen; a pol coding sequence for MLV polymerase polyprotein; a 37
splice site; an env coding sequence for envelope protein;

culturing the 293 cell to produce viral particles; isolating the
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viral particles; infecting an «cell line with the viral particles
thereby producing the viral particle producing cell line. The
disclosure also provides plasmids where the promoter is not a CMV-
R-U5 fusion of the immediate early promoter from human
cytomegalovirus to an MLV R-U5 region but is a fusion of the MLV r-
U5 region with and alternate promoter such as the RSV promoter or
the actin promoter, or the intact MLV LTR with U3, R and U5
regions. The disclosure also provides <cell lines generated by the
foregoing methods. The invention also provides virus producing
lines, made by these methods with HT1080 cells, PC3 cells,
LNCaPcells, SupTl cells, U87 cells, D17 cells, CF2 cells, 293
cells, Hela cells, CV1 cells, CHO cells or cell lines derived from
any of these.
[0010] The disclosure also provides a method for producing a
composition for testing for anti-retrovirus antibodies comprising
culturing the cell lines described herein to produce wviral
particles and substantially purifying the viral particles.
[0011] The disclosure also provides cell banks comprising the
cell lines of the disclosure. In some embodiments, the cell lines
of the disclosure are grown in suspension. In some embodiment, the
cell lines of the disclosure are grown in serum free medium. In
some embodiment, the cell line is grown in suspension in serum free
medium.
[0012] The details of one or more embodiments of the disclosure
are set forth in the accompanying drawings and the description
below. Other features, objects, and advantages of the disclosure
will be apparent from the description and drawings, and from the
claims.

DESCRIPTION OF DRAWINGS
[0013] Figure 1 shows the viral replication kinetics of 22Rvl
in HT1080, U87 and LNCaP cell lines.
[0014] Figure 2 shows the viral replication kinetics of 22Rvl
in PC3 and Sup-Tl cell lines.
[0015] Figure 3A-F shows (a) a schematic of a recombinant
retroviral vector of the disclosure; (b and c¢) a plasmid map of a
polynucleotide of the disclosure (CMV Promotor:1 - 582; R:583 -
650; U5:651 - 1202; Primer binding site (PBS):728 - 776; 5’ slicing
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site:788 - 789; gag:1203 - 2819; pol:2820 - 6358; 3’splicing
site:3314 - 3315; 4070A env: 6359 - 8323; EMCV IRES:8327 - 8876;
yCD2:8877 — 9353; Poly purine tract (PPT):9386 - 9404; U3:9405 -
9854; R:9855 - 9921; U5:9922 - 9998; (d and e) a sequence of a
polynucleotide of the disclosure (SEQ ID NO:7); (f) a schematic of
a first and second generation RCR of the disclosure.

[0016] Figure 4 is a chromatogram showing Anion Exchange (AEX)
of amphotropic murine leukemic virus (MLV), Tocagen Lot #: TMLVO0O1.
The left part of chromatogram shows loading of harvested culture
supernatant (x-scale is non-quatnitative). The middle part,
starting about 800mL, shows a wash peak (Al) as a result of an
intermediate increase in NaCl concentration. The right part of
chromatogram shows elution with main target peak (A2) eluting from
the AEX column just before 1400mL.

[0017] Figure 5 shows achromatogram showing Size Exclusion
(SEC) of amphotropic MLV. Left part of chromatogram shows a pre-
load of SEC column aimed at priming chromatography resin so as to
minimize loss due to unwanted interactions between target and
chromatography resin (Pre-load Peak: S1). Right part of
chromatogram shows actual load and isocratic elution of target MLV.
Main target peak (S2) is around 250mL and specifically excludes
waste peak starting around 260-270mL (S3).

[0018] Figure 6 shows a silver stained SDS-PAGE showing (T)
purified wild-type amphotropic murine leukemia virus (MLV), Tocagen
Lot #: TMLV00l and, (N) identically processed naive HT1080. Tocagen
Lot #: TMLV00l and (N) processed naive HT1080 (N) treated using the
identical process. SDS-PAGE run under reducing conditions and
subsequently silver stained. Samples are from left to right: (N)
Naive HT1080 cultured and processed analogously to TMLV0OO01l (right
lane), (L) Invitrogen Benchmark Protein Ladder (see right panel for
protein sizes), (T) Purified wild-type amphotropic MLV (Tocagen
TMLV001l; from HT1080) having a TU titer of 5.4x10°/mL.

[0019] Figure 7 shows a dose response curve of Assay Positive
Control. Reactivity of assay positive control was determine using a
cocktail of anti-rat Ig and anti-human IgG HRP conjugated antibody.
[0020] Figure BA-C shows dose response curves of 83A25 and

human serum (HS) alone or in combination with different secondary
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antibodies. Reactivity of 83A25 mAb and HS were assayed in the
human anti-MLV ELISA assay and developed using anti-rat Ig, or
anti-Human IgG HRP conjugated antibodies alone and the cocktail
conjugate. A) 83A25 antibody alone: open circle anti-rat, black
square anti- rat + anti- human, black triangle anti-human, B) 83A25
antibody spiked in HS: open circle anti-rat, black square anti- rat
+ anti- human, black triangle anti-human and C) HS alone: open
circle anti-rat, black square anti- rat + anti- human, black
triangle anti-human. 1:5 dilution factor was tested starting at
1:100 dilution.

[0021] Figure 9 shows plasmas selected from screened samples
for generating the ELISA Negative Control and ELISA positive
control and for testing by Western blot analysis. Human plasmas
with intermediate and high OD;5 nm values were selected for
analysis for anti-MLV antigens using Western blotting (thatched
bars). Plasmas selected to generate the Negative Control plasma are
also shown (black bars). Samples are displayed in relation to all
plasmas screened using anti-MLV ELISA.

[0022] Figure 10 shows confirmation ofthe presence of anti-MLV
antibodies in human plasma samples by Western blot analysis.
Plasmas with high (131, 194), intermediate (856A, 183) or low (NC)
mean OD450nm values as tested by ELISA were tested for the presence
of anti-MLV antibodies. Cell lysates from HT1080 cells and purified
BSA were included in the assay as lane controls.

[0023] Figure 11 shows titration curves of a human positive
control plasma (PC) that was generated from donor 131 in the anti-
MLV ELISA. Dilutions of PC plasma (Lot# OT11DV-68-30Aprid) were
tested and are plotted against calculated mean 0D450nm values for
two separate replicates. PC titier was calculated at 1:250 for two
PC replicates. A human matched species control is used as the
positive control in the anti-MLV ELISA for human samples.

[0024] Figure 12 shows a comparison of antibody detection by
sera collected on day 36, day 44 and pooled d36+d44 sera from
immunized dog. Positive serum from immunized dog and pooled
negative serum from non-immunized dogs was tested for anti-MLV IgG
antibodies using the MLV Capture Antigen. The X-axis represents the

dilution series and absorbance units (0OD) is represented on the Y-
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axis.

software.

are listed in the figure.

machine output notation and the designation
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4-parameter fit analysis is performed in the Spectramax

[Y=(A-D)/ (1+(x/C)"B) + DI

Note that parameter “C” is a direct

w

e” is equivalent to

designations of “E” within the document. R"2 is the efficiency

value of the data fit.

[0025] Figure 13

Control across several experiments.

performed in the Spectramax software.

equation

[Y=(A-D)/ (14 (x/C) "B)

shows a dose response of Positive Serum
4-parameter fit analysis is
The parameters for the
+ D]

are listed in the figure. Note

that parameter “C” is a direct machine output notation and the

w

designation
document. R*2 is the

[0026] Figure 14

e” 1s equivalent to designations of “E” within the

efficiency value of the data fit.

shows a dose response of Assay Positive Serum

Control across several experiments 4-parameter fit analysis is

performed in the Spectramax software.

equation

[Y=(A-D)/ (14 (x/C) "B)

The parameters for the

+ D] are listed in the figure. Note

that parameter “C” is a direct machine output notation and the

w

designation
document. R™"2 is the
[0027] Figure 15
administered IC with
[0028] Figure 16
administered IV with
and 90 are presented
[0029] Figure 17
spiked plasma blots
[0030]

MLV and XMRV samples

Figure 18

e” 1s equivalent to designations of “E” within the

efficiency value of the data fit.

depicts an anti-vector IgG titre for canines
Toca 511 E7 dose.

depicts an anti-vector IgG titre for canines
Toca 511 EY9 dose. Baseline, day 7, 14, 28, 60,
in figure.

shows a dot blot showing viral dilutions and

shows detection of viral gp70 expression in

using the mouse monoclonal anti-gp70 antibody

(clone 514) by Western blotting.

[0031] Figure 19 shows sequences and line up from an MLV

“Query” (SEQ ID NO:10) and XMRV “sbjct” (SEQ ID NO:11) useful in the

methods and composition of the disclosure.
[0032] Figure 20A-B shows the course of appearance and
disappearance of Toca 511 DNA and RNA sequences, plus the attendant
ELISA measurements using the assay of this invention, in the blood

0of three high grade glioma patients dosed intracranially in their
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tumor at a dose of 2.6 x10° TU/gram brain. A: patient 101; B
patient 102; C patient 103. Ptl0l and 102 show detectable nucleic
acid sequences (sensitivity 5000copies/ml for RNA in plasma, 250
copies/microgm for DNA from whole blood), whereas Pt 103 did not
show detectable sequences. All patients showed ELISA positivity
using compositions and methods of the disclosure (triangles).
DETAILED DESCRIPTION
[0033] As used herein and in the appended claims, the singular
forms "a,” "and,” and "the" include plural referents unless the
context clearly dictates otherwise. Thus, for example, reference
to "a cell" includes a plurality of such cells and reference to
"the vector" includes reference to one or more vectors, and so
forth.
[0034] Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly understood to
one of ordinary skill in the art to which this disclosure belongs.
Although any methods and reagents similar or equivalent to those
described herein can be used in the practice of the disclosed
methods and compositions, the exemplary methods and materials are
now described.
[0035] Also, the use of “or” means “and/or” unless stated

IZ8EA\Y

otherwise. Similarly, “comprise, comprises,” “comprising”

”

“include,” “includes,” and “including” are interchangeable and not
intended to be limiting.

[0036] It is to be further understood that where descriptions
of various embodiments use the term “comprising,” those skilled in
the art would understand that in some specific instances, an
embodiment can be alternatively described using language
“consisting essentially of” or “consisting of.”

[0037] All publications mentioned herein are incorporated
herein by reference in full for the purpose of describing and
disclosing the methodologies, which are described in the
publications, which might be used in connection with the
description herein. The publications discussed above and
throughout the text are provided solely for their disclosure prior

to the filing date of the present application. Nothing herein is
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to be construed as an admission that the inventors are not entitled
to antedate such disclosure by virtue of prior disclosure.

[0038] Retroviruses have been classified in various ways but
the nomenclature has been standardized in the last decade (see
ICTVdB - The Universal Virus Database, v 4 on the World Wide Web
(www) at ncbi.nlm.nih.gov/ICTVdb/ICTVdBR/ and the text book
“Retroviruses,” Eds. Coffin, Hughs and Varmus, Cold Spring Harbor
Press 1997; the disclosure of which are incorporated herein by
reference). A replication competent retrovirus is derived from the
Retroviridae family of viruses and can comprise a member of the
Orthoretrovirinae sub-family, or more typically comprises a
retrovirus from the gammaretrovirus genus. In one embodiment, the
virus comprises a replication competent retrovirus which is a
retroviral replicating vector (RRV), which, in turn, comprises an
internal ribosomal entry site (IRES) 5’ to a polynucleotide
encoding a cytosine deaminase. In one embodiment, the
polynucleotide encoding a cytosine deaminase is 3’ to an env
polynucleotide of a retroviral vector.

[0039] The disclosure provides retroviruses of many kinds as
immune reactivity reagents. The retrovirus used in the disclosure
can be wild-type or modified retroviruses derived from various
members of family. The classification of the retroviridae family
has changed several times over the last ten to fifteen years.
Currently the Retroviridae family consists of two sub-families: the
Spumaretrovirinae-which has a single genus, the spumavirus (or
foamy viruses) such as the human and simian foamy virus (HFV) and
the Orthoretroviriniae sub-family which has 6 genus -
betaretrovirus (e.g., MMTV), gammaretrovirus (e.g., MLV),
alpharetrovirus (e.g., ALV) deltaretrovirus (e.g., BLV and HTLV-1)
lentivirus(e.g., HIV 1) and epsilon retrovirus (e.g., wall eye
dermal sarcoma virus). These classifications are made on the basis
of common molecular features such as the relative reading frames
for gag, pol and env, the processing of the polyproteins, the
individual tRNAS used for priming reverse transcription, and the
nature of the LTR structures. The original method of classification
of retroviruses was into groups A, B, C and D on the basis of

particle morphology, as seen under the electron microscope during
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viral maturation. A-type particles represent the immature particles
of the B- and D-type viruses seen in the cytoplasm of infected
cells. These particles are not infectious. B-type particles bud as
mature virion from the plasma membrane by the enveloping of
intracytoplasmic A-type particles. At the membrane they possess a
toroidal core of 75 nm, from which long glycoprotein spikes
project. After budding, B-type particles contain an eccentrically
located, electron-dense core. The betaretrovirus, Mouse mammary
tumor virus (MMTV) has a B-type morphology, but betaretroviruses
can also have a D-type structure. D-type particles resemble B-type
particles in that they show as ring-like structures in the infected
cell cytoplasm, which bud from the cell surface, but the virion
incorporate short surface glycoprotein spikes. The electron-dense
cores are also eccentrically located within the particles. Mason
Pfizer monkey virus (MPMV), also a betaretrovirus, is the prototype
D-type virus. No intracytoplasmic particles can be observed in
cells infected by C-type viruses. Instead, mature particles bud
directly from the cell surface via a crescent “C’-shaped
condensation which then closes on itself and is enclosed by the
plasma membrane. Envelope glycoprotein spikes may be visible, along
with a uniformly electron-dense core. Budding may occur from the
surface plasma membrane or directly into intracellular vacuoles.
Alpharetroviruses, gammaretroviruses, deltaretroviruses and
epsilonretroviruses all have the C-type structural appearance.
[0040] Retroviruses are defined by the way in which they
replicate their genetic material. During replication the RNA is
converted into DNA. Following infection of the cell a double-
stranded molecule of DNA is generated from the two molecules of RNA
which are carried in the viral particle by the molecular process
known as reverse transcription. The DNA form becomes covalently
integrated in the host cell genome as a provirus, from which viral
RNAs are expressed with the aid of cellular and/or viral factors.
The expressed viral RNAs are packaged into particles and released
as infectious virion.

[0041] The retrovirus particle is composed of two identical RNA
molecules. Each wild-type genome has a positive sense, single-

stranded RNA molecule, which is capped at the 5' end and
12
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polyvadenylated at the 3' tail. The diploid virus particle contains
the two RNA strands complexed with gag proteins, viral enzymes (pol
gene products) and host tRNA molecules within a ‘core’ structure of
gag proteins. Surrounding and protecting this capsid is a lipid
bilayer, derived from host cell membranes and containing viral
envelope (env) proteins. The env proteins bind to a cellular
receptor for the virus and the particle typically enters the host
cell via receptor-mediated endocytosis and/or membrane fusion.
[0042] After the outer envelope is shed, the viral RNA is
copied into DNA by reverse transcription. This is catalyzed by the
reverse transcriptase enzyme encoded by the pol region and uses the
host cell tRNA packaged into the virion as a primer for DNA
synthesis. In this way the RNA genome is converted into the more
complex DNA genome.

[0043] The double-stranded linear DNA produced by reverse
transcription may, or may not, have to be circularized in the
nucleus. The provirus now has two identical repeats at either end,
known as the long terminal repeats (LTR). The termini of the two
LTR sequences produces the site recognized by a pol product--the
integrase protein--which catalyzes integration, such that the
provirus is always joined to host DNA two base pairs (bp) from the
ends of the LTRs. A duplication of cellular sequences is seen at
the ends of both LTRs, reminiscent of the integration pattern of
transposable genetic elements. Integration occurs at a large number
0of sites within the target cell genome, with biases that depend on
the type of retrovirus and the type of cell. However, by modifying
the integrase component (int) of the pol gene (see below)it is
possible to control or partially direct the integration of a
retroviral genome.

[0044] Transcription, RNA splicing and translation of the
integrated viral DNA is mediated by host cell proteins. Variously
spliced transcripts are generated. In the case of the human
retroviruses HIV-1/2 and HTLV-I/II viral proteins are also used to
regulate gene expression. The interplay between cellular and viral
factors is a factor in the control of virus latency and the

temporal sequence in which viral genes are expressed.
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[0045] Retroviruses can be transmitted horizontally and
vertically. Efficient infectious transmission of retroviruses
requires the expression on the target cell of receptors which
specifically recognize the viral envelope proteins, although
viruses may use receptor-independent, nonspecific routes of entry
at low efficiency. In addition, the target cell type must be able
to support all stages of the replication cycle after virus has
bound and penetrated. Vertical transmission occurs when the viral
genome becomes integrated in the germ line of the host. The
provirus will then be passed from generation to generation as
though it were a cellular gene. Hence endogenous proviruses become
established which frequently lie latent, but which can become
activated when the host is exposed to appropriate agents.

[0046] As mentioned above, the integrated DNA intermediate is
referred to as a provirus. As described below, a helper virus is
not required for the production of the recombinant retrovirus of
the disclosure, since the sequences for encapsidation are provided
in the genome thus providing a replication competent retroviral
vector for gene delivery or therapy.

[0047] The retroviral genome and the proviral DNA of the
disclosure have at least three genes: the gag, the pol, and the
env, these genes may be flanked by one or two long terminal (LTR)
repeat, or in the provirus are flanked by two long terminal repeat
(LTR) and sequences containing cis-acting sequences such as psi.
The gag gene encodes the internal structural (matrix, capsid, and
nucleocapsid) proteins; the pol gene encodes the RNA-directed DNA
polymerase (reverse transcriptase), protease and integrase; and the
env gene encodes viral envelope glycoproteins. The 5' and/or 3
LTRs serve to promote transcription and polyadenylation of the
virion RNAs. The LTR contains all other cis-acting sequences
necessary for viral replication. All of these components are
present in the viral particles of the current disclosure plus a
tRNA molecule and viral membrane derived from the host cell that
produced the virus. The env gene product is embedded in the viral
envelope membrane, along with some cell surface molecules from the
producer cell. The envelope gene is quite heavily glycosylated in a

characteristic pattern that is fairly standardized but will depend
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on the producer cell. For these reasons viral particles produced to
detect antibodies in humans are usually best made in human cell
lines, but it can be advantageous to make the virus in cells of
another species such as dog (e.g. D17 or Cf2 cells) to rule out
detection of such self proteins, for example in human subjectrs
with cross-reactive auto-immunity. Lentiviruses have additional
genes including vif, wvpr, tat, rev, vpu, nef, and vpx (in HIV-1,
HIV-2 and/or SIV), and some of these can be incorporated into the
viral particles (e.g vif and nef).

[0048] Adjacent to the 5' LTR are sequences necessary for
reverse transcription of the genome (the tRNA primer binding site)
and for efficient encapsidation of viral RNA into particles (the
Psi site). If the sequences necessary for encapsidation (or
packaging of retroviral RNA into infectious virion) are missing
from the viral genome, the result is a cis defect which prevents
encapsidation of genomic viral RNA. In a first embodiment, the
disclosure provides a recombinant retrovirus capable of infecting a
non-dividing cell, a dividing cell, or a cell having a cell
proliferative disorder. The recombinant replication competent
retrovirus of the disclosure comprises a polynucleotide sequence
encoding a viral GAG, a viral POL, a viral ENV, and optionally a
heterologous polynucleotide that is expressed after the viral
vector infects a target cell, encapsulated within a virion.

[0049] Depending upon the intended use of the retroviral vector
of the disclosure any number of heterologous polynucleotide or
nucleic acid sequences may be inserted into the retroviral vector.
Some examples are given in International Application Publication
No. W02010/036986, incorporated herein by reference.

[0050] As mentioned elsewhere herein, XMRV itself is thought to
be an artifact caused by contamination of samples by mouse DNA and
recombination of laboratory Xenotropic isolates (T.Paprotka, et al.
"Recombinant Origin of the Retrovirus XMRV” Science 333, 97 (2011);
J.Cohen & M.Enserink “False Postive“™ Science 333: 1694-1701 (2011);
G. Simmons et al. “Failure to Confirm XMRV/MLVs in the Blood of
Patients with Chronic Fatigue Syndrome: A Multi-Laboratory Study,”
(www) .sciencexpress.org / 10.1126/science.1213841). However, as

demonstrated here (see, e.g., Figures 9 and 10, Examples 15 and 16,
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and Table 7), there are individuals with high naturally occurring
anti-MLV titers, indicating that MLV infection of humans with MLV
related viruses can and does occur. Therefore in this application,
XMRV is used as an example of how such a virus can be detected and
followed. As noted above one method of monitoring retroviral
infections is to look at the antibodies to viral proteins in the
blood/serum/plasma of individuals suspected of being infected or
being tested for one reason or another (Blood donation, viral load
progression, disease monitoring, therapeutic monitoring of
retroviral therapy etc.) Usually the antigen used in such assays is
manufactured in bacteria, baculovirus or mammalian cells. These
antigens are then used in ELISA or other antibody binding assays,
with the protein as the target and serum or plasma from subjects
tested for reactivity with the specific antigens. It is desirable
to be able to track the presence or absence of serum reactivity as
this is normally well correlated with the increasing or decreasing
presence of the virus in infected individuals. However, the use of
peptides or proteins as assay targets may be of limited use in
detection a heterogeneous set of related viruses such as
represented by MLV related viruses (MLVRV), as it undesirably
narrows the set of viruses that the assay will detect.

[0051] In addition, antigens synthesized alone, even in
mammalian cells, will not incorporate the three dimensional
structures of the virus produced in wvivo, and can be
inappropriately modified or lack appropriate modification. This
can lead to false negatives. Recently specific peptide assays have
been designed for XMRV (Qiu et al., Retrovirology,7:68, 2010) and
are unlikely to detect all MLV-like variants. Also assays using
cell lysates of retrovirally infected cells have also been designed
but these use crude unpurified preparations and, unlike the present
disclosure, positive samples were not detected (Switzer et al.
Retrovirology, 7:57, 2010) probably due to interference and high
background.

[0052] The life cycle of retroviruses involves a stage when the
virus’ genetic material is inserted into the genome of a host cell.
This step is essential because the inserted wviral nucleic acid, the

provirus, is replicated through the host cell machinery. As part of
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this process the RNA genome of the retrovirus is replicated through
a double-stranded DNA intermediate prior to insertion into the
genome of the host cell. The initial conversion of the viral RNA
molecule into a double-stranded DNA (dsDNA) molecule is performed
by a reverse-transcriptase. The dsDNA is then integrated into the
hose cell genome by an integrase to further be replicated by the
host cellular machinery. The reverse transcriptase and the
integrase required for the conversion of the RNA into dsDNA and for
the integration into the host genome are carried within the wviral
particle during infection. The proviral DNA is finally transcribed
using the host machinery into multiple RNA copies. These RNA
molecules are then translated into viral peptides or proteins or
integrated into viral particles which are released from the cell
into the medium or extracellular milieu.

[0053] A retroviral RNA genome usually comprises 6 typical
regions leading to the expression of multiple proteins. These
region include the gag, pol and env gene sequences associated with
a packaging signal, a psi (V¥) signal and flanked by 5' and/or 3'
long terminal repeats (LTR) regions. The gag gene leads to the
expression of the protein components of the nucleoprotein core of
the virus, while the pol gene products are involved in the
synthesis polynucleotides and recombination. The env gene codes for
the envelope components of the retrovirus particle. 5' and 3' LTR
regions include promoters and assist in the integration of the
viral genome into the chromosomal DNA of the host cell. The psi
signal refers to the retroviral packaging signal that controls the
efficient packaging of the RNA into the viral particle. Because of
their ability to form proviruses, retroviruses are also useful to
modify the genome of a target or host cell and various
modifications have been made to retroviruses for use in gene
therapy. Gene therapy using retroviral vectors is generally
performed by adding a heterologous polynucleotide to the viral
genome which encodes or produces a polypeptide or transcript of
interest, packaging the recombinant genome into a viral particle
and infecting a target host cell. The target cell will then

incorporate the exogenous gene as being a part of a provirus.
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[0054] Previously defective retroviral vectors have been used
as target antigens to look for immune response after administration
of non replicative retroviral vectors (Martineau et al. Human Gene
Ther. 8:1231-1241, 1997). The use of individual antigens as
described above can be useful, but given the variation in types of
MLV with which individuals may be infected, the single antigen
target approach risks being overly specific, and not detecting a
true positive. However, little is reported about the development
of replication competent retroviral vector systems. The methods
described here allow immune monitoring of replication competent
viral vectors and their persistence.

[0055] The term "RCR" or “RRV” as used herein is intended to
mean a replication-competent retrovirus (RCR) or replicating
retrovirus (RRV). A replication-competent virus is a viral particle
that has the capacity to replicate by itself in a host cell. Some
RRV/RCR can carrying a heterologous gene.

[0056] As used herein, the term "RCR plasmid vector" means a
plasmid which includes all or part of a retroviral genome including
5' and 3' retroviral long-term repeat (LTR) sequences, a packaging
signal (V¥), and may include one or more polynucleotides encoding a
protein(s) or polypeptide(s) of interest, such as a therapeutic
agent or a selectable marker. The term "therapeutic" is used in a
generic sense and includes treating agents, prophylactic agents,
and replacement agents.

[0057] The terms "vector", "vector construct" and "expression
vector" mean the vehicle by which a DNA or RNA sequence (e.g., a
foreign gene) can be introduced into a host cell, so as to
transform the host and promote expression (e.g., transcription and
translation) of the introduced sequence. Vectors typically comprise
the DNA of a transmissible agent, into which foreign DNA encoding a
protein is inserted by restriction enzyme technology. A common type
of vector is a "plasmid", which generally is a self-contained
molecule of double-stranded DNA that can readily accept additional
(foreign) DNA and which can readily introduced into a suitable host
cell. A large number of vectors, including plasmid and fungal
vectors, have been described for replication and/or expression in a

variety of eukaryotic and prokaryotic hosts. Non-limiting examples
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include pKK plasmids (Clonetech), pUC plasmids, pET plasmids
(Novagen, Inc., Madison, Wis.), pRSET or pREP plasmids (Invitrogen,
San Diego, Calif.), or pMAL plasmids (New England Biolabs, Beverly,
Mass.), and many appropriate host cells, using methods disclosed or
cited herein or otherwise known to those skilled in the relevant
art. Recombinant cloning vectors will often include one or more
replication systems for cloning or expression, one or more markers
for selection in the host, e.g., antibiotic resistance, and one or
more expression cassettes.

[0058] The terms "transfecting" or "transfection" as used
herein are intended to mean the transfer of at least one exogenous
nucleic acid into a cell. The nucleic acid may be RNA, DNA or a
combination of both. The exogenous nucleic acid refers to nucleic
that is not found as a result of host cell division or host cell
multiplication.

[0059] The term "virus" as used herein is intended to mean the
physical virus or retrovirus particle.

[0060] The term "cell line" as used herein refers to cultured
cells that can be passed (divided) more than once. The disclosure
relates to cell lines that can be passed more than 2 times, up to
200 times, or more and includes any integer therebetween.

[0061] The terms "express" and "expression" mean allowing or
causing the information in a gene or DNA sequence to become
manifest, for example producing a protein by activating the
cellular functions involved in transcription and translation of a
corresponding gene or DNA sequence. A DNA sequence 1s expressed in
or by a cell to form an "expression product" such as a protein. The
expression product itself, e.g. the resulting protein, may also be
said to be "expressed" by the cell. A polynucleotide or polypeptide
is expressed recombinantly, for example, when it is expressed or
produced in a foreign host cell under the control of a foreign or
native promoter, or in a native host cell under the control of a

foreign promoter.

[0062] The terms "stable expression” and "stably expressing” as
used herein are intended to mean that the genetic material that is

being stably expressed and/or is integrated permanently and stably
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in the genome of the host cell, and thus has the same expression
potential over time as the native genetic material of the host
cell.

[0063] The terms “transient expression” and “transiently
expressing” as used herein are intended to mean that the genetic
material temporal expression period and/or is not integrated
permanently and stably in the genome of the host cell, and thus
does not have the same expression potential over time as the native
genetic material of the host cell.

[0064] As used herein, the term "heterologous" nucleic acid
sequence or transgene refers to (i) a sequence that does not
normally exist in a wild-type retrovirus, (ii) a sequence that
originates from a foreign species, or (iii) if from the same
species, it may be substantially modified from its original form.
Alternatively, an unchanged nucleic acid sequence that is not
normally expressed in a cell is a heterologous nucleic acid
sequence.

[0065] The term “therapeutic” as used herein refers to an
action that prevents, reverses, or slows the natural course of a
disease or disorder, or its symptoms. A therapeutic action can be
preventive, curative or merely palliative, and does not mean that
the affected human or animal patient will not die from the disease.
[0066] The term MLV related virus (MLVRV) refers to a
retrovirus that infects either by natural transmission or by
intentional administration a species other than rodents and has at
least 60 % homology to at least one of the LTR, Gag, pol,
integrase, envelope or non-coding regions of canonical MLV’s (NCBI
((http://www) .ncbi.nlm.nih.gov/) listed MLV’s such as ecotropic MLV
NC 001501.1, amphotropic MLV (AF010170.1), XMRV (FN692043.1),
xenotropic MLV,or polytropic MLV).

[0067] An antigenic viral particle or antibody-binding viral
particle is produced by a producer cell of the disclosure.In one
embodiment, the producer cell lines of the disclosure are capable
of growth as an adherent culture, in suspension or in a serum-free
medium. The producer cell lines can also be grown both in serum-
free medium and suspension simultaneously, or as an adherent line
in serum free media. Although serum-free medium and the capacity to
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grow in suspension are the typical conditions, cells of the
disclosure (e.g., 293, 293T, HT1080 cells, PC3 cells, LNCaP cells,
SupTl cells, U87 cells, D17 cells or CF2 cells) can be cultured in
an adherent manner with regular serum-containing medium to achieve
particular purposes. Such purposes can be, for example, to
facilitate transfection of cells or to select cell clones.

[0068] The type of producer cells used to generate the
retrovirus (described more fully below) is useful for the
production of replication competent viral particles for use as
targets to detect antibody responses to the vector particle or
components thereof. Such methods are useful for monitoring
infection, tissue sample and gene delivery and gene therapy using
retroviral particles.

[0069] The disclosure provides a method of generating a
producer cell line comprising transforming or transfecting a first
mammalian cell type with an RCR plasmid vector of the disclosure,
culturing the first cell type to produce retroviral particles,
obtaining a cell free media from the first cell type producing the
retroviral particles, wherein the cell free media comprises
retroviral particles, contacting a second mammalian cell type with
the media to infect the second cell type and culturing the second
cell type to produce a producer cell line that produces a
replication competent retroviral vector for use in transforming
mammalian cells. The first cell type can be almost any mammalian
cell type that is capable of producing virus after transfection and
may include Hela, COS, Chinese Hamster Ovary (CHO), and HT1080
cells, and the transfection can be with calcium phosphate or other
agents such as lipid formulations known to those skilled in the art
as useful for transfection.

[0070] In one embodiment, the first cell type is a human
embryonic kidney cell. In another embodiment, the human embryonic
kidney cell is a 293 cell (also often referred to as HEK 293 cells,
293 cells, or less precisely as HEK cells), which are a cell line
originally derived from human embryonic kidney cells grown in
tissue culture. HEK 293 cells were generated by transformation of
cultures of normal human embryonic kidney cells with sheared

adenovirus 5 DNA. HEK 293 cells are easy to grow and transfect very
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readily and have been widely-used in cell biology research for many
vears. They are also used by the biotechnology industry to produce
therapeutic proteins and viruses for gene therapy.

[0071] In another embodiment, the first cell type is a
mammalian cell transformed with an SV40 Large T-antigen. 1In a
particular embodiment, 293T HEK cells are used. An important
variant of this cell line is the 293T cell line which contains the
SV40 Large T-antigen allowing for episomal replication of
transfected plasmids containing the SV40 origin of replication.
This allows for amplification of transfected plasmids and extended
temporal expression of the desired gene products.

[0072] The term "human 293 cell” as used herein includes the
HEK 293T cell line, the human 293 cell line (ATCC No. CRL 1573)
(Graham, et al., J. Gen. Virol., Vol. 36, pgs. 59-72 (1977)), or a
cell line formed by transfecting 293 cells with one or more
expression vehicles (e.g., plasmid vectors) including
polynucleotides encoding various gag, pol, and env proteins. The
envelope may be an amphotropic envelope, an ecotropic envelope, a
xenotropic envelope,an XMRV envelope, a polytropic envelope, a GALV
envelope, an RD114 envelope, an FelV envelope or other retroviral
envelope. Such cells also may include other polynucleotides such
as, for example, polynucleotides encoding selectable markers.
[0073] The first cell type (e.g., HEK 293T cells) may be
transformed with an RCR plasmid vector of the disclosure in any
number of means including calcium phosphate and the like. Typical
culture conditions for mammalian cells, particularly human 293
cells are known in the art.

[0074] Once transformed the first cell type is cultured under
conditions for production of viral particles. Such conditions
typically include refeeding cells in appropriate media, CO,, and
humidity. The culture conditions may also include the addition of
antibiotics, anti-fungals, growth factors and the like. Typically
the refed medium is harvested after 24, 48, 72, or 96 hours, and
such a procedure is known as a transient expression transfection
procedure.

[0075] The media from the cultured cells above may be used

directly in further culturing. Alternatively, the wviral particles
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in the media of cultured cells may be isolated using any number of
techniques known in the art including centrifugation, size
exclusion techniques, anion exchange chromatography and the like.
[0076] Where the media is used directly, the media can be added
to media used in the culture of the second cell type. Where the
viral particles are first substantially purified, the particles may
be washed or resuspended in an appropriate buffer or media or at
particular concentration for infectivity before addition to the
second cell type, leading to the generation of a stable expression
producer cell line.

[0077] In one embodiment, the second cell type is a human
fibroscarcoma cell line. In a specific embodiment, the cell line
is an HT1080 cell line or a derivative thereof. HT1080 human
fibrosarcoma cell line (ATCC, Catalog# CCL-121) can be obtained
directly from the American Type Culture Collection (P.0O. Box 1549,
Manassas, VA). The method includes infecting the HT1080 cells with
an RCR of the disclosure to provide a stably transfected host cell.
The stably transfected host cell may be cultured to produce viral
particles for use in gene therapy or gene delivery or may be
“banked” for later use, and may be a pool of transfected cells, or
a cloned cell line. The banked cells may be frozen and stored
using techniques known in the art.

[0078] In a further embodiment the cells infected with the
virus generated by transient tranmsfection or by other means, can
be any mammalian cell line known to be infectable with the
corresponding virus. Infectability by a virus can be tested by
methods described in Example 1 and shown in Figures 1 and 2. Virus
growth can be monitored by PCR of cellular DNA, RT-PCR for wviral
genomes in the supernatant or Reverse transcriptase assays of
reverse transcriptase activities in the viral supernatant such as
the PERT assay (e.g., L. Shastry et al., Hum Gen Ther., 16:1227-
1236, 2005). Specific example of cell lines that can be used are
HT1080 cells, PC3 cells, LNCaP cells, SupTl cells, U87 cells, Sup
Tl cells, D17 cells, CF2 cells, Hela cells, 293, CV1l and CHO cells.
Cell lines derived form these cell lines can also be used. In some
embodiments cell lines that were isolated and already made an MLV

related retrovirus (e.g 22Rvl ATCC CRL-2505) can also be used as

23



WO 2012/058637 PCT/US2011/058457

virus producer lines. In other embodiments cells such as the types
listed above can be infected by cocultivation with PBMC from
infected individuals. Clones from cells infected in any of these
ways can be isolated and cell clones with desirable properties
(e.g., that make high titers of virus) can be further purified and
isolated.

[0079] In one embodiment, the cells are cultured in the
presence of fetal calf serum or other non-defined additives. In
another embodiment, the cells will be cultured in serum-free media.
In one embodiment, the cells are culture in an animal free media or
a defined media. RCR viral particles (e.g., MLV related wvirus) can
be substantially purified from the media of the producer cells.

The purified virus can be washed, diluted and resuspended in an
appropriate pharmaceutically acceptable carrier. Alternatively,
the purified vector may be stored either by freezing of
lypholization.

[0080] In one embodiment, the virus will be supplied as an
aqueous sterile solution containing the following formulation
excipients (in mg/mL): sucrose 10.0, mannitol 10.0, and NaCl 5.3.
The solution may also contain Human Serum Albumin (HSA, Baxter) 1.0
and ascorbic acid 0.10.

[0081] As described further herein, any number of retroviruses
of the disclosure may be used with the producer cell lines and
process described herein.

[0082] In specific examples provided herein, Toca 511 an
amphotropic MLV that carries a heterologous polynucleotide encoding
a polypeptide with cytosine deaminase (see, e.g., W02010036986 A2,
incorporated herein by reference) is used to demonstrate the
methods and compositions of the disclosure. In another specific
example, amphotropic MLV (ATCC VR-1450) is used to demonstrate
the methods and compositions of the disclosure. As described
herein, Toca 511 refers to a replication competent retroviral
vector encoded in a plasmid designated as pAC3-yCD2 and Ampho MLV
refers to a retrovirus encoded in a plasmid designated pAMS, ATCC #
45167. The virus is comprised of a replication-competent
retrovirus derived from a murine leukemia virus (MLV) encoding all

retroviral components (gag, pol and env) required for viral
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replication, with the original ecotropic envelope replaced with the
amphotropic envelope from the 4070A virus. Alternatively, other
virus encoding plasmids or viral preparations can be used, e.g.,
XMRV, or MV related virus.

[0083] The methods and compositions of the disclosure are
applicable to other viruses, viral vectors and recombinant
retroviral vectors. The disclosure describes various modification
and recombinant vectors that can be produced by the cell lines and
methods of the disclosure.

[0084]

[0085] The retrovirus and methods of the disclosure provide a
replication competent retrovirus that does not require helper wvirus
or additional nucleic acid sequence or proteins in order to
propagate and produce virion. For example, the nucleic acid
sequences of the retrovirus of the disclosure encode, for example,
a group specific antigen and reverse transcriptase, (and integrase
and protease-enzymes necessary for maturation and reverse
transcription), respectively, as discussed above. The viral gag and
pol can be derived from a lentivirus, such as HIV or a
gammaretrovirus such as MoMLV. In addition, the nucleic acid
genome of the retrovirus of the disclosure includes a sequence
encoding a viral envelope (ENV) protein. The env gene can be
derived from any retroviruses. The env may be an amphotropic
envelope protein which allows transduction of cells of human and
other species, murine leukemia virus (MLV), Moloney murine leukemia
virus (MoMLV), amphotropic MoMLV, Xenotropic MLV related retrovirus
(XMRV), MLV related wvirus found in humans, xenotropic MLV,
Polytropic MLV, amphotropic MLV, Gibbon ape leukemia virus (GALV),
murine mammary tumor virus (MuMIV), Rous Sarcoma Virus (RSV),
Gibbon ape leukemia virus (GALV), baboon endogenous virus (BEV),
feline virus RD114, other gamma retrovirus, or hybrids of the
above.

[0086] In addition, the disclosure provides polynucleotide
sequence encoding a recombinant retroviral vector of the
disclosure. The polynucleotide sequence can be incorporated into
various viral particles. For example, various viral vectors which

can be utilized for gene delivery include adenovirus, herpes virus,
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vaccinia, and baculovirus. Retroviruses can be prepared using such
vectors (replicative or non-replicative) to deliver the retroviral
genes to cells to make producer cells for the retrovirus. The
retrovirus can then be harvested and purified according to the
methods described in this specification. In yet another embodiment,
the disclosure provides plasmids comprising a recombinant
retroviral derived construct. The plasmid can be directly
introduced into a target cell or a cell culture such as HT1080 or
other tissue culture cells. The resulting cells release the
retroviral vector into the culture medium.

[0087] The disclosure provides a polynucleotide construct
comprising from 5’ to 3': a promoter or regulatory region useful
for initiating transcription; a psi packaging signal; a gag
encoding nucleic acid sequence, a pol encoding nucleic acid
sequence; an env encoding nucleic acid sequence. For example, the
promoter can comprise a CMV promoter having a sequence as set forth
in SEQ ID NO: 7, 8 or 9 from nucleotide 1 to about nucleotide 582
and may include modification to one or more (e.g., 2-5, 5-10, 10-
20, 20-30, 30-50, 50-100 or more nucleic acid bases) so long as the
modified promoter is capable of directing and initiating
transcription. 1In one embodiment, the promoter or regulatory
region comprises a CMV-R-U5 domain polynucleotide. The CMV-R-U5
domain comprises the immediately early promoter from human
cytomegalovirus to the MLV R-U5 region. In one embodiment, the
CMV-R-U5 domain polynucleotide comprises a sequence as set forth in
SEQ ID NO: 7, 8 or 9 from about nucleotide 1 to about nucleotide
1202 or sequences that are at least 95% identical to a sequence as
set forth in SEQ ID NO: 7, 8 or 9 wherein the polynucleotide
promotes transcription of a nucleic acid molecule operably linked
thereto. The gag domain of the polynucleotide may be derived from
any number of retroviruses, but will typically be derived from
murine leukemia virus (MLV), Moloney murine leukemia virus (MoMLV),
amphotropic MoMLV, Xenotropic MLV related retrovirus (XMRV), MLV
related virus found in humans, xenotropic MLV, Polytropic MLV,
amphotropic MLV, Gibbon ape leukemia virus (GALV), murine mammary

tumor virus (MuMTV), Rous Sarcoma Virus (RSV), Gibbon ape leukemia
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virus (GALV), baboon endogenous virus (BEV), feline virus RD114,
other gamma retrovirus, or hybrids of the above.

[0088] In one embodiment the gag domain comprises a sequence
from about nucleotide number 1203 to about nucleotide 2819 or a
sequence having at least 60%, 70% 80%, 90%, 95%, 98%, 99% or 99.8%
(rounded to the nearest 10™) identity thereto. The pol domain of
the polynucleotide may be derived from any number of retroviruses,
but will typically be derived from murine leukemia virus (MLV),
Moloney murine leukemia virus (MoMLV), amphotropic MoMLV,
Xenotropic MLV related retrovirus (XMRV), MLV related virus found
in humans, xenotropic MLV, Polytropic MLV, amphotropic MLV, Gibbon
ape leukemia virus (GALV), murine mammary tumor wvirus (MuMTV),
Rous Sarcoma Virus (RSV), Gibbon ape leukemia virus (GALV), baboon
endogenous virus (BEV), feline virus RD114, other gamma retrovirus,
or hybrids of the above.

[0089] In one embodiment the pol domain comprises a sequence
from about nucleotide number 2820 to about nucleotide 6358 or a
sequence having at least 60%, 70% 80%, 90%, 95%, 98%, 99% or 99.9%
(roundest to the nearest 10™) identity thereto. The env domain of
the polynucleotide may be derived from any number of retroviruses,
but will typically be derived from murine leukemia virus (MLV),
Moloney murine leukemia virus (MoMLV), amphotropic MoMLV,
Xenotropic MLV related retrovirus (XMRV), MLV related viruses found
in humans, xenotropic MLV, Polytropic MLV, amphotropic MLV, Gibbon
ape leukemia virus (GALV), murine mammary tumor wvirus (MuMTV),
Rous Sarcoma Virus (RSV), Gibbon ape leukemia virus (GALV), baboon
endogenous virus (BEV), feline virus RD114, other gamma retrovirus,
or hybrids of the above.

[0090] In one embodiment, the env domain comprises a sequence
from about nucleotide number 6359 to about nucleotide 8323 or a
sequence having at least 60%, 70% 80%, 90%, 95%, 98%, 99% or 99.8%
(roundest to the nearest 10™) identity thereto. The 3’ LTIR can be
derived from any number of retroviruses, typically murine leukemia
virus (MLV), Moloney murine leukemia virus (MoMLV), amphotropic
MoMLV, Xenotropic MLV related retrovirus (XMRV), MLV related virus
found in humans, xenotropic MLV, Polytropic MLV, amphotropic MLV,

Gibbon ape leukemia virus (GALV), murine mammary tumor wvirus
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(MuMTV), Rous Sarcoma Virus (RSV), Gibbon ape leukemia virus
(GALV), baboon endogenous virus (BEV), feline virus RD114, other
gamma retrovirus, or hybrids of the above.

[0091] In one embodiment, the 3’ LTR comprises a U3-R-U5
domain. In yet another embodiment, the LTR comprises a sequence as
set forth in SEQ ID NO:7 or 9 from about nucleotide 9405 to about
9998 or a sequence that is at least 60%, 70% 80%, 90%, 95%, 98% or
99.5% (rounded to the nearest 10™) identical thereto.

[0092] The disclosure also provides a recombinant retroviral
vector genome comprising from 5’ to 3’ a CMV-R-U5, fusion of the
immediate early promoter from human cytomegalovirus to the MLV R-U5
region; a PBS, primer binding site for reverse transcriptase; a 57
splice site; a Y packaging signal; a gag, ORF for MLV group specific
antigen; a pol, ORF for MLV polymerase polyprotein; a 3’ splice
site; a 4070A env, ORF for envelope protein of MLV strain 4070A; a
PPT, polypurine tract; and a U3-R-U5, MLV long terminal repeat.

This structure is further depicted in Figure 3.

[0093] As described above, the disclosure provides a host cells
(e.g., 293, 293T, HT1080 cells, PC3 cells, LNCaP cells, SupTl
cells, U87 cells, D17 cells, CF2 cells, HelLa, COS cell, Chinese
Hamster Ovary (CHO)) that are transduced (transformed or
transfected) with a virus or viral vector provided herein. The
vector may be, for example, a plasmid (e.g., as used with 293T
cells), a viral particle (as used with HT1080 cells), a phage, etc.
The host cells can be cultured in conventional nutrient media
modified as appropriate for activating promoters, selecting
transformants, or amplifying a coding polynucleotide. Culture
conditions, such as temperature, pH and the like, are those
previously used with the host cell selected for expression, and
will be apparent to those skilled in the art and in the references
cited herein, including, e.g., Sambrook, Ausubel and Berger, as
well as e.g., Freshney (1994) Culture of Animal Cells: A Manual of
Basic Technique, 3rd ed. (Wiley-Liss, New York) and the references
cited therein.

[0094] In one embodiment of the disclosure, a producer cell

produces replication competent retroviral vectors having increased
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stability relative to retroviral vectors made by conventional
transient transfection techniques. Such increased stability during
production, infection and replication is important for the
treatment of cell proliferative disorders. The combination of
transduction efficiency, transgene stability and target selectivity
is provided by the replication competent retrovirus. The
compositions and methods provide insert stability and maintains
transcription activity of the transgene and the translational
viability of the encoded polypeptide.

[0095] Viral preparations of the current invention can be
purified in several ways by centrifugation, ultrafitration,
coprecipitation with ther agenst such as Polyethylene glycol (PEG)
but optimally are highly purified by harvesting supernatants,
filtering, treating with benzonase, and chromotography.
Chromotograchy can be over various types of columns such
sulphonated cellulose, OH-apatite or others, but is preferably on
anion exchange columns (AEX) followed by size exclusion
chromatography (SEC). These procedures allow concentration of the
virus, followed by transition into the buffer in the SECF column.
Preparations can then be ultrafiltered to sterilize and clarify the
preparations before aliquotting for storage and use.

[0096] These viral preparations can be used to detect
antibodies to viruses with some common epitopes, but viruses that
are not necessarily identical to those used for detection. This is
because of the related sequences and conformational epitopes in
retroviruses in general (e.g., GB Mortuza et al. Nature 431:481-485
2004) and MLV related retroviruse in particular. The methods of the
disclosure can use various protein and wviral detection methods. 1In
one embodiment, the methods comprise ELISA of whole virus bound on
a plate, competitive binding assays, Western blots, and other
methods known to those skilled in the art. These can be used on
specialized commercial machines such as the Artitect System
(Abbott) or in 96 well or 384 well microtiter formats for large
sample number screening.

[0097] As used herein, a "biological sample" refers to a sample
of tissue or fluid isolated from a subject, that commonly includes

antibodies produced by the subject. Typical samples that include
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such antibodies are known in the art and include, but are not
limited to, blood, plasma, serum, fecal matter, urine, bone marrow,
bile, spinal fluid, lymph fluid, samples of the skin, secretions of
the skin, respiratory, intestinal, and genitourinary tracts, tears,
saliva, milk, blood cells, organs, biopsies and also samples of in
vitro cell culture constituents including but not limited to
conditioned media resulting from the growth of cells and tissues in
culture medium, e.g., recombinant cells, and cell components. The
fluids screened can be blood, plasma, serum, urine, saliva, bucchal
swab, nasal swab, fine needle aspirate, semen, vaginal secretion,
milk or other bodily fluid or extract, including feces.

[0098] A common solid support can be used in the assays and
compositions of the disclosure. "Common solid support" intends a
single solid matrix to which the retroviral particle used in the
subject immunoassays are bound covalently or by noncovalent means
such as hydrophobic adsorption.

[0099] "Immunologically reactive" means that an antigen will
react specifically with anti-retroviral (e.g., anti-MLV) antibodies
present in a biological sample from a subject or sample being
tested.

[00100] "Immune complex" intends the combination formed when an
antibody binds to an epitope on an antigen. Antibodies detected can
be IgM, IgG, IgA, IgE or IgD, depending on the type of secondary
antibody or other secondary binding reagent used in the assay.
Detection methods for the secondary reagent can be horseradish
peroxidase, alkaline phosphatase or any secondary detection system
known to those skilled in the art.

[00101] As used herein, the terms "label" and "detectable label"
refer to a molecule capable of detection, including, but not
limited to, radicactive isotopes, fluorescers, chemiluminescers,
chromophores, enzymes, enzyme substrates, enzyme cofactors, enzyme
inhibitors, chromophores, dyes, metal ions, metal sols, ligands
(e.g., biotin, avidin, strepavidin or haptens) and the like. The
term "fluorescer" refers to a substance or a portion thereof which
is capable of exhibiting fluorescence in the detectable range.
Particular examples of labels which may be used under the invention

include, but are not limited to, horse radish peroxidase (HRP),
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fluorescein, FITC, rhodamine, dansyl, umbelliferone, dimethyl
acridinium ester (DMAE), Texas red, luminol, NADPH and c- or P-
galactosidase.
[00102] In one embodiment, a viral particle produced by the
methods of the disclosure is bound to a solid support. A sample
from a subject is then contacted with the solid support under
conditions wherein any antibodies to an epitope of the viral
particle can for an immune complex with the viral particle. The
solid support may be washed and then contacted with a secondary
antibody (e.g., an anti-human antibody) labeled with a detectable
label. The solid support can then be developed (as appropriate for
the detectable label) and quantitated.
[00103] The following examples are meant to further illustrate
the invention and are not meant to limit the broader disclosure
above.

EXAMPLES

Example 1. Determination of Growth of XMRV or MLVRV in Different

cell lines
[00104] Replication of XMRV isolated from prostate cancer cells
and CFS PBMCs has been reported and shows that the virus is capable
of replicating in human cells. As noted above, XMRV has been
suggested to be an artifact caused by contamination of samples by
mouse DNA and recombination of laboratory Xenotropic isolates
(T.Paprotka, et al., “"Recombinant Origin of the Retrovirus XMRV”
Science 333:97, 2011); J.Cohen & M.Enserink, “False Postive“
Science 333:1694 -1701, 2011; andG. Simmons et al., “Failure to
Confirm XMRV/MLVs in the Blood of Patients with Chronic Fatigue
Syndrome: A Multi-Laboratory Study” (www).sciencexpress.org
/10.1126/science.1213841). However, as demonstrated here (see,
e.g., Figures 9 and 10, Examples 15 and 16, and Table 7), there are
individuals with high naturally occurring anti-MLV titers,
indicating that MLV infection of humans with MLV related viruses
can occur. Therefore in this and following examples, XMRV is used
as an example of how such a virus can be detected and followed.
XMRV was detected by standard PCR methods in which two primer sets,
one in the gag region and the other in env region, are used to

detect the presence of XMRV proviral DNA and such detection further
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confirmed by nested PCR (Lombardi et al.). In addition to
identification of proviral DNA, the presence of virus has been
further demonstrated by detection of wviral protein expression in
PBMC from CFS patients and by viral transmission in culture cells.
[00105] 22Rv1 (ATCC CRL-2505) is a human prostate cancer cell
line derived from a primary prostatic carcinoma. Multiple
integrated copies and high level production of XMRV was described
by Knouf et al., J.virol 2009 op.cit). Quantitative PCR as
described above revealed approximately 140 copy of XMRV in 22Rvl
genome with a titer of 1.5e7 TU/mL. This virus was used to
determine whether a cell line will support XMRV infection. Similar
methods can be used for other MLV related viruses.
[00106] 22Rv1 cell culture supernatant containing XMRV titer of
1.5e7 TU/mL is used to infect a panel of cultured human cell
lines: HT1080 (fibrosarcoma), U87-MG (glioma), LNCaP (prostate),
and Sup-Tl (T-lymphoblasts). Each cell line is infected with XMRV
at a MOI of 0.1. Viral replication kinetic in these cell lines are
determined by gPCR using normalized gDNA from each passages and
XMRV specific primer set lies in the env region (XMRV 6252F: 5'-TTT
GAT TCC TCA GTG GGC TC-3' (SEQ ID NO:1); XMRV6391R: 5'-CGA TAC AGT
CTT AGT CCC CAT G-3' (SEQ ID NO:2); XMRV env probe: 5'-HEX-CCC TTT
TAC CCG CGT CAG TGA ATT CT-3'-BHQ (SEQ ID NO:3)), (Figures 1 and
2). At maximal infectivity, viral supernatant from each infected
cell lines is collected and XMRV titer is determined by gPCR using
primer set lies in the pol region (pol-F: 5'-AAC AAG CGG GTG GAA
GAC ATC-3' (SEQ ID NO:4); pol-R: 5'-CAA AGG CGA AGA GAG GCT GAC-3'
(SEQ ID NO:5); pol probe: 5'-HEX-CCC ACC GTG CCC AAC CCT TAC AAC C-
3'-TAMRA (SEQ ID NO:6)). The results reveal that a variety of
human cell lines can be infected by XMRV and produce relative high
titer (Table 1).

Table 1

32



PCT/US2011/058457

WO 2012/058637

[= o ) b= i) 44 = oo wd [ o o= el rd
UL LB E LB LE L LE I LB LR L LE ] g ] |
F\_m. _mu_u“ ﬂg L) _.»u_ Cm“ _.p“ “k _.n.x “t. _mﬂ__ ..—.t _mx _p.m“
% . i i i - = % 5 A
5 | % m 4 © ~ " & 4 .4.. 7 i % < ~
il ea ] L] el (=] 4] b 5] " [=] “f e} [e5] 3]
2o
Z
i
L1
£
i1}
b o]
ol e} [ s A [ I o 1] %2 o] 5] ] I W
el [ ] i) P [ate] ] L] £ [ €3 e L}
3| 7 iy T 5 7 g 7 7 7 Ey 7 7 g
L [99) 1L L1l L LL) ) Li) L Lii L 1L L1l L
.| & ol ) < = g Z F G ) [ £33
il o ~l A & 2 i) “ 2 iy 2 & !
wi | i L) s Gial e -4 =] w 4 =] "M £ V=] [}
b
wu
o
i
ho]
U
b
w3
v
[
I
1
il e [cs) I [4s) [ea] [ [} [ Wy 5} Lo} o s s
T & ) P % I ” b= I A % & &5 .
Aol T 7 T ¥ T ¥ 4 T 4 T ¥ 4 4 4
ARl _uw_ [F) :“” _._.“ L _‘.\..,h i (12 2] m“_ Ll L _'m
- 5 0 £, [ i’ n “: o] 53] :
Ak B & & i & = " % 2 G o & &
o | e <) e o ] vl 5] =t ) [ Fa [} [ -]
b
i
uf\
M o | € EA RN W N el Wl I T Gl oalsal || Ix|r ) W ol o | s : Cot | e | B k] 1
D [e] el I ] % il Bl Eind el B2l B! G| | W, | s | s | P | x| I W, g | G | V w.. i G| v eaf sg AN Nl Wl Hsd
A ARl =] o) R RY N el R ] S| wa | e YR I e e 5| | 2| | o < G| Al | Eh | B e ]
S|F|F P2 7| F| 2R F|F|F|F FA R R e B A b e A R b el A R R e FIETIEF| R R
Km LLl _Mw_ wqﬂ "_m Mu_ "wmw_ .\_n" _mw“ __.‘.w“ wm .—mw “u_ _mM _WE ﬂm xm | L[ LLD “nr_ _M: wk ——eﬂ —ﬂmm_ _m_‘.r_ LLI “uE ._mq—“ :» —C_ T»_ LLl “uw_ wfwm WGL —\_m_ Ll ".m_‘n," _M.."
' (d i T ] S ] \ - | %] i ) ) = B R "~ " s o R
o mbn.. RNl RG] W wd | | G| P o =] % e | P M m k<] nm_w\ (=1 R ] m 2R NN =] mub P e | e |l m o | ey
Elo| | ed) ed| o] ob| wd| mi] e | 5] 1] o4 MR I R - = A s A R R A A = =1 = A S S| | | v | ] od | o3|
7 ¢
3 wef
- B P [} o)
[ty - -, e d
i i = " %
ﬂ m A o ol N i v .
=) =~ 2 % s e = "y} o
-t R [=} % el 7 = e [
for] [ o el b - " A
[ ﬁww_ 0. i 3, (2] o e el i 5
] & s foc] [ P o [l [ o2 =
_3 ﬂ\_ Li id L @ _mtm_ m...“ [% k. Wm _Q.w Ww
- - = 7 & " o 2 s o2
X .. i e ] 9 B & 5] 7] ] = )

Example 2. Stable expression producer cell lines making replication

competent virus T5.0002.

r

(PAC3-yCD2

The viral vector is encoded by a plasmid

T5.0002,

[00107]

the disclosure of which

W02010045002A2,

e.g.,

see,

a.k.a.

consisting of 11,893 base

is incorporated herein by reference)

The vector producer cell line

pairs of nucleotides.

“HT1080+T5.00027,

was produced by transducing naive HT1080 cells

with AC3-yCD2 virus produced transiently in 293T cells by
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transfection. The transient transfection used to produce AC3-yCD2
(viral particles) was performed using a sequenced “qualified
plasmid stock”. More specifically, transiently produced AC3-yCD2
vector was harvested after 48 hours post transfection and filtered
through a 0.45 pm filter with 0.8 mL of filtered supernatant used
to transduce a 75% confluent culture of HT1080 cells containing 15
mL of media. This infection volume converted to an approximate
transduction dose of about 0.1 transduction unit (TU) per cell.
The transduction was allowed to spread throughout the culture for 9
days with cells refed or passaged every 2-4 days prior to freezing
down the initial Pre-Bank stock consisting of 12 wvials with each
vial containing approximately 5 x10° cells per vial. The freezing
media included 10% DMSQO, USP (Cryoserv, Bioniche Pharma USA, LLC,
Lake Forest, IL) and 90% gamma-irradiated fetal bovine serum
(Hyclone Laboratories. Inc, Logan Utah). Cells were frozen in a -
80°C freezer and then transferred to a liquid nitrogen freezer
under vapor phase conditions the following day. The media used for
growing HT1080+T5.0002 cells to produce the vector comprises a
defined DMEM media, GlutaMax (L-glutamine substitute), non-
essential amino acids (NEAA), and Defined Fetal Bovine Serum (FBS).
[00108] The 293T cell line was developed from HEK (Human
Embryonic Kidney) 293 cells and was originally described in 1987
(Dubridge 1987). The cell line was developed by transfecting a
temperature sensitive SV40 T-antigen mutant, tsAl609 (Dubridge
1987), into HEK 293 cells (Graham 1977). The 293T cells are more
susceptible to transfection than the original HEK 293 cell line.
Because of their higher transfectability, 293T cells have commonly
been used to produce high titer vectors by transient transfection
(Yang et al., Hum. Gene Ther.10:123-132, 1999).

Example 3. Preparation of virus from HT1080+T5.0002 stable
expression producer line as an adherent line with fetal calf serum.
[00109] HT1080+T5.0002 cells are grown in disposable
multilayered cell culture vessels (Cell Stack, Corning).
Production of the crude Toca 511 retroviral vector is performed by
harvesting the conditioned media from confluent cultures of
HT1080+T5.0002 cells harvested every 10-24 hour period over 2-4

harvest cycles using a manual fed batch process using multiple Cell
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Stacks containing approximately 1.2 L of conditioned media each.
Crude Toca 511 retroviral wvector is harvested directly into 10-20L
process bags and stored at 2-8°C until approximately 40L of
material is collected. Sample of the combined crude pool harvest
used for PTC mycloplasma, in vitro viral testing, bioburden,
informational PCR titering and retentions.

[00110] The crude vector material is clarified by passing
through a 0.45 micron filter cartridge and treated with Benzonase
to digest host cell genomic DNA. The clarified and DNA digested
Toca 511 vector is then captured and concentrated using anion
exchange (AEX) chromatography. The eluted concentrated bulk
product then undergoes a buffer exchange and purification step
using size exclusion (SEC) chromatography. The formulation buffer
comprises Tris-based formulation buffer containing sodium chloride,
sucrose, mannitol, and human serum albumin. The formulated bulk is
0.2 micron filtered to insure sterility, sampled for testing and
then divided in multiple containers as bulk material stored frozen
below (<) -65°C.

Example 4. Quantitative PCR titering assay.

[00111] The functional vector concentration, or titer, is
determined using a quantitative PCR-based (gPCR) method. In this
method, vector is titered by infecting a transducible host cell
line (e.g. PC-3 human prostatic carcinoma cells, ATCC Cat# CRL-
1435) with a standard volume of vector and measuring the resulting
amount of provirus present within the host cells after
transduction. The cells and vector are incubated under standard
culturing condition (37°C, 5% CO;) for 24 hr to allow for complete
infection prior to the addition of the anti-retroviral AZT to stop
vector replication. Next, the cells are harvested from the culture
dish and the genomic DNA (gDNA) is purified using an Invitrogen
Purelink gDNA purification kit and eluted from the purification
column with sterile RNase-/DNase-free water. The Ajsn/Azs0
absorbance ratio is measured on a spectrophotometer to determine
the concentration and relative purity of the sample. The gDNA
concentrations are normalized with additional RNase-/DNase-free

water to the lowest concentration of any given set of gDNA
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preparations such that the input DNA for the gPCR is constant for
all samples analyzed. Genomic DNA purity is further assessed by
electrophoresis of an aliquot of each sample on an ethidium bromide
stained 0.8% agarose gel. If the sample passes an Bze0/Rzgo
absorbance range of 1.8-2.0 and shows a single band of gDNA, then
the sample is ready for gPCR analysis of provirus copy number of
the vector. Using primers that interrogate the LTR region of the
provirus (reverse-transcribed wvector DNA and vector DNA that is
integrated into the host gDNA), gPCR is performed to estimate the
total number of transduction events that occurred when the known
volume of vector was used to transduce the known number of cells.
The number of transduction events per reaction is calculated from a
standard curve that utilizes a target-carrying plasmid of known
copy-number that is serial diluted from 10’ to 10 copies and
measured under identical gPCR conditions as the samples. Knowing
how many genomic equivalents were used for each gPCR reaction (from
the concentration previously determined) and how many transduction
events that occurred per reaction, we determine the total number of
transduction events that occurred based on the total number of
cells that were present at the time of transduction. This wvalue is
the titer of the vector after dilution into the medium containing
the cells during the initial transduction. To calculate the
corrected titer value, the dilution is corrected for by multiplying
through by the volume of culture and the volume of titer divided by
the volume of titer. These experiments are performed in replicate
cultures and analyzed by gPCR using triplicate measurements for
each condition to determine an average titer and with its
associated standard deviation and coefficient of variance.

Example 5. Virus Purification and concentration.
[00112] Viruses of the disclosure are manufactured by commonly
known transient transfection procedures of 293 or HT1080 cells, or
from a producer cell non-clonal pool, or from a cloned producer
cell line. Depending on cell line adaptation, the medium can be
with serum or serum free independent, and the cells can be grown as
adherent cells or in suspension, with cell culture supernatant

collected under perfusion mode. The culture supernatant is

harvested, and stored for up to 2 weeks at 4°C. This bulk harvest
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is filtered through a 0.45 micron filter cartridge to remove large
cellular debri, treated with benzonase to digest cellular DNA

(L.Shastry et al. Hum Gene Ther., 15:221, 2004) and subjected
further to chromatography purification. (see, e.g., US5792643; T.
Rodriguez et al., J Gene Med. 9:233, 2007; P.Sheridan et al.,
Mol.Ther., 2:262-275, 2000 ). The benzonase treated wviral
preparation is loaded on an anion exchange column and the virus is
eluted in a stepwise NaCl gradient (see, e.g., Figure 4). The
fraction containing the virus can be identified by PCR assay, or by
Aj1s, BAggo as well as Asp. Positive fractions are collected and
pooled. The pooled preparation is subsequently loaded on a size
exclusion column (SEC) to remove salt as well as other remaining
contaminants and to condition the virus into formulation buffer
(see, e.g., Figure 5). The SEC is run under isocratic conditions
with formulation buffer and the viral fraction from the SEC column
is collected from the void volume. Positively identified fractions
are pooled, filtered through sterile 0.2 micron filter, aliquoted
and frozen at minus 65°C or below. The viral preparation is
released based on standard testing such as sterility, mycoplasma
and endotoxins, with purity and consistency evaluated by SDS PAGE
gel analysis (see, e.g.,Figure 6). Titer is determined as
Transducing Units (TU) by PCR quantitation of integrated wviral DNA
in target cells. The final product is targeted to have a titer of
up to 10° TU/ml and is formulated in an isotonic Tris-buffered
sucrose solution.

Example 6. Cloning of a Non-Clonal Pool of Infected HT1080 Cells.
[00113] Dilution Seeding. Pre-warm media and Multiple 96 well
cell culture plates were labelled in order to identify the clone
based on the plate and well position and the wells were filled with
prewarmed media containing single cell suspension of the HT1080.
An early passage of 100% infected HT1080 cells was harvested by
trypsinizing and creating a single cell suspension consisting of 1
cell per 600 microL. 200 pL was delivered into each well of a 96
well plate in order to seed approximately 0.3 cells per well. 1In
performing this procedure, a majority of the wells received either

0, 1 or 2 cells per well. Cells were allowed to attach for
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approximately 4 hours and each well examined to eliminate wells
that have received more than 1 cell per well or are empty.

[00114] Clone Propagation. The wells that initially contained 1
cell per well were cultured by replacing ¥ of the media
(approximately 100 pL) with fresh 100 pL every 3-4 days for every
well. Accidental transfer of cells from one well to another was
avoided by replacing the tip used to feed each well during media
replacement. Full media replacement was required as cells started
to approach confluence in the well. Once the cells reached
confluence, each clonal candidate was pasaged to a well of a 48
well plate to continue expansion. Each clone was propagated and
passed to a well of a 6 well plate, followed by a T-25 flask,
followed by T-75 flask each time the cells reached confluence.
Once the clonal cells reached confluence in a T-75 flask, at least
2-3 vials of cryopreserved cells containing 1-2x10° cells per vial
were prepared.

[00115] Clone Selection Based on Performance. Once the clone
candidates were frozen down, cell culture experiments were
performed to identify the best performing clone and back up clones
based on titer production performance and ideal cell culture
attributes. The best clone was chosen based on (1) the ability of
the clone to provide the highest sustained titers over 2-4
subsequent days with daily media replacement (See Figure 12 and
Table 2, below); (2) the ability of the virus produced to transfer
expression of the desired gene of interest to a naive cell; (3) the
ability of the clone to divide reasonably having a doubling time
between 18 - 30 hours and ability to reach 100% confluence as a
uniform layer of cells with minimal cell detachment upon reaching
confluence.

Example 7. Infection of D-17 and Cf2-Th Cell Lines to Make a Non-

Clonal Pool and Subsequent Clonal Virus Producer Cell Lines.

[00116] To produce D-17 (canine osteosarcoma; ATCC # CCL-183)
and Cf2-Th (canine thymus; ATCC # CRL-1430) cell line vector
producer pools and dilution clones that express MLV replication
competent retrovirus, the exact same methods described above for
HT-1080 cells were used to create D-17 and Cf2-Th cell lines.

Results are shown in Table 2 below
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Table 2: Data to Support Creation of Producer Pools and Subsequent Dilution Clones of HT-1080,

D-17 and Cf2-Th Replication Competent Retroviral Vectors

Cell Line Vector MLV Replication | Parental Titer Sample Titers Observed
Producing Cell Line Competent Cell Line (TU/mL)*
Vector
Expressed
HT1080+T5.0002 AC3-yCD2 HT-1080 HT+T5.0002, Day 2 1.56E+06
(Non-Clonal Pool) HT+T5.0002, Day 3 2.23E+06
HT+T5.0002, Day 4 1.90E+07
HT+T5.0002, Day 5.5 2.57E+07
HT5.yCD2.128A AC3-yCD2 HT-1080 Clone 12-8, Day 0 5.26E+06
(Dilution Clone) Clone 12-8, Day 1 7.94E+06
Clone 12-8, Day 2 1.00E+07
Clone 12-8, Day 3 1.02E+07
D17+T5.0002 AC3-yCD2 D-17 D17+T5.0002, Day 2 4.20E+06
(Non-Clonal Pool) D17+T5.0002, Day 3 3.83E+06
D17+T5.0002, Day 4 4.87E+06
D17+75.0002, Day 5.5 1.39E+06
D5.yCD2.1G7A AC3-yCD2 D-17 D5.yCD2.1G7A , Day 1 1.78E+06
(Dilution Clone) D5.yCD2.1G7A, Day 2 2.54E+06
D5.yCD2.1G7A , Day 3 4.24E+06
CF2+T5.0002 AC3-yCD2 Cf2-Th CF2+T5.0002, Day 2 4.17E+04
(Non-Clonal Pool) CF2+T5.0002, Day 3 6.97E+03
CF2+T5.0002, Day 4 4.97E+06
CF2+T5.0002, Day 5.5 3.14E+06
CF5.yCD2.3A12A | AC3-yCD2 Cf2-Th CF5.yCD2.3A12A , Day 1 1.81E+07
(Dilution Clone) CF5.yCD2.3A12A, Day 2 2.68E+07
CF5.yCD2.3A12A, Day 3 3.78E+06

*TU/mL indicates transduction units per mL as determined by quantitative gPCR methods to

determine copy number of integrated proviral MLV genomes post transduction into a titering naive

U-87 cell line.

Example 8. Adaptation of HT-1080 Replication Competent MLV Virus

Producer Cell Line from Serum and Adherence Dependence to a Serum

[00117]

Free Suspension Culture.

The serum free adaptation process was performed after

screening and identification of suitable dilution clone of HT-1080

replication competent virus producing cell line.

The serum free

adaptation process can also be performed with a non-clonal wvector

producing HT1080 cell line.

The adaptation process was initiated

by seeding approximately 2x107 cells into a 125 mL shaker flask

containing 10 mL of 5% serum containing conditioned media and 10 mL

of a selected serum free media of choice,
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serum concentration of 2.5%. In this case the serum free media was
FreeStyle 293 Expression Media distributed through Invitrogen Corp,
Carlsbad, CA. The culture was placed on a shaking platform
located in a tissue culture incubator with both temperature and CO,
gas control. The shaking platform was set to about80 RPM and the
incubator is set to about37°C and 5% CO, conditions. Every 3-7
days, the culture was re-fed by collecting cells that are in
suspension and reseeded into a new shaker flask containing 10 mL of
the same initial conditioned media and 10 mL of fresh serum free
media maintaining a level of serum of approximately 2.5%. The
culture was examined at each re-feeding event with viable cell
counts performed as needed to check for cell propagation. When the
cells showed evidence of growth based on cell doubling or glucose
consumption, a serum concentration of 1.67% was then targeted by
adjusting the volume amount of condition media and fresh serum free
media. The culture again was examined and refed every 3- 7 days.
When the cells show evidence of growth, a serum concentration of
1.25% was targeted by again adjusting the volume of conditioned
media and fresh serum free media. This process was continued
targeting subsequent serum conditions of 1.0%, 0.9%, 0.83% serum
conditions until the cells were in 100% serum free conditions.
During this adaptation process the cell culture was expanded to
approximately 200 mL volume in a 1,000 mL shaking flask targeting a
minimal viable culture of approximately 0.5 to 1.0 x10° cell/mL.
Once the cells reached 100% serum free conditions, the cells were
continuously passaged under serum free conditions isolating single
suspended cells by allowing heavier clumping cells to settle for
short periods of time without agitation. Once the culture consists
of approximately 95% population of the single cell suspension
consistently, the culture could be frozen in cryopreservation media
consisting of 10% DMSO and 90% serum free media using standard
mammalian cell freezing conditions.

Example 9. Viral production technique for retroviruses
[00118] The example describes a cell culture technique for
growing adherent cells producing murine leukemia virus (MLV)
related viruses (MLVRV) for viral production and subsequent viral
purification. Production of an amphotropic MLV virus (ATCC# VR-
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1450) was used as an example. However this process can also be used
for all viruses described in this disclosure.

[00119] Wild type MulV was obtained from ATCC but can also be
generated from a plasmid construct (pAMS, ATCC # 45167) encoding
the entire MulV genomic sequence with a genetically engineered
amphotropic envelope gene replacing the original ecotropic envelope
gene, and transiently transfected into cells using standard
transfection techniques. Preferably, HT1080 cells (ATCC CCL-121)
are infected with the virus and propagated under the preferred
conditions of 370C under 5% CO, conditions. A newly infected T-75
flask containing MulV infected HT1080 cells is expanded to two T-
175" s and then subsequently cultured to ten T-175 flasks with the

following growth medium:

Complete DMEM Medium components: Ratio
1. DMEM High Glucose, w/o0 phenol red & w/o 500 mL
glutamine (Biowhittaker)
2. FBS Defined (HyClone) 25 mL
3. GlutaMax (Gibco) 5 mL
4. Non essential amino acids (NEAA, 5 mL
Biowhittaker)
[00120] After reaching confluence, cells are harvested with

TrpZean (Sigma) and neutralized with the same growth medium
using standard cell culture methods. The cells are seeded
into three 10-layer Cell Stacks (Corning) at a preferred
seeding density of 3.1 x 1074 viable cells/cm? in the same
medium previously described above, to produce the virus.
Each Cell Stack contained 1.1L of the growth medium. The
Cell Stacks were incubated at 37°C and 5% CO;.

[00121] Two days after seeding, the Cell Stack cultures
will reach confluence. The medium in each culture is
replaced with fresh medium. Two days later, the medium,
containing produced virus, is harvested (Harvest #1), and the
cultures re-fed with the same volume (1.1L) of fresh medium.

Ten hours later, a second harvest (Harvest #2) is conducted
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and the cell cultures re-fed with same volume (1.1 L) of
fresh growth medium. Sixteen hours following 2°¢ harvest, a
3% harvest (Harvest #3) is performed. The 3 harvests are
then pooled for purification. Viral titers for the 3

harvests and the pool are listed in the following table.

Harvest Viral titer (# TU/mL)
Harvest #1 1.8 x 10°
Harvest #2 2.4 x 10°
Harvest #3 2.4 x 10°
Pool of 3 harvests 2.1 % 10°

Example 10. Viral production by another cell line with the same
technique

[00122] The same culturing technique described above are used
to produce any of the disclosed viruses, in any of HT1080 cells,
PC3 cells, LNCaPcells, SupTl cells, U87 cells, D17 cells, CF2
cells, 293 cells, Hela cells, CV1 cells, CHO cells or cell lines
derived from any of these. Three harvests, as described in Example
9, can be collected and pooled. The viral titer in the harvest
pool using these cells is 10° TU/mL or greater, usually about
5x10°TU /mL.

Example 11. Adaption of producer cell line to suspension culture

and producing virus in a bioreactor for large scale production
[00123] A clonal or non clonal HT1080 wviral producer cell line
producing MLV related virus is adapted to zero-serum and suspension
growth using a slow weaning process transitioning from 5% serum
conditioned media to a defined serum free media. The adaptation
process is initiated by seeding approximately 2x10’ cells into a
125 mL shaker flask containing 10 mL of 5% serum containing
conditioned media and 10 mL of a selected serum free media of
choice, resulting in a reduced serum concentration of 2.5%. 1In
this case the serum free media is FreeStyle 293 Expression Media
distributed through Invitrogen Corp, Carlsbad, CA, supplemented
with 0.1% human serum albumin (with Baxter 25% human serum
solution). The culture is placed on a shaking platform located in
a tissue culture incubator with both temperature and CO; gas
control. The shaking platform is set to a about 80 RPM and the

incubator is set to about37°C and 5% CO, conditions. Every 3-7

42



WO 2012/058637 PCT/US2011/058457

days, the culture is re-fed by collecting cells that are in
suspension and reseeded into a new shaker flask containing 10 mL of
the same initial conditioned media and 10 mL of fresh serum free
media maintaining a level of serum of approximately 2.5%. The
culture is examined at each re-feeding event with cell counts taken
as needed to check for cell propagation. When the cells show
evidence of growth based on cell doubling or glucose consumption, a
serum concentration of 1.67% is then targeted by adjusting the
volume amount of condition media and fresh serum free media. The
culture again is examined and refed every 3- 7 days as before.

When the cells show evidence of growth, a serum concentration of
1.25% is targeted by again adjusting the volume of conditioned
media and fresh serum free media. This process is continued
targeting subsequent serum conditions of 1.0%, 0.9%, 0.83% serum
conditions until the cells are in 100% serum free conditions.
During this adaptation process, the cell culture is expanded to
approximately 200 mL volume in a 1,000 mL shaking flask targeting a
minimal viable cell culture density of approximately 0.5 to 1.0
x10° cell/mL. Once the cells reach 100% serum free conditions, the
cells are continuously passaged under serum free conditions by
isolating single suspended cells from the top half of the culture
by allowing heavier clumping cells to settle for short periods of
time without agitation. Once the culture consists of approximately
95% population of the single cell suspension consistently, the
culture can be frozen in cryopreservation media consisting of 10%
DMSO and 90% serum free media using standard mammalian cell
freezing conditions.

[00124] The suspension cells are expanded in shake flasks - 125-
mL (20 mL culture), 250-mL (40 mL), 500-mL (100 mL), and 1-L (200
mL; all from Corning), in the fully defined serum-free medium
(Gibco Cat# 12338), supplemented with 0.1% human serum albumin
(HSA, from Baxter). The cultures are incubated at 37°C and 5% CO,
with shaker speed of 80 rpm (orbit 2%”). Five 1-L shake flask
cultures are used to inoculate a WAVE bioreactor (WAVE 20/50 EHT,
GE Healthcare) containing a 20-L Cellbag with 10L working volume.
The initial cell density in the bioreactor is a preferred 4 x 10°

viable cells/mL (viability 91%). The temperature is a preferred
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37°C. The initial operating conditions are: 5% CO,;, rocker speed
15 rpm, angle 6°, air flow rate 0.2 L/min. The pH control is set
at 7.2, and DO control at 40%. Both pH and DO controls are
implemented by a WAVE POD console system (GE Healthcare).
[00125] After the cell density reaches about~1 x 10° viable
cells/mL, a cell perfusion process is started using a hollow fiber
cartridge (GE Healthcare, Part# CFP-6D-6A). The feed (and
permeate) rate is initially set at 0.25 volume/day, and
progressively increased with cell density for up to 3.8
volumes/day. A total of 180 L of permeate containing the virus is
harvested within a 15 day period. The viral titer in the 180L
harvests is 1x10° TU/mL to 1x10’ TU/mL.

Example 12. This example illustrates detection of human antibody

against MLV in plasma samples from donors.

[00126] A human anti-MLV IgG ELISA assay was developed for the
detection of anti- MLV specific antibodies. The assay currently
discriminates positive and negative samples and provides a titer
for the antibody response. A monoclonal antibody, 83A25, specific
for the gp70 protein of Moloney MLV was used as an assay positive
control. B83A25 recognizes an epitope of gp70 env protein found
universally in a variety of murine leukemia viruses including
amphotropic leukemia virus (Evans et al., 1977, J. Virol., 24:865-
874; Evans et al., 1990, J. Virol., 64(2):6176-6183). 83A25 is a
rat IgG2a antibody. 83A25 mAb is derived from hybridoma cells
(ATCC cat# HB-10392, Lot# 100005) using standard antibody
purification procedures. The assay i1s designed to detect the
presence of anti-MLV antibodies in human samples. The assay
positive control (83A25) is a rat antibody that is detected with an
anti-rat Ig secondary. An anti-human IgG HRP conjugated antibodies
is used for detection of human IgG.
[00127] The specific anti-MLV antibody capture ELISA was
developed for antibody detection with species specific positive and
negative controls. Briefly, 100 uL/well of capture antigen (1.56
ng/mL) was incubated overnight at 2-8°C in ELISA 96-well microtiter
plates (Costar). Plates were blocked with blocking buffer (1X PBS,
1% BSA, 0.05% TW20, 0.05% sodium azide). Human or canine sera

collected at different time points across the studies was diluted
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1:100 and was titred at 1:4 series in PBS added to the capture
antigen coated plates and incubated for 60-90 min at room
temperature with constant shaking at 150 RPM. Any bound antibody
was detected with an HRP-conjugated goat anti-human IgG antibody or
anti-canine IgG antibody (Southern Biotech). ELISAs were washed 5X
with PBS and developed using a TMB substrate (Southern Biotech) for
10 min incubation and read on a SpectraMax 190 spectraphotometer at
450nm. Positive controls were obtained from immunized animals,
negative controls were obtained from healthy animals. Human donor
panels were screened to identify suitable human positive and

negative serum.

Titer of anti-MLV antibody in human

samples

Anti-human Anti—humén

IgG only IgG + anti-
rat Ig
Subject #1 1:100 1:100
Subject #5 1:500 1:500
Subject #9 1:100 1:100
Subject #14 1:100 1:100
Subject #20 1:100 1:100
Subject #24 1:100 1:100
Subject #26 1:100 1:100

Table 3: Titer of human serum samples using anti-human IgG-HRP
conjugated antibody alone or in combination with anti-rat Ig HRP
conjugated antibody. Sera from healthy individuals were assessed
for the presence of anti-MLV antibody using human anti-MLV ELISA
protocol.

[00128] Human serum from 10 different healthy donors, tested

negative for HBsAg, HIV 1/2 Ab, HIV-1 RNA, HCV Ab, HCV RNA, and STS
and verbally screened to not have been in contact with any rodents
(mice, rats, guinea pigs) including pets, as well as primates and
to never have worked with any wviruses, was purchased from
BioReclamation Incorporation. All sera were screened using human
anti-MLV ELISA protocol and serum tested negative for the presence
of anti- amphotropic MLV antibodies were pooled and used as
Negative Control Serum. Absorbance values (ODs) at 450 nm were
generally recorded at below 0.400.

[00129] Reactivity of 83A25 is detected by an anti-rat Ig HRP

conjugated antibody. As seen in Figure 7 and Table 3, a conjugate
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cocktail (anti-rat and anti-human IgG HRP) can be added to the
either assay place and not alter the generated titer value. As
observed in Figure 2, the reactivity of AC (83A25 monoclonal
antibody) when developed with either anti-rat Ig or the conjugate
cocktail produced a proper dilution curve (Figure 8A). Although the
cocktail generated higher OD values in comparison to an anti-rat
antibody alone, the resulting titer from each dose curve was
1:312500.

Example 13. This example illustrates the detection of anti-MLV

specific antibodies in human samples.

[00130] To evaluate the detection of a specific anti-MLV
antibody within a serum matrix, the 83A25 antibody was spiked into
human serum diluted 1:100 in dilution buffer or dilution buffer
alone. The spikes were serial diluted and evaluated per the anti-
MLV ELISA procedure. Figures 8A and 8B show the generated dose
response curves (solid square) for each spike preparation.

Example 14. This example illustrates the assay specificity and

sensitivity.

[00131] Using plate bound MLV viral vector, detection of anti-
MLV IgG antibodies in human sera or plasma is achived using a
direct assay. A competitive assay can be performed using the 83A25
antibody that recognizes gp70-env protein from amphotropic MLV
virus. The titer of test samples is established by serially
diluting 1:5 from a starting 1:100 dilution and compared to
baseline samples; positive signals are defined as those above the
cutoff established for that assay (greater than the mean negative
control value + 2 SD). Since 83A25 is a rat antibody, an assay
threshold values based on the mean of the OD values + 23D of the
dilution buffer is used.
Table 4 and Table 5 present inter-assay performance with replicate

analysis of assay positive control and negative serum control.
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Example 15. This example illustrates the detection of naturally
occurring antibodies against MLV in human plasma sample.
[00132] Human plasma samples from individual donors were screened
using the human anti-MLV ELISA assay. Samples that gave mean 0ODyso nm

values below 0.200 were pooled and tested to generate a Negative
Control (NC) plasma sample for use in future assays. By contrast,
samples that gave high means ODyso nm values were selected as
potential candidates for Positive Control (PC) plasma. These
candidates were tested by Western blotting under non-reducing
conditions to confirm the presence of anti-MLV specific antibodies.
The sample that gave the best anti-MLV reactivity, and a high OD;s
nm value as tested in ELISA, was selected as the Positive Control
plasma for use in future assays.

[00133] Plasmas were obtained from Bioreclamation Inc. (Westbury,
NY) and collected in tubes containing K-2 EDTA as an anticoagulant.
All samples tested negative for HBsAg, HIV 1 or 2 Ab, HIV-1 RNA, HCV
Ab, hCV RNA and STS as reported by the supplier. Donors were
classified as Black, Caucasian or Hispanic and varied from 20 to 78
years of age. Upon receipt the plasmas were stored at -80°C until
use. Plasmas from donors 866, 867, 871, 872 and 863 with mean ODs
nm values <0.200 (Table 6) were pooled to generate a Human Negative
Control plasma (Lot# OT02DV-123-19Febl0). In the assays, the NC
plasma is diluted 1:100 in Blocking/Dilution buffer with 8 well

replicates per plate.

BRH338866 866 F 50 B 0.167 =
0.010
BRHZ36867 867 F 52 B 0.127 =
0.020
BRH338871 871 F 33 B 0.116 =
0.017
BRH338872 872 F 55 C 0.174 =
0.015
BRH338863 863 M 34 B 0.138 =
0.007

Table 6 — Plasmas selected for the generation of the Human Negative
Control plasma (NC). Human plasmas from 4 female (F) and 1 male (M)
donors that gave the lowest mean ODyson, values when screened were
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chosen for the generation of the Negative Control Plasma. These
samples were pooled in equal volumes with aliquots prepared and
stored for qualification and use. B - Black; C - Caucasian.

[00134] Plasma samples from donors that showed either high or
intermediate mean OD4soun values in the anti-MLV ELISA (Table 7) were
selected to be analyzed further by Western blotting. This procedure
would confirm anti-MLV specificity in the samples. Additiocnally,
plasmas with high mean ODgson, would serve as potential candidates for
the Human Positive Control plasma for use in future assays. Further
screening shows rare individuals (around 1/200) with ELISA readings

in this assay of >3.0 OD units.

BRH338856 856A M 58 C 0.861 £ Intermediate
0.077

BRH353131 131 M 4?2 B 1.766 % High
0.153

BRH353183 183 M 40 B 1.059 £ Intermediate
0.110

BREB53194 194 M 50 B 1.906 = High
0.251

Table 7 — Plasmas selected for Western blot analysis and as

potential candidates for the Human Positive Control plasma (PC).
Details of the human plasmas that showed high or intermediate mean
ODssonm Values as screened using the anti-MLV ELISA assay and that
were to be analyzed for anti-MLV specificity using Western blotting.
B - Black; C - Caucasian.

Example 16
[00135] The example illustrates MLV viral antigen specificity of
detected positive ELISA human samples. Plasma samples that showed
high mean ODgsonn values in the anti-MLV ELISA were tested for antigen
specificity in Western blotting. Selected plasmas were incubated
with a PVDF membrane that contained MLV antigens that had been
separated by electrophoresis under denaturing, non-reducing
conditions. Lanes with HT1080 cell lysates and bovine serum albumin
(BSA) were included as additional antigen samples. Antibodies in the
plasma that recognized and bound to the different MLV antigens were

then visualized using a horseradish peroxidase (HRP)-conjugated
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anti-human IgG antibody. Negative Control plasma (Lot# OT02DV-123-
19Febl0) was used as a control in the assay.

[00136] Figure 9 identifies those plasma samples that were
selected for either Positive or Negative Control evaluation as
compared to all plasmas screened using the anti-MLV ELISA. Samples
131 and 194 were identified from the human plasma screen that gave
the highest mean ODss5 nm values as tested by ELISA. To confirm the
presence of antibodies to MLV in samples 131 and 194, Western
blotting was performed using the same MLV antigen lot preparation
used in the ELISA assay. Samples 856A and 183 that showed
intermediate mean ODysp nm values were also included in the assay to
compare the level of anti-MLV reactivity. Plasma sample 856A
originated from the same donor but was collected on a different day
from sample designated 856 (Fig. 10). The Negative Control plasma
was used as a control.

[00137] Results of the Western blotting analysis are shown in
Figure 10. Samples giving both high and intermediate mean 0D, nm
values in ELISA showed good reactivity to a number of MLV antigens
of 68kD, 50kD, 30kD and 17kD in size. The greatest reactivity was
observed in samples 131 and 183 against antigens 17kD in size. As
noted in similar tests conducted using mouse and dog samples, little
correlation between ODssq nm values and antigen recognition is
observed. No reactivity against MLV antigens or BSA (used to coat
the ELISA plates) are seen with the NC plasma, although some
reactivity is seen against antigens from HT1080 cell lysates
preparations. These lysates were included in the assay since this
cell line was originally used to generate the MLV lot. However, no
cell proteins are expected to be present in the MLV sample as these
are removed during standard viral purification procedures.

[00138] Two candidates were identified from the human plasma
screen that gave the highest mean 0OD.sp nm values as tested by ELISA
(samples 131 and 194). To confirm the presence of antibodies to MLV
in samples 131 and 194, Western blotting was performed using the
same MLV antigen lot preparation used in the ELISA assay. Additional
samples 856A and 183 that showed intermediate mean OD,s5, nm values
were also included in the assay to compare the level of anti-MLV

reactivity (Figure 10). Plasma sample 856A originated from the same
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donor but was collected on a different day from sample designated
856 (Figure 10). The Negative Control plasma was used as a control.
Samples giving both high and intermediate mean ODyso nm values in
ELISA showed good reactivity to a number of MLV antigens of 68kD,
50kD, 30kD and 17kD in size. The greatest reactivity was observed in
samples 131 and 183 against antigens 17kD in size. As noted in
similar tests conducted using mouse and dog samples, little
correlation between 0ODy50 nm values and antigen recognition is
observed. No reactivity against MLV antigens or BSA (used to coat
the ELISA plates) 1is seen with the NC plasma, although some
reactivity is seen against antigens from HT1080 cell lysates
preparations. These lysates were included in the assay since this
cell line was originally used to generate the MLV lot. However, no
cell proteins are expected to be present in the MLV sample as these
are removed during standard viral purification procedures.
[00139] A human Positive Control plasma (PC) was generated from
donor 131. The newly generated NC and PC plasma samples were with an
example of PC titration curved presented in Figure 11. PC titer was
calculated at 1:250 for two PC replicates on the first ELISA plate
and 1:1250 for the second plate. Mean 0ODs5 nm values for the NC were
0.156 £ 0.009 from 8 replicates. Accordingly, the assay acceptance
criteria were set at PC 2 1:250 titer and NC mean ODsso nm values <
0.300. A human matched species control is used as the positive
control for the anti-MLV ELISA when testing human samples.

Example 17
[00140] This example illustrates direct detection of antibody
against MLV in plasma from canines. Production of positive control
serum for the anti-MLV IgG ELISA was achieved by challenging an
experimental dog with the virus and collecting sera at specified
time intervals. Ampho MLV (T5.0002) was used to immunize a beagle
with adjuvant (1:1 dilution in complete freund’s adjuvant), primed
subcutaneously and at day 30, boosted w/vector (40 pg/dog) diluted
1:1 w/ Incomplete Freund’s Adjuvant. Five subcutaneous injections
(8 ng each) were given at day 15, 22 and 28 after priming; days 6
and 14 after boost (days 36 and 44 after priming).
[00141] A series of experiments were conducted to evaluate the

anti-MLV response curves of sera from the immunized dog that had
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been collected at different timepoints following innoculation. The
serum had been separated and stored at -80°C until use. Sera
collected on days 15, 22 and 28 gave weak, but progressively higher
antibody response curves, culminating with a strong dose response on
days 36 and 44. Similarity in the dose response curves of sera
collected at these last two timepoints, and a comparison with
d36+d44 pooled sera at a 1:5 dilution factor is shown in Figure 12.
To improve the linear portion of the dose response curve, different
dilution factors were tested (1:3, 1:4 and 1:5) and compared (Figure
13). Based on this information, a 1:4 dilution factor starting at a
1:100 dilution was selected as optimum.

Example 18
[00142] The example illustrates the selectivity, sensitivity and
reproducibility determined for the detection of MLV antibodies in
canine samples.
[00143] Results generated with positive control serum (from dog
immunized with viral vector) and negative control serum (from naive
dogs) suggests that signal in this assay is indeed a reflection of
IgG binding to plate-bound viral vector. The titer of test samples
will be established by serially diluting 1:4 from a starting 1:100
dilution and compared to pre-bleed samples; positive signals are
defined as those above the cutoff established for that assay
(greater than the mean negative control value + 2 SD).
[00144] To assess inter-assay performance, data from several
studies were analyzed, with replicate analysis of positive control

and negative controls (Tables 8 and 9).
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Table 8. Inter-Assay reproducibility of Positive Control serum.
Serial dilution curves of positive control serum (PC) were analyzed
across four experiments. Mean, standard deviation (SD) and %CV (CV)
are shown.

Exp067 NC1 0.272 0.014 53
NC2 0.288 0.016 5.5
Exp071 NC1 0.407 0.029 7.1
NC2 0.412 0.025 6.0
Expl119 NC1 0.195 0.026 13.1
NC2 0.202 0.026 13.1
Expl24 NC1 0.447 0.025 5.6
NC2 0.432 0.019 43
Inter Assay 0.332
0.104
314

Table 9. Inter-Assay reproducibility of Negative Control serum.
Negative control serum (NC) were analyzed across four experiments
(1:100 dilution only). Mean, standard deviation (SD) and %CV (CV)
are shown.

[00145] A four-parameter curve analysis for Positive Control sera

was performed using data from several studies. The average of
duplicates was used to generate the data in figure 14.

Example 19
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[00146] The example illustrates direct detection of antibodies
against MLV in sera of patients using direct assays.
Two canine studies were conducted for evaluating immune responses to
amphotropic MLV by intracranial and intravenous.
[00147] An immune response to MLV was observed in all the high
dose groups E7 dogs (N=4) and E9 (N=2) (Figure 15-16). Compared
with pre-administration sera of the E7 dose, all four beagles’ MLV
titers increased by 4-fold (a single animals increased by 16-fold).
This response was seen at 30 days post administration for all
animals and levels maintained for 3 months (sera drawn every other
week) for two of the four animals (Fig. 15). The other two animals’
signal has returned to pre-MLV exposure titers by 75 days. Beagles
that did not receive Toca 511 (N=2) did not show the increase in
titers at all time-points tested (control animals). At E9 dose, one
animal was observed to have a 16 fold change from baseline as early
as 7 days. A 64-fold anti-MLV IgG response over baseline testing was
observed in both animals at day 28 (Fig. 16). By day 60 and
continuing to day 90 both animals’ anti-MLV IgG response had
decreased to a 16-fold increase over baseline (Fig. 16).

Example 20
[00148] The example illustrates the direct detection of
amphotropic ENV viral protein in human samples by direct immunoblot
approach.
[00149] An amphotropic MLV wviral particle was serially diluted to
give corresponding viral loads from 3.2e5 down to le4 and blotted
onto a nitrocellulose membrane. Human plasma samples were diluted to
1:10, 1:20, 1:40 and 1:60 (final) and spiked with virus at 3.2e5,
1.6e5 and 8e4 (final). All samples were denatured/reduced in LDS
buffer containing 2-ME and heated to 100°C. After blocking, the
membrane was incubated with anti-gp70 antibody (clone: 83A25) at
lpg/mL for 1lh at RT. The membranes were developed with a
streptavidin:HRP system and visualized with a BioRad Imager (Fig.
17).

Example 21
[00150] The example illustrates the direct detection of XMRV

proteins by immunoblotting using antibody clone 514.
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[00151] Detection of viral gp70 expression in MLV and XMRV
samples using the mouse monoclonal anti-gp70 antibody (clone 514)
was tested by Western blotting. Purified virus TGFP6002-SEC and cell
lysates from T5.0002-infected U87 cells were compared to cell
lysates obtained from the 22Rv1l cell line. Samples were loaded on a
4-12% Bis-Tris gel (BioRad) at 1 ug/well total protein (TGFP6002-
SEC) and 40 pg/well total proteins for the cell lysates. The gel was
run at 200V for 35min. The separated proteins were transferred to a
PVDF membrane which was blocked overnight in 5% non-fat milk at 4°C.
The membrane was then incubated with clone 514 (lpg/mL) for 2h at RT
on a shaking plate. After washing with TBS-Tween, bound anti-gp70
was detected using a secondary HRP-labeled anti-mouse IgM antibody
(1:2000, 1h 45min, RT) and a chemiluminescent substrate. A second
anti-gp70 antibody (clone 83A25) was run as a control (Figure 18).
Example 22
[00152] The example shows the detection of antibodies with the
ELISA in high grade glioma (HGG) patients treated with Toca 511 by
intracranial injection into the tumor followed by treatment with 5-
fluorocytosine (5-FC). The trial is a multicenter, open-label,
ascending-dose trial of the safety and tolerability of increasing
doses of Toca 511 administered to subjects with recurrent HGG who
have undergone surgery followed by adjuvant radiation and
chemotherapy. The primary goal of the trial is to identify the
highest, safe and well-tolerated dose of Toca 511 administered
intratumorally via stereotactic, transcranial injection. Secondary
goals are: to evaluate the safety and tolerability of treatment with
5-fluorocytosine (5-FC) at approximately 130 mg/kg/day for 6 days
beginning approximately 3 weeks after administration of Toca 511 and
repeated approximately every 4 weeks; to evaluate the objective
response rate of the Toca 511/5-FC combination as assessed using the
Macdonald criteria;to assess the percentage of subjects who have not
progressed or died at 6 months (PFS-6); to assess the safety and
tolerability of Toca 511 administered into residual tumor at the
time of craniotomy and partial resection for recurrent high grade
glioma (HGG)and followed by cyclic treatment with 5-FC.
[00153] Trial subjects are adults with recurrent HGG that has

recurred following surgery, radiation and chemotherapy.
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Approximately three weeks after vector administration subjects
underwent a baseline gadolinium-enhanced MRI (Gd-MRI) scan and then
began treatment with oral 5-FC at approximately 130 mg/kg/day for 6
days. 6-day courses of 5-FC are repeated approximately every 4 weeks
(+ 1 week) until institution of new antineoplastic treatment for
tumor progression. Pts 101 and 102 had their tumors resected at the
time frames shown in Figure 20. Blood samples were taken at the time
points shown in Figure 20 and DNA from whole blood, RNA from plasma
and antibodies from plasma were measured by quantitative PCR (DNA),

by quantitative RT-PCR (RNA) and by ELISA (anti-virus antibodies).
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What is claimed is:

1. A method for detecting anti-viral antibodies for amphotropic MLV

or MLV like wvirus in a biological sample compromising

a) incubating a biological sample with a capture reagent
immobilized on a solid support to bind multiple anti-viral
antibodies to amphotropic MLV to the capture reagent, wherein
the capture reagent comprises a purified viral prepration;

b) detecting bound anti-viral antibodies bound to immobilized
capture reagent by contacting the bound anti-viral antibodies

with a labeled detecting secondary agent.

2. The method of claim 1, wherein the bioclogical sample is isolated

from a mammal.

3. The method of claim 2, wherein the mammal is an autoimmune,

virally infected, immune suppressed or cancer patient.

4. The method of claim 1, wherein the biological sample is isolated

from a human.

5. The method of claim 4, wherein the human is an autoimmune,

virally infected immune suppression or cancer patient.

6. The method of claim 5, further comprising measuring the amount of
anti-viral antibody, wherein the amount of antibody is titred using
a dilution series; wherein the amount of antibody determined is IgG

or IgM by use of specific detecting secondary reagents.

7. The method of claim 1, wherein the biological sample is plasma,
serum, urine, saliva, bucchal swab, nasal swab, fine needle

aspirate, semen, vaginal secretion or milk.

8. The method of claim 1, wherein the capture reagent is immobilized

at about 1.5 ng/mL.

9. The method of claim 1 wherein the solid support is a microtiter

plate, a glass slide, a nylon slide, or a PVDF membrane.

10. The method of claim 1 wherein the solid support is a latex bead

or a microsphere.
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11. The method of claim 1, wherein the solid support is a

microfluidic chip or a semiconductor chip.

12. The method of claim 1, wherein the secondary agent is a

secondary antibody that is detectably labeled.

13. The method of claim 1, further comprising comparing the
detected bound anti-viral antibodies to a control comprising human

serum or plasma seropositive for MLV.

14. The method of claim 13, further comprising identifying the
control with the monoclonal 83A25 mAb.

15. The method of claim 1, wherein the assay is used for diagnostic

purposes.

16. An immunoassay kit for detecting anti-viral antibodies
comprising:

a) a monoclonal antibody that specifically binds to
amphotropic envelop as a control;

b) a capture reagent comprising a purified wviral particle.

17. A kit of claim 16, wherein the solid support is a microtiter

plate.

18. A kit of claim 16, wherein the solid support is a microsphere.

19. A kit of claim 16, wherein the capture reagent is an MLV-1like

viral particle.

20. A kit of claim 16, wherein the capture reagent is a purified

protein of MLV origin.

21. A kit of claim 16, wherein the capture reagent is a purified

recombinant protein of MLV origin or MLV-like sequence.

22. A kit of claim 16, wherein the detectable antibody is a

monoclonal antibody.

23. The kit of claim 16, wherein the detectable monoclonal antibody

is a murine monoclonal antibody.
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24, The kit of claim 16, wherein the detectable antibody is a

polyclonal antibody.

25. The kit of claim 16, wherein the detectable polyclonal antibody

is a rabbit or goat or sheep or chicken polyclonal antibody.

26. The kit of claim 16, wherein the kit is used in a clinical or

diagnostic setting.

27. The kit of claim 16, wherein the kit is used to monitor the

immune responses of MLV-infected or MLV-like infected individuals.

28. The method of claim 1, or the kit of claim 16, wherein the
purified viral particle is produced by a method comprising:

transforming a 293 cell line with a plasmid encoding a
retroviral MLV or MVL-like virus;

culturing the 293 cell to produce viral particles;

isolating the viral particles;

infecting an HT1080 cell line with the viral particles thereby
producing the wviral particle producing cell line, producing the

viral particles and purifying the viral particles.
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Query 230  ACAGTTCCCGCCT(

RN
Sbjct 486 ACACTTCCCGCCCCCGTCTGAATTTITTGCTTTCGGTTTTACG-CCGARACCGCGCCGCGC 544

288

Query 289 GTCTTG-TCTG--CTGCAG--CATC-GTTCTGT-GTT-GTCTCTGTCTGACTGTGTITTICT 340

AN ERE e e
Sbjct 545  GTC-TGATTTGTTTTGTTGITCTTCTGTTCT-TCGTTAGT-T-T-TCT-TCTGTCTTTAA 598

Query 341 GIATTTGTCTGAGAAT-ATGGGCCAGACTGTTACCACTCCCT-TAAGTTTGACCTTAG-- 396

N N R R N R R R A R AR RN
Sbjct 599 GT-GTTCTC-GAG-ATCATGGGACAGACCGTAACTAC-CCCTCTGAGTCTAACCTT-GCA 653

Query 397 GTCACTGGAAAGATGTCGAGCGGATCGC-TCACAACCAGTCGGTAGATGTCAAGAAGAGA 455

R N e AR NN A RN R AR R
Sbject 654  G-CACTGGGGAGATGTCCAGCGCATTGCATC-CAACCAGTCTGTGGATGTCAAGAAGAGG 711

Query 456 CGTTGGGTTACCTTCTGCTCTGCAGAATGGCCAACCTTT-AACGTCGGATGGCCGCGA-G 513

R AR RN N R R R N N N R NN N N .
Sbjct 712 CGCTGGGTTACCTTCTGTTCCGCCGAATGGCCAA-CTTTCAATGTAGGATGGCCTC-AGG 769

Query 514 ACGGCACCTTTAACCGAGACCTCATCACCCAGGTTARGATCAAG-GTICTTTITCACCTGG- 571

et et I R R R R N R N AN
Sbjct 770 ATGGTACTTITAATTTAGGIGTTATCTCICAGGTCAAG-TCTAGAGTGTTITGTCCTGGT 828

Query 572 CCCGCATGGACACCCAGACCAGGTCCCCTACATCGTGACCTGGGAAGC-CTTGGCTTTTIG 630

AR R R R R N N R AR AR N N
Sbjct 829 CCC-CACGGACACCCGGATCAGGTCCCATATATCGTCACCTGGGAGGCACTT-GCCTATG 886

Query 631 ACCCCCCTCCCTGGGTCAAGCCCTTITGTACAC-CCTAAGCCTCCGCCTCCTCTTCCTCCA 689

T e e e 1 s I A I A I A A O
Sbjct 887 ACCCCCCTCCGTGGGTCAAACCGTTTGT-CTCTCCTAA-AC-CC-CCTCCT-TTAC-CGA 940

Query 690 TCCGC-CCCGTCTCTCCC-CCTTGAACCTCCTCGTTCGACC-CCG-CCTCGATCCT-CCC 744

T T I O e I e e N I O e e N R R R
Sbjct 941 —CAGCTCCCGTC-CTCCCGCC-CGGETCCTTCT-GCGCAACCTCCGTCC-CGAT-CTGCCC 994

Query 745 TTTATCCAGCCCTCACTCCTTCTCT-AGGCGCCAAA---CCTAAACCTCAAGTTCTTTICT 800

R AR e R PEETE L e 1
Sbjct 995 TTTACCCTGCCCTTACCCCCTCTATAAAG-TCCAAACCTCCTAAGCCCCAGGTTCTCCCT 1053

Query 801 GACAGTGGGGGGCCGCTCATCGACCTACTTACAGAAGACCCCCCGCCTTATAGGGACCCA 860

N R R R R R AR AR Lt
Sbjct 1054 GATAGCGGCGGACCTCTCATTGACCTTCTCACAGAGGATCCCCCGCC--GTACGGA-GCA 1110

Query 861 —AGACC-ACCCCCTTCCGACAGGGACGGA-AATGGTGGAGAAGC-G--ACC-CCTGCGGG 913

T T T e O e O O R O I e 0 O I T
Sbjct 1111 CA-ACCTTCCICC-TCTGCCAGGGA-GAACAATGAAGAAGAGGCGGCCACCACCT-C-CG 1165

Query 914 AGAGGCACCGGACCCC-TC-CCCAATGGCATCTCGCCTACGTGGGAGACGG-GAG-CCC- 968
. Il R A AR N R AR R R AR

Sbjct 1166 AG-GTTTCC--CCCCCTTCTICCC-ATGGTGTCTCGACTGCG-GGGA-A-GGAGAGACCCT 1218

Query 969 CCTGTGGCCGACTCCACTACCTCGCAGGCATTCCCCCTCCGCGCAGGAGGARAACGGACAG 1028

b e brrrerer e e et R AR
Sbjct 1219 CCCGCAGCGGACTCCACCACCTCCCAGGCATTCCCACTCCGCATGGGGGGAGATGGCCAG 1278
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Query 1029 CTTCAATACTGGCCGTTCTCCTCTTCTGACCTT-TACAACLGGAAAANTAATARCCETTC 1087
AR RN RN R A e A A AR AR AR R R RN
Sbjct 1279 CTICAGTACTGGCCGITTITCCTCCTCTGA-TTTATATAATTGGAAAAATAATAACCCTTC 1337

Query 1088 TIITICTGAAGATCCAGGTAAACTGACAG-CICTGATCGAGICTGTITCTCATCACCCATE 1146

AR R R R R e e AR R A AR AR R R
Sbjct 1338 CTTTTCTGAAGATCCAGGTAAATTGACGGCCT-TGATTGAGTCCGTCCTCATCACCCACC 13%6

Query 1147 AGCCCACCTGOGACGACTGTICAGCAGCTGTTGGGGACTETGCTGACCCEACRAAGAAARAC 12006

PEEEEErrrr et e et rre e et P e e e
Sbjct 1397 AGCCCACCTGGGACGACTGTCAGCAGTTGITGGGGACCCTGCTGACCGGAGAAGAARAGC 1456

Query 1207 AACGGGTGCICTITAGAGGCTAGAAAGGCGGTGCGGGGCGATGATGGGCGCCCCACTCAAC 1266

RN RN R R R R R AR AR AR AR
Sbjct 1457 AGCGGGTGCTCCTAGAGGCTAGAAAGGCAGTCCGGGGCAATGATGGACGCCCCACTCAGT 1516

Query 1267 TGCCCAATGAAGTCGATGCCGCTITTCCCCTCGAGCGCCCAGACTGGGATTACACCAC-C 1325

FEEErrerrerrrrrer e ettt et e Fr e
Sbjct 1517 TGCCTAATGAAGTCAATGCTGCTTITCCCCTTGAGCGCCCCGATTGGGATTACACCACTA 1576

Query 1326 CAGGCAGGTAGGAACCRCCTIAGTCCACTATCGCCAGITGCTCCTAGCGGETICTCEARRAL 1385
AR AR R R R RN R R e R AR R R RN
Sbjct 1577 CA-GAAGGTAGGAACCACCTAGTCCTCTACCGCCAGTITGCTCTTAGCGGGTCTCCAAAAC 1635

Query 1386 GCGGGCAGAAGCCCCACCAATTTGGCCARGGTARAAGGAATAACACAAGGG-CCCAATGA 1444
RN RN R R R R R R e R N e AN N R AR
Sbjct 1636 GCGGGCAGGAGCCCCACCAATTTGGCCAAGGTARAAGGGATAAC-CCAGGGACCTAATGA 1694

Query 1445 GTCTCCCTCGGCCTTCCTAGAGAGACTTAAGGAAGLCTATCGCAGGTACACTCCTITATGA 1504

FPEEErrrer terer rrer e et e e e e e e
Sbjct 1695 GICTICCCTCAGCCTTITITAGAGAGACTCAAGGAGGCCTATCGCAGGTACACTCCTTATGA 1754

Query 1505 (CCTGAGCACCUAGGRCAACAAACTAATGTGTCTATGTCTTTCATTTIGGCAGTCTGCCCC 1564

FEEEEErErrrrrrre e et rerre et teet et
Sbjct 1755 CCCTGAGGACCCAGGGCAAGAAACCAATGIGTCCATGTCATTCATCTGGCAGTCTGCCCC 1814

Query 1565 AGACATTGGGA-GAAAGTTAGAGAGGTTAGAAGATTTAAARAACAAGACGCTT-GGAGAT 1622

A R R RN R R R N e R R N R R R
Sbjct 1815 GGATATCGG-ACGAAAGTTAGAGCGGTTAGAAGATTTAAAGAGCAAGAC-CTTAGGAGAC 1872

Query 1623 TTGGTTAGAGAGGCAGAAAAGATCTTTAAT : & 1682

R R R R R R R R R R R R AR RN
Sbjct 1873 TTAGTGAGGGAAGCTGAAAAGATCTTTAATAAGCGAGAAACCCCGGAAGAAAGAGAGGAA 1932

Query 1683 @ 1742

FPEEEEEEErr ettt r e e e e e e et e e e e e |
Sbjct 1933 CGTATCAGGAGAGAAATAGAGGAAAAAGAAGAACGCCGTAGGGCAGAGGATGAGCAGAGA 1992

Query 1743 gas sacaya TCGTAGGAGALATAGAGAGATEAGCAAGETATTGGCCACTGTCGTT 1802
RN R R R R R R R
Sbjct 1993 GAGAGAGARAGGGACCGCAGAAGACATAGAGAGATGAGCAAGCTCTTGGCCACTGTAGTT 2052

Query 1803 AGTGGACAGAAACAGGATAGACAGGGAGGAGAACGAAGGAGGTCCCAACTCGATC-GCGA 1861

Forrr rerr rrerererer e e rrerr re rerr e e et b
Sbjct 2053 ATTGGTCAGAGACAGGATAGACAGGGGGGAGAGCGGAGGAGGCCCCAACTTGATAAG-GA 2111
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Query 1862

1920

R R RN R R R RN e R N N R N
Sbjct 2112 CCAATGCGCCTACTGCAAAGAAAAGGGACACTGGGCTAAGGACTG-CCCAAAGAAGCCAC 2170

1980

Query 1921 GAGGACCTCGGGGACCAAGA{ CTAGAT

R R R R R AR AR N R R R R R R R RN
Sbjct 2171 GAGGGCCCCGAGGACCGAGGCCCCAGACCICCCTCCTIGACCTTAGGTGACTAGGGAGGTC 2230

Query 1981 AGGGICAGGAG 1 0o IGARCCCAGHATARACCCTICARAGTCOEEGEREAMCCCGTCA 2040

||||||||||\|||||||||||||\IIIIIIIIIII|||||||||||||||||||\||||
Sbjct 2231 AGGGTCAGGAGCCCCCCCCTGAACCCAGGATAACCCTCAAAGTCGGGGGGCAACCCGTCA 2290

Query 2041 CCTTCCTCCTACATACTEECCCCCARCACTCCOTGCTGACCOARAATCCTCERCCCOTAN 2100

FEEEETEEEE e e e et et e e e e e e e e e e e e e e e e et
Sbjct 2291 CCTITCCTGGTAGATACTGGGGCCCAACACTICCGIGCTGACCCAAAATCCTGGACCCCTAA 2350

Query 2101 GIGATAAGTCTGCCTEEETCCAAGCEEECTACTGCAGCARAGCGETATCGCTGEACCALGE 2160

RN R R R R RN R R R R R AR AR RN
Sbjct 2351 GTGACAAGTCTGCCTGGGTCCAAGGGGCTACTGGAGGAAAGCGGTATCGCTGGACCACGG 2410

Ouery 2161 ATCGEAARGTACATCT AGETACCGETARCETCACEEACTOTTTCOTCOATATABCAGRCT 2220
NI
Sbject 2411 ATCGCAAAGTACATCTGGCTACCGGTAAGGTCACCCACTCTTTCCTCCATGTACCAGACT 2470

Query 2221 2280

T T |||||||||||||||||||||||||||||\||||
Sbjct 2471 GCCCCTATCCTCTGCTAGGAAGAGACTTGCTGACTAAACTAAAAGCCCAAATCCACTTTG 2230

Query 2281 AGGGATCAGGACETCAGGTTATGGCGACCAATGGGGCAGCCCCTGCAAGTGTTGACCCTAA 2340

FCEEEEErrrrrrr e rreer e et rrrrr e e e e rrrt 1
Sbjct 2531 AGGGATCAGGAGCTCAGGTIGTGGGACCGATGGGACAGCCCCTGCAAGTGCTGACAGTAA 2580

Query 2341 ATATAGAAGATGAGCATCGGCTACATGAGACCTCAAAAGAGCCAGATGTTTCTCTAGGGT 2400

P e e 1l FEETEEEErrr e et
Sbjct 2591 ACATAGAAGATGAGTATTGGCTACATGATACCAGGAAAGAGCCAGATGTTCCTICTAGGGT 2650

Query 2401 CCACATGGCTGICTGATTTTCCT-CAGGCCTCGECGCAARCCEECEGCATGCEACTEECA 2459

R RN R R RN N R R RN R R R R R R R
Sbjct 2651 CCACATGGCTTTCTGATTIT-CCTTCAGGCCTGGGCGGAAACCGGGGGCATGGGACTGGCA 2709

Query 2460 GITEGECARCCTCCTCTGATCATACCTCTGARAGUAACCTCTACCECCETGTCEATARAL 2519
FEETTEEEEE et e e e e e e e e e e e e e e e e n
Sbjct 2710 GTTCGCCAAGCTCCTCTGATCATACCTCTGAAGGCAACCTCTACCCCCGTGTCCATAARA 27€9

Query 2520 CAATACCCCATGTCACARGAAGLUAGRCTGEEGATCRAACECCCACATACAGRGACTGTTE 2579
FELEETEEEE et e e e et e e e e e e e e e e e et e e e e
Sbjct 2770 CAATACCCCATGTCACAAGAAGCCAGACTGGGGATCAAGCCCCACATACAGAGGCTGTTG 2829

Query 2580 GACCACGEAATACTGGTACCUTECCAGTOCCCCTCERAALGECLCTCOTACECETTARE 2639
RN RN R A R R R R
Sbjct 2830 GACCAGGGAATACTGGTACCCTGCCAGTCCCCCTGGAACACGCCCCTGCTACCCGTTAAG 2889

Query 2640 ARACCAGGGACTAATGATTATAGGUCTOTCCAGCATCTCAGRGAAGTCRACRARGCEEETE 2699
FEETTEEEE et e e e e e e et e e e e e e e e e e et e e e e
Sbjct 2890 AAACCAGGGACTAATGATTATAGGCCIGTCCAGGATCTGAGAGAAGICAACAAGCGGGTG 2949
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Query 2700 GAAGACATOCACLECACCETEOLEAREEETTACRACCTETIGABEGEECT b B ERETEE 2759
NI
Sbjct 2950 GAAGACATCCACCCCACCGTGCCCAACCCTTACAACCTCTTGAGCGGGCTCCCACCGTCC 3009

Query 2760 CACCAGTGETACACTGTGCTTGATITARAGGATCCCTTITTITCTGCCTEAGACTCCACECE 2819

FEETTEEEE et e e e e e e et e e e e e e e e e e et e e e e
Sbjct 3010 CACCAGTGGTACACTGIGCITGATTITAAAGGATGCCITTTTCTGCCTIGAGACTCCACCCC 3069

Query 2820 ACCAGTEAGCCTCTETTCEGCCTTTCGAGTGEACACATECAGAGATCCCAATETCAGGACAR 2879

FEEEEEErr e ettt e e e e e e e e e et r e ey
Sbjct 3070 ACCAGICAGCCTCTCTITCGCCTTTGAGTGGAGAGATCCAGAGATGGGAATCTCAGGACAA 3129

Query 2880 TIGACCTGGACCAGACTUCCACAGGCTTTCAARRACAGTCCCACCOTGITTCATGACGEA 2939

RN R RN R R RN N R R R AR AR AR R AR AR R R R R R
Sbjct 3130 CTGACCTGGACCAGACTCCCACAGGGTTTCAAAAACAGTCCCACCCTIGTITIGATGAGGCA 3189

Query 2940 CTGCACAGAGACCTAGCRGACTTICCEEATECAGCACCUAGACTTCATCOTGUTACAGTAE 2999
FPEEEErrrrr e e et e e e e e e e e e e e e
Sbjct 3190 CTGCACAGAGACCTAGCAGATTTCCGGATCCAGCACCCAGACTTGATCCTGCTACAGTAC 3249

Query 3000 GIGGATGACITACTGCETGGECCECACTIETGACGCTAGACTGCCAACAAGGTACTCGGGCC 3059
FEEEEEEEEr e e e et e e e et e e e e et et et
Sbjct 3250 GTGGATGACTTACTGCTIGGCCGCCACTTCIGAGCAAGACTGCCAACGAGGTACTCGGGCC 3309

Query 3060 CTGITACRAACCCTAGGCAACCTCGEETATCEGECCTCGGCEAAGARRGCCCARATTTGEE 3119
RN RN RN R R R R RN R R R R AR AR RN
Sbjct 3310 CTATTACAAACCCTAGGGAACCTCGGGTATICGGGCCTCGGCCAAGAAAGCCCAAATTTGC 3369

Query 3120 CAGAARARCAGGTICAAGTATETCCECTATCTTCTARAAGAGGGTCAGAGATGEETGACTGAG 3179

FPEEEEErErrrrrrre e e e e et trr e et b e e e
Sbjct 3370 CAGAAACAGGTCAAGTATCIGGGGTATCTCCTAAAAGAGGGACAGAGATGGCTGACTGAG 3429

Query 3180 GCCAGRAARAGAGACTGTIGATGEEECAGCCTACTCCGRAAGACCCCTEGACARCTARGGGAE 3239

FEEEEEre e e e e et e et e e e e e e e e e e
Sbjct 3430 GCCAGAAAAGAGACTGIGATGGGGCAGCCCACTCCGAAGACCCCTCGACAACTAAGGGAG 3489

Query 3240 ITCCTAGGGACGGCAGGUITCTGTCCCCTCTEGRATCCCTCGETITTGCACGARATGGCAGEE 3299

FEEEEEErr e ettt e e e e e e e e e et r e ey
Sbjct 3490 TTCCTAGGGACGGCAGGCTICTGTCGCCTCTGGATCCCTGGGTTTGCAGAAATGGCAGCC 3249

Query 3300 gECEIGTACCCTOT CACCAARMIGCHEHACTETOT ITARTTGEORCCCAGACERAEARAAG 3359
FPEEEErrrr et ettt e e e e e e e e e e e rrrrr
Sbjct 3550 CCCTTGTACCCTCTTACCAAAACGGGGACICTGITTAATTGGGGCCCAGACCAGCAAAAG 3509

Query 3360 GUETATCAAGRAATCAAGCAAGCTCTTCTAACTGCCCCAGCCCTGGGGTTCCEAGRATTTE 3419
FPEEEErrerrerrerer e et e e et et e P
Sbjct 3610 GCCTATCAAGAAATCAAACAGGCTCTTCTAACTGCCCCCGCCCTGGGATTGCCAGATTTG 35669

Query 3420 ACTARGCCCITTGCAACTCITIGTCGRCGAGARGLAGEEETACCCCAMAGETEICCTARCG 3479
FEEEETEEEEEr e e et e e e e e e e e e e e e et e e et b e
Sbjct 3670 ACTAAGCCCTTTGAACTCTTITGTCGACGAGAAGCAGGGCTACGCCARAGGCGTCCTAACG 3729

Query 3480 CAAAAACTGGCACCTTOCCCTCCGCCGETEGCCTACCTETCCARARAGETACRCCCAGTA 3539

FEEEEEEErr e e e e e et e e e e e e e e e e e e e e ey
Sbjct 3730 CAAAAACTGGGACCTTGGCGTCGGCCTGTGGCCTACCTGTCCAAAAAGCTAGACCCAGTG 3789
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Query 3540 GEAGCTGOETGECCCECTTECCTACCGATGCTACGCRCCCATTGCCETACTGACAAAGGAT 3599
FELEETEE e et e b bt b e e e e e e e e e e e e e e
Sbjet 3790 GCAGCTIGGGTGGCCCCCTTGCCTACGGATGGTAGCAGCCATTGCCGTTCTGACAAAAAAT 3849

Query 3600 GCAGGCAAGCTAACCATGGGACAGCCACTAGTCATTCTGGCCCCCCATGCAGTAGAGGCA 3659

FPEEEEEEErr et et e e rrr e e e e e e e et r
Sbjet 3850 GCAGGCAAGCTAACTATGGGACAGCCGCTAGTCATTCTGGCCCCCCATGCGGTAGAAGCA 3909

Query 3660 CTAGTCAAACAACCCCCCGACCGCTGGCTTTCCAACGCCCGGATGACTCACTATCAGGCC 3719

FETrrrerr e e e e et trer et ety
Sbjct 3910 CTGGTCAAACAACCCCCTIGACCGTTGGCTATCCAATGCCCGCATGACCCACTATCAGGCA 3969

Query 3720 TTGCTTTTGGACACGGACCGGGTCCAGTTCGGACCGGTGGTAGCCCTGAACCCGGCTACG 3779

NN R R R R R R R R R R R R N AR R R RN,
Sbjct 3970 ATGCTCCTGGATACAGACCGGGTTCAGITCGGACCGGTGGTGGCCCTCAACCCGGCCACC 4029

Query 3780 CTGCTCCCACTGCCTGAGGAAGGGCTGCAACACA--ACTGCCTTGATATCCTGGCCGAAG 3837

R N RN R e R R R
Sbjct 4030 CTGCTCCCCCTACCGGAA-AAGGAA-GCCCCCCATGACTGCCTCGAGATCITGGCTGA-G 4086

Query 3838 CC-CACGGAACCCGACCCGACCTAACGGACCAGCCGC-TCCCAGACGCCGACCACACCTG 3895

R R AN R e AR AR AR AR R R
Sbjct 4087 ACGCACGGAACCAGACCGGACCTCACGGACCAGCC-CATCCCAGACGCTGATTACACTTG 4145

Query 3896 GTACACGGATGGAAGCAGTCT-CITACAAGAGGGACAGCGTA-AGGCGGGAGCTGCGGETG 3953

AR R R R R R N e R R N R A e R AR AR AR
Sbjct 4146 GTACACAGATGGAAGCAG-CTTCCTACAAGAAGGACAACGGAGAG-CTGGAGCAGCGGTG 4203

Query 3954 ACCACCHAGACCLAGGTARTCTGEGCTARAGCCCTGCCAGCCGGGACATCCGCTCAGCGG 4013

AR R RN e A R R R AR R R A R
Sbjct 4204 ACTACTGAGACCGAGGTAATCTGGGCGAGGGCTCTGCCGGCTGGAACATCCGCCCAACGA 4263

Query 4014 GCTGAACTGATACCACTCACCCAGGCCCTAAAGATCGEACARCCTARGARCCTARAATCTT 4073

A RN R R RN e R AR R N R R RN R AR AR AR
Sbjet 4264 GCCGAACTGATAGCACTCACCCAAGCCTTARAGATGGCAGAAGGTAAGAAGCTAAATGTT 4323

Query 4074 TATACTGATAGCCGTTATGCTTTTGCTACTGCCCATATCCATGGAGARAATATACAGAAGG 4133

RN AR e R N R R AR AR R R R N
Sbjct 4324 TACACTGATAGCCGCTATGCCTTCGCCACGGCCCATGTCCATGGAGARATATATAGGAGG 4383

Query 4134 CGTGGGTTGCTCACATCAGAAGGCAAAGAGATCAAAAATARAGA-CGAGATCTTGGCCCT 4192

RN AR N R N e e R R R R R A
Sbjct 4384 CGAGGGTTGCTGACCTCAGAAGGCAGAGAAATTAAAAACAA-GAACGAGATCTITGGCCTT 4442

Query 4193 ACTAARAGCCCTICTTTCTGCCCAAAAGACTTAGCATAATCCATTGTCCAGGACATCARAA 4252

FEEEEEEr frrrr e et e terrt rr rrr e
Sbjct 4443 GCTAAAAGCTCTCTTTCTGCCCAAACGACTITAGTATAATTCACTGTCCAGGACATCAAAA 4502

Query 4253 GGGACACAGCGCCGAGGCTAGAGGCAACCGGATGGCTGACCAAGCGGCCCGAAAGGCAGEC 4312
R N R R R R R R

Sbjct 4503 AGGAAACAGTGCTGAGGCCAGAGGCAACCGTATGGCAGATCAAGCAGCCCGAGAGGCAGC 43€2

Query 4313 CATCACAGAG-ACTCC-AGACACCTCTACCCTCCTCATAGAAAATTCATCACCC-TACAC 4369

N e R e e e R A
Sbjct 4563 CATGA-AG-GCAGTTCTAGAAACCTCTACACTCCTCATAGAGGACTCAAC-CCCGTATAC 4619
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Query 4370 -C-TCAGAACATTTTCATTACACAGTGACTGATAT-AAAGGACCTAACC--AAGTTGGGG 4424

Il RN RN NN
Sbjet 4620 GCCTCCC--CATTTCCATTACACCGAAACAGATCTCAAAAGAC-TA-CGGGAACT-GGGA 4674

Query 4425 GCCATTTATGATAAAACAAA-GAAGTATTGGGTC-TACCAAGGAAAACCTGTGATGCCTG 4482

e e e N N R e N R RN e AR R R R R R RN .
Sbjct 4675 GCCACCTACAATCAGACAAAAGGA-TATTGGGTCCTAC-AAGGCAAACCTGTGATGCCCG 4732

Query 4483 ACCAGITTACT-TTTGAATTATTAGACTTICTICATCAG-CTGACTCACCTCAGCTTCTC 4540

RN RN R R R N N N N R R R
Sbjct 4733 ATCAGICCG-TGTTTGAACTGTTAGACTCCCTACA-CAGACTCACCCATCIGAGCC-CTC 4789

Query 4541 AAAA-ATGAAGGCTCTCCTAGA--GAGAAGCCACAGTCCCTACTACATGCTGAACCGGGA 45987

RN R R R R e R R A R R AR AR NN AR AR
Sbjct 4790 AAAAGATGAAGGCACTCCTCGACAGAGAAGA-A-AGCCCCTACTACATGTTAAACCGGGA 4847

Query 4598 TC-GAAC-ACTCAAAAATATCACTGAGACCTGCAAAGCTTGTGCACAAGTICAACGCCAGC 4655

e R e R R N R R
Sbjct 4848 -CAGAACTA-TCCAGTATGIGACTGAGACCTGCACCGCCTGTGCCCAARGTAAATGCCAGC 4905

Query 4656 AA-GTCTGCCGTTAAA-CAGGGAA-CTAGGGTCCGCGGGCATCGGCCCGGCACTCATTGG 4712

N Il FIET R R R R R
Sbjct 4906 AAAGCCAAAA-TTGGGGCAGGGGTGCGAG--TACGCGGACATCGGCCAGGCACCCATTGG 4962

Query 4713 GA-GATCGATTTCACCGA-GATAAAGCCCGGATTGTATGGCTATAAATATCTTCTAGTITT 4770

N e e e e A A
Sbjct 4963 GAAGTT-GATTTCACGGAAG-TAAAGCCAGGACTGTATGGGTACAAGTACCTCCTAGTGT 5020

Query 4771 TTATAGATACCITITCTGGCTGGATAGAAGCCTTCCCAACCAAGAAAGAAACCGCCAAGG 4830

PO teeer erer e ettt R ERRRRE
Sbjct 5021 TTGTAGACACCTTCTCIGGCTGGGTAGAGGCATTCCCGACCAAGCGGGAAACTGCCAAGG 5080

Query 4831 TCGTAACCAAGAAGCTACTAGAGGAGATCTTCCCCAGGTTCGGCATGCCTCAGGTATIGG 4830

R A R R e N AR A AR RN
Sbjct 5081 TCGTGTCCAAAAAGCTGTTAGAAGACATTITTCCGAGATTTGGAATGCCGCAGGTATTGG 5140

Query 4891 GAACTGACAATGGGCCTGCCTTCGTCTCCAAGGTGAGTCAGACAGTGGCCGATCTGTTGE 4950
N RN R R e A R

Sbjct 5141 GATCTGATAACGGGCCTGCCTTCGCCTCCCAGGTAAGTCAGTCAGTGEGCCGATTTACTGE 5200

Query 4951 GGATTGATTGGAAATTACATTGTGCATACAGACCCCAAAGCTCAGGCEAGE 5010

R R RN R R RN R AR R R RN AR
Sbjct 5201 GGATCGATTGGAAGTTACATTGTGCTTATAGACCCCAGAGTTCAGGACAGGTAGAAAGAA 5260

{/CATCAAGGAGACTTTAACTAAATTAACGCTTGCAACTGGCTCTAGAGACT 5070

FEErrrrrrr e rererrrrre e e e e e rrr e rrr e
Sbjct 5261 TGAATAGAACAATTAAGGAGACTTTGACCAAATTAACGCTITGCATCTGGCACTAGAGACT 5320

Query 5011

Query 5071 GGGTGETCCTAC GUCCTGTACCGAGCCCGCAACACGCCGGGCCCCCATGGCC 5130

R AR R AR R R R RN N N R R R R R N
Sbjct 5321 GGGTACTCCTACTCCCCTITAGCCCTCTACCGAGCCCGGAATACTCCGGGCCCCCACGGAC 5380

Query 5131 TCACCCCATATGAGAT-CTTATATGEEGCACCCCEGCCCECTTETAAACTTCCCTGACCCT 5189

R R R R R RN N N R AR B R
Sbjct 5381 TGACTCCGTATGAAATTICTG-TATGGGGCACCCCCGCCCCTTGTCAATTTTICATGATCCT 5439
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Query 5190 GACATGACAAGAGTTA-CTAACAGCEECTICTCTICCARGETCACTIACAGCGCTCTCTACTT 5248
R R AR AR R R R R R R R R R RN N,
Sbjct 5440 GAAATGTCAA-AGTTAACTAATAGTCCCTICTCTCCAAGCTCACTTACAGGCCCTCCAAGC 5488

Query 5249 AGTCCAGCACGAAGTCTGGA-GACCTCTGGCGGCAGCCTACCAAGAACAACTGGACC-GA 5306

T T I I Y I Y I O
Sbjct 5499 AGTACAACAAGAGGTCIGGAAG-CCGCTIGGCCGCTGCTTATCAGGACCAGCTAGATCAG- 5256

Query 5307 CCGGTGGTACCTCACCC-TTACCGAGTCGGCGACACAGTGTGGGTCCGCCGACACCAGAC 5365

R e R N R R RN R R R
Sbjct 5557 CCAGTGATACCACACCCCTT-CCGTGTCGGTGACGCCGTGTGGGTACGCCGGCACCAGAC 561D

Query 5366 TAAGAACCTAGAACCTCGUTGGAAAGGACCTTACACAGTCCTGCTGACCACCCCCACCGE 5425

PEPTETE DR EE e e e b e e e e e e e e e b e
Sbjct 5616 TAAGAACTTAGAACCTCGCTGGAAAGGACCCTACACCGTCCTGCTGACAACCCCCACCGC 5875

Query 5426 CCTCAAAGTAGACGGCATCGCAGCTTGGATACACGCCGCCCACGTGAAGGCTGCCGAC 5483

AR R R R R R e e R R R R AN AR AR AR AR R R
Sbjct 5676 TCTCAAAGTAGACGGCATCTICTGCGTGGATACACGCCGCTCACGTAAAGGCGGC-GAC 5732

Query 6436 GGGAACGGAAAATAGGCTGCTAAACTTAGTAGACGGAGCCTACCAAGECETCARCETEAE 6495

R R R R R R R R R R AR R R R
Sbjct 6603 GGG-ACGGGAGACAGGCTGCTAAACCTGGTAGAAGGAGCCTACCTAGCCCTCAACCTCAC 666l

Query 6496 CAGTCCTGACAABRACCCARCAGTGUTEECTTGTGTCTAGTAGEGGGACCCCCCTAETACGA 6555

FPEEEEr trrrr e e e er et e et P e e
Sbjct 6662 CAGTCCCGACAAAACCCAAGAGTGCTGGCIGTGTCTAGTATCGGGACCCCCCTACTACGA 6721

Query 6556 AGGEETTGCCGTCCTGGGTACCTACTCCARCCATACCTCTIGETCCAGCCARCTGCTCCGT 6615

PEPEET BEEErr e e S e e e e e e i e
Sbjct 6722 AGGGGIGGCCGTCCTAGGTACTTACTCCAACCATACCTCTGCCCCGGCTAACTGCTCCGT 6781

Query 6616 GGCCTCCCAACACAAGTIGACCETOTCCGAAGTCACCOCACAGECACTCTGERTAGGAGE 6675
Frrrrre e e vre et e e et r e e e L e e e e
Sbjct 6782 GACCTCCCAACACAAGCTGACCCTGTCCGAAGTGACCGGGCAGGGACTCTGCATAGGAGC 6841

Query 6676 ZAGTTCCCAAAAGACATCAGGCCCTATGTAATACCACCCAGACA-A-GCAGTICGA-GGGTC 6732

FEEEEErEre e rrerer e et rerrr e e e e b b bt P
Sbjct 6842 AGTITCCCAAAACCCATCAGGCCCTGTIGTAATACCACCCAGA-AGACG-AG-CGACGGGTC 6898

Query 6733 CTATTATCTAGT-TGC-CCCTACAGGTACCATGTGGGCTTGTAGTACCGGGCTTACTCCA 6730
N N e e e e e AR AR A A R AR AR

Sbjet 6899 CTACTATTTGGCCT-CTCCCGCCGGG-ACCATTTGGGCTTGCAGCACCGGGCTCACTCCC 6956

Query 6791 TG-C-ATCTCCACCACCATACTGAACCTTA-CCACTGATTATTGTGTTCTIGTCGAACTC 6847

e N R R R AR R R R R R N R R R
Sbjct €957 TGICTATCT--ACTACTGTGCTTAAC-TTAACCACTGATTACTGTGICCTGGTTGAACTC 7013
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Query 6848 TGGCCAAGAG-TCACCTATCATTCCCCCAGCTATGTTTACGGCCTGTTTGAGA-GATCCA 6905

R R R R R N R AR R A AR |
Sbjct 7014 TGGCCAA-AGGTAACCTACCACTCCCCTIAATTATGTITATGGCCAGTITTGAAAAGAA--A 7070

Query 6906 ACCGAC-ACAAAAGAGAACCGGTGTCGITAACCCTGGCCCTATTATTGGGTGGACTAACC 6964

N R AR AR R R A R R R R R R R AR AR
Sbjct 7071 ACTAAATATAAAAGAGAGCCGGTGTCATTAACTCTGGCCCTGCTGTTIGGGAGGACTTACT 7130

Query 6965 ATGGGGGGAATTGCCGCTGGAATAGGAACAGGGACTACTGCTCTAATGGCCACTCAG-CA 7023

R R e N R R R RN e e R N N N
Sbjct 7131 ATGGGCGGCATAGCTGCAGGAGTTGGAACAGGGACTACAGCCCTAGTIGGCCAC-CARACA 7189

Query 7024 ATTCCAGCAGCTCCAAGCCGC-AGTACAGG-ATGATCTCAGGGAGGTT-GAAAAATCAAT 7080

FELE TR EE e e vt i P i TR rErr
Sbjct 7190 ATTCGAGCAGCTCCAGGCAGCCA-TACATACA-GACCTTGGGGCC-TTAGAARAAATCAGT 7246

Query 7081 CTCTAACCTAGAAAAGTCTCTCACTTCCCTGICTGAAGTTGTCCTACAGAATCGAAGGGG 7140

e AR RN e e R N R AR R R A
Sbjct 7247 CAGTGCCCTAGAAAAGTICTCTGACCTCGTIGTCIGAGGTGGTCCTACAGAACCGGAGGGG 7306

Query 7141 CCTAGA-CTTGTTATTTCTAAAAGAAGGAGGGCTGIGTGCTGCTCTAAAAGAAGAATGTT 7199

L e R R e R RNy
Sbjet 7307 ATTAGATCTACTG-TTCCTAAAAGAAGGAGGATTATGTGCTGCCCTAAAAGAAGAATGCT 7365

Query 7200 GCTTCTATGCGGACCACACAGGAC-TAGTGAGAGACAGCATGGCCAAAT-TGAGAGAGAG 7257

N N N N RN e AR
Sbjet 7366 GTTTTTACGCGGACCACACTIGG-CGTAGTAAGAGATAGCATGGC-AAAGCTAAGAGAAAG 7423

Query 7258 GCTTAATC-AGAGACAGAAACTGITTGAGTCAACTCAAGGATGETTTGAGEGACTGTITTA 7316

Frrrr vt v rr il FEEEE LTl
Sbjct 7424 G-TTAAACCAGAGACAAAAATTGTTCGAATCAGGACAAGGGTGGTTTIGAGGGACTGTTTA 7482

Query 7317 ACAGATCCCCTITGGTTTACCACCTTIGATATCTACCATTATGGGACCC-CTCATTGTACTC 7375

R AR R R R AR R R A R R R R R
Sbjct 7483 ACAGGICCCCATGGTTCACGACCCTGATATCCACCATTATGGG-CCCTCTGATAGTACTT 7241

Query 7376 CTAATGATTTTGCTCTTCGGACCCTGCATICTTAATCGATTAGTCCAATTITGTTAAAGAC 7435

A N R e e e AR R R
Sbjct 7542 TTATTAATCCTACTCTTCGGACCCTGTATICTCAACCGCTITGGTCCAGTTIGTAAAAGAC 7601

Query 7436 AGGATATCAGTGGTCCAGGCTCTAGTTTITGACTCAACAATATCACCAGCTGAAGCCTATA 7485

R R R N N R N R R N RN N N N R
Sbjct 7602 AGAATTTCGGTAGTGCAGGCCCTGGTTCTGACCCAACAGTATCACCAACTCAAATCAATA T6¢€l1

Query 7496 GAGTAC-GA-GCCA-TAGA-TAA----AATAARAGATTTTATTTAGTCTCCAGAAARAGG 1547

e e FETTEREEEEEr et e
Sbjct 7662 GA-TCCAGAAGA-AGTGGAATCACGTGAATAAAAGATTTTATTCAGTTTCCAGARAGAGG 7719

Query 7548 GGGGAATGARAGACCCCACCTGTA-GGTTTGGCAAGCTAGCTTA-AGTAACGCCATTTITG 7605
R N R N N e e e A R AR AR AR
Sbjet 7720 GGGGAATGAAAGACCCCACCA-TAAGGCTTAGCACGCTAGCT-ACAGTAACGCCATITTG 7777

Query 7606 (AARGGCATGGAAALATAC-ATAACTGAGAA-T-AGAGAAGTT-CA-G-A--TC-AAGGTC 7656

FELEVEEE et b i e e A
Sbjet 7778 CAAGGCATGGAAAAGTACCAGAGCTGAGTTCTCA-A-AAGTTACAAGGAAGTTTAAT-TA 7834
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N e N N R RN R R R R A
AAGAATAAGGCTGAATAACA-CTGGGACAGGGGCCAAACAGGATATCTGTAGTCAGGCA- 7892

TTCCTG—-ELE TCAGGEUCH
R AR R AR
--CCTGGGCCCCGGCTCAGGGCCAAGAACAGATGG 7925

7743

GCGCCAGTCCTICCGATTGACTEAGTCEECCGEETACCCGTGTAT -CCAATAAACCCTCTT 8127

FPEEEEErer ettt e e e e e e e e et b e e e e
GCGCCAGTCATCCGATAGACTGAGTCGCCCGGGTACCCGTGT-TCCCAATAAAGCCTTTT 59

GCAG-TTGCATCCGACTTGTGGTETCGETETTCCTTCEEACGETCTECTC TGAGTGATTG 8186

b TR FEEE PEEr et e r e e e e e e
GCTGTTTGCATCCGAAGCGTGGCCTCGCTGTTCCTTGGGAGGGTCTCCTCAGAGTGATTG 119

ACTACCC-GTCAGEGGECOTCTTICATTTICOGEEETCGTCCCEEAT -CGGGAGACCCCTG 8244
R RN R R R R RN RN R R R A N R RN
ACTACCCAG-C-TCGGGGGTCTTTCATTTGGGGGCTCGTCCGGGATTCGG-AGACCCCCG 176

CACCGGGAGGTAAGCTGGCC 8284

NN
CCCAGGGACCACCGACCCACCGTCGGGAGGTAAGCCGGCC 216

GEGCCAANCACCATATCTETGCT-AAGCAGTTCCT--GCECECEEETCAGGECCAAGARCA 7813

FELEEEEErr e e b rr R AR R AR AR RN
GGGCCARACAGGATATCTGTAGTCAGGCA---CCTGGGCCCCGGCTCAGGGCCAAGAACA 7920

GATGETCCCCAGATGCGGTCCAGCCCT--CAGCAGTTTCTAGAGAA--CC-ATCAGATGT 7868

RV Thrn R AR E e e e e AN
GATGGTCCTCAGATARAG-CGAAAC-TAACAACAGTTTCTGGA-AAGTCCCACCTCA-GT 7976

TTCCAGGGTGCCCCAAG-GACCTG-AAATGACCCTGTGCCTTATTTGAACTAACCAATCA 7926

R R AR N AR R R FEEEEEEEE P rd
TTCAAGT-T-CCCCARAAGACCGGGAAAT-ACCCCAAGCCTTATTTARAACTAACCAATCA 8033

GTTCGCTTCTCGCTTCTGTTCGCGCGCTTCT-GCTCCCC-G----AGCTCAATAAAARGAG 7980

RN RN R R R B R R E N, FEE T rrrrr 1l
GCTCGCTTCTCGCTTCTGTACCCGCGCTTTITTGCTCCCCAGTCCTAGCCCTATARAAAAG 8093

¢
ot e et e e e e e e e
GGGTAAGAACTCCACACTCGGCGCGCCAGTCATCCGATAGACTGAGTCGCCCGGGTACCC 8153

GTGPATCC-AATAAACCCTCTTGCAGTT-GCA 8068

AR R R R AR R R R AR
GTGT-TCCCAATAAAGCCTTITGCTGTTIGCA 8184
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