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MODIFIED CELLS FOR USE IN A METHOD OF TREATMENT OF DISEASE

The present invention relates to methods for the treatment of diseases such as cancer or viral
infections in which the therapy is mediated by cells, for example T cells, caused to express specific

cell surface receptors.

Cytotoxic T lymphocytes (CTL) that encounter antigen proliferate from a single naive T-cell to form
a population with diverse effector function and differentiation states, that control and prevent infection
and cancer. Antigen-specific CTL are extremely heterogeneous in terms of clonotype, differentiation
state and efficacy. Factors that define CTL of superior efficacy are well explored. TCR signal strength
is known to modulate the breadth and magnitude of CTL effector functions, and epigenetic marks
modulate intrinsic states such as exhaustion that limit activation. It is not clear if or how TCR signal
strength modulates contact-dependent Killing, and TCR affinity, TCR avidity, or factors downstream
of the TCR could all contribute. There is a critical period of contact when a TCR engages cognate
peptide- MHC class | molecules on a target cell and the signal summation may determine if the cell
will be killed or survive during an encounter. Not all T-cell therapy products to treat cancer are equally
efficacious despite lentiviral transduction with the same chimeric-antigen-receptor. Lack of CTL
efficacy is also encountered in chronic viral infections. Indeed, CTL from HIV controllers are superior
and suppress HIV replication in vitro unlike CTL from chronic progressors. Viral suppression

correlates with target cell elimination suggesting a critical role for contact-dependent killing.

CD8* cytotoxic T lymphocytes (CTLs) are serial killers, polarizing the cytoskeleton to form kinapses,
from which cortical actin briefly clears to permit cytotoxic granule fusion at the cell membrane (Ritter
et al. (2017) Proc Natl Acad Sci U S A 114(32):E6585-E6594), enabling targeted delivery of Iytic
molecules (Halle et al (2017) Trends Immunol). Contact-dependent Killing and other effector
functions are triggered at different signalling thresholds in response to antigen engagement by the T
cell receptor (TCR) (Valitutti et al (1996). J Exp Med 183(4):1917-1921) (3). As a consequence, the
functional profile of any given CTL is governed by antigen dose and the efficiency of signal
transduction, which in turn dictates antigen sensitivity. The protective capabilities of HIV-1-specific
CTLs have been variously attributed to polyfunctionality (Betts ef al. (2006) Blood 107(12):4781—
4789), cytotoxic activity (McMichael & Jones (2010) Science 330(6010):1488-1490), and in vitro
suppression of viral replication (Saez-Cirion ef al. (2007) Proc Natl/ Acad Sci U S A 104(16).6776—
6781). For naturally processed epitopes presented at fixed densities on the target cell surface, these
antiviral functions are regulated by antigen sensitivity (Almeida et al. (2009) Blood 113(25):6351—
636), which is known to vary among clonotypes expressing distinct TCRs. However, it is not clear if
or how events downstream of the TCR contribute to the antiviral efficacy of CTLs (Flerin ef al. (2017)
J Virol 91(6)).

It has now been surprising found that TCR-identical CTLs isolated from individual donors can exhibit

similar levels of heterogeneity with respect to cytokine production, contact-dependent Killing, and
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suppression of viral replication in vitro. Expression of specific coreceptors on the cell surface of the
T cells has been shown in the present invention to trigger contact-dependent killing at lower epitope
densities in the more potent CTLs. The coreceptors incorporate tyrosine-based activation or inhibition

motifs. The most effective coreceptor has been shown in the present invention to be FCRL3.

CD8* CTLs protect against life-threatening viral infections and cancer. This formidable task is made
possible by a process of gene recombination that can generate billions of unique T-cell receptors
(TCRs). The present invention challenges the concept that the TCR is the major determinant of CTL
efficacy. The inventors have observed a striking degree of functional heterogeneity among TCR-
identical human CTLs. It has been found that cytolytic activity and antiviral potency are dictated by
TCR-mediated signal summation, and further identified co-receptors that modulate the activation
threshold in response to antigen-triggered ligation of the TCR. These findings demonstrate that cell-
intrinsic factors can regulate the deployment of effector functions irrespective of the TCR which
enables novel approaches to optimize the protective attributes of CTLs in the treatment of cancer
and viral infection.

According to a first aspect of the invention there is provided a genetically engineered cell comprising
a receptor that comprises an antigen binding domain and a T-cell activating function and at least one
co-receptor which modulates the activity of the receptor, wherein the cell overexpresses the co-
receptor and in which the co-receptor is selected from the group consisting of Fc-Receptor-Like-3
(FCRL3), Fc-Receptor-Like-6 (FCRL6), and Leucine-Rich-Repeat-Neuronal-3 (LRRN3).

The co-receptor is overexpressed compared to a control (i.e. an unmodified cell where expression
of the co-receptor has not been altered). The cell is therefore a genetically engineered cell which
overexpresses the co-receptor. The cell of the invention may possess an improved function or
activity such as for example an improved cytotoxic activity (i.e. cell killing activity, for example T cell
medicated cell killing). Expression of one of these co-receptors can provide improved activity (i.e.
cell killing activity) in transduced or transfected cells compared with control cells not expressing the
co-receptor. The co-receptor may therefore be described as being a heterologous co-receptor with
respect to the cell in which it is overexpressed. Suitably, the cell is transfected or transduced by any

convenient method of genetic engineering to overexpress the co-receptor.

The receptor may be a T cell receptor (TCR) or a chimeric antigen receptor (CAR). In a cell which
expresses a CAR, the cell is also genetically engineered to express the CAR. In a cell which
expresses a modified T cell receptor or a heterologous T cell receptor, the cell is also genetically

engineered to express the modified T cell receptor or heterologous T cell receptor.

The T cell receptor may be native to the cell it is expressed in, i.e. an autologous T cell receptor from
the same individual the T cell is from. Alternatively, the T cell receptor may also be a heterologous

recombinant protein expressed on the surface of the cell which is transduced or transfected with a
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nucleic acid sequence encoding the TCR. The TCR may therefore be an autologous TCR or a

heterologous TCR.

The chimeric antigen receptor (CAR) is a recombinant receptor that comprises an antigen binding
domain and a T-cell activating function (so-called first-generation CARs). Optionally the CAR may
additionally comprise a costimulatory domain of a costimulatory receptor (so-called second-
generation CARSs), or the CAR may comprise 2 costimulatory domains combined with an activation
domain in their cytoplasmic domain (so-called third-generation CARs). By definition, a CAR is a
heterologous recombinant protein expressed on the surface of a cell which is transduced or

transfected with a nucleic acid sequence encoding the CAR.

The modulation of the activity of the receptor provided by the co-receptor may be activation
(upregulation) or inhibition (downregulation). The activation represents enhancement of the activity
of the T cell killing activity of the cell. The inhibition represents repression of the activity of the T cell

killing activity of the cell.

The co-receptor is a recombinant receptor comprising one or more of FCRL3, FCRL6, LRRN3 which
are therefore heterologous to the cell in which the co-receptor is expressed. The co-receptor is
expressed on the surface of the cell which is transduced or transfected with a nucleic acid sequence
or sequences encoding the co-receptor or co-receptors. The co-receptor may be co-expressed with
the CAR.

FCRL3 is a glycoprotein and a member of the immunoglobulin receptor superfamily. The protein
comprises cytoplasmic immunoreceptor tyrosine-based activation motifs (ITAMs) and
immunoreceptor tyrosine-based inhibition motifs (ITIMs). The FCRL3 co-receptor may have the
nucleic acid coding sequence or amino acid sequence as shown in Figure 6 or an isoform as shown
in Figure 7 or a sequence substantially identical thereto, suitably 75%, 80%, 85%, 90%, 95%, 99%
identical thereto. As a co-receptor, FCRL3 enhances the cytotoxic T-lymphocyte (CTL) cell
mediated Killing activity of the TCR or CAR.

FCRLS is a glycoprotein and a member of the immunoglobulin receptor superfamily. The protein
comprises cytoplasmic immunoreceptor tyrosine-based inhibition motifs (ITIMs). The FCRL6 co-
receptor may have the nucleic acid coding sequence or amino acid sequence as shown in Figure 11
or a sequence substantially identical thereto, suitably 75%, 80%, 85%, 90%, 95%, 99% identical
thereto. As a co-receptor, FCRL6 reduces the CTL cell mediated killing activity of the TCR or CAR.

LRRN3 is a transmembrane protein with an immunoglobulin domain and a previously unreported
cytoplasmic immunoreceptor tyrosine-based inhibition motif (ITIM). The LRRN3 co-receptor may

have the nucleic acid coding sequence or amino acid sequence as shown in Figure 10 or a sequence
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substantially identical thereto, suitably 75%, 80%, 85%, 90%, 95%, 99% identical thereto. As a co-
receptor, LRRN3 reduces the CTL cell mediated killing activity of the TCR or CAR.

The term “protein” in this text means, in general terms, a plurality of amino acid residues joined
together by peptide bonds. It is used interchangeably and means the same as peptide, oligopeptide,
oligomer or polypeptide, and includes glycoproteins and derivatives thereof. The term “protein” is
also intended to include fragments, analogues and derivatives of a protein wherein the fragment,
analogue or derivative retains essentially the same biological activity or function as a reference

protein.

The fragment, analogue or derivative of the protein as defined in this text, may be at least 6,

preferably 10 or 20, or up to 50 or 100 amino acids long.

The fragment, derivative or analogue of the protein may be (i) one in which one or more of the amino
acid residues are substituted with a conserved or non-conserved amino acid residue (preferably, a
conserved amino acid residue) and such substituted amino acid residue may or may not be one
encoded by the genetic code, or (ii) one in which one or more of the amino acid residues includes a
substituent group, or (iii) one in which the mature polypeptide is fused with another compound, such
as a compound to increase the half-life of the polypeptide (for example, polyethylene glycol), or (iv)
one in which the additional amino acids are fused to the mature polypeptide, such as a leader or
secretory sequence which is employed for purification of the polypeptide. Such fragments,
derivatives and analogues are deemed to be within the scope of those skilled in the art from the

teachings herein.

Included within the invention are variants, analogues, derivatives and fragments having the amino
acid sequence of the protein in which several e.g. 5t0 10, or1to 5, or 1 to 3, 2, 1 or no amino acid
residues are substituted, deleted or added in any combination. Especially preferred among these
are silent substitutions, additions and deletions, which do not alter the properties and activities of the
protein of the present invention. Conservative substitutions which do not alter the properties and

activities of the protein are especially preferred.

An example of a variant of the present invention is a fusion protein as defined above, apart from the
substitution of one or more amino acids with one or more other amino acids. The skilled person is aware
that various amino acids have similar properties. One or more such amino acids of a substance can
often be substituted by one or more other such amino acids without eliminating a desired activity of that

substance.

The amino acids glycine, alanine, valine, leucine and isoleucine can often be substituted for one another
(amino acids having aliphatic side chains). Of these possible substitutions, it may be preferred that

glycine and alanine are used to substitute for one another (since they have relatively short side chains)
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and that valine, leucine and isoleucine are used to substitute for one another (since they have larger
aliphatic side chains which are hydrophobic). Other amino acids which can often be substituted for one
another include: phenylalanine, tyrosine and tryptophan (amino acids having aromatic side chains);
lysine, arginine and histidine (amino acids having basic side chains); aspartate and glutamate (amino
acids having acidic side chains); asparagine and glutamine (amino acids having amide side chains); and
cysteine and methionine (amino acids having sulphur containing side chains). Substitutions of this
nature are often referred to as “conservative” or “semi- conservative” amino acid substitutions.

Amino acid deletions or insertions may also be made relative to the amino acid sequence for the fusion
protein referred to above. Thus, for example, amino acids which do not have a substantial effect on the
activity of the polypeptide, or at least which do not eliminate such activity, may be deleted. Such
deletions can be advantageous since the overall length and the molecular weight of a polypeptide can
be reduced whilst still retaining activity. This can enable the amount of polypeptide required for a
particular purpose to be reduced - for example, dosage levels can be reduced.

Amino acid insertions relative to the sequence of the fusion protein above can also be made. This may
be done to alter the properties of a substance of the present invention (e.g. to assist in identification,

purification or expression, as explained above in relation to fusion proteins).

Amino acid changes relative to the sequence for the fusion protein of the invention can be made using
any suitable technique e.g. by using site-directed mutagenesis. It should be appreciated that amino acid
substitutions or insertions within the scope of the present invention can be made using naturally
occurring or non-naturally occurring amino acids. Whether or not natural or synthetic amino acids are

used, it is preferred that only L- amino acids are present.

A protein according to the invention may have additional N-terminal and/or C-terminal amino acid

sequences. Such sequences can be provided for various reasons, for example, glycosylation.

The term “fusion protein” in this text means, in general terms, one or more proteins joined together
by chemical means, including hydrogen bonds or salt bridges, or by peptide bonds through protein

synthesis or both.

“Identity” as known in the art is the relationship between two or more polypeptide sequences or two
or more polynucleotide sequences, as determined by comparing the sequences. In the art, identity
also means the degree of sequence relatedness (homology) between polypeptide or polynucleotide
sequences, as the case may be, as determined by the match between strings of such sequences.
While there exist a number of methods to measure identity between two polypeptides or two
polynucleotide sequences, methods commonly employed to determine identity are codified in

computer programs. Preferred computer programs to determine identity between two sequences
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include, but are not limited to, GCG program package (Devereux, et al., Nucleic acids Research, 12,
387 (1984), BLASTP, BLASTN, and FASTA (Atschul et al., J. Molec. Biol. 215, 403 (1990).

The antigen binding domain of the CAR may recognise an epitope on an antigen presented by a

disease-causing agent such as a virus or a cancerous or precancerous cell.

The virus may be a retrovirus, for example a human immunodeficiency virus, e.g. HIV-1, or HIV-2,

or human lymphotropic virus (HTLV-1), human immunodeficiency virus 1.

The antigen may be tumour antigen such as CD52, PD-L1, CTLA4, CD20, PD-1 receptor, CD19.
CD47, PD-1 (or CD279).

The T-cell activating function includes effector domains such as CD3-C or Fc receptor y (FCR y).

The co-stimulatory domain of a costimulatory receptor includes effector domains such as CD28, 4-
1BB, DAP10, OX40, or ICOS.

The activation domain may be a CD28 domain.

First generation CARs include chimeric molecules between CD3-C or Fc receptor y and CD8, CD4,
CD25, or CD16.

Second-generation CARs include receptors encompassing the CD3-{ chain, and the cytoplasmic
domain of a costimulatory receptor such as CD28, 4-1BB, DAP10, OX40, or ICOS.

Third generation of CARSs include receptors encompassing 2 costimulatory domains combined with

an activation domain in their cytoplasmic domain, for example CD20-specific CD28/4-1BB/CD3C.

In one embodiment of the aspect of the invention, the co-receptor may be cloned into a third-
generation self-inactivating lentiviral vector such as pCCL under the control of an internal promoter
(e.g. PGK or EFa) either alone or linked to chimeric antigen receptor targeting tumour antigens (e.g.
CD19, CD20) via a self-cleaving peptide or IRES element. T cells can be activated using anti-
Cd3/CD28 reagents, transduced, expanded and tested in functional assays. These may include

cytokine release assays, proliferation and cytotoxicity experiments.

The genetically engineered cell may be a T cell, suitably a CD8+ T cell, including a population of
such cells. The cell or population of cells may also be a CAR T cell in which the cell or cells have

been modified to express a chimeric antigen T cell receptor.
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For example, in one embodiment the invention may related to a population of genetically engineered
cells which all express an identical receptor (e.g. a TCR and/or a CAR) and also express a co-
receptor (e.g. a FCRL3, FCRLS6, and/or a LRRN3 co-receptor). Such a population of cells may have
a defined improved function (e.g. improved killing activity) compared with a control population lacking

said co-receptor, as a population of cells with the same receptor but with a different co-receptor.

According to a second aspect of the invention, there is provided a nucleic acid sequence encoding
a chimeric antigen receptor and a co-receptor selected from the group consisting of Fc-Receptor-
Like-3 (FCRL3), Fc-Receptor-Like-6 (FCRLS), and Leucine-Rich-Repeat-Neuronal-3 (LRRN3).

The nucleic acid sequence may be natural, synthetic or recombinant. It may, for example, be cDNA,
PCR product or a genomic sequence. It may be isolated, or as part of a plasmid, vector or host cell.
A plasmid is a circular extrachromosomal DNA molecule with the ability to replicate independently of
chromosomal DNA.

A plasmid may be used to introduce an expression cassette into a host cell. Plasmids may also be
used to express a polypeptide in a host cell. For example, a bacterial host cell may be transfected
with a plasmid capable of encoding a particular polypeptide, in order to express that polypeptide.
The term also includes yeast artificial chromosomes and bacterial artificial chromosomes which are

capable of accommodating longer portions of DNA.

A promoter is a region of DNA with a specific sequence that initiates the transcription of a particular
gene or genes. Promoters used for the expression of heterologous genes include constitutive and

inducible promoters. Examples of such promoters, include but are not limited to PGK or EFa.

In a preferred embodiment of the invention the promoter comprises a nucleotide sequence that is
substantially homologous to the sequence set forth in Fig 6, 10, or 11. Nucleic acid sequences with
greater than 20% identity (for example 25%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95% or 99%)
are considered to be homologous sequences. As used herein, substantially homologous refers to
sequences exhibiting at least 60% or 70%, preferably means at least 80%, more preferably at least
90%, and most preferably at least 95%, 96%, 97%, 98%, 99% or greater identity. In an embodiment
of the invention the sequence has at least 80% or more (e.g., 85%, 90%, 95%, 96%, 97%, 98%,
99%, 99.5%, etc.) homology with the sequence set forth in Fig 6, 10 or 11.

As used herein, the terms homology and identity are interchangeable.

Sequence comparisons to determine homology can be carried out using readily available sequence

comparison software. Examples include but are not limited to BLAST (see Ausubel et al., 1999 Short
Protocols in Molecular Biology, 4th Ed - Chapter 18) and FASTA (Altschul et al., 1990 J. Mol. Biol.
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403-410). Both BLAST and FASTA are available for offline and online searching (see Ausubel et al.,
1999, Short Protocols in Molecular Biology, pages 7-58 to 7-60).

According to a third aspect of the invention, there is provided a vector comprising a nucleic acid
sequence according to the second aspect of the invention. The vector may be a lentiviral virus, for
example pCCL. The vector may comprise the nucleic acid sequence either alone or linked to
chimeric antigen receptor targeting tumour antigens (e.g. CD19, CD20 etc.), via a self-cleaving
peptide or IRES element.

An example of a suitable lentiviral vector is LeGO-iG2 (addgene) (Weber et al. (2008) Mol. Ther.
16(4), 698-706), or pCCL-c-MNDU3-X (Logan et al (2004) Hum Gene Ther 15(10), 976-988). The
vector may comprise CMV promoter and optionally also an internal SFFV promoter. Other internal
promoters include PGK or EFa. Additional self-cleaving peptides or IRES elements may be present
also. An example of one embodiment of this aspect of the invention is shown in Figure 8 where the
nucleic acid sequence encoding a co-receptor is the sequence coding for FCRL3. An alternative
vector may be a self-inactivating lentiviral vector such as pCCL suitably under the control of an
internal promoter (e.g. PGK or EFa) either alone or additionally comprising a self-cleaving peptide or

IRES element. Vectors of the invention are described in Figures 8, 9, 12 and 13.

Aspects of the invention relating to nucleic acid sequences and/or vectors include isolated forms of

the nucleic acid and/or vector, suitably in the form of cDNA.

According to a fourth aspect of the invention, there is provided a cell comprising a vector according
to the fourth aspect of the invention. The cell may be a T cell, suitably a CD8+ T cell, including a

population of such cells.

According to a fifth aspect of the invention, there is provided a cell according to the first aspect, a
nucleic acid sequence according to the second aspect, a vector according to the third aspect or a
cell according to the fourth aspect for use in medicine. Embodiments of the invention in accordance
with this aspect of the invention therefore include a method of treatment of a disease comprising
administration of an effective amount of the cell, nucleic acid sequence, vector or cell comprising a
vector to a subject in need thereof. The subject may be a human or a non-human animal, for example

a non-human mammal.

Such uses in medicine may find greatest application in the treatment of cancer, a viral infection, an
auto-immune disease or inflammation. The treatment of cancer may comprise enhanced activity in
T cell mediated killing of tumour cells. This aspect of the invention therefore also extends to and
includes use of a cell, nucleic acid sequence, vector or cell comprising a vector according to the
invention in the manufacture of a medicament for the treatment of cancer, a viral infection, an auto-

immune disease or inflammation.
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Cell-based treatments of cancer using genetically engineered cells of the invention may be of
particular use. However, it is equally envisaged that nucleic acids and/or vectors of the invention
may be used effectively also, such as to increase FCRL3/FCRL6/LRRN3 co-receptor expression for

the purpose of increasing T cell killing activity in genetically engineered cells of the invention.

The cancer may be a solid tumour, for example a sarcoma, a carcinoma or a lymphoma.
Alternatively, the cancer may be a haematological cancer such as a leukaemia. The viral infection
may be the result of infection of a subject by a retrovirus (for example, a human T-lymphotropic virus
(for example HTLV-1, -2, -3, or -4), a human immune deficiency virus (for example HIV-1 or HIV-2).
The inflammation may be rheumatoid arthritis, ankylosing Spondylitis (AS), antiphospholipid antibody
syndrome (APS), gout, inflammatory arthritis, myositis, scleroderma, Sjogren's syndrome, systemic
lupus erythematosus (SLE or lupus), or vasculitis. The auto-immune disease may be inflammatory
bowel disease (IBD), multiple sclerosis, Guillain-Barre syndrome, diabetes mellitus (type 1 diabetes),

psoriasis, chronic inflammatory demyelinating polyneuropathy.

Cells for use according to the invention may be obtained from any suitable source. Typically, the
cells may be autologous, i.e. isolated from the same patient to whom the genetically engineered cells
are subsequently administered after modification of the cells. Such autologous cells may be derived
from the patient according to any generally suitable procedure. A suitable procedure for obtaining
lymphocytes, e.g. T cells from the blood of a patient is apheresis (more specifically by means of
leukapheresis). Suitably, the patient is a human subject.

The cells may be obtained from the blood of a patient, subsequently genetically modified (e.g. by
transduction or transfection) to express a nucleic acid sequence as defined herein which encodes a
co-receptor (e.g. a FCRL3, FCRLS6, and/or a LRRN3 co-receptor), optionally cultured and expanded
ex vivo, and then returned to the circulating blood of the patient by infusion. In some embodiments,
the cells may also additionally be genetically engineered to express a modified T cell receptor, or a
heterologous T cell receptor, or a CAR, or a mixture thereof.

Suitably, cells obtained and prepared in this way can be stored (e.g. by cryopreservation) prior to
use in suitable containers or packs, such as ready-to-use packs for infusion of the modified cells

back into the patient.

In one embodiment, the present invention therefore provides CAR-T cells which recognise cancer
cells using a chimeric antigen receptor that combines an antibody recognition domain and the
downstream signaling machinery of a TCR which have also been transduced or transfected to co-

express Fc-Receptor-Like-3 (FCRL3) to enhance killing of cancer cells.
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In another embodiment, there is provided modified HTLV-1 specific CD8 T-cells which have been
transduced or transfected to co-express Fc-Receptor-Like-3 (FCRL3) to reduce or eliminate HTLV-

1 viral load.

Also provided is modified Tumour invasive lymphocytes (TILS) which have been transduced or

transfected to co-express Fc-Receptor-Like-3 (FCRL3) to treat solid tumours, such as lymphoma.

The method of treatment may further comprise the administration of another therapeutic agent. The
therapeutic agent may be administered separately, simultaneously or sequentially with the cells,
nucleic acid, vector or cell comprising a vector of the invention. In the treatment of cancer, the subject
may also receive radiation therapy and/or chemotherapy prior to, during or after the administration

of the cells, nucleic acid, vector or cell comprising a vector of the invention.

According to a sixth aspect of the invention, there is provided a kit comprising cell, nucleic acid,
vector or cell comprising a vector as defined above and a physiologically acceptable diluent or

adjuvant.

According to a seventh aspect of the invention, there is provided a specific binding molecule which
binds to a receptor selected from the group consisting of Fc-Receptor-Like-3 (FCRL3), Fc-Receptor-
Like-6 (FCRL®6), and Leucine-Rich-Repeat-Neuronal-3 (LRRN3) for use in medicine. Embodiments
of the invention in accordance with this aspect of the invention therefore include a method of
treatment of a disease comprising administration of an effective amount of the specific binding to a
subject in need thereof. The subject may be a human or a non-human animal, for example a non-
human mammal.

Such uses in medicine may find greatest application in the treatment of cancer, a viral infection, an
autoimmune disease or inflammation. This aspect of the invention therefore also extends to and
includes use of a specific binding molecule of the invention in the manufacture of a medicament for
the treatment of cancer, a viral infection, an autoimmune disease, or inflammation. Examples of

such diseases are as described above.

It is envisaged that some particular uses concerning specific binding molecules to FCRL3 may be in
the treatment of rheumatoid arthritis or T-cell ymphoma, including cutaneous T cell ymphoma. It is
envisaged that some particular uses concerning specific binding molecules to FCRL6 and LRRN3
may be in the treatment of an autoimmune disease such as rheumatoid arthritis or multiple sclerosis.
Similarly, other compounds which inhibit the function of these receptors, including approaches using
CRISPR, could be used to equal effect to inhibit and down-regulate the receptors.
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The specific binding molecule may be an antibody or a fragment thereof, or an aptamer. Antibodies
to FCRL3 are available from BD Pharmingen (catalogue reference 565056) and R&D Systems
(catalogue reference FAB3126P).

The terms “antibody” and “immunoglobulin” are used herein interchangeably. An antibody molecule
is made up of two identical heavy (H) and two identical light (L) chains held together by disulphide
bonds. Each heavy chain comprises an Fc polypeptide. The two Fc¢ polypeptides from the two heavy
chains dimerise to form the Fc region of the antibody molecule. The term "Fc region" refers to the
constant region of an antibody excluding the first constant region immunoglobulin domain of the
heavy chain (CH1) that interacts with the constant portion of the light chain (CL) forming a CH1-CL
domain pair. Thus, an Fc region comprises the last two constant region immunoglobulin domains
(CH2 and CH3) of IgA, IgD, and IgG, and the last three constant region immunoglobulin domains of
IgE and IgM (CH2, CH3 and CH4). The terms “antibody” and “antibodies” include references to
engineered antibodies which include other binding domains, such as bispecific antibodies.

The antibodies may be monoclonal or polyclonal. Polyclonal antibodies can be raised by stimulating
their production in a suitable animal host (e.g. a mouse, rat, guinea pig, rabbit, sheep, goat or monkey)
when the substance of the present invention is injected into the animal. If necessary an adjuvant may
be administered together with the substance of the present invention. The antibodies can then be

purified by virtue of their binding to a substance of the present invention.

Monoclonal antibodies can be produced from hybridomas. These can be formed by fusing myeloma
cells and spleen cells which produce the desired antibody in order to form an immortal cell line. This is
the well-known Kohler & Milstein technique (Nature 256 52-55 (1975)).

Techniques for producing monoclonal and polyclonal antibodies which bind to a particular protein are
now well developed in the art. They are discussed in standard immunology textbooks, for example in

Roitt et al, Immunology second edition (1989), Churchill Livingstone, London.

In addition to whole antibodies, the present invention includes derivatives thereof which are capable of
binding to substances of the present invention. The present invention includes antibody fragments and
synthetic constructs. Examples of antibody fragments and synthetic constructs are given by Dougall ef
al in Tibtech 12 372-379 (September 1994). Antibody fragments include any portion of a full-length
antibody. Examples of antibody fragments include, but are not limited to, Fab, Fab', F(ab’)z, scFv,

Fv, dsFv diabody and Fd fragments.

The term “single chain variable fragment” or “scFv” refers to an Fv fragment in which the heavy chain
domain and the light chain domain are linked. One or more scFv fragments may be linked to other
antibody fragments (such as the constant domain of a heavy chain or a light chain) to form antibody

constructs having one or more antigen recognition sites.
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Other synthetic constructs include CDR peptides. These are synthetic peptides comprising antigen
binding determinants. Peptide mimetics may also be used. These molecules are usually
conformationally restricted organic rings which mimic the structure of a CDR loop and which include

antigen-interactive side chains.

Synthetic constructs include chimeric molecules. For example, humanised (or primatised) antibodies or
derivatives thereof are within the scope of the present invention. An example of a humanised antibody
is an antibody having human framework regions, but rodent hypervariable regions. Synthetic constructs
also include molecules comprising a covalently linked moiety which provides the molecule with some
desirable property in addition to antigen binding. For example, the moiety may be a label (e.g. a

fluorescent or radioactive label) or a pharmaceutically active agent.

According to an eighth aspect of the invention, there is provided a kit comprising a specific binding
molecule which binds to a receptor selected from the group consisting of Fc-Receptor-Like-3
(FCRL3), Fc-Receptor-Like-6 (FCRL6), and Leucine-Rich-Repeat-Neuronal-3 (LRRN3) and a

physiologically acceptable diluent or adjuvant.

The present inventors have found that FCRL3 is a novel cytotoxic (CD8) T-cell co-receptor that
enhances TCR downstream signalling to increase the probability of generating sufficient signal to
trigger lytic granule upon encounter with a target cell thus enhancing killing. Overexpression of this
molecule in T-cell therapy products may enhance target cell killing i.e. increase killing of cancer or
viral infected target cells by CD8+ T-cells. Secondly a unique population of ex vivo CD8+ T-cells is
marked by expression of this receptor. The present invention therefore provides a CD8+ T-cell
population characterised by expression of FCRL3 with enhanced efficacy for T-cell therapy
products. The other co-receptors disclosed herein, FCRL6 and/or LRRN3, are similarly able to

enhance T cell killing activity.

According to one embodiment of the invention there is therefore provided a cell comprising a receptor
that comprises an antigen binding domain and a T-cell activating function and at least one co-
receptor which modulates the activity of the receptor in which the co-receptor is selected from the
group consisting of Fc-Receptor-Like-3 (FCRL3), Fc-Receptor-Like-6 (FCRLS6), and Leucine-Rich-
Repeat-Neuronal-3 (LRRN3).

Preferred features for the second and subsequent aspects of the invention are as for the first aspect

mutatis mutandis.

The present invention will now be described by way of illustration with reference to the following

Examples. Reference is made to the following drawings in which:
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Figure 1 shows functionality of TCR-identical HLA-B*0801-FL8-specific CTL clones. (A)
Representative flow cytometry plots showing p24 antigen expression in C8166 cells after
incubation with clonal CTLs from LTNPOO5 (A3, A9, A17, or A20) at the indicated E:T ratios.
Uninfected target cells were used as the negative control. Infected target cells cultured alone
were used as the positive control. The HLA-A*0201-SL9-specific clone G10 was included as
a TCR-specificity control. Data represent two independent experiments. (B) Virus
suppression by clonal CTLs from LTNP005 (A3, A9, A17, or A20) at the indicated E:T ratios.
Data are shown as percent suppression relative to p24 antigen content in the supernatant of
infected C8166 cells cultured alone. The HLA-A*0201-SL9-specific clone G10 was included
as a TCR-specificity control. *P = 0.0005; **P = <0.0001 (Student t-test). Error bars indicate
mean + SD. Data represent two independent experiments with two generations of each
clone. (C) Virus suppression by clonal CTLs from G713 (G713-4 and G713-20) at the
indicated E:T ratios. Data are shown as percent suppression relative to p24 antigen content
in the supernatant of infected C8166 cells cultured alone. *P = 0.0039 at an E:T ratio 1:16
(Student t-test). Error bars indicate mean + SD. Data represent triplicate measurements from
one experiment. (D) Antigen sensitivities of TCR-identical CTL clones from LTNP005. ECso
indicates the FL8 peptide concentration (M) required to elicit 50% maximal specific lysis of
target cells in a standard 4 hr chromium release assay. *P=0.0443 for A3 and A20 at 0.01uM
(Student t-test). Error bars indicate mean £ SD. Data represent three independent
experiments with three generations of each clone. (E) Antigen sensitivities of TCR-identical
CTL clones from E833 and G713. ECso values were determined as in (D). *P = 0.0286 for
E833-30 and E833-13 at 0.1uM (student t-test). Error bars indicate mean £ SD. Data

represent three independent experiments with three generations of each clone.

Figure 2 shows characterization of effector functions in TCR-identical HLA-B*0801-FL8-
specific CTL clones from LTNP0O05. (A) Pie charts indicate the percentage of clonal A3 or
A20 CTLs responding to a range of cognate peptide concentrations. Three effector functions
were measured simultaneously: 1 function, CCL4; 2 functions, CCL4 + CD107a; 3 functions,
CCL4 + CD107a + IFNy. (B) Secretion of IFNy and TNF by clonal A3 or A20 CTLs after
incubation for 24 hr with HLA-matched CD4* T cells infected for 72 hr with the indicated
TCIDso doses of HIV-1. Bar height indicates the mean of triplicates. (C) Secretion of CCL4,
IFN-y, TNF, and IL-2 by clonal A3 or A20 CTLs after incubation for 24 hr with
phytohaemagglutinin (PHA) or phorbol myristate acetate and ionomycin (PMA and IONO).
Bar height indicates the mean of triplicates. (D) Hierarchical clustering and heatmap of
differentially expressed genes in clonal A3 or A20 CTLs after stimulation for 6 hr with cognate
peptide (2 uM). The top 32 genes in either direction are shown. Each column represents a
sample, and each row represents a gene. The intensity of red/blue colour indicates the
relative quantity of mRNA bound to each probe (key). Data represent three independent
experiments with three generations of each clone. (E) mRNA expression of Iytic effector

molecules. The graph shows tumour necrosis factor (TNF), lymphotoxin alpha (LTA),
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granulysin (GNLY), Fas ligand (FASL), perforin (PRF), granzyme B (GZMB), and TRAIL
(TNFSF10) gene expression in clonal A20 vs. A3 CTLs, expressed as mean base 2
logarithmic fold change indicated by bar height, with P values (LIMMA). (F) Bisulfite
sequencing of the core TNF promoter. DNA isolated from clonal A3 or A20 CTLs was bisulfite
converted, amplified by PCR, and sequenced to assess the frequency of methylated cytidine
residues situated within CpG dinucleotides in the core TNF promoter from amino acid
residues -200 to -117 (red boxes). A representative sequencing screen for residues -171 to
-119 is illustrated for each population (A3, left; A20, right). Each line represents one
sequence, methylated cytidines are denoted by black circles, and unmethylated cytidines

are denoted as green circles.

Figure 3 shows transcriptome analysis of resting TCR-identical HLA-B*0801-FL8-specific
CTL clones. (A) Tetramer avidity assay. Clonal A3, A17, or A20 CTLs were stained with the
indicated concentrations of the HLA-B*0801-FL8 tetramer. Data represent three
independent experiments. (B) Hierarchical clustering and heatmap of 140 genes with altered
expression in clonal A20 vs. A3 CTLs (absolute fold change of at least < 2 >; P < 0.01 by
ANOVA). Each column represents a sample and each row represents a probe from the bead
array that maps to a gene in the Ensembl database. The colour represents the relative
quantity of complementary RNA directly hybridized to each probe for each sample, scaled
for each row to range from -1 (blue) to +1 (red) as indicated (key). Some genes are
represented by more than one probe. Data represent three independent experiments with
three generations of each clone. (C) Bar chart illustrating the mean absolute fold change (x-
axis) in gene expression of selected cell surface receptors in resting clonal A20 vs. A3 CTLs
(P < 0.01 by ANOVA). Protein name, signalling motif, and comments are shown in Table 2.
(D) Real-time PCR analysis of mRNA extracted from resting clonal A20 vs. A3 CTLs sorted
to > 99% purity by flow cytometry. Error bars indicate mean £ SD. Data represent three
independent experiments with three generations of each clone. (E and F) Real-time PCR
analysis of mMRNA extracted from resting clonal E833-30 vs. E833-13 CTLs (E) or resting
clonal G713-20 vs. G713-4 CTLs (F). In (E), clone E833-30 is the most antigen-sensitive
(Fig. 1E). In (F), clone G713-20 is the most antigen-sensitive (Fig. 1E). Error bars indicate
mean + SD. Data represent two independent experiments with two generations of each

clone.

Figure 4 shows FCRL3 association with TCR signal transduction and degranulation kinetics.
(A) A representative flow cytometry histogram showing FCRL3 on two generations of clonal
A3 CTLs and three generations of clonal A20 CTLs. MFI values were compared using a
Student t-test (**P = 0.0036). (B) Phosphorylated forms of p44/42 MAPK in clonal A20 vs.
A3 CTLs were quantified by phospho-flow cytometry after stimulation for 10 min with cognate
peptide (10 pM). ****P < 0.0001 (Student t-test). Data represent two independent

experiments with two generations of each clone. (C) CD107a mobilization on clonal A20 vs.
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A3 CTLs was measured by flow cytometry at the indicated time points after stimulation with
cognate peptide (10 pM). **P = 0.0012 at 15 min; *P = 0.0298 at 30 min; *P = 0.0152 at 60
min (Student t-test). (D) FCRL3 was cloned into a lentiviral vector and expressed under the
control of a spleen focus-forming virus (SFFV) promoter together with IRES-driven GFP to
allow fluorescence-activated sorting of transduced cells and the generation of a stable Jurkat
cell line expressing FCRL3. (E) A representative flow cytometry histogram showing
phosphorylated p44/42 MAPK in Jurkat cell lines expressing FCLR3 or the corresponding
Empty Vector after stimulation for 10 min with OKT3. (F) MFI values for phosphorylated
p44/42 MAPK were compared using a Student t-test (**P = 0.0055).

Figure 5 shows ex vivo ITAM/ITIM expression in single TCR VB 13.2* HLA-B*0801-FL8
tetramer-binding CD8* T cells sorted directly ex vivo from donor LTNP0O05. (A) Hierarchical
clustering and heatmap of ITAM/ITIM genes and housekeeping genes ACTB, GAPDH, and
CDB8A. Each column represents a gene, and each row represents a cell. (B) Comparison of
the proportions of CD8* T cells expressing the ITAM/ITIM genes FCRL3, FCRL#6, or LRRN3
in 2003 vs. 2004.

Figure 6 shows the nucleic acid sequence encoding human FCRL3 (a) with accession
reference NM_052939.3 and the corresponding amino acid sequence (b) of 734 residues
with accession reference NP_443171.2; showing ATG=START CODON and TAG=STOP
CODON.

Figure 7 shows amino acid sequences for human FCRL3 isoforms in comparison to the
canonical sequence (a) canonical sequence of 734 amino acids; (b) isoform 3; (c) isoform 6;

and (d) isoform 7.

Figure 8 shows the nucleic acid sequence of the lentiviral vector comprising the human
FCRL3 nucleic acid sequence with the vector residues shown in upper case and the FCRL3

encoding residues shown in lower case.

Figure 9 shows the plasmid map for the vector LeGo-iG2.

Figure 10 shows the nucleic acid sequence encoding human LRRN3 (a) with accession
reference NM_001099660.1, transcript variant 1, and the corresponding amino acid
sequence (b) with accession reference NP_001093130.1, and (¢) a nucleic acid sequence

encoding LRRN3 which has been codon optimized for expression.

Figure 11 shows the nucleic acid sequence encoding human FCRL6 (a) with accession

reference NM_001004310.2, transcript variant 1, and the corresponding amino acid
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sequence (b) with accession reference NP_001004310.2, and (¢) a nucleic acid sequence

encoding LRRN3 which has been codon optimized for expression.

Figure 12 shows the nucleic acid sequence of the lentiviral vector comprising the human
FCRLS nucleic acid sequence with the vector residues shown in upper case and the FCRL6

encoding residues shown in lower case.

Figure 13 shows the nucleic acid sequence of the lentiviral vector comprising the human
LRRN3 nucleic acid sequence with the vector residues shown in upper case and the LRRN3

encoding residues shown in lower case.

Materials and Methods

Patients

Samples were obtained from one individual with chronic HIV infection (LTNPOO5) enrolled in the
London Riverside Cohort (UK), a nested case-control study of the biological and behavioural
correlates of non-progression, and two individuals (E833 and G713) with acute HIV infection
recruited from the San Diego AIDS Treatment Centre (USA) (12). All three individuals were HLA-
B*0801* with known responses to the FL8 epitope derived from HIV-1 Nef (residues 90-97). Informed
consent was obtained in all cases. Human subjects approval for these studies was obtained from the
Central Oxford Regional Ethics Committee, the Ethics Review Committee of King’s College Hospital,
and the University of California San Diego Institutional Review Board. Peripheral blood mononuclear
cells (PBMCs) were isolated from heparinized blood and cryopreserved according to standard

protocols.

Antigens and antibodies

The FLKEKGGL peptide was synthesized by FMOC to at least 90% purity confirmed by HPLC.
Tetrameric HLA-B*0801-FL8 complexes were generated as described previously (12). Directly
conjugated antibodies were obtained from the following vendors: (i) «-TCR VB 13.2 (PE), «-CD94
(PE), and «-p24 antigen (clone KC57 RD1; PE) (Beckman Coulter); (ii) «-CD4 (APC), «-CD8 (FITC,
Pacific Blue, PE, or PE-Cy7), a-CD27 (APC), «-CD28 (FITC), a-CCL4 (PE), «-CD107a (FITC or
APC), a-IFNy (PE-Cy7), a-TNFa (APC), a-PD-1 (APC), and a-granzyme B (PE) (BD Biosciences);
(iii) a-perforin (clone B-D48; FITC) (Diaclone); (iv) a-FCRL3 (PE or APC) (clone 3126P; R&D
Systems); (v) a-phospho-p44/42 MAPK (Erk1/2) (Thr202/Tyr204) (Cell Signaling Technology); and
(vi) -CD57 (FITC) (BioLegend).

Flow cytometry
Thawed PBMCs or clonal CTLs were incubated with titrated amounts of tetramer (PE) for 15 min at
37°C. Surface antibodies were then added for 20 min at 4°C. Cells were washed and, if intracellular

staining was required, fixed/permeabilized using a BD Cytofix/Cytoperm Kit (BD Biosciences). Data
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were acquired using a FACS Cyan flow cytometer (Beckman Coulter) and analyzed with FlowJo
software (Tree Star).

CTL clones and cell lines

Tetramer-binding cells were sorted from thawed PBMC samples collected from HIV-1-infected
individuals (Table 1) using anti-PE MicroBeads (Miltenyi Biotec) and plated at limiting dilution as
described previously (Dong ef al. (2004) J Exp Med 200(12):1547-1557).

Table 1 shows TCR sequences and clonotyping for TCR identical HLA B*08-restricted FL8-specific
CD8+ CTL Clones. Clonotype count and frequency are shown for the ex vivo HLA B*0801-
restricted FL8-specific tetramer population from donor LTNP0O05 (in bold) and TCR —identical CTL-
clone pairs (LTNP005 A3 and A20; E833 -13 and -30; G713-4 and -20).

Table 1
LTNP0OO5 | HLA B*08- 6-2 CASSYLPGQGDHYSNQPQH 15 97.50 39
FL8
HLA B*08- 6-2 CASSYLPGQGGHYSNQPQH 15 2.50 1
FL8
A3 6-2 CASSYLPGQGDHYSNQPQH 1-5 100.00 143
A9 6-2 CASSYLPGQGDHYSNQPQH 1-5 ND ND
A17 6-2 CASSYLPGQGDHYSNQPQH 1-5 ND ND
A20 6-2 CASSYLPGQGDHYSNQPQH 1-5 100.00 164
E833 E833-10 6-2 CASSYNTPGNEQF 2-1 ND ND
E833-11 6-2 CASSYNTPGNEQF 2-1 ND ND
E833-13 6-2 CASSYNTPGNEQF 2-1 100.00 77
E833-18 6-2 CASSYNTPGNEQF 2-1 ND ND
E833-30 6-2 CASSYNTPGNEQF 2-1 100.00 86
E833-38 6-2 CASSYNTPGNEQF 2-1 ND ND
G713 G713-4 6-2 CASSFQPGQGLFFSNQPQH 1-5 100.00 53
G713-20 6-2 CASSFQPGQGLFFSNQPQH 1-5 100.00 50
LTNP0OO5 | HLA B*08- 26-1 CIVRAPGRADMR 43 100.00 18
FL8
A3 26-1 CIVRAPGRADMR 43 100.00 79
A9 26-1 CIVRAPGRADMR 43 ND ND
A17 26-1 CIVRAPGRADMR 43 ND ND
A20 26-1 CIVRAPGRADMR 43 100.00 76
E833 E833-10 13-1 CAASNPPDYKLS 20 ND ND
E833-11 13-1 CAASNPPDYKLS 20 ND ND
E833-13 13-1 CAASNPPDYKLS 20 100.00 75
E833-18 13-1 CAASNPPDYKLS 20 ND ND
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E833-30 13-1 CAASNPPDYKLS 20 100.00 86
E833-38 13-1 CAASNPPDYKLS 20 ND ND
G713 G713-4 12-2 CAGKAAGNKLT 17 100.00 81
G713-20 12-2 CAGKAAGNKLT 17 100.00 99

Clones were expanded by periodic restimulation using mixed irradiated allogeneic PBMCs with
phytohemagglutinin (PHA; 40 ng/mL) and recombinant human IL-2 (200 1U/mL). An HLA-A*0201-
restricted HIV p17 Gag-specific clone (G10) was generated as described previously (Lee ef al. (2004)
J Exp Med 200(11):1455-1466). The CD4* T cell line C8166 was obtained from the National Institute
of Health (NIH) AIDS Reference and Reagent Program and cultured in RPMI 1640 medium
supplemented with 10% fetal calf serum, 100 U/mL penicillin, 100 pg/mL streptomycin sulphate, and
1.7 mM sodium glutamate. Cell lines and CTL clones were negative on regular screening for
mycoplasma contamination. All clones were cultured under identical conditions and transcriptome
analysis was performed on day 14 post-restimulation. Day 14 was validated by gene expression
studies showing that contaminating feeder cells were present at < 0.1% and CTL clones achieve a

stable state at this time point.

Production of VSV-G pseudotyped lentiviral particles

FCRL3 (NCBI accession number NM_052939.3) was synthesized and cloned into the lentiviral vector
Lego.iG2 (Addgene, Weber) by Blue Heron. Lentiviral particles were produced by transient
transfection of HEK293T/17 cells using the calcium phosphate method. HEK293T/17 cells were
transfected with lentiviral vector (Lego.iG2 or FCRL3.Lego.iG2) DNA together with the third-
generation HIV-1-based packaging plasmids PMD2.G, pMDLg/pRRE, and pRSV-Rev (Addgene,
Trono). Supernatants were harvested at 24 and 48 hr post-transfection, centrifuged at 400 g for 10
min at room temperature, and passed through 0.45 pM filters (Sarstedt). Viral particles were
concentrated from the supernatants by ultracentrifugtion at 24,000 rpm for 1.5 hr at 4°C, and the

pellets were resuspended in RPMI medium and stored at -80°C.

Titration of VSV-G pseudotyped lentiviral particles

1 x 105 Jurkat cells were transduced with 10-fold serial dilutions of frozen virus in 96-well plates.
Polybrene (8 ng/mL) was added to the wells, and the plate was centrifuged at 2,5000 rpm for 40 min
at 25°C. Cells were analyzed by flow cytometry for eGFP expression on day 5. Titers were calculated
from the dilution that rendered 1-20% of the cells GFP*.

Transduction of Jurkat cells
Jurkat cells were transduced with Lego.iG2 or FCRL3.Lego.iG2 viruses at a multiplicity of infection
of 10. On day 5, GFPMah cells were sorted by flow cytometry and seeded at 1, 3, or 5 cells per well

in a 96-well plate. FCRL3 expression was confirmed by flow cytometry. The Lego.iG2 cell line was
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isolated from a well containing 3 cells, and the FCRL3.Lego.iG2 cell line was isolated from a well

containing 5 cells.

TCR sequencing

RNA was extracted from CTL clones using an RNeasy Kit (Qiagen) and amplified using an RT-PCR
technique with a 5’ switching mechanism and 3 TRA/TRB constant region primers as described
previously (Dong et al. (2004) J Exp Med 200(12):1547-1557). Gel-purified PCR products were

sequenced in-house using dideoxy chain-termination on a Megabase 1000.

Chromium release assay

Antigen sensitivity was determined using standard chromium release assays. In brief, 5'Cr-labelled
C8166 cells were plated at 5 x 104 cells/well with or without clonal CTLs at an effector:target (E:T)
ratio of 3:1 in the presence of peptide at a final concentration of 0—10 pg/mL. Released 5'Cr in the
harvested supernatant was measured using a p-plate counter (WALLAC). Specific lysis was
calculated using the formula: specific lysis = (experimental 3'Cr release — spontaneous 5'Cr

release)/(maximal 5'Cr release — spontaneous 5'Cr release).

HIV-1 suppression assay

C8166 cells were infected with 1 x TCIDso HIV-1un (NIBSC AIDS Reagents) for 90 min at 37°C,
washed three times, and re-suspended in H10 medium (RPMI 1640 medium supplemented with 10%
heat-inactivated human serum) containing IL-2 (200 U/mL). Infected target cells were plated at 5 x
10 cells/100 wl with 2.5 x 10% clonal CTLs or appropriate dilutions thereof in triplicate in a 96-well
plate and incubated for 96 hr at 37°C. Positive control (infected C8166 cells alone) and negative
control (uninfected C8166 cells) wells were included, together with an HLA-mismatched control (the
HLA-A*0201-SL9-specific CTL clone G10). Additional wells were set up to allow for spectral overlap.
A p24 ELISA Kit (ImmunoDiagnostics Inc.) was used to detect p24 antigen in 50 pl of neat
supernatant as instructed. CTL-mediated suppression was expressed as the percentage reduction
in average p24 protein at day 4 relative to the average p24 content of infected C8166 cells alone
(positive control). Cellular expression of p24 in C8166 cells was determined concomitantly by flow

cytometry.

Polyfunctional sensitivity

1 x 108 clonal CTLs were stimulated at an E:T ratio of 10:1 with peptide-pulsed C8166 cells. The
assay was performed as described previously, with the exception that 10 nM peptide was used as a
positive control (Betts ef al. (2006) Blood 107(12):4781-4789). Data were acquired using a FACS

Cyan flow cytometer (Beckman Coulter) and analyzed with FlowJo software (Tree Star)

Measurement of cytokine production
Clonal CTLs were stimulated for 24 hr alone in the presence of PHA (40 ng/mL) or phorbol myristate
acetate (PMA; 50 ng/mL) and ionomycin (1 pg/mL), or at 10: 1 ratio with C8166 cells infected for 72
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hr with three titrations of HIV-1mn. Cytokines in the culture supernatant were measured using a
Human Cytokine 17-Plex Panel Assay (IL-18, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12, IL-13, IL
17, G-CSF, GM-CSF, IFN-y, MCP-1, CCL4, and TNF) in a suspension array system (Luminex 200;

Bio-Rad Laboratories).

RNA extraction for gene expression analysis

RNA from three generations of two clones was isolated from 3 x 10° cells after stimulation for 24 hr
at 10:1 ratio with C8166 cells. Clonal CTLs were negatively selected using anti-CD4 MicroBeads
(Miltenyi Biotec). Viable cells were counted using Trypan Blue, and total RNA was extracted using
either a mirVana miRNA Isolation Kit (Applied Biosystems) or an RNeasy Kit (Qiagen). RNA integrity

was measured using a Bioanalyzer (Agilent).

Microarray analysis and quantitative RT-PCR

Genome-wide gene expression analysis was performed using a HumanHT-12 v4 Expression
BeadChip containing 47,231 annotated probes (llumina). Total RNA was amplified and labelled
during in vitro transcription with biotin, hybridized to the array, washed, stained with Cy3-Streptavidin,
and scanned for quality control and gene detection using Genome Studio (lllumina). Data files are
available at the Gene Expression Omnibus data repository under accession code XXX. Quantitative
real-time PCR was performed using a 7500 System (Applied Biosystems). Primers specific for listed

genes were obtained from Applied Biosystems.

Bisulfite sequencing PCR assay

Genomic DNA was extracted from each population using a PureGene DNA Purification Kit (Gentra
Systems), and 500 ng of genomic DNA was converted using a Methylcode Bisulfite Conversion Kit
(Invitrogen). Fragments generated by PCR were amplified separately using the following primers: -
237 amplification: 5-TTT GTATTT TGT TTG GAA GTT AGA AGG AAA TAG ATT A-3’ and 5-AAA
ACT TCC TTA ATA AAA CCC ATA AAC TCA TC-3'; -1030 amplification: 5-AGA GTT GTG GGG
AGA ATA AAA GGA TAA GG-3’ and 5-AAA CAT TCT CCT ACC CAT TAC TAT AAT CAC ATC TC
-3'. Products were subcloned into pCR4 TOPO TA (Invitrogen) and sequenced.

Phospho-flow cytometry

Jurkat Lego.iG2 and FCRL3.Lego.iG2 cells (1 x 10%well) were incubated with soluble «-CD28
(BioLegend) and stimulated with plate-bound (1 mg/ml) o-CD3 (clone OKT3; BioLegend) for 10 min
at 37°C. Clonal CTLs (1 x 10%) were stimulated with peptide-pulsed C8166 cells at an E:T ratio of
10:1 for 10 min at 37°C. Stimulations were performed using the cognate FL8 peptide or a control
peptide from the CMV pp65 protein (NLVPMVATV; residues 495-503). Cells were fixed using BD
Phosflow Fix Buffer | (BD Biosciences) for 10 min at 37°C, permeabilized in chilled BD Phosflow
Perm Buffer Il (BD Biosciences), and stored at -80°C. Thawed cells were washed, stained for 1 hr
at room temperature with phospho-specific antibodies (Cell Signaling Technology), and acquired

using an LSRII flow cytometer (BD Biosciences).
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Quantitative single cell gene expression analysis

Single tetramer-binding VB 13.2* CD8* T cells were sorted using a FACS Aria flow cytometer (BD
Biosciences) into 96-well plates containing CellsDirect One-Shot gRT-PCR Buffer with Platinum Taq
Polymerase and SuperScript 1ll Reverse Transcriptase (Invitrogen), 0.2x TagMan gene-specific
expression assays (Applied Biosystems), and Superaseln RNase inhibitor (Ambion). Immediately
after cell sorting, samples were incubated for 10 min at 55°C, denatured for 2 min at 95°C, and
amplified over 21 cycles of PCR (15 sec at 95°C; 4 min at 60°C). Negative control wells were run in
parallel without SuperScript Ill. cDNA from each bulk sample was amplified from 100 cells over 18
cycles of RT-PCR. Pre-amplified cDNA was diluted 1:5 in TE buffer and then mixed with TagMan
Universal PCR Master Mix (Applied Biosystems). The sample mix and TagMan assays were loaded
separately into wells of a 192.24 Gene Expression Dynamic Array (Fluidigm). The arrays were read
using a Biomark HD Analysis System (Fluidigm). Single cell expression data were initially analyzed
using Fluidigm Data Collection software. Samples not expressing CD8a and the housekeeping genes
were excluded from the analysis (n=8), with a Ct value for non-detected gene expression considered
as 40. ACt values were calculated with reference to the mean of two housekeeping genes (GAPDH

and ACTB). Heatmaps were generated in R using the package pheatmap.

Statistical analysis

Statistical analysis was performed using Prism version 4.0b (GraphPad). Differences between
groups were assessed using a non-paired Student t-test. Correlations were determined using linear
regression. Statistically significant differential gene expression was identified using GeneSpring GX
(Agilent) with one-way analysis of variance (ANOVA) and corrected for multiple comparisons.
Significance was assumed at P values < 0.01. Altered expression of genes that achieved statistical
significance was analyzed using the LIMMA package for R and corrected for multiple comparisons.
Significance was assumed at P values < 0.05. The LIMMA package analyzes empirical Bayes values
to determine gene-wise residual variance (significance was assumed at B values < 3.0). Heatmaps

were generated using gplot.

Example 1: Generation of TCR-identical CTL clones by expansion of single cells ex vivo

The TCR is the key structure that mediates recognition of peptide-MHC class | complexes, yet it is
not clear if TCR affinity, TCR avidity or events downstream of the TCR determine the variable anti-
viral efficacy among epitope-specific CTLS. TCR-identical CTL clones were generated from three
HIV-1-infected individuals with immunodominant HLA-B*0801-restricted CD8* T cell responses
specific for FL8. These tetramer defined populations were characterized by a dominant TCR
clonotype in two individuals, LTNP005 and E833, and a codominant TCR clonotype in a third
individual, G713, all of which used TRBV#6-2 in conjunction with distinct TRBJ, TRAV, and TRAJ
genes (12). In donor, LTNPO0O5, the TRBYV 6-2* (also known as Vf 13.2) tetramer-binding population
was dominated by the use of a single TCR (Table 1). At the point of sampling, LTNP005 had
maintained a normal CD4* T cell count for 14 years without anti-retroviral therapy (ART). E833 and
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G713 were sampled during acute HIV-1 infection. CTL clones were generated via limiting dilution of
HLA-B*0801-FL8 tetramer-binding CD8* T cell populations isolated directly ex vivo by flow cytometry.
For each clone (n = 2-6 per donor), the expressed TCR was characterized using a molecular
approach to sequence TCRa (TRA) and TCRp (TRB) transcripts (Table 1).

TCR-identical CTL clones were found to have distinct antiviral efficacy. All four clones isolated from
LTNPOOS expressed an identical TCR (Table 1). Each clone (A3, A9, A17, and A20) had a distinct
ability to suppress HIV-1 replication in an HLA-matched CD4* T cell line (C8166) infected with HIV-
1mn. In vitro viral suppression required MHC class | restriction and appeared to depend on contact-
dependent killing, as suppression correlated with elimination of p24* cells by flow cytometry (Fig.
1A). Heterogeneity in killing capacity was more striking at lower effector: target (E:T) ratios, with
suppressive activity ranging from 10-90% at an E:T ratio of 1:16 (Fig. 1B). Clone A20 particularly
maintained high contact dependent killing efficiency at limiting clone concentration (Fig. 1A). Distinct
viral suppression was observed for a second set of TCR-identical CTL clones from donor G713 (Fig.
1C). Al TCR-identical CTL clones from E833 were potent suppressors, even at an E:T ratio of 1:128
(data not shown). Importantly, each set of clones displayed equivalent surface expression levels of
the corresponding sequence-identical TCR. Thus clonal CD8+ T-cells can have distinct antiviral

efficacy.

Example 2: Antigen sensitivity and Killing efficiency variation among TCR-identical CTL
clones

The peptide concentration required to trigger half-maximal Killing (ECsc) was determined in short-
term chromium release assays. Antigen sensitivity was also distinct among the four TCR-identical
CTL clones from LTNPOO5, with ECso values ranging from 0.014 to 0.045 uM (Fig. 1D). Indeed, at
low E:T ratio (1:16), virus suppression directly correlated with antigen sensitivity antigen sensitivity
(Rz = 0.95, P = 0.023). A clear sensitivity threshold appeared to trigger cytotoxicity at a peptide
concentration of 0.01 puM (Fig. 1D), which is likely to reflect epitope densities on the surface of
naturally HIV-1-infected cells. As this result was unexpected, an unbiased molecular approach was

used to confirm TCR identity for two of these clones (A3 and A20) in a different laboratory (Table 1).

Variable antigen sensitivity was also observed among the six TCR-identical CTL clones from E833,
with ECso values ranging from 0.07 to 0.02 puM, and the two TCR-identical CTL clones from G713
(Fig. 1E). Here, the most sensitive clone, G713-20, was also the most potent suppressor. Again,
TCR identity was confirmed independently for representative clones from E833 (-13 and -30) and
both clones from G713 (Table 1).

Collectively, these data show that antigen sensitivity can vary independently of the TCR sequence

and surface expression, in turn dictating cytotoxic activity and antiviral efficacy at physiological

epitope densities in the presence of limiting numbers of CTLs.
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Example 3: Study on TCR-identical CTL clones reprogramming effector functions by
epigenetic modifications

CTL polyfunctionality has been associated with antigen sensitivity. Accordingly, CD107a mobilization
and the production of IL-2, TNF, IFNy, and CCL4 was assessed in peptide titration experiments. For
this purpose, the experiment focused on two clones from LTNP0O05. Clone A20 was highly antigen
sensitive and displayed potent antiviral efficacy, whereas clone A3 was moderately antigen sensitive
and displayed moderate antiviral efficacy. At limiting peptide concentrations, clone A20 was more
polyfunctional than clone A3 (Fig. 2A), but unexpectedly failed to secrete TNF. Moreover, TNF
production was not observed in clone A20 in response to HIV-1un-infected HLA-matched CD4* T
cells (Fig. 2B) and could not be induced by stimulation with either phytohaemagglutinin (PHA) or
phorbol myristate acetate (PMA) (Fig. 2C). Clone A20 also failed to secrete IL-2 although this could
be overcome with PMA stimulation.

To determine if TNF was regulated at the level of mRNA transcription, clones A3 and A20 were
activated with peptide-pulsed C8166 cells, separated by negative selection, and subjected to RNA
extraction for lllumina microarray analysis (Fig. 2D). After stimulation for 6 hours, TNF (adjusted P
value (LIMMA) 2.95 x 10-'%) was significantly less abundant in clonal A20 CTLs compared with clonal
A3 CTLs. Comparison of the normalized fluorescence intensity (NFI) of the TNF transcript further
indicated very low absolute expression in A20 (NFI: A20, 8.327 +/- 0.048 vs. A3, 11.510 +/- 0.062).
Epigenetic regulation of TNF in clones A20 and A3 was therefore examined by bisulfite sequencing
to determine the methylation status of the CpG islands in the TNF core promoter region. Clone A20
was highly methylated in the TNF promoter compared with clone A3 (Fig. 2F), showing that the TNF

gene underwent epigenetic silencing.

Lytic granule release was measured as a correlate of CD107a mobilization on the cell surface. A
higher proportion of clonal A20 CTLs were CD107a* compared with clonal A3 CTLs 6 hours after
stimulation with peptide-pulsed C8166 cells (27% vs. 11%) (Fig. 2A). Cytotoxic effector molecules
were therefore examined for comparative transcript abundance (Fig. 2E). There was no difference
in the abundance of mMRNA transcripts for Fas ligand (FASL), TRAIL (TNFSF10), granzyme B
(GZMB), and perforin (PRF). However, lymphotoxin-o. (LTA) mMRNA, which originates from the gene
located adjacent to TNF on chromosome 6, was significantly less abundant in clone A20 compared
with clone A3 (base 2 logarithmic fold change (Log 2 FC) -1.74, adjusted P value (LIMMA) = 5.41 x
10M).

These findings show that polyfunctionality is not always directly determined by antigen sensitivity (8),
but can be modified by epigenetic regulation of cytokines, such as TNF. Distinct antigen sensitivity
in two TCR-identical CTL clones was confirmed by the breadth and magnitude of available effector
responses. Indeed, the most antigen sensitive CTL clone had a higher probability of triggering
CD107a expression per target cell encounter without inducing a higher expression of mRNA
transcripts for lytic molecules at this time point.
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Example 4: Functionality is not associated with memory phenotype, exhaustion state or
tetramer-binding avidity

Surface expression levels of CD8a and the sequence-identical TCR were equivalent across all four
clones from LTNPOO5. In line with these observations, clones A3, A17, and A20 also showed
indistinguishable binding avidities for the HLA-B*0801-FL8 tetramer (Fig. 3A). Similar findings
applied to other TCR-identical CTL clones with distinct sensitivities. Moreover, expression levels of
perforin, granzyme B, CD27, and CD28, measured at the protein level by flow cytometry, were stable
across generations and largely equivalent in clones A3 and A20 (data not shown). These findings
are consistent with the observation that each clone was equally able to kill target cells pulsed with
non-limiting concentrations of peptide (Fig. 1A and 1D). Neither clone expressed high levels of PD-
1 (A3, 30%; A20, 13%; data not shown), which characterizes an exhausted phenotype associated
first with loss of cytotoxicity and then with loss of cytokine secretion. There were also no significant
differences in expression of basic leucine zipper transcription factor (BATF) on transcriptome
analysis. Accordingly, clonal phenotype was stable across rounds of stimulation, and differences in
antigen sensitivity and cytotoxic activity were not attributable to exhaustion or distinct expression

levels of CD8a or the sequence-identical TCR.

Example 5: Resting TCR-identical CTL clones have differential gene regulation

To explore the molecular correlates of differential antigen sensitivity and cytotoxic activity among
TCR-identical CTLs, the full transcriptomes of clones A3 and A20 (Fig. 3B) were compared. In
separate experiments, mMRNA was extracted from three generations of each clone under resting
conditions (i.e. two weeks after the last antigen exposure). This analysis identified 140 mRNAs that
were differentially expressed (absolute fold change of = 2 in A20 vs. A3; P < 0.01 by ANOVA). Of
these 140 mRNAs, 39 were identified by literature review and/or the database Uniprot to encode
proteins expressed on the cell surface. Of these 39 mRNAs, three encoded Fc-receptor-like
molecules, FCERIG, FCRL3, and FCRL6, which originate from one gene complex, an
immunoglobulin superfamily on chromosome 1q that also encodes the TCR complex signalling
protein CD3{ and the BCR coreceptor FCRL1. These proteins incorporate cytoplasmic domain
ITAMs and/or ITIMs. Clone A20 showed higher expression of three genes, encoding three ITAMs
and one ITIM (FCERIG, FCRL3, and TYROBP), whereas clone A3 showed higher expression of
FCRLG6, which encodes one ITIM, as well as KIR2DL3 and KIR2DL4, both of which have an ITIM in
their long cytoplasmic tails (Fig. 3C). Table 2 shows cell Surface Receptors differentially expressed
in Clone A20 compared to Clone A3. The protein names, signalling motifs and comments related

to the function of ten genes encoding the selected cell surface receptors in Fig. 3C.

Table 2
Protein Name Signalling Comments
Motif
Chemokine (C-X-C motif) receptor 6 - Cytolytic effector phenotype
Fc receptor-like 3 ITAM + ITIM Unknown
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Protein Name Signalling Comments
Motif
Fc fragment of IgE, high affinity I, receptor for ITAM Adaptor molecule
gamma polypeptide
TYRO protein tyrosine kinase binding protein ITAM Adaptor molecule
Leucine rich repeat neuronal 3 ITIM Unknown
Killer cell lectin-like receptor subfamily D, member - NK receptor
1
Fc receptor-like 6 ITIM Ligand HLA-DR
Killer cell immunoglobulin-like receptor, two ITIM NK receptor

domains, long cytoplasmic tail, 3

Chemokine (C-X-C motif) receptor 3 - Lymph node homing

Killer cell immunoglobulin-like receptor, two ITIM + ITAM Framework KIR

domains, long cytoplasmic tail, 4

Clone A3 also expressed significantly higher levels of LRRN3, a gene first isolated from neuronal
tissue that encodes a potential cytoplasmic domain ITIM. As expected from the antibody staining
data, there was no differential expression of genes encoding the two TCR chains or CD8« or CD8.
Real-time PCR analysis confirmed differential expression for 13 of 15 selected genes, including
FCRL3, FCRL6, TYROBP, and LRRN3. To ensure that these genes were indeed differentially
expressed and not artifacts of contamination by feeder cells or C8166 target cells, the two clones
were sorted to > 99% purity by flow cytometry. Repeat real-time PCR analysis using these ultra-pure
templates confirmed differential MRNA expression for FCRL3, FCRL6, FCERIG, and LRRN3 (Fig.
3D).

Thus, striking differences in gene expression were apparent between clones A3 and A20, which vary
with respect to antigen sensitivity and cytotoxic activity despite identical TCR usage. Clone A20
expressed higher levels of signalling molecules with ITAMs, including cell surface and adaptor
proteins, whereas clone A3 expressed higher levels of receptors with ITIMs. Similar data were
obtained with the two pairs of TCR-identical CTL clones from E833 and G713, confirming a
correlation between high expression of molecules with ITAMs (FCRL3, FCER1G, and TYROBP) in

the most antigen-sensitive clones (Figs. 3E and 3F).

Example 6: FCRL3 enhances signalling triggered via the TCR

To confirm these data at the protein level, flow cytometry was used to measure surface expression
of FCRL3 across successive generations of clones A3 and A20. As expected from the transcriptome
analysis, clone A20 expressed higher levels of FCRL3 than clone A3 (P = 0.0036) (Fig. 4A). FCRL3
contains both an ITAM and an ITIM. The effects of FCRL3 on TCR signal transduction were
investigated using phospho-flow cytometry to assess the phosphorylation of p44/42 mitogen-
activated protein kinase (MAPK) extracellular signal-related kinase 1/2 (ERK1/2). After stimulation
for 10 minutes with an HLA-B*0801+* FL8 peptide-pulsed CD4* T cell line at an E:T ratio of 10:1, a
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higher proportion of clonal A20 CTLs had phosphorylated p44/42 MAPK (mean: A20, 5.91% vs. A3,
2.05%; P = 0.0001), and the overall population MFI was higher compared with clonal A3 CTLs (P <
0.0001) (Fig. 4B). To determine if these differences in TCR signalling kinetics affected contact-
dependent killing, surface mobilization of CD107a on clonal A3 and A20 CTLs was measured at
intervals of 5 minutes under the same conditions. A greater proportion of clonal A20 CTLs had
degranulated after 15 minutes (mean: A20, 4.79% vs. A3, 1.35%; P = 0.0012), and marked
differences were apparent compared with clonal A3 CTLs after 60 minutes (mean: A20, 31.6% vs.
A20, 22.83%; P = 0.0152). These results show that differential expression of FCRL3 is associated

with distinct signal transduction and degranulation kinetics in TCR-identical CTLs.

To establish a direct role for FCRL3 in TCR signal transduction, FCRL3 was engineered into a
lentiviral vector (Fig. 4D) encoding an internal ribosome entry site (IRES)-driven green fluorescent
protein (GFP) to enable fluorescence-activated cell sorting of transduced cells and the generation of
two Jurkat cell lines, one that stably expressed the empty vector and one that stably expressed
FCRL3. Activation with a plate-bound CD3-specific antibody (OKT3) induced higher levels of
phosphorylated p44/42 MAPK in the FCLR3* Jurkat cell line (Fig. 4F). Thus, FCRL3 enhances
signalling triggered via the TCR.

Example 7: Ex vivo expression of ITAM/ITIM receptors in TCR-identical CTLs

To confirm that differential expression of ITAM/ITIM receptors was not an artefact of prolonged in
vitro culture, flow cytometry was used to sort individual TCR VB 13.2* HLA-B*0801-FL8 tetramer-
binding CD8* T cells directly ex vivo from LTNPO0O5. In parallel, the corresponding TCR« (TRA) and
TCRp (TRB) transcripts were sequenced, revealing almost complete population identity with the
TCRs expressed in clones A3 and A20 (Table 1). The expression of ITAM and ITIM receptors in
TCR-identical FL8-specific CD8* T cells was then quantified at the single-cell level using Fluidigm
(Fig. 5A). Remarkably, a population of single cells expressed FCRL3, whereas another population

of single cells expressed LRRN3 (Fig. 5B).
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CLAIMS

1. A genetically engineered cell comprising a receptor that comprises an antigen binding
domain and a T-cell activating function and at least one co-receptor which modulates the activity of
the receptor, wherein the cell overexpresses the co-receptor and in which the co-receptor is selected
from the group consisting of Fc-Receptor-Like-3 (FCRL3), Fc-Receptor-Like-6 (FCRLS6), and
Leucine-Rich-Repeat-Neuronal-3 (LRRN3).

2. A cell as claimed in claim 1, in which the receptor is a T cell receptor (TCR) or a chimeric

antigen receptor (CAR).

3. A nucleic acid sequence encoding a chimeric antigen receptor (CAR) and a co-receptor
selected from the group consisting of Fc-Receptor-Like-3 (FCRL3), Fc-Receptor-Like-6 (FCRLS),
and Leucine-Rich-Repeat-Neuronal-3 (LRRN3).

4, A vector comprising a nucleic acid sequence as claimed in claim 3.
5. A cell comprising a vector as claimed in claim 4.
6. A cell as claimed in claim 1 or claim 2, a nucleic acid sequence as claimed in claim 3, a

vector as claimed in claim 4 or a cell as claimed in claim 5 for use in medicine.

7. A method of treatment of a disease comprising administration of an effective amount of a
cell as claimed in claim 1 or claim 2, a nucleic acid sequence as claimed in claim 3, a vector as

claimed in claim 4 or a cell comprising a vector as claimed in claim 5 to a subject in need thereof.

8. A kit comprising a cell as claimed in claim 1 or claim 2, a nucleic acid sequence as claimed
in claim 3, a vector as claimed in claim 4 or a cell comprising a vector as claimed in claim 5, and a
physiologically acceptable diluent or adjuvant.

9. A specific binding molecule which binds to a receptor selected from the group consisting of
Fc-Receptor-Like-3 (FCRL3), Fc-Receptor-Like-6 (FCRLS), and Leucine-Rich-Repeat-Neuronal-3
(LRRN3) for use in medicine.

10. A method of treatment of a disease comprising administration of an effective amount of the
specific binding molecule which binds to a receptor selected from the group consisting of Fc-
Receptor-Like-3 (FCRL3), Fc-Receptor-Like-6 (FCRL6), and Leucine-Rich-Repeat-Neuronal-3
(LRRN3) to a subject in need thereof.
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11. A kit comprising a specific binding molecule which binds to a receptor selected from the
group consisting of Fc-Receptor-Like-3 (FCRL3), Fc-Receptor-Like-6 (FCRLS6), and Leucine-Rich-
Repeat-Neuronal-3 (LRRN3) and a physiologically acceptable diluent or adjuvant.
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~‘...‘»\..ATGCTTCTG‘;TGGCTGCTGCTGCTGATCCTGACTCCTGGAAGAGAACAATCAGGGGTGG
CCCCAAAAGCTGTACTTCTCCTCAATCCTCCATGGTCCACAGCCTTCAAAGGAGAAAAAGTGGCTCTCAT
ATGCAGCAGCATATCACATTCCCTAGCCCAGGGAGACACATATTGGTATCACGATGAGAAGTTGTTGAAA
ATAAAACATGACAAGATCCAAATTACAGAGCCTGGAAATTACCAATGTAAGACCCGAGGATCCTCCCTCA
GTGATGCCGTGCATGTGGAATTTTCACCTGACTGGCTGATCCTGCAGGCTTTACATCCTGTCTTTGAAGG
AGACAATGTCATTCTGAGATGTCAGGGGAAAGACAACAAAAACACTCATCAAAAGGTTTACTACAAGGAT
GGAAAACAGCTTCCTAATAGTTATAATTTAGAGAAGATCACAGTGAATTCAGTCTCCAGGGATAATAGCA
AATATCATTGTACTGCTTATAGGAAGTTTTACATACTTGACATTGAAGTAACTTCAAAACCCCTAAATAT
CCAAGTTCAAGAGCTGTTTCTACATCCTGTGCTGAGAGCCAGCTCTTCCACGCCCATAGAGGGGAGTCCC
ATGACCCTGACCTGTGAGACCCAGCTCTCTCCACAGAGGCCAGATGTCCAGCTGCAATTCTCCCTCTTCA
GAGATAGCCAGACCCTCGGATTGGGCTGCGAGCAGGTCCCCCAGACTCCAGATCCCTGCCATGTGGACTGA
AGACTCAGGGTCTTACTGGTGTGAGGTGGAGACAGTGACTCACAGCATCAAAAAAAGGAGCCTGAGATCT
CAGATACGTGTACAGAGAGTCCCTGTGTCTAATGTGAATCTAGAGATCCGGCCCACCGGAGGGCAGCTGA
TTGAAGGAGAAAATATGGTCCTTATTTGCTCAGTAGCCCAGGGTTCAGGGACTGTCACATTCTCCTGGCA
CAAAGAAGGAAGAGTAAGAAGCCTGGGTAGAAAGACCCAGCGTTCCCTGTTGGCAGAGCTGCATGTTCTC
ACCGTGAAGGAGAGTGATGCAGGGAGATACTACTGTGCAGCTGATAACGTTCACAGCCCCATCCTCAGCA
CGTGGATTCGAGTCACCGTGAGAATTCCGGTATCTCACCCTGTCCTCACCTTCAGGGCTCCCAGGGCCCA
CACTGTGGTGGGGGACCTGCTGGAGCTTCACTGTGAGTCCCTGAGAGGCTCTCCCCCGATCCTGTACCGA
TTTTATCATGAGGATGTCACCCTGGGGAACAGCTCAGCCCCCTCTGGAGGAGGAGCCTCCTTCAACCTCT
CTCTGACTGCAGAACATTCTGGAAACTACTCCTGTGATGCAGACAATGGCCTGGGGGCCCAGCACAGTCA
TGGAGTGAGTCTCAGGGTCACAGTTCCGGBTGTCTCGCCCCGTCCTCACCCTCAGGGCTCCCGGGGCCCAG
GCTGTGGTGGGGGACCTGCTGGAGCTTCACTGTGAGTCCCTGAGAGGCTCCTTCCCGATCCTGTACTGGT
TTTATCACGAGGATGACACCTTGGGGAACATCTCGGCCCACTCTGGAGGAGGGGCATCCTTCAACCTCTC
TCTGACTACAGAACATTCTGGAAACTACTCATGTGAGGCTGACAATGGCCTGGGGGCCCAGCACAGTAAA
GTGGTGACACTCAATGTTACAGGAACTTCCAGGAACAGAACAGGCCTTACCGCTGCGGGAATCACGGGGC
TGGTGCTCAGCATCCTCGTCCTTGCTGCTGCTGCTGCTCTGCTGCATTACGCCAGGGCCCGAAGGAAALC
AGGAGGACTTTCTGCCACTGGAACATCTAGTCACAGTCCTAGTGAGTGTCAGGAGCCTTCCTCGTCCAGG
CCTTCCAGGATAGACCCTCAAGAGCCCACTCACTCTAAACCACTAGCCCCAATGGAGCTGGAGCCAATGT
ACAGCAATGTAAATCCTGGAGATAGCAACCCGATTTATTCCCAGATCTGGAGCATCCAGCATACAAAAGA
AAACTCAGCTAATTGTCCAATGATGCATCAAGAGCATGAGGAACTTACAGTCCTCTATTCAGAACTGAAG
AAGACACACCCAGACGACTCTGCAGGGGAGGCTAGCAGCAGAGGCAGGGCCCATGAAGAAGATGATGAAG
AAAACTATGAGAATGTACCACGTGTATTACTGGCCTCAGACCACTAG

Fig. 6(a)

MLEWLLLLIETPGREQSGVAPKAVLLENPPWSTAFKGEKVALICSSISHSLAQGDTYWYHDEKLLKIKHD
KIQITEPGNYQCKTRGSSLSDAVHVEFSPDWLILQALHPVFEGDNVILRCQGKDNKNTHQKVYYKDGKQL
PNSYNLEKITVNSVSRDNSKYHCTAYRKFYILDIEVTSKPLNIQVQELFLHPVLRASSSTPIEGSPMTLT
CETQLSPQRPDVQLQFSLFRDSQTLGLGWSRSPRLQIPAMWTEDSGSYWCEVETVTHSIKKRSLRSQIRV
QRVPVSNVNLEIRPTGGQLIEGENMVLICSVAQGSGTVTFSWHKEGRVRSLGRKTQRSLLAELHVLTVKE
SDAGRYYCAADNVHSPILSTWIRVTVRIPYSHPVLTFRAPRAHTVVGDLLELHCESLRGSPPILYRFYHE
DVTLGNSSAPSGGGASFNLSLTAEHSGNYSCDADNGLGAQHSHGVSLRVTVPVSRPVLTLRAPGAQAVVG
DLLELHCESLRGSFPILYWFYHEDDTLGNISAHSGGGASFNLSLTTEHSGNYSCEADNGLGAQHSKVVTL
NVTGTSRNRTGLTAAGITGLVLSILVLAAAAALLHYARARRKPGGLSATGTSSHSPSECQEPSSSRPSRI
DPQEPTHSKPLAPMELEPMYSNVNPGDSNPIYSQIWSIQHTKENSANCPMMHQEHEELTVLYSELKKTHP
DDSAGEASSRGRAHEEDDEENYENVPRVLLASDH

Fig. 6(b)
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MLIWLLLLILTPGREQSGVARPKAVLLINPPWSTAFKGERKVALICSSISHSLAQGDTYWYH

(Ea) DERLLKIKHDKIQITEPGNYQCKTRGSSLSDAVHVEFSPDWLILOALHPVFEGDNVILRC
QGRDNKNTHRRVYYRDGROLPNSYNLERITVNSVSRDNSKYHCTAYRKFYILDIEVTSKP
LNIQVQELFLHPVLRASSSTPIEGSPMTLTCETOQLSPORPDVOLOFSLERDSQTLGLGWS
RSPRLOIPAMWTEDSGSYWCEVETVTHSIKRRSLRSQIRVORVPVSNVNLEIRPTGGQLI
EGENMVLICSVAQGSGTVIFSWHKEGRVRSLGRKTORSLLAELRVLTVKESDAGRYYCAA
DNVHSPILSTWIRVTIVRIPVSHPVLTFRAPRARTVVGDLLELHCESLRGSPPILYREYHE
DVTLGNSSAPSGGGASEFNLSLTAEHSGNY SCDADNGLGAQHSHGVSLRVTVEVSRPVLTL
RAPGAQAVVGDLLELHCESLRGSFPILYWFYHEDDTLGNISAHSGGGASFNLSLTTEHSG
NYSCEADNGLGAQHSKVVTLNVIGTSRNRTGLTAAGITGLVLSILVLAAAAALLEYARAR
RKPGGLSATGTSSHSPSECQEPSSSRPSRIDPQEPTHSKPLAPMELEPMY SNVNPGDSENP
IYSQIWSIQHTRKENSANCPMMHCEHEELTVLYSELRKKTHPDDSAGEASSRGRAHEEDDEE
NYENVPRVLLASDH

DERLLKIKHDKIQITEPGNYQCKTRGSSLSDAVHVEFSPDWLILOALHPVFEGDNVILRC
QGRDPNRNTHQRVYYRKDGROLPNSYNLEKITVNSVSRDNSKYHCTAYRKEYILDIEVTISKE
ILNIQVQELFLHPVILRASSSTPIEGSPMTLTCETQLSPORPDVQLOFSLEFRDSOTLGLGWS
RSPRLOIPAMWTIEDSGSYWCEVETVTHSIKKRSLRSQIRVORVPVSNVNLEIRPTGGQOLT
EGENMVLICSVAQGSGTVIFSWHRKEGRVRSLGRKTORSLLAELHVLTVEKESDAGRYYCAA
DNVHSPILSTWIRVIVRTLLSPSVPVSHPVLTFRAPRAHTVVGDLLELHCESLRGSPPIL
YREFYHEDVTLGNSSAPSGGGASFNLSLTAEHSGNYSCDADNGLGAQHSHGVSLRVIVEVS
RPVLTLRAPGAQAVVGDLLELHCESLRGSFPILYWErYHEDDTLGNISAHSGGGASENLSL
TTEHSGNYSCEADNGLGAQHSKVVTLNVTGTSRNRTGLTAAGITGLVLSILVLAAAAATL
HYARARRKPGGLSATGTSSHSPSECQEPSSSRPSRIDPQEPTHSKPLAPMELEPMYSNVN
PGDSNPIYSQIWSIQHTKENSANCPMMHQEHEELTVLYSELKKTHPDDSAGEASSRGRAR
EEDDEENYENVPRVLLASDH

(t)) MLEIWLLLLILTPGREQSGVAPKAVLLINPPWSTAFKGERVALICSSISHSLAQGDTYWYH

MLIWLLLLILTPGREQSGVAPKAVLLLNPPWSTAFKGEKVALICSSISHSLAQGDTYWYH

((:) DERKLLKIKHDRIQITEPGNYQCKTRGSSLSDAVHVERPSPDWLILQALHPVFEGDNVILRC
QGEDNENTHOKVYYKDGKQLPNSYNLEKITVNSVSRDNSKYHCTAYRKFYILDIEVTSKP
INIQVQELFLHPVLRASSSTPIEGSPMTLTCETQLSPORPDVQLOFSLERDSQOTLGLGWS
RSPRLOIPAMWTEDSGSYWCEVETVTHS IKKRSLRSQIRVORVPVSNVNLEIRPTGGQOLI
EGENMVLICSVAQGSGTVTIFSWHRKEGRVRSLGRKTORSLLAELHVLTVRKESDAGRYYCAA
DNVHSPILSTWIRVIVRIPVSHPVLTFRAPRAHTVVGDLLELHCESLRGSFPILYREFYHE
DVTLGNSSAPSGGGASEFNLSLTAEHSGNY SCDADNGLGAQHSHGVSLRVIVPVSRPVLTL
RAPGAQAVVGDLLELHCESLRGSFPILYWEYHEDDTLGNISAHSGGGASFNLSLTTEHSG
NYSCEADNGLGAQHSKVVTLNVIGTSRNRTGLTAAGITGLVLSILVLAAAAALLHYARAR
RRKPGGLSATGTSSHSPSECQERPSSSRPSRIDPQEPTHSKPLAPMELEPMY SNVNPGDSNP
IYSOIWSIOHTKENSANCPMMHQEREELTVLY SELKKTHPDDSAGEASSRGRAHEEDDEE
NYENILNPRRNKVODFPCLCNT

MLLWLLLLILTPGREQSGVAPRAVLLLNPPWSTAFKGEKVALICSSISHSLAQGDTYWYH
(Cj) DEXLLRIKHDRIQITEPGNYQCKTRGSSLSDAVHVEFSPRDWLILQALHPVFEGDNVILRC
QOGKDNENTHQRVYYRDGKOQLPNSYNLEKITVNSVSRDNSKYRCTAYRKEYILDIEVTSKP
LNIQVQELFLHPVLRASSSTPIEGSPMTLTCETQLSPORPDVOLQFSLEFRDSQTLGLGWS
RSPRLOIPAMWTEDSGSYWCEVETVTHS IKKRSLRSQIRVORVPVSNVNLEIRPTGGQLI
EGENMVLICSVAQGSGTVIFSWHKEGRVRSLGRKTQRSLLAELHEVLTVKESDAGRYYCAA
DNVHSPILSTWIRVIVRIPVSHPVLTEFRAPRARTVVGDLLELHCESLRGSPPILYREYHE
DVTLGNSSAPSGGGASEFNLSLTAEHSGNY SCDADNGLGAQHSHGVSLRVTVPVSRPVLTL
RAPGAQAVVGDLLELECESLRGSFPILYWEYHEDDTLGNISARSGGGASFNLSLTTERSG
NYSCEADNGLGAQHSKVVTLRNVTGTSRNRTGLTAAGITGLVLSILVLAAAAALLHYARAR
REKPGGLSATGTSSHSPSECQEPSSSRPSRIDPQEPTHSKPLAPMELEPMYSNVNPGDSNP
IYSQIWSIQHTRENSANCPMMHQEHEELTVLY SELKRKEQSSRFSMS L

Fig. 7
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GTCGACGGATCGGGAGATCTCCCGATCCCCTATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAG
CCAGTATCTGCTCCCTGLTTGTGTGTTGGAGGTCGCTGAGTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCA
AGGCTTGACCGACAATTGCATGAAGAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCGCGATGTACGGGLCAG
ATATACGCGTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATA
TGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGALGTC
AATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAA
ACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGC
CCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGLT
ATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGT
CTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTC
CGCCCCATTGACGCAAATGGGCGOTAGGCOTGTACGGTGGGAGGTCTATATAAGCAGCGCGTTTTGCCTGTACTG
GGTCTCTCTGGTTAGACCAGATCTGAGCCTGGGAGCTCTCTGGCTAACTAGGGAACCCACTGCTTAAGCCTCAATA
AAGCTTGCCTTGAGTGCTTCAAGTAGTGTGTGCCCGTCTGTTGTGTGACTCTGGTAACTAGAGATCCCTCAGACCCT
TTTAGTCAGTGTGGAAAATCTCTAGCAGTGGCGCCCGAACAGGGACTTGAAAGCGAAAGGGAAACCAGAGGAGC
TCTCTCGACGCAGGACTCGGCTTGCTGAAGCGCGCACGGCAAGAGGCGAGGGGCGGLGACTGGTGAGTACGCCA
AAAATTTTGACTAGCGGAGGCTAGAAGGAGAGAGATGGGTGCGAGAGCGTCAGTATTAAGCGGGGGAGAATTA
GATCGCGATGGGAAAAAATTCGGTTAAGGCCAGGGGGAAAGAAAAAATATAAATTAAAACATATAGTATGGGCA
AGCAGGGAGCTAGAACGATTCGCAGTTAATCCTGGCCTGTTAGAAACATCAGAAGGCTGTAGACAAATACTGGGA
CAGCTACAACCATCCCTTCAGACAGGATCAGAAGAACTTAGATCATTATATAATACAGTAGCAACCCTCTATTGTGT
GCATCAAAGGATAGAGATAAAAGACACCAAGGAAGCTTTAGACAAGATAGAGGAAGAGCAAAACAAAAGTAAG
ACCACCGCACAGCAAGCGGLCGGLCGCGCTGATCTTCAGACCTGGAGGAGGAGATATGAGGGACAATTGGAGAA
GTGAATTATATAAATATAAAGTAGTAAAAATTGAACCATTAGGAGTAGCACCCACCAAGGCAAAGAGAAGAGTGG
TGCAGAGAGAAAAAAGAGCAGTGGGAATAGGAGCTTTGTTCCTTGOGTTCTTGGGAGCAGCAGGAAGCACTATG
GGCGCAGCGTCAATGACGCTGACGGTACAGGCCAGACAATTATTGTCTGGTATAGTGCAGCAGCAGAACAATTTG
CTGAGGGCTATTGAGGCGCAACAGCATCTGTTGCAACTCACAGTCTGGGGCATCAAGCAGCTCCAGGCAAGAATC
CTGGCTGTGGAAAGATACCTAAAGGATCAACAGCTCCTGGGGATTTGGGGTTGCTCTGGAAAACTCATTTGCACC
ACTGCTGTGCCTTGGAATGCTAGTTGGAGTAATAAATCTCTGGAACAGATTTGGAATCACACGACCTGGATGGAG
TGGGACAGAGAAATTAACAATTACACAAGCTTAATACACTCCTTAATTGAAGAATCGCAAAACCAGCAAGAAAAG
AATGAACAAGAATTATTGGAATTAGATAAATGGGCAAGTTTGTGGAATTGGTTTAACATAACAAATTGGCTGTGG
TATATAAAATTATTCATAATGATAGTAGGAGGCTTGGTAGGTTTAAGAATAGTTTTTGCTGTACTTTCTATAGTGAA
TAGAGTTAGGCAGGGATATTCACCATTATCGTTTCAGACCCACCTCCCAACCCCGAGGGGACCCGACAGGLCCGA
AGGAATAGAAGAAGAAGGTGGAGAGAGAGACAGAGACAGATCCATTCGATTAGTGAACGGATCGGCACTGCGT
GCGCCAATTCTGCAGACAAATGGCAGTATTCATCCACAATTTTAAAAGAAAAGGGGGGATTGGGGGGTACAGTGE
AGGGGAAAGAATAGTAGACATAATAGCAACAGACATACAAACTAAAGAATTACAAAAACAAATTACAAAAATTCA
AAATTTTCGGGTTTATTACAGGGACAGCAGAGATCCAGTTTGGTTAGTACCGGGCCCGCTCTAGTCGAGGTCGAL
GGTATCGATAAGCTCGCTTCACGAGATTCCAGCAGGTCGAGGGACCTAATAACTTCGTATAGCATACATTATACGA
AGTTATATTAAGGGTTCCAAGCTTAAGCGGCCGGCCGCTGAAAGACCCCACCTGTAGGTTTGGCAAGCTAGCTGE

Fig. 8
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AGTAACGCCATTTTGCAAGGCATGGAAAAATACCAAACCAAGAATAGAGAAGTTCAGATCAAGGGCGGGTACAT
GAAAATAGCTAACGTTGGGCCAAACAGGATATCTGCGGTGAGCAGTTTCGGLCCCGGLCCGGGGLCAAGAACAG
ATGGTCACCGCAGTTTCGGLCCCGGCCCGAGELCAAGAACAGATGGTCCCCAGATATGGCCCAACCCTCAGCAGT
TTCTTAAGACCCATCAGATGTTTCCAGGCTCCCCCAAGGACCTGAAATGACCCTGCGCCTTATTTGAATTAACCAAT
CAGCCTGCTTCTCGLTTCTGTTCGLGCG CTTCTGLTTCCCGAGCTCTATAAAAGAGCTCACAACCCCTCACTCGGLG
CGCCAGTCCTCCGATTGACTGAGTCGCCCGGATCCCAGTGTGGTGGTACGGGAATTCCTGCAGGLCTCGACGAGG
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CGGAACCCCCCACCTGGCGACAGGTGLLTCTGLGGLCAAAAGCCACGTGTATAAGATACACCTGCAAAGGCGGCA
CAACCCCAGTGCCACGTTGTGAGTTGGATAGTTGTGGAAAGAGTCAAATGGCTCTCCTCAAGCGTATTCAACAAG
GGGCTGAAGGATGCCCAGAAGGTACCCCATTGTATGGGATCTGATCTGGGGCCTCGGTGCACATGCTTTACATGT
GTTTAGTCGAGGTTAAAAAAACGTCTAGGCCCCCCGAACCACGGGGACGTGGTTTTCCTTTGAAAAACACGATGA
TAATATGGCCACAACCATGGTGAGCAAGGGLGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGER
ACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGLGBAGGGCGATGCCACCTACGGCAAGCTGACC
CTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCLCTGGCCCACCCTCGTGACCALCCTGACCTACGGCGTGE
AGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGLTACGTCCA
GGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGLGCCGAGGTGAAGTTCGAGGGCGACACCCT
GGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACA

Fig. 8 (continued)
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ACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCC
ACAACATCGAGGACGGCAGCGTGCAGCTCGLCGACCACTACCAGCAGAACACCCCCATCGGLGACGGLLCLGTGC
TGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGLGATCACATGE
TCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAAAGCGGCCGGLCGC
CAGCACAGTGGTCGAAATTCGTCGAGGGACCTAATAACTTCGTATAGCATACATTATACGAAGTTATACATGTTTA
AGGGTTCCGGTTCCACTAGGTACAATTCGATATCAAGCTTATCGATAATCAACCTCTGGATTACAAAATTTGTGAAA
GATTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACGCTGCTTTAATGCCTTTGTATCATGCTA
TTGCTTCCCGTATGGCTTTCATITICTCCTCCTTGTATAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCG
TTGTCAGGCAACGTGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATTGCCACCACCTG
TCAGCTCCTTTCCGGGACTTTCGCTTTCCCCCTCCCTATTGCCACGGCGGAACTCATCGLCGLCTGCLTTGLCCGCTG
CTGGACAGGGGCTCGGCTGTTGGGCACTGACAATTCCGTGGTGTTGTCGGGGAAATCATCGTCCTTTCCTTGGCTG
CTCGCCTGTGTTGCCACCTGGATTCTGLGLGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAGCGGACCT
TCCTTCCCGLGGCCTGLTGLCGGCTCTGLGGCCTCITCCGCOTCTTCGLCTTCGCCCTCAGACGAGTCGGATCTCCC
TTTGGGCCGCCTCCCCGCATCGATACCGTCGACCTCGATCGAGACCTAGAAAAACATGGAGCAATCACAAGTAGE
AATACAGCAGCTACCAATGCTGATTGTGCCTGGCTAGAAGCACAAGAGGAGGAGGAGGTGGGTTTTCCAGTCAC
ACCTCAGGTACCTTTAAGACCAATGACTTACAAGGCAGCTGTAGATCTTAGCCACTTTTTAAAAGAAAAGGGGGGA
CTGGAAGGGCTAATTCACTCCCAACGAAGACAAGATATCCTTGATCTGTGGATCTACCACACACAAGGCTACTTCC
CTGATTGGCAGAACTACACACCAGGGCCAGGGATCAGATATCCACTGACCTTTGGATGGTGCTACAAGCTAGTAL
CAGTTGAGCAAGAGAAGGTAGAAGAAGCCAATGAAGGAGAGAACACCCGCTTGTTACACCCTGTGAGCCTGCAT
GGGATGGATGACCCGGAGAGAGAAGTATTAGAGTGGAGGTTTGACAGCCGCCTAGCATTTCATCACATGGLCCG
AGAGCTGCATCCGGACTGTACTGGGTCTCTCTGGTTAGACCAGATCTGAGCLTGGGAGCTCTCTGGLTAACTAGG
GAACCCACTGCTTAAGCCTCAATAAAGCTTGCCTTGAGTGCTTCAAGTAGTGTGTGCCCGTCIGTTGTGTGACTCTG
GTAACTAGAGATCCCTCAGACCCTTTTAGTCAGTGTGGAAAATCTCTAGCAGCATGTGAGCAAAAGGCCAGCAAA
AGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGLTCCGLCCCCCTGACGAGCATCACAAAA
ATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGLTCCC
TCGTGCGLTCTCCTGTTCCGACCCTGCCGETTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGLGLTT
TCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGLTGTGTGCACGAACCLC
CCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCC
ACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGT
GGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAG
AGTTGGTAGCTCTTGATCCGGLAAACAAACCACCGCTGGTAGCGGTGGTITTTTTGTT TGCAAGCAGCAGATTACG
CGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTITCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCAC
GTTAAGGGATTITGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAA
TCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGAT

Fig. 8
(continued)
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CTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTG
GCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCG
GAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGLTAG
AGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGLTCGTCG
TITGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAG
CGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGLCGCAGTGTTATCACTCATGGTTATGGCAGC
ACTGCATAATTCTCTITACTGTCATGCCATCCGTAAGATGCTITTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTG
AGAATAGTGTATGCGGCOACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAAC
TTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGLGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGT
TCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAAL
AGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTITTTTCA
ATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATITAGAAAAATAAACAAA
TAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGAC

Fig. 8
(continued)
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TTTCAGCCAACCAGACTGGAGCAGCTGCGAGTGCTACATCTTGGCTGTCTGAAGCGATTGGCTCCTCTCT
GGGGAGTGGAGGGTGTTCAGTTATTAATGACCGCTGAGCAGGCAGCACCATGTCAGTGTGACAACTGATC
GGGTGAACGATGCACCACTAACCACCATGGAAACAAGGAAAAATAAAGCCAGCTCACAGGATCTCTCTTC
ACTGGATTGAGAGCCTCAGCCTGCCGACTGAGAAAAAGAGTTCCAGGAAAAAGAAGGAATCCCGGCTGCA
GCCTCCTGCCTTCCTTTATATTTTAAAATAGAGAGATAAGATTGCGTGCATGTGTGCATATCTATAGTAT
ATATTTTGTACACTTTGTTACACAGACACACAAATGCACCTATTTATACCGGGCAAGAACACAACCATGT
GATTATCTCAACCAAGGAACTGAGGAATCCAGCACGCAAGGACATCGGAGGTGGGCTAGCACTGAAACTG
CTTTTCAAGGAGGTGAAGCATTCCACAGATAATCAGCTACTCTATTCAGGGAAGGAGTGTAAACATCACC
ACTTTTTGCATGTTTGCATAAAAAAGGCCCACTGAATCAGTTAAAGACGAGGAAGAGGAGGAGAAAGAGA
AAGAAGAGGAAGATGTTGGGCAACATTTATTTAACATGCTCCACAGCCCGGACCCTGGCATCATGCTGCT
ATTCCTGCAAATACTGAAGAAGCATGGGATTTAAATATTTTACTTCTAAATAAATGAATTACTCAATCTC
CTATGACCATCTATACATACTCCACCTTCAAAAAGTACATCAATATTATATCATTAAGGAAATAGTAACC
TTCTCTTCTCCAATATGCATGACATTTTTGGACAATGCAATTGTGGCACTGGCACTTATTTCAGTGAAGA
AAAACTTTGTGGTTCTATGGCATTCATCATTTGACAAATGCAAGCATCTTCCTTATCAATCAGCTCCTAT
TGAACTTACTAGCACTGACTGTGGAATCCTTAAGGGCCCATTACATTTCTGAAGAAGAAAGCTAAGATGA
AGGACATGCCACTCCGAATTCATGTGCTACTTGGCCTAGCTATCACTACACTAGTACAAGCTGTAGATAA
AAAAGTGGATTGTCCACGGTTATGTACGTGTGAAATCAGGCCTTGGTTTACACCCAGATCCATTTATATG
GAAGCATCTACAGTGGATTGTAATGATTTAGGTCTTTTAACTTTCCCAGCCAGATTGCCAGCTAACACAC
AGATTCTTCTCCTACAGACTAACAATATTGCAAAAATTGAATACTCCACAGACTTTCCAGTAAACCTTAC
TGGCCTGGATTTATCTCAAAACAATTTATCTTCAGTCACCAATATTAATGTAAAAAAGATGCCTCAGCTC
CTTTCTGTGTACCTAGAGGAAAACAAACTTACTGAACTGCCTGAAAAATGTCTGTCCGAACTGAGCAACT
TACAAGAACTCTATATTAATCACAACTTGCTTTCTACAATTTCACCTGGAGCCTTTATTGGCCTACATAA
TCTTCTTCGACTTCATCTCAATTCAAATAGATTGCAGATGATCAACAGTAAGTGGTTTGATGCTCTTCCA
AATCTAGAGATTCTGATGATTGGGGAAAATCCAATTATCAGAATCAAAGACATGAACTTTAAGCCTCTTA
TCAATCTTCGCAGCCTGGTTATAGCTGGTATAAACCTCACAGAAATACCAGATAACGCCTTGGTTGGACT
GGAAAACTTAGAAAGCATCTCTTTTTACGATAACAGGCTTATTAAAGTACCCCATGTTGCTCTTCAAAAA
GTTGTAAATCTCAAATTTTTGGATCTAAATAAAAATCCTATTAATAGAATACGAAGGGGTGATTTTAGCA
ATATGCTACACTTAAAAGAGTTGGGGATAAATAATATGCCTGAGCTGATTTCCATCGATAGTCTTGCTGT
GGATAACCTGCCAGATTTAAGAAAAATAGAAGCTACTAACAACCCTAGATTGTCTTACATTCACCCCAAT
GCATTTTTCAGACTCCCCAAGCTGGAATCACTCATGCTGAACAGCAATGCTCTCAGTGCCCTGTACCATG
GTACCATTGAGTCTCTGCCAAACCTCAAGGAAATCAGCATACACAGTAACCCCATCAGGTGTGACTGTGT
CATCCGTTGGATGAACATGAACAAAACCAACATTCCGATTCATGGAGCCAGATTCACTGTTTTGCGTGGAC
CCACCTGAATTCCAAGGTCAGAATGTTCGGCAAGTGCATTTCAGGGACATGATGGAAATTTGTCTCCCTC
TTATAGCTCCTGAGAGCTTTCCTTCTAATCTAAATGTAGAAGCTGGGAGCTATGTTTCCTTTCACTGTAG
AGCTACTGCAGAACCACAGCCTGAAATCTACTGGATAACACCTTCTGGTCAAAAACTCTTGCCTAATACC
CTGACAGACAAGTTCTATGTCCATTCTGAGGGAACACTAGATATAAATGGCGTAACTCCCAAAGAAGGGEG
GTTTATATACTTGTATAGCAACTAACCTAGTTGGCGCTGACTTGAAGTCTGTTATGATCAAAGTGGATGG
ATCTTTTCCACAAGATAACAATGGCTCTTTGAATATTAAAATAAGAGATATTCAGGCCAATTCAGTTITTG
GTGTCCTGGAAAGCAAGTTCTAAAATTCTCAAATCTAGTGTTAAATGGACAGCCTTTGTCAAGACTGAAA
ATTCTCATGCTGCGCAAAGTGCTCGAATACCATCTGATGTCAAGGTATATAATCTTACTCATCTGAATCC
ATCAACTGAGTATAAAATTTGTATTGATATTCCCACCATCTATCAGAAAAACAGAAAAAAATGTGTAAAT
GTCACCACCAAAGGTTTGCACCCTGATCAAAAAGAGTATGAAAAGAATAATACCACAACACTTATGGCCT
GTCTTGGAGGCCTTCTGGGGATTATTGGTGTGATATGTCTTATCAGCTGCCTCTCTCCAGAAATGAACTG
TGATGGTGGACACAGCTATGTGAGGAATTACTTACAGAAACCAACCTTTGCATTAGGTGAGCTTTATCCT
CCTCTGATAAATCTCTGGGAAGCAGGAAAAGAAAAAAGTACATCACTGAAAGTAAAAGCAACTGTTATAG
GTTTACCAACAAATATGTCCTAAAAACCACCAAGGAAACCTACTCCAAAAATGAACAAAAAAAAAAAAAG
CGAAAGACTGCAGTTGTGCTAAAAACAAAACAAAACAAACAAACAAACAAAAAAGTAAAAAAAGATTACT
TTCGAGAGAGAAGTTTAAGCTTCACCAATGCTGCTCCTGACCAATGGAAATATGTACAACTTCAGCATTT
TAAGTAACTGGCTTCAAGGGGTACTGTGGCAACCAAATAAAATAACTCCATTTTCTAAAACTTTCATGTA
ACTTTTATGTCTGGACTACAGTTCAAGTGGACAAAAACATTTCTGTATTTTTTTTAAGTAAATAAGAGTA
GTTGAACTGAGCAATACCTCCTCCTGTGTTGTATTACACATATTAGCCACGAGTTTITGCAGTGACCAGA
TAAACTTGAATTGACACGTGGTGTAATAAAATGGACAAATTCTGTAGAGTAGACACAGTGAGTATGTGGA
CCTCTTTTATAAGGAAAAATACATTTTGGATTAAAATCAATTGCTTCTGTCTTGTTTTIGTTTCTAAATAA
AGAATAATTTCTGGGAAAAAAAAAAAAAAAAAAA
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MKDMPLRIHVLLGLAITTLVQAVDKKVDCPRLCTCEIRPWFTPRSIYMEASTVDCNDLGLLTFPARLPAN
TQILLLQTNNIAKIEYSTDFPVNLTGLDLSQNNLSSVTNINVKKMPQLLSVYLEENKLTELPEKCLSELS
NLQELYINHNLLSTISPGAFIGLENLLRLHLNSNRLQMINSKWFDALPNLEILMIGENPIRIKDMNFKP
LINLRSLVIAGINLTEIPDNALVGLENLESISFYDNRLIKVPHVALQKVVYNLKFLOLNKNPINRIRRGDF
SNMLHLKELGINNMPELISIDSLAVDNLPDLRKIEATNNPRLSYIHPNAFFRLPKLESLMLNSNALSALY
HGTIESLPNLKEISIHSNPIRCDCVIRWMNMNKTNIRFMEPDSLFCVDPPEFQGQNVRQVHFRDMMEICL
PLIAPESFPSNLNVEAGSYVSFHCRATAEPQPEIYWITPSGQKLLPNTLTDKFYVHSEGTLDINGVTPKE
GGLYTCIATNLVGADLKSVMIKVDGSFPQDNNGSLNIKIRDIQANSVLVSWKASSKILKSSVKWTAFVKT
ENSHAAQSARIPSDVKVYNLTHLNPSTEYKICIDIPTIYQKNRKKCVYNVTTKGLHPDQKEYEKNNTTTLM
ACLGGLLGIGVICLISCLSPEMNCDGGHSYVRNYLQKPTFALGELYPPLINLWEAGKEKSTSLKVKATV

Fig. 10(b)

GGATCCGCCACCATGAAAGATATGCCCCTGCGAATCCACGTGCTCCTCGGTCTTGCCATAACTACCCTGGTTICAG
GCCGTCGATAAGAAGGTCGATTGTCCCAGACTCTGTACATGCGAAATCCGCCCCTGGTTCACTCCCCGCAGCATT
TACATGGAAGCGTCCACTGTTGACTGTAACGACTTGGGCCTGCTTACTTTTICCTGCAAGACTGCCAGCTAATACCC
AAATCCTGCTGCTCCAGACCAATAACATAGCGAAAATTGAATATTCTACCGACTTCCCAGTAAACTTGACAGGGCT
GGATTTGTCTCAAAACAACCTGAGCTCCGTGACCAATATCAATGTAAAAAAGATGCCCCAACTGCTCAGCGTGTAT
CTCGAAGAAAATAAATTGACAGAACTCCCCGAAAAATGTCTGTCCGAGCTGTCAAACCTCCAGGAACTCTATATTA
ATCACAACCTGCTTTCCACAATCAGCCCCGGUGLTTTTATCGGTCTGCACAATCTGCTTAGACTTCACCTCAATAG
CAATAGGTTGCAGATGATCAACAGTAAGTGGTTCGATGCCCTCCCTAACCTGGAAATCCTTATGATTGGCGAAAAT
CCTATCATCAGGATCAAGGACATGAACTTTAAACCTCTGATTAACCTTCGGTCACTGGTGATTGCTGGCATTAATCT
GACAGAGATACCTGATAATGCTCTGGTCGGCCTTGAGAACCTGGAATCTATTAGTTTTTATGACAATAGGCTTATC
AAAGTGCCCCACGTCGLCTCTGCAGAAGGTTGTCAACCTGAAGTTCCTCGACCTCAATAAGAATCCGATCAACCGC
ATACGCCGAGGAGATTTTTCTAATATGCTTCACTTGAAAGAGTTGGGAATCAACAACATGCCCGAACTCATCTCCA
TTGACTCTCTCGCTGTTGACAACTTGCCCGACCTCAGAAAAATCGAGGCCACTAACAATCCACGCCTTAGCTATAT
TCATCCAAATGCATTTTTCCGATTGCCTAAACTTGAGAGCCTCATGCTGAACTCAAATGCACTGAGCGCCCTGTAT
CATGGCACAATTGAATCTCTGCCTAATTTGAAAGAAATCAGCATTCATTCTAACCCTATCCGATGCGACTGCGTGAT
CCGATGGATGAACATGAACAAGACGAACATCCGATTTATGGAACCCGATAGTCTCTICTGCGTGGACCCTCCCGA
GTTTCAAGGTCAGAATGTCGAGGCAGGTACACTTTAGGGATATGATGGAGATCTGCCTTCCCCTGATCGCACCCGA
ATCTTTTCCTAGCAATCTGAACGTTGAGGCCGGAAGCTATGTGTCATTCCATTGCAGGGCCACAGCTGAACCCCA
GCCAGAAATCTACTGGATTACCCCGTCCGGACAGAAACTGCTGCCGAACACGCTGACGGATAAATTCTACGTGCA
TTCTGAAGGAACTCTCGATATAAACGGTGTGACTCCAAAAGAAGGCGGATTGTACACCTGTATCGCCACCAACCTC
GTAGGCGCCGATCTGAAGAGCGTAATGATCAAAGTAGATGGCTCTTTCCCTCAAGATAATAACGGGAGCCTGAAC
ATCAAAATTCGGGATATTCAGGCTAACTCAGTGCTGGTTAGTTGGAAAGCCTCCTCAAAGATTCTGAAATCATCAG
TTAAATGGACCGCATTCGTCAAAACCGAGAACAGTCACGCAGCCCAATCAGCTCGAATCCCCTCCGACGTGAAAG
TCTACAACCTGACACATCTTAATCCCTCTACCGAGTATAAAATCTGTATCGATATTCCAACAATTTACCAGAAGAAC
AGGAAAAAATGTGTGAACGTCACTACCAAAGGACTTCATCCTGACCAGAAAGAATACGAAAAAAACAATACAACAA
CACTGATGGCTTGCCTGGGAGGACTGCTGGGCATCATTGGAGTGATATGTTTGATCTCATGCCTGTCTCCGGAGA
TGAACTGTGATGGCGGCCATTCTTATGTGAGAAACTATCTGCAAAAACCTACTTTCGCTCTTGGAGAACTGTACCC
ACCATTGATCAACTTGTGGGAGGCCGGAAAGGAAAAATCCACATCATTGAAAGTGAAAGCCACCGTTATCGGACT
CCCAACCAATATGTCTTGAGCGGCCGC
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GTTTCTGACCTGTGTTCCCTCCGCTGTGCCAGAACAGGCCCCATGCTGCTCTGGACGGCTGTGCTGCTCT
TTGTTCCCTGTGTTGGGAAAACTGTCTGGCTGTACCTCCAAGCCTGGCCAAACCCTGTGTTTGAAGGAGA
TGCCCTGACTCTGCGATCTCAGGGATGGAAGAATACACCACTGTCTCAGGTGAAGTTCTACAGAGATGGA
AAATTCCTTCATTTCTCTAAGGAAAACCAGACTCTGTCCATGGGAGCAGCAACAGTGCAGAGCCGTGGCE
AGTACAGCTGCTCTGGGCAGGTGATGTATATTCCACAGACATTCACACAAACTTCAGAGACTGCCATGGT
TCAAGTCCAAGAGCTGTTTCCACCTCCTGTGCTGAGTGCCATCCCCTCTCCTGAGCCCCGAGAGGGTAGC
CTGGTGACCCTGAGATGTCAGACAAAGCTGCACCCCCTGAGGTCAGCCTTGAGGCTCCTTITTCTCCTTCC
ACAAGGACGGCCACACCTTGCAGGACAGGGGCCCTCACCCAGAACTCTGCATCCCGGGAGCCAAGGAGGGAG
ACTCTGGGCTTTACTGGTGTGAGGTGGCCCCTGAGGGTGGCCAGGTCCAGAAGCAGAGCCCCCAGCTG
GAGGTCAGAGTGCAGGCTCCTGTATCCCGTCCTGTGCTCACTCTGCACCACGGGCCTGCTGACCCTGETG
TGGGGGACATGGTGCAGCTCCTCTGTGAGGCACAGAGGGGCTCCCCTCCCATCCTGTATTCCTICTACCT
TGATGAGAAGATTGTGGGGAACCACTCAGCTCCCTGTGGTGGAACCACCTCCCTCCTCTTCCCAGTGAAG
TCAGAACAGGATGCTGGGAACTACTCCTGCGAGGCTGAGAACAGTGTCTCCAGAGAGAGGAGTGAGCCCA
AGAAGCTGTCTCTGAAGGGTTCTCAAGTCTTGTTCACTCCCGCCAGCAACTGGCTGGTTCCTTGGCTTCC
TGCGAGCCTGCTTGGCCTGATGGTTATTGCTGCTGCACTTCTGGTTTATGTGAGATCCTGGAGAAAAGCT
GGGCCCCTTCCATCCCAGATACCACCCACAGCTCCAGGTGGAGAGCAGTGCCCACTATATGCCAACGTGC
ATCACCAGAAAGGGAAAGATGAAGGTGTTGTCTACTCTGTGGTGCATAGAACCTCAAAGAGGAGTGAAGC
CAGGTCTGCTGAGTTCACCGTGGGGAGAAAGGACAGTTCTATCATCTGTGCGCAGGTGAGATGCCTGCAG
CCCAGTGAGGTTTCATCCACGGAGGTGAATATGAGAAGCAGGACTCTCCAAGAACCCCTTAGCGACTGTG
AGGAGGTTCTCTGCTAGTGATGGTGTTCTCCTATCAACACACGCCCACCCCCAGTCTCCAGTGCTCCTCA
GGAAGACAGTGGGGTCCTCAACTCTTTCTGTGGGTCCTTCAGTTCCCAAGCCCAGCATCACAGAGCCCCC
TGAGCCCTTGTCCTGGTCAGGAGCACCTGAACCCTGGGTTCTTTITCTTAGCAGAAGACCAACCAATGGAA
TGGGAAGGGAGATGCTCCCACCAACACACACACTTAGGTTCAATCAGTGACACTGGACACATAAGCCACA
GATGTCTTCTTTCCATACAAGCATGTTAGTTCGCCCCAATATACATATATATATGAAATAGTCATGTGCC
GCATAACAACATTTCAGTCAGTGATAGACTGCATACACAACAGTGGTCCCATAAGACTGTAATGGAGTTT
AAAAATTCCTACTGCCTAGTGATATCATAGTTGCCTTAACATCATAACACAACACATTTCTCACGCGTTT
GTGGTGATGCTGGTACAAACAAGCTACAGCGCCGCTAGTCATATACAAATATAGCACATACAATTATGTA
CAGTACACTATACTTGATAATGATAATAAACAACTATGTTACTGGTTTATGTA
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MLLWTAVLLFVPCVGKTVWLYLQAWPNPVFEGDALTLRCQGWKNTPLSQVKFYRDGKFLHFSKENQTLSM
GAATVQSRGQYSCSGQVMYIPQTFTQTSETAMVQVQELFPPPYLSAIPSPEPREGSLVTLRCQTKLHPLR
SALRLLFSFHKDGHTLQDRGPHPELCIPGAKEGDSGLYWCEVAPEGGQVQKQSPOQLEVRVQAPVSRPVLT
LHHGPADPAVGDMVQLLCEAQRGSPPILYSFYLDEKIVGNHSAPCGGTTSLLFPVKSEQDAGNYSCEAEN
SVSRERSEPKKLSLKGSQVLFTPASNWLVPWLPASLLGLMVIAAALLVYVRSWRKAGPLPSQIPPTAPGG
EQCPLYANVHHQKGKBEGVVYSVVHRTSKRSEARSAEFTVGRKDSSIICAEVRCLQPSEVSSTEVNMRSR

Fig. 11(b)

GGATCCGCCACCATGCTGCTCTGGACAGCCGTACTCTTGTTCGTACCTTGTGTTGGAAAG
ACTGTCTGGTTGTATCTGCAGGCCTGGCCTAATCCAGTTTTCCGAGGGGGATGCTCTGACA
CTCAGATGCCAAGGTTGGAAGAACACACCATTGTCTCAAGTGAAGTTTTACCGCGACGGC
AAATTCCTCCACTTCAGTAAAGAAAATCAGACACTGTCTATGGGGGCCGCCACAGTTCAG
TCCAGAGGTCAGTATAGTTGTAGTGGACAGGTCATGTACATTCCTCAGACCTTTACACAG
ACTAGCGAAACTGCGATGGTTCAAGTTCAAGAATTGTTTCCTCCCCCCGTCCTGTCTGCA
ATTCCATCACCCGAGCCTCGAGAAGGCTCTCTCGTCACCCTGCGGTGCCAGACAAAGCTC
CATCCACTTAGATCTGCTCTCCGGCTGCTCTTCTCCTTCCACAAGGATGGACATACTCTT
CAAGATCGCGGCCCACATCCCGAACTGTGCATACCCGGCGCTAAGGAGGGCGACAGTGGC
CTTTATTGGTGCGAAGTTGCGCCCGAAGGCGGACAAGTGCAGAAACAGTCCCCCCAGCTC
GAAGTCCGGGTTCAGGCCCCTGTCTCTAGGCCAGTGTTGACCCTGCACCATGGGCCTGCC
GACCCAGCCGTAGGGGATATGGTCCAGCTGCTGTGTGAGGCCCAACGAGGTTCACCCCCC
ATCCTGTACTCCTTCTACCTTGACGAAAAGATCGTCGGBCAACCATTCAGCTCCTTGCGGT
GGGACTACTAGCCTGTTGTTTCCAGTTAAATCCGAACAGGATGCAGGTAATTACTCTTGC
GAAGCAGAGAACTCCGTGAGTAGAGAGAGGTCTGAACCAAAAAAGCTGTCTCTGAAAGGC
TCACAGGTATTGTTTACTCCAGCATCAAACTGGTTGGTCCCTTGGCTCCCCGCGTCATTG
CTCGGCCTTATGGTGATCGCAGCCGCCCTGCTGGTCTACGTGCGGTCATGGCGGAAAGCG
GGGCCTCTTCCATCTCAAATACCACCAACAGCACCAGGAGGGGAACAATGTCCTCTTTAC
GCAAATGTCCATCATCAAAAAGGGAAAGATGAAGGCGTGGTTTACAGTGTGGTACACCGG
ACATCCAAACGGAGCGAAGCCAGAAGTGCAGAGTTTACAGTTGGACGGAAGGACTCCTCC
ATTATTTGTGCCGAGGTGCGATGTCTGCAACCCAGCGAAGTTAGCAGCACTGAAGTAAAT
ATGAGGTCCCGGACCCTGCAGGAGCCACTTAGTGATTGCGAAGAAGTACTTTGTTAGGCG
GCCGC

Fig. 11(c)
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lentiviral vector comprising FCRL6
GTCGACGGATCGGGAGATCTCCCGATCCCCTATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTA
AGCCAGTATCTGCTCCCTGCTTGTGTGTTGGAGGTCGCTGAGTAGTGCGCGAGCAAAATTTAAGCTACAACAAG
GCAAGGCTTGACCGACAATTGCATGAAGAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCGCCATGTACGGG
CCAGATATACGCGTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCGCC
ATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCBCCTGGCTGACCGCCCAACGACCCCCGCCCAT
TGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATT
TACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACG
GTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTAT
TAGTCATCBCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGCGCGTGBATAGCCGTTTGACTCACGS
GGATTTCCAAGTCTCCACCCCATTGACGTCAATCGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAARA
TGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGCG
CGTTTTGCCTGTACTGGGTCTCTCTGGTTAGACCAGATCTGAGCCTGGBAGCTCTCTGGCTAACTAGGGBAACLC
ACTGCTTAAGCCTCAATAAAGCTTGCCTTGAGTGCTITCAAGTAGTGTGTGCCCGTCTGTTGTGTGACTCTGGTAA
CTAGAGATCCCTCAGACCCTTTTAGTCAGTGTGGAAAATCTCTAGCAGTGGCGCCCGAACAGGGACTTGAAAGC
GAAAGGGAAACCAGAGGBAGCTCTCTCGACGCAGGACTCGGCTTGCTGAAGCGCGCACGGCAAGAGGCGAGGG
GCGGCGACTGGTGAGTACGCCAAAAATTTTCGACTAGCGGAGGCTAGAAGGAGAGAGATGGGTGCGAGAGCGTC
AGTATTAAGCGGGGBAGAATTAGATCGCCATGBGAAAAAATTCGGTTAAGGCCAGGEGGAAAGAAAAAATATAA
ATTAAAACATATAGTATGGGCAAGCAGGGAGCTAGAACGATTCGCAGTTAATCCTGGCCTGTTAGAAACATCAGA
AGGCTGTAGACAAATACTGGGACAGCTACAACCATCCCTTCAGACAGGATCAGAAGAACTTAGATCATTATATAA
TACAGTAGCAACCCTCTATTGTGTGCATCAAAGGATAGAGATAAAAGACACCAAGGAAGCTTTAGACAAGATAGA
GGAAGAGCAAAACAAAAGTAAGACCACCGCACAGCAAGCGGCCGGCCGCGCTCATCTTCAGACCTGGAGGAG
GAGATATGAGGGACAATTGGAGAAGTGAATTATATAAATATAAAGTAGTAAAAATTGAACCATTAGGAGTAGCAC
CCACCAAGGCAAAGAGAAGAGTGGTGCAGAGAGAAAAAAGAGCAGTGGGAATAGGAGCTTTGTTCCTTGGGTT
CTTGGGAGCAGCAGGAAGCACTATGGGCGCAGCCTCAATGACGCTGACGCTACAGGCCAGACAATTATTGTCT
GGTATAGTGCAGCAGCACAACAATTTGCTGAGGGCTATTGAGGCGCAACAGCATCTGTTGCAACTCACAGTCTG
GGGCATCAAGCAGCTCCAGGCAAGAATCCTGGCTCTGGAAAGATACCTARAGGATCAACAGCTCCTGGGGATTT
GGGGTTGCTCTGGAAAACTCATTTGCACCACTGCTGTGCCTTIGGAATGCTAGTTGGAGTAATAAATCTCTGGAAC
AGATTTGGAATCACACGACCTGGATGGAGTGGGACAGAGAAATTAACAATTACACAAGCTTAATACACTCCTTAA
TTGAAGAATCGCAAAACCAGCAAGAAAAGAATGAACAAGAATTATTCCAATTAGATAAATGGGCAAGTTTGTGGA
ATTGGTTTAACATAACAAATTGGCTGTGGTATATAAAATTATTICATAATGATAGTAGGAGGCTTGGTAGGTITAAG
AATAGTTTTTGCTGTACTTTICTATAGTGAATAGAGTTAGGCAGGGATATTCACCATTATCGTTTCAGACCCACCTC
CCAACCCCGAGGGCACCCGACAGGCCCGAAGGAATAGAAGAAGAAGGTCGAGAGAGAGACAGAGACAGATCC
ATTCGATTAGTGAACGGATCGGCACTGCGTGCGCCAATTCTGCAGACAAATGGCAGTATTCATCCACAATTITAA
AAGAAAAGGGGGGATTGGGGGGTACAGTGCAGGGGAAAGAATAGTAGACATAATAGCAACAGACATACAAACTA
AAGAATTACAAAAACAAATTACAAAAATTCAAAATTTTCGGGTTTATTACAGGGACAGCAGAGATCCAGTTTGGTT
AGTACCGGGCCCGCTCTAGTCGAGGTCGACGGTATCGATAAGCTCGCTTCACGAGATTCCAGCAGGTCBAGGEG
ACCTAATAACTTCGTATAGCATACATTATACGAAGTTATATTAAGGGTTCCAAGCTTAAGCGGCCGGCCGCTGAA
AGACCCCACCTGTAGGTTTGGCAAGCTAGCTGCAGTAACGCCATTTTGCAAGGCATGGAAAAATACCAAACCAA
GAATAGAGAAGTTCAGATCAAGGGCGGGTACATGAAAATAGCTAACGTTGGGCCAAACAGGATATCTGCGGTGA
GCAGTTTCBGCCCCGBCCCGGGGCLAAGAACAGATGGTCACCGCAGTTTCGBCCCCGGCCCGAGGCCAAGAA
CAGATGGTCCCCAGATATGGCCCAACCCTCAGCAGTTTCTTAAGACCCATCAGATGTTTCCAGGCTCCCCCAAG
GACCTGAAATGACCCTGCGCCTTATTTGAATTAACCAATCAGCCTGCTTCTCGCTTCTGTTCGCGCGCTTCTGCT
TCCCGAGCTCTATAAAAGAGCTCACAACCCCTCACTCGGCGCGCCAGTCCTCCBATTGACTGAGTCGCCOygate
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pEY TACGTAAATTCCGCCCCCCCCCCCCCTCTCCCTCCCCCCCCCCTAACGTTACTGGCCGAAGC
CGCTTGGAATAAGGCCGGTGTGCGTTTGTCTATATGTTATTTTCCACCATATTGCCGTCTTTTGGCMTGTGAGG
GCCCGGAAACCTGGCCCTGTCTICTTGACGAGCATTCCTAGGGGTCTTTCCCCTCTCGCCAAAGGAATGCAAGE
TCTGTTCAATGTCGTGAAGGAAGCAGTTCCTCTGGAAGCTTCTTGAAGACAAACAACGTCTGTAGCGACCCTITG
CAGGCAGCGGAACCCCCCACCTGGCCBACAGGTGCCTCTGCGGCCAAAAGCCACGTGTATAAGATACACCTGCA
AAGGCGGCACAACCCCAGTGCCACGTTGTGAGTTGGATAGTTGTGGAAAGAGTCAAATGGCTCTCCTCAAGCGT
ATTCAACAAGGGGCTGAAGGATGCCCAGAAGGTACCCCATTGTATGGGATCTGATCTGGGGCCTCGGTGCACAT
GCTTTACATGTGTTTAGTCGAGGTTAAAAAAACGTCTAGGCCCCCCGAACCACGGGGACGTGGTTTICCTTTGAA
AAACACGATGATAATATGGCCACAACCATGGTGAGCAAGGGCGAGGAGCTBTTCACCGGGGTGGTGCCCATCC
TGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCT
ACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCAC
CCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCBACCACATGAAGCAGCACGACTTCTTCAAGTCCGCC
ATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGG
TGAAGTTCGAGGGCGACACCCTGGTCAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACAT
CCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGC
ATCAAGGTGAACTTCAAGATCCGECACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGA
ACACCCCCATCGGCGACGGCLCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAA
AGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATG
GACGAGCTGTACAAGTAAAGCGGCCGGCCGCCAGCACAGTGGTCGAAATTCGTCGAGGGACCTAATAACTTCG
TATAGCATACATTATACGAAGTTATACATGTTTAAGGGTTCCGGTTCCACTAGGTACAATTCGATATCAAGCTTAT
CGATAATCAACCTCTGGATTACAAAATTTGTGAAAGATTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGCTAT
GTGGATACGCTGCTTTAATGCCTTTGTATCATGCTATIGCTTCCCGTATGGCTTTCATTITTCTCCTCCTTGTATAAA
TCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTTGTCAGGCAACGTGBCGTGGTGTGCACTGTGTTTGC
TGACGCAACCCCCACTGGTTGGGGCATTGCCACCACCTGTCAGCTCCTITCCGGGACTTTCGCTTTCCCCCTCC
CTATTGCCACGGCGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACAGGGGCTCGGCTGTTGGGCACTGA
CAATTCCGTGGTGTTGTCGGGGAAATCATCGTCCTTTCCTTGGCTGCTCGCCTGTGTTGCCACCTGGATTCTGC
GCGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAGCGGACCTTCCTTCCCGCGGCCTGCTGCCGGE
TCTGCGGCCTCITCCGCGTCTTCGCCTTCGCCCTCAGACGAGTCGGBATCTCCCTTTGGGCCGCCTCCCCGCATC
GATACCGTCGACCTCGATCGAGACCTAGAAAAACATGGAGCAATCACAAGTAGCAATACAGCAGCTACCAATGC
TGATTGTGCCTGGCTAGAAGCACAAGAGGAGGAGGAGGTGGGTTTTCCAGTCACACCTCAGGTACCTTTAAGAC
CAATGACTTACAAGGCAGCTGTAGATCTTAGCCACTTTTTAAAAGAAAAGGGGGGACTGGAAGGGCTAATTCACT
CCCAACGAAGACAAGATATCCTTGATCTGTGGATCTACCACACACAAGGCTACTTCCCTGATTGGCAGAACTACA
CACCAGGGCCAGGGATCAGATATCCACTGACCTTTGGATGGTGCTACAAGCTAGTACCAGTTGAGCAAGAGAAG
GTAGAAGAAGCCAATGAAGGAGAGAACACCCGCTTGTTACACCCTGTGAGCCTGCATGGGATGGATGACCCGG
AGAGAGAAGTATTAGAGTGGAGGTTTGACAGCCGCCTAGCATTTCATCACATGGCCCCAGAGCTGCATCCGGAC
TGTACTGGGTCTCTCTGGTTAGACCAGATCTGAGCCTGGGAGCTCTCTGGCTAACTAGGGAACCCACTGCTTAA
GCCTCAATAAAGCTTGCCTTGAGTGCTTCAAGTAGTGTGTGCCCGTCTGTTGTGTGACTCTGGTAACTAGAGATC
CCTCAGACCCTITTAGTCAGTGTGGAAAATCTCTAGCAGCATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAALC
GTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACCGAGCATCACAAAAATCGACGCTCA
AGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCT
CTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTICTCAT
AGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTCGTGCACGAACCCCCCGT
TCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCAC
TGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTG
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GCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAG
AGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTITTTTGTTTGCAAGCAGCAGATTAC
GCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGLTCAGTGGAACGAAAACTC
ACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTA
AATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGC
CGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCETCGTAGATAACTACGATACGGGAGGGCTTACC
ATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGC
CAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGG
GAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCA
CGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTG
TGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATG
GTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAA
CCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCG
CCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCG
CTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTT
CTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTC
ATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTAT
TTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGAC
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lentiviral vector comprising LRRN3
GTCGACGGATCGGGAGATCTCCCGATCCCCTATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTA
AGCCAGTATCTGCTCCCTGCTTIGTGTGTTGGAGGTCGCTCGAGTAGTGCGCGAGCAAAATTTAAGCTACAACAAG
GCAAGGCTTGACCGACAATTGCATGAAGAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCGCGATGTACGGG
CCAGATATACGCGTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCC
ATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCAT
TGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTIGACGTCAATCGGGTGGAGTATT
TACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACG
GTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTAT
TAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGE
GGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAA
TGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGCG
CGTTTTGCCTGTACTGGGTCTCTCTGGTTAGACCAGATCTGAGCCTGGGAGCTCTCTGGCTAACTAGGGAACCC
ACTGCTTAAGCCTCAATAAAGCTTGCCTTGAGTGCTTCAAGTAGTGTGTGCCCGTCTGTTGTGTGACTCTGGTAA
CTAGAGATCCCTCAGACCCTTTTAGTCAGTGTGGAAAATCTCTAGCAGTGGCGCCCGAACAGGGACTTGAAAGC
GAAAGGGAAACCAGAGGBAGCTCTCTCGACGCAGCACTCGGCTTGCTGAAGCGCGCACGGCAAGAGGCGAGGG
GCGGCGACTGGTCAGTACGCCAAAAATTTTGACTAGCGGAGGCTAGAAGGAGAGAGATGGGTGCGAGAGCGTC
AGTATTAAGCGGGGGAGAATTAGATCGCGATGGGAAAAAATTCGGTTAAGGCCAGGGGGAAAGAAAAAATATAA
ATTAAAACATATAGTATGGGCAAGCAGGGAGCTAGAACGATTCGCAGTTAATCCTGGCCTGTTAGAAACATCAGA
AGGCTGTAGACAAATACTGGGACAGCTACAACCATCCCTTCAGACAGGATCAGAAGAACTTAGATCATTATATAA
TACAGTAGCAACCCTCTATTGTGTGCATCAAAGGATAGAGATAAAAGACACCAAGGAAGCTTTAGACAAGATAGA
GGAAGAGCAAAACAAAAGTAAGACCACCGCACAGCAAGCGGCCGGCCGCGCTGATCTTCAGACCTGGAGGAG
GAGATATGAGGGACAATTGGAGAAGTGAATTATATAAATATAAAGTAGTAAAAATTGAACCATTAGGAGTAGCAC
CCACCAAGGCAAAGAGAAGAGTGGTGCAGAGAGAAAAAAGAGCAGTGGGAATAGGAGCTTTGTTCCTTGGGTT
CTTGGGAGCAGCAGGAAGCACTATGGGCGCAGCGTCAATGACGCTGACGGTACAGGCCAGACAATTATIGTCT
CGTATAGTGCAGCAGCAGAACAATTTGCTGAGGGCTATTGAGGCGCAACAGCATCTGTTGCAACTCACAGTCTG
GGGCATCAAGCAGCTCCAGGCAAGAATCCTGGCTGTGCGAAAGATACCTAAAGGATCAACAGCTCCTGGGGATTT
GGGCTTGCTCTGGAAAACTCATTTGCACCACTGCTGTGCCTTGGAATGCTAGTTGGAGTAATAAATCTCTGGAAC
AGATTTGGAATCACACGACCTGGATGGAGTGGGACAGAGAAATTAACAATTACACAAGCTTAATACACTCCTTAA
TTGAAGAATCGCAAAACCAGCAAGAAAAGAATGAACAAGAATTATTGGAATTAGATAAATGGGCAAGTTTGTGGA
ATTGGTTTAACATAACAAATTGGCTGTGGTATATAAAATTATTCATAATGATAGTAGGAGGCTTGGTAGGTTTAAG
AATAGTTTTTGCTGTACTTTCTATAGTGAATAGAGTTAGGCAGGGATATTCACCATTATCGTTTCAGACCCACCTC
CCAACCCCGAGGGGACCCGACAGGCCCGAAGGAATAGAAGAAGAAGGTGGAGAGAGAGACAGAGACAGATCC
ATTCGATTAGTGAACGGATCGGCACTGCGTGCGCCAATTCTGCAGACAAATGGCAGTATTCATCCACAATTTTAA
AAGAAAAGGGGGCATTGGGGGGTACAGTGCAGGGGAAAGAATAGTAGACATAATAGCAACAGACATACAAACTA
AAGAATTACAAAAACAAATTACAAAAATTCAAAATTTTCGGGTTTATTACAGGGACAGCAGAGATCCAGTTTGGTT
AGTACCGGGCCCGCTCTAGTCCAGGTCGACGGTATCGATAAGCTCGCTTCACGAGATTCCAGCAGGTCGAGGG
ACCTAATAACTTCGTATAGCATACATTATACGAAGTTATATTAAGGGTTCCAAGCTTAAGCGGCCGGCCGCTGAA
AGACCCCACCTGTAGGTTTGGCAAGCTAGCTGCAGTAACGCCATTTTGCAAGGCATGGAAAAATACCAAACCAA
GAATAGAGAAGTTCAGATCAAGGGCGGGTACATGAAAATAGCTAACGTTGGGCCAAACAGGATATCTGCGGTGA
GCAGTTTCGGCCCCGGCCCGGGGCCAAGAACACGATGGTCACCGCAGTTTCGGCCCCGGCCCGAGGCCAAGAA
CAGATGGTCCCCAGATATGGCCCAACCCTCAGCAGTTTCTTAAGACCCATCAGATGTTTCCAGGCTCLCCCCAAG
GACCTGAAATGACCCTGCGCCTTATTTGAATTAACCAATCAGCCTGCTTCTCGCTTCTGTTCGCGCGCTTCTGCT
TCCCGAGCTCTATAAAAGAGCTCACAACCCCTCACTCGGCGCGCCAGTCCTCCGATTGACTGAGTCGCC Cy
S N S st ey FRRp. e SNy e pUEEN S 2 R o e e TN ) o oy o, e b,
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& itTACGTAAATTCCGCCCCCCCCCCCCCTCTCCC
TCCCCCCCCCCTAACGTTACTGGCCGAAGCCGCTTGGAATAAGGCCGGTGTGCGTTTGTCTATATGTTATTTTCC
ACCATATTGCCGTCTTTTGGCAATGTGAGGGCCCGGAAACCTGGCCCTGTCTICTIGACGAGCATTCCTAGGGG
TCTTTCCCCTCTCGCCAAAGGAATGCAAGGTCTGTTGAATGTCGTGAAGGAAGCAGTTCCTCTGGAAGCTTICTIG
AAGACAAACAACGTCTGTAGCGACCCTTTGCAGGCAGCGGAACCCCCCACCTGGLBACAGGTGCCTCTGCGGE
CAAAAGCCACGTGTATAAGATACACCTGCAAAGGCGGCACAACCCCAGTGCCACGTTGTCAGTTGGATAGTTGT
GGAAAGAGTCAAATGGCTCTCCTCAAGCGTATTCAACAAGGGGCTGAAGGATGCCCAGAAGGTACCCCATTIGTA
TGGGATCTGATCTGGGGCCTCGGTGCACATGCTTTACATGTGTTTAGTCGAGGTTAAAAAAACGTCTAGGCCCC
CCGAACCACGGGGACGTGGTTTTCCTTTGAAAAACACCGATGATAATATGGCCACAACCATGGTGAGCAAGGGLG
AGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGCACGGCGACGTAAACGGCCACAAGTTCAGCET
GTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTCAAGTTCATCTGCACCACCGGCAAGET
GCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCAC
ATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGA
CGACGGCAACTACAAGACCCGCGCCGAGGTCGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAA
GGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTC
TATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCBAGGACGGCAG
CGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCUGACAACCA
CTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTC
GTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAAAGCGGCCGGCCGCCAGCACAGTGG
TCGAAATTCGTCGAGGGACCTAATAACTTCGTATAGCATACATTATACGAAGTTATACATGTTTAAGGGTTCCGGT
TCCACTAGGTACAATTCGATATCAAGCTTATCGATAATCAACCTCTGGATTACAAAATTTGTGAAAGATTGACTGG
TATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACGCTGCTTTAATGCCTTTGTATCATGCTATTIGCTTICCC
GTATGGCTTTCATTTTCTCCTCCTTGTATAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTIGTCAG
GCAACGTGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGGTTGGGGCATTGCCACCACCTGTCAG
CTCCTTTCCGGGACTTITCGCTITCCCCCTCCCTATTGCCACGGBCGGAACTCATCGCCGCCTGCCTTGCCCGLTG
CTGGACAGGGGCTCGGCTGTTGGGCACTGACAATTCCGTGGTGTTGTCGGGCAAATCATCGTCCTTICCTTGGC
TGCTCGCCTGTGTTGCCACCTGGATTCTGCGCGGGACGTCCTTCTGCTACGTCCCTTCGGCCCTCAATCCAGCG
GACCTTCCTTCCCGCGGCCTGCTGCCGGLTCTGCEGCCTCTTCCGCGTCTTCGCCTTCGCCCTCAGACGAGTC
GCGATCTCCCTTTGGGCCGCCTCCCCGCATCGATACCGTCGACCTCGATCGAGACCTAGAAAAACATGGAGCAAT
CACAAGTAGCAATACAGCAGCTACCAATGCTGATTGTGCCTGGCTAGAAGCACAAGAGGAGGAGGAGGTGGET
TTTCCAGTCACACCTCAGGTACCTTTAAGACCAATGACTTACAAGGCAGCTGTAGATCTTAGCCACTTTTTAAAAG
AAAAGGGGGGACTGGAAGGGCTAATTCACTCCCAACGAAGACAAGATATCCTTGATCTGTGGATCTACCACACA
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CAAGGCTACTTCCCTGATTGGCAGAACTACACACCAGGGCCAGGGATCAGATATCCACTGACCTTTGGATGGTG
CTACAAGCTAGTACCAGTTGAGCAAGAGAAGGTAGAAGAAGCCAATGAAGGAGAGAACACCCGCTTGTTACACC
CTGTGAGCCTGCATGGGATGGATCGACCCGCAGAGAGAAGTATTAGAGTGGAGGTTTGACAGCCGCCTAGCATT
TCATCACATGGCCCCAGAGCTGCATCCGGACTGTACTGGGTCTCTCTGGTTAGACCAGATCTGAGCCTGGGAGC
TCTCTGGCTAACTAGGGAACCCACTGCTTAAGCCTCAATAAAGCTTGCCTTGAGTGCTTCAAGTAGTGTGTGCCC
GTCTGTTGTGTCGACTCTGGTAACTAGAGATCCCTCAGACCCTTTTAGTCAGTGTGGAAAATCTCTAGCAGCATGT
GAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCC
CCCTGACBAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCCACAGGACTATAAAGATACCAGG
CGTTTCCCCCTGGAAGCTCCCTCCTGCGCTCTCCTGTTCCGACCUTGCCGCTTACCGGATACCTGTCCGCLTTT
CTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGBTCGTICGLIC
CAAGCTGGGCTGTGTGCACGAACCCCCCOTICAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGT
CCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGT
AGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCG
CTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGC
GGTGGITTTTTIGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTA
CGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATCAGATTATCAAAAAGGATCTTCA
CCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTAC
CAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATITCGTTCATCCATAGTTGCCTGACTCCCCGTC
GTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCT
CACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTT
ATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAA
CGTTIGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCA
ACGATCAAGGCGBAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGBTCCTCCGATCGTTGT
CAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATC
CGTAAGATGCTTTTCTGTGACTGGTCAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTG
CTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAAC
GTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCC
AACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTICTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAA
AAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTICCTTTTTCAATATTATTGAAGCATTTATCAGG
GTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCC
CCGAAAAGTGCCACCTGAC
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