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ENVELOPED VIRUS RESISTANT TO COMPLEMENT INACTIVATION
FOR THE TREATMENT OF CANCER

REFERENCE TO SEQUENCE LISTING

The Sequence Listing filed electronically in the form of an Annex C/ST.25 text
file and bearing file reference 21003-PCT is a part of the disclosure.

BACKGROUND OF THE INVENTION

Oncolytic viruses have been tested as agents for the treatment of cancers by infecting and
destroying tumor cells. These oncolytic viruses include Newcastle Disease Virus,
Adenovirus, Sindbis virus, Vaccinia virus, Herpes virus etc. Newcastle Disease Virus
(NDV) showed a great potential in shrinking tumor in cancer patients due to its unique
property of preferential replication in and lysis of tumor cells, presumably owing to the
factor that most tumor cells have a deficient interferon pathway (Pecora et al., 2002;
Laurie et al., 2006; Lorence et al., 2007). Despite the preliminary promising clinical
results, NDV as a cancer therapeutic agent has a shortcoming: inevitably most of the
NDYV particles will be destroyed by the patient’s innate immune system, the alternative

complement pathway, once the viruses enter the patient’s body.

The complement system is a part of the innate and adaptive immune system (reviewed by
Volanakis, J.E., 1998. Chapter 2. In The Human Complement System in Health and
Disease. Edited by J. E. Volanakis, and M.M. Frank. Marcel Dekker, Inc., New York pp
9-32). Complement plays an important role in microbial killing, and for the transport and
clearance of immune complexes. Many of the activation products of the complement
system are also associated with proinflammatory or immunoregulatory functions. The
complement system consists of plasma and membrane-associated proteins that are
organized in three enzymatic-activation cascades: the classical, the lectin, and the

alternative pathways. All three pathways can lead to the formation of the terminal
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complement complex/membrane attack complex (TCC/MAC) and an array of

biologically active products.

Human cells and organs have a family of membrane-bound complement regulatory
proteins to protect them from homologous complement-mediated lysis. These
complement regulatory proteins include CDS55 (decay-accelerating factor, DAF), CD46
(membrane cofactor protein, MCP), CD35 (complement receptor 1, CR1), and CD59
(membrane inhibitor of reactive lysis) (Carroll et al., 1988; Rey-Campos et al., 1988;
Lublin et al., 1989; Morgan et al., 1994; Kim and Song, 2006).

CDS55 is a glycosylphosphatidylinositol (GPI)-anchored protein and attaches to a cell
plasma membrane through a glycolipid moiety (GPI anchor) at its C-terminus. The GPI-
anchored proteins such as CDS55 can be endocytosed and degraded or cleaved and
released from cell plasma membrane (Censullo and Davitz, 1994a, 1994b; Turner 1994).
For example, The GPI-anchored proteins including CDS55 can be released from the cell
surface by the action of GPI-specific phospholipases C and D (Turner 1994). These
enzymatic activities likely control the catabolism of GPI-anchored proteins and regulate

the cell surface expression of these proteins (Censullo and Davitz, 1994b).

SUMMARY OF THE INVENTION

This invention provides a recombinant fusion protein comprising: (a) a CDS55 peptide
sequence, (b) a linker sequence C-terminal to the CD55 sequence, (c) a transmembrane
domain C-terminal to the linker sequence, and (d) an intracellular domain C-terminal to
the transmembrane domain, wherein the fusion protein does not contain a GPI anchor.
This invention also provides nucleic acids and expression vectors encoding the protein,
cells expressing the protein, enveloped viruses incorporating the protein on the viral
membrane, pharmaceutical compositions comprising the protein-incorporating virus of

this invention, as well as methods of treatment and uses of the virus.
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This invention is based, in part, on the finding that virus expressing a fusion protein
according to this invention was resistant to inactivation by normal human serum, as
evidenced by a higher recovery rate compared to virus not expressing the fusion protein.
The oncolytic enveloped virus produced by the engineered cells of the invention which
incorporate complement inhibitor in the form of a recombinant fusion protein on the viral
membrane is a better cancer therapeutic and affords better clinical outcomes for cancer
patients as compared to the corresponding virus lacking a complement inhibitor on the
viral membrane, due to its survival capability in the human serum circulation before it
gets into a tumor. The benefits are three-fold: 1) the oncolytic virus can be produced in a
cell culturing system in a bio-reactor; 2) fewer viral particles are needed to achieve the
same therapeutic efficacy as compared to the parental oncolytic virus produced in
chicken eggs; 3) infusion of fewer viral particles to a cancer patient may reduce side
effects associated with large amounts of viral particles such as cytokine storm or impurity

related effects.

Others who have studied the effects of the complement regulatory protein CDS5 on the
protection of Newcastle Disease Virus (NDV) (Biswas et al., 2012; Rangaswamy et al.,
2016) used native unmodified CDS55, which includes a glycosylphosphatidyl-inositol
(GPI) anchor. In contrast the fusion protein of this invention omits the GPI anchor.
Without wishing to be bound by theory it is believed that the omission of a GPI anchor
changed the catabolism dynamics of CDS55 on the cell surface. The fusion protein of this
invention was able to withstand inactivation conditions more stringent than those utilized
by Biswas and Rangaswamy. Biswas used 5 to 10% normal human serum and
Rangaswamy used 0.3 to 5% normal human serum in their inactivation assays. The
example below used 40% normal human serum to conduct the inactivation assay on NDV

that has incorporated the recombinant fusion protein.
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BRIEF DESCRIPTION OF THE FIGURES

Figure 1. Mammalian cell expression construct map sequence encoding a recombinant
complement inhibitory fusion protein consisting of a secretory signal peptide, four short
consensus repeat (SCR) of CDS55, a flexible linker, a CD8 transmembrane domain and a
truncated CDS8 intracellular domain, followed by IRES-neo selectable marker and a

synthetic polyadenylation signal (polyA).

Figure 2. Diagram illustrating the orientation of the matured complement inhibitory

fusion protein on the engineered DF1 cell membrane or on modified NDV membrane.

Figure 3. Cell surface expression of a recombinant complement inhibitory fusion protein.
Flow cytometry analysis for the fusion protein expression by a CD55 specific antibody.
The histogram on the left represents the naive DF1 cells as a negative control. The
histogram on the right represents the DF1 cells stably expressing SEQ ID NO:2 (cell

clone number 8).

Figure 4. Cytotoxicity assay of NDV produced by the engineered DF1 cells (Clone

number 8) incorporated with the complement inhibitory fusion protein in tumor cell lines.

Figure 5. Amino Acid Sequence of a recombinant complement inhibitory fusion protein
consisting of secretory signal peptide, four short consensus repeat (SCR) of CDS55, a
flexible linker, a CD8 transmembrane domain and a truncated CD8 intracellular domain.
(SEQ ID NO:2)

Double Underlined indicates Secretory signal peptide

Regular type indicates SCR of CD55

Underlined indicates (G4S1)3 Linker

Bold indicates the CDS8 transmembrane domain

Italic indicates the truncated CDS intracellular domain
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DETAILED DESCRIPTION OF THE INVENTION

In accordance with the fusion protein of this invention any CD55 peptide sequence can be
utilized for sequence (a). In an embodiment the CD55 peptide sequence is a human CDS55
peptide sequence. The CDS55 peptide sequence preferably comprises four short consensus
repeats (SCR) of CD55. Any flexible linker can be utilized for sequence (b), for example
a conventional flexible linker known in the field. In one embodiment a G451 linker is
utilized, preferably a (G4S1)3 linker. Any transmembrane domain can be utilized for
sequence (c), for example a conventional transmembrane domain known in the field. In
one embodiment the transmembrane domain is a CD8 transmembrane domain. Any
intracellular domain can be utilized for sequence (d), for example a conventional
intracellular domain. In one embodiment the transmembrane domain is a CD8

transmembrane domain, preferably a truncated CD8 transmembrane domain.

The fusion protein of this invention can further comprise a secretory signal peptide N-
terminal to sequence (a). In accordance with the preferred process of this invention the
fusion protein is initially expressed with the signal peptide. The signal peptide directs the
newly synthesized fusion protein to the endoplasmic reticulum (ER), where the signal
peptide is cleaved by signal peptidase. SEQ ID NO:2 is an exemplary fusion protein of
this invention having an N-terminal signal peptide. SEQ ID NO:3 is an exemplary fusion

protein of this invention not having an N-terminal signal peptide.

In accordance with the fusion protein of this invention there can optionally be a spacer of
one or more amino acids between the N-terminal signal peptide and sequence (a),
between sequence (a) and sequence (b), between sequence (b) and sequence (c), between
sequence (c) and sequence (d), between any two of them, between any three of them, or
between all four. In one embodiment of this invention there is no spacer between the N-
teminal signal peptide and sequence (a), or in other words the N-terminal signal peptide
is covalently bonded to sequence (a) by a single peptide bond. In another embodiment

there is a spacer between the N-terminal signal peptide and sequence (a).

5
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In one embodiment of this invention there is no spacer between sequence (a) and
sequence (b), or in other words sequence (a) is covalently bonded to sequence (b) by a
single peptide bond. In another embodiment there is a spacer between sequence (a) and
sequence (b). In one embodiment of this invention there is no spacer between sequence
(b) and sequence (c), or in other words sequence (b) is covalently bonded to sequence (c)
by a single peptide bond. In another embodiment there is a spacer between sequence (b)
and sequence (c). In one embodiment of this invention there is no spacer between
sequence (c) and sequence (d), or in other words sequence (c) is covalently bonded to
sequence (d) by a single peptide bond. In another embodiment there is a spacer between
sequence (c) and sequence (d). There is in principle no limitation on the size of the

Spacers.

CDS5S5 contains four extracellular short consensus repeat (SCR), a Ser/Thr/Pro (STP)-rich
region and a GPI-anchored domain. In accordance with the fusion protein of this
invention the GPI-anchor domain is omitted. The STP-rich region can be present or
absent. One embodiment of the fusion protein coding sequence of this invention further
comprises a polyadenylation signal C-terminal to the third peptide sequence coding

sequence. The polyadenylation signal (Poly A) can be any Poly A.

This invention provides a nucleic acid encoding the protein described above. In one
embodiment the nucleic acid is DNA. It can optionally contain one or more introns, either
between the sequences coding for the signal peptide and sequence (a), between sequence
(a) and sequence (b), between sequence (b) and sequence (c), between sequence (c) and
sequence (d), or elsewhere. In an embodiment of this invention the nucleic acid encodes a
protein having the sequence SEQ ID NO:2 or SEQ ID NO:3. SEQ ID NO:1 is one
example of a nucleic acid encoding a protein having the sequence SEQ ID NO:2.

Because different nucleic acid codon triplets code for the same amino acid, a relationship
known as the degeneracy of the genetic code, many other nucleic acid sequences that
encode a protein having the sequence SEQ ID NO:2 can readily be envisioned and are

included in this invention.
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An embodiment of this invention is an expression vector comprising the nucleic acid
described above operatively linked to a control sequence, for example a promoter. The
promoter driving the fusion protein can be any promoter and is not limited to a CMV
promoter. When there is an intron between the promoter and the fusion protein coding
sequence, any suitable and conventional intron can be utilized. For example, a -globin

intron is suitable.

This invention provides a cell line stably expressing the fusion protein of this invention
on its cell surface. Any conventional cell line for protein expression can be used in
accordance with this invention. In one embodiment the cell line is a mammalian cell line.
In another embodiment the cell line is a non-mammalian cell line, for example a DF-1

chicken embryonic fibroblast cell line.

This invention provides an enveloped virus incorporating the fusion protein described
above on the virus membrane. In accordance with this invention any enveloped virus can
be utilized. In an embodiment the virus is an oncolytic virus, for example a
paramyxovirus such as Newcastle Disease Virus (NDV). In the examples a complement
inhibitor in the form of a recombinant fusion protein was incorporated onto NDV
particles envelope. The recombinant fusion protein of this invention could be used for
oncolytic viruses other than NDV, leading to generation of oncolytic viral particles that
are more resistant to host complement inactivation. The novel recombinant complement
inhibitor in the form of a fusion protein can be used to modify any other mammalian cells
such as HeLa cells to produce oncolytic viruses. Oncolytic viruses are described in
International Patent Publication No. WO 2000/062735, the content of which is
incorporated by reference. In the experiments whose results are presented below the

NDV utilized was PPMK107 described in WO 2000/062735.

The virus can be incorporated in a pharmaceutical composition that comprises the virus
and a pharmaceutically acceptable carrier. This invention provides a method for treating a
neoplastic condition in a mammalian subject, comprising administering to the subject an

amount of the virus described above effective to treat the neoplastic condition. For cancer
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treatment the virus can be administrated to the patients via any conventional route, for
example by one or more intratumoral or intravenous injections. For intratumoral
administration, the dose range can be from 1x10’ to 5x10" pfu/per tumor. For
intravenous administration, the dose range can be from 1x10” to 1x10" pfu/rnz. (‘Pfu’ 1s

an abbreviation for ‘plaque forming unit’.)

The oncolytic virus according to this invention could also be engineered to incorporate
other molecules such as GMCSF to enhance the efficacy of the oncolytic virus. In
addition, the oncolytic virus could be a part of a combination cancer therapy with a
checkpoint inhibitor such as anti-PD1 or anti-PDL1 molecule. Further, the oncolytic virus
could be a part of a combination cancer therapy with other chemotherapeutic agents. The
chemotherapeutic agents could be but are not limited to camptothecin compounds, for

example, irinotecan or topotecan.

All publications, patents and patent applications mentioned in this specification are herein
incorporated by reference in their entirety into the specification to the same extent as if
each individual publication, patent or patent application was specifically and individually
indicated to be incorporated herein by reference. Also incorporated by reference is any
supplemental information that was published along with any of the aforementioned
publications, patents and patent applications. For example, some journal articles are

published with supplemental information that is typically available online.

The invention will be better understood by reference to the following examples, which

illustrate but do not limit the invention described herein.

EXAMPLES

Example 1:
A modified version of recombinant CDS55 with a four short consensus repeat (SCR) of
CDS55 downstream of the secretory signal peptide followed by a flexible linker (3xG4S1)

and a CD8 transmembrane and a truncated CD8 intracellular domain was created (Figure
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1). The coding sequence was cloned into a mammalian expression construct that has a
CMV promoter, a synthetic intron driving the recombinant protein expression. The
expression cassette also contained a drug selectable marker, neomycin
phosphotransferase downstream from IRES. The gene expression cassette ended with a
synthetic polyadenylation signal. SEQ ID NO:1 is the nucleotide sequence of the
mammalian cell expression construct. SEQ ID NO:2 represents the amino acid sequence
of the expressed protein. When expressed on chicken embryonic fibroblast DF1 cell
surface or incorporated onto virus membrane, the signal peptide is cleaved yielding the
mature recombinant fusion protein (SEQ ID NO:3) which has a configuration/orientation
such that the CD55 SCR is on the outside of the cell or viral membrane, the flexible
linker adjacent to the cell or viral membrane should provide maximal flexibility for the
SCR of CD55 to exercise its biological function, i.e., disabling C3 convertase which is
the central regulator of complement pathway. The flexible linker is followed by a CD8

transmembrane domain and a truncated CDS8 intracellular domain.

Example 2:

The mammalian expression construct was transfected into chicken embryonic fibroblast
DF1 cells via PEI 25K (polyethylenimine, linear 25 kDa, Polysciences, Cat. No. 23966)
mediated transfection. Seventy two hours post-transfection, the transfected cells were
selected in 300 ng/mL G418 (Geneticin®, aminoglycoside antibiotic) to create a stable
cell line that constitutively expresses SEQ ID NO:2. The stable cell line constitutively
expressed SEQ ID NO:3 on its cell surface as detected by a monoclonal antibody (R&D
Systems, Catalog No. MAB20091) that is specific for mature human CD55. As shown in
Figure 3, the recombinant fusion protein was expressed on the DF1 cells stably
transfected with the construct that encodes the recombinant fusion protein as analyzed by
flow cytometry (Figure 3, the histogram on the right). The naive DF1 cells served as a

negative control (Figure 3, the histogram on the left).

Example 3:
The stable cell line expressing SEQ ID NO:3 on the cell surface was infected with wild
type NDV that was produced from embryonated chicken eggs. The virus was then titered
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on human tumor cell line HT1080. Equal amount of virus (measured by PFU) was
subjected to incubation with 40% normal human serum (NHS) and 40% heat-inactivated
normal human serum (iNHS) respectively. The virus that remained alive after incubation
with human serum was then scored on HT1080 cells by plaque assay. The ratio of virus
recovered after incubation with NHS vs iNHS was calculated. As shown in Table 1, the
recovery rate for the virus produced in embryonated chicken eggs was 0.5%, suggesting
vast majority of the NDV particles produced by chicken eggs were inactivated most
likely by human alternative complement pathway. Likewise, the recovery rate for the
virus produced by the parental chicken embryonic fibroblast DF1 cells was 0.5%.
Surprisingly, the recovery rate for the virus produced from the bulk non-clonal DF1 cells
that stably expressed SEQ ID NO:3 on the cell surface was 5.8%, greater than 10 fold
more than the wild type virus. When a total of 11 clonal populations of DF1 cells
expressing SEQ ID NO:3 were examined, the recovery rate ranged from 0.8 to 20% with
five clones scoring a lower recovery rate and six clones scoring a higher recovery rate
than the bulk non-clonal cell line (Table 1). The virus generated by clone number § had a
recovery rate of 10% which was 20 fold higher than the virus either produced by
embryonated chicken eggs or the parental DF1 cells. The virus generated by clone
number 40 had a recovery rate of 20% which was 40 fold higher than the virus either
produced by embryonated chicken eggs or the parental DF1 cells. These data strongly
suggest that the complement activity presented in normal human serum rapidly destroyed
the NDV particles that were produced by embryonated chicken eggs or the parental
chicken embryonic fibroblast DF1 cells. However, the new NDV particles produced by
DF-1 cells that stably expressed recombinant complement inhibitor on the cell surface
showed a remarkable up to 40-fold higher recovery rate as compared to the virus either
produced by chicken eggs or the parental DF1 cells after incubation with 40% normal

human serum under identical experimental conditions.

10
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Table 1. Virus recovery rate measured by the ratio of the virus recovered after incubation
with 40% normal human serum (NHS) vs 40% heat-inactivated human serum (iNHS)

Oncolytic NDV Produced from % Recovery rate after incubation with human

serum
Embryonated Chicken Eggs 0.5
Parental DF1 Cells 0.5
Non-clonal DF1 cells expressing SEQ ID NO:3 | 5.8
Clone #1 DF1 expressing SEQ ID NO:3 4.3
Clone #2 DF1 expressing SEQ ID NO:3 5.2
Clone #3 DF1 expressing SEQ ID NO:3 0.8
Clone #4 DF1 expressing SEQ ID NO:3 6.8
Clone #5 DF1 expressing SEQ ID NO:3 3.6
Clone #6 DF1 expressing SEQ ID NO:3 1.5
Clone #7 DF1 expressing SEQ ID NO:3 7.1
Clone #8 DF1 expressing SEQ ID NO:3 10.0
Clone #10 DF1 expressing SEQ ID NO:3 6.1
Clone #11 DF1 expressing SEQ ID NO:3 6.0
Clone #40 DF1 expressing SEQ ID NO:3 20.0
Example 4:

The broad spectrum oncolytic activity of NDV that was produced from the DF1 cells
stably expressing the complement inhibitory fusion protein on their cell surface (Clone
Number 8) was assessed using CellTiter9%6® AQueous One Solution. This solution

functions similar to MTT (i.e., 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium

bromide) assays where metabolically active cells are able to bio-reduce MTS tetrazolium
(i.e., 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-
tetrazolium) in the reagent into soluble chromogenic formazan. Briefly, three different
tumor cell lines HT1080 (fibrosarcoma), PANC-1 (pancreatic epithelial carcinoma) and
OV-CAR3 (ovarian adenocarcinoma) where grown in separate 96 well plates. The
following day, serial dilutions of the NDV virus were added to respective wells and the
plate was incubated for 6 days at 37°C incubator with 5% CO2. On Day 6, the
absorbance of all wells on each plate was measured at 490 nm using a
spectrophotometer. ICsp was calculated using 4 parameter logistic nonlinear regression
analysis for each cell line. This resulted in final ICs, values of 255, 120 and 47 pfu/well
for HT1080, OV-CAR-3 and PANC-1 cell lines respectively (Figure 4). These results
indicate that the NDV particles produced by DF-1 cells that stably expressed recombinant

11
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complement inhibitor on its cell surface retain the ability to lyse various tumor cell lines

in a dose dependent manner.
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CLAIMS
What is claimed is:

1. A fusion protein comprising: (a) a CD55 peptide sequence, (b) a linker sequence
C-terminal to the CDS55 sequence, (c) a transmembrane domain C-terminal to the linker
sequence, and (d) an intracellular domain C-terminal to the transmembrane domain;

wherein the fusion protein does not contain a GPI anchor.

2. The protein of claim 1, wherein the CDS55 peptide sequence is a human CDS55

peptide sequence.

3. The protein of claim 1, wherein sequence (a) comprises four short consensus

repeats (SCR) of CDS55.

4. The protein of claim 1, wherein the linker is a (G4S1)3 linker.

5. The protein of claim 1, wherein transmembrane domain is a CD8 transmembrane
domain.
6. The protein of claim 1, wherein the intracellular domain is a truncated CD8

intracellular domain.

7. The protein of claim 1, wherein peptide sequence (a) is covalently bonded to

peptide sequence (b) by a single peptide bond.

8. The protein of claim 1, wherein peptide sequence (a) is covalently bonded to

peptide sequence (b) by a spacer.

9. The protein of claim 1, wherein peptide sequence (b) is covalently bonded to

peptide sequence (c) by a single peptide bond.

10. The protein of claim 1, wherein peptide sequence (b) is covalently bonded to

peptide sequence (c) by a spacer.

14
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11. The protein of claim 1, wherein peptide sequence (c) is covalently bonded to

peptide sequence (d) by a single peptide bond.

12. The protein of claim 1, wherein peptide sequence (c) is covalently bonded to

peptide sequence (d) by a spacer.

13. The protein of claim 1, wherein the fusion protein further comprises a secretory

signal peptide N-terminal to sequence (a).

14. The protein of claim 13, wherein the secretory signal peptide is a secretory signal
peptide of CDS55.
15. The protein of claim 13, wherein the N-terminal secretory signal peptide is

covalently bonded to sequence (a) by a single peptide.

16. The protein of claim 13, wherein the N-terminal secretory signal peptide is

covalently bonded to sequence (a) by a spacer.
17. The protein of claim 1, having the sequence SEQ ID NO:2.

18. The protein of claim 1, having the sequence SEQ ID NO:3.

19. A nucleic acid encoding the protein of any one of claims 1 through 18.

20. The nucleic acid of claim 19, wherein the nucleic acid is DNA.

21. The nucleic acid of claim 20, further comprising one or more introns.

22. The nucleic acid of claim 19, encoding a protein having the sequence SEQ ID
NO:2.

23. The nucleic acid of claim 22, having the sequence SEQ ID NO:1.

24. An expression vector comprising the nucleic acid of any one of claims 19 through

23, operatively linked to a control sequence.

25. A cell line stably expressing the protein of any one of claims 1 through 18 on the

cell surface.

15
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26. The cell line of claim 25, wherein the cell line is a mammalian cell line.

27. The cell line of claim 25, wherein the cell line is a DF-1 chicken embryonic
fibroblast cell line.

28. An enveloped virus incorporating the protein of any one of claims 1 through 18

on the virus membrane.

29. The virus of claim 28, wherein the virus is an oncolytic virus.
30. The virus of claim 29, wherein the oncolytic virus is a Newcastle Disease Virus.
31. A pharmaceutical composition comprising the virus of claim 29 or 30 and a

pharmaceutically acceptable carrier.

32. A method for treating a neoplastic condition in a mammalian subject, comprising
administering to the subject an amount of the virus of claim 28 effective to treat the
condition.

33. The method of 32, wherein the virus is administered intratumorally.

34. The method of claim 32, wherein the virus is administered intravenously.

16
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This intemational search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. % Claims Nos.: 24, 31
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).
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This International Searching Authority found multiple inventions in this international application, as follows:
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1. I:I As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
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3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. @ No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
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Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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-Continued from Box No. lil: Observations Where Unity of Invention is Lacking:

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group I+, Claims 1-30, 32-34 and SEQ ID NO: 2 (protein sequence) are directed toward a recombinant fusion protein, an enveloped
virus incorporating the protein on the virus membrane, and a method for treating a neoplastic condition in a mammalian subject,
comprising administering the virus to the subject.

The fusion protein, virus and method will be searched to the extent that they encompass a fusion protein encompassing SEQ 1D NO: 2
(first exemplary protein sequence). Applicant is invited to elect additional protein sequence(s), with specified SEQ ID NO: for each, or
with specified substitution(s) at specified site(s) of a SEQ ID NO:, such that the sequence of each elected species is fully specified (i.e.
no optional or variable residues or substituents), to be searched. Additional protein sequence(s) will be searched upon the payment of
additional fees. It is believed that claims 1-17, 19-30 (each in-part), and 32-34 (each in-part) encompass this first named invention and
thus these claims will be searched without fee to the extent that they encompass SEQ ID NO: 2 (protein sequence). Applicants must
specify the claims that encompass any additionally elected protein sequence(s). Applicants must further indicate, if applicable, the claims
which encompass the first named invention, if different than what was indicated above for this group. Failure to clearly identify how any
paid additional invention fees are to be applied to the "+" group(s) will result in only the first claimed invention to be searched/examined.
An exemplary election would be SEQ ID NO: 3 (protein sequence).

No technical features are shared between the protein sequences of Groups I+ and, accordingly, these groups lack unity a priori.

Additionally, even if Groups i+ were considered to share the technical features including: a fusion protein comprising: (a) a CD55 peptide
sequence, (b) a linker sequence C-terminal to the CD55 sequence, (c) a transmembrane domain C-terminal to the linker sequence, and
(d) an intracellular domain C-terminal to the transmembrane domain; wherein the fusion protein does not contain a GP| anchor; a nucleic
acid encoding the protein; an expression vector comprising the nucleic acid operatively linked to a control sequence; a cell line stably
expressing the protein on the cell surface; an enveloped virus incorporating the protein on the virus membrane; a method for treating a
neoplastic condition in a mammalian subject, comprising administering to the subject an amount of the virus effective to treat the
condition; these shared technical features are previously disclosed by US 2015/0191741 A1 to Keygene N.V. (hereinafter 'Keygene') in
view of US 2016/0361360 A1 (IMMUNOMEDICS, INC.) (hereinafter ‘iImmunomedics') in view of US 6,497.873 B1 to Whitt et al.
(hereinafter ‘Whitt’).

Immunomedics discloses a fusion protein (paragraph {0011]) comprising: (a) a CD55 peptide sequence (antibody that targets CD55 (a
CDS5 peptide sequence); paragraph [0020]), (b) a linker sequence C-terminal to the CD55 sequence (a linker sequence C-terminal to
the CD55 sequence; paragraph [0011)), (c) a transmembrane domain C-terminal to the linker sequence (a transmembrane domain
C-terminal to the linker sequence; paragraph [0011}), and (d) an intracellular domain C-terminal to the transmembrane domain (an
intracellular domain C-terminal to the transmembrane domain; paragraph [0011]); wherein the fusion protein does not contain a GPI
anchor (wherein the fusion protein does not contain a GPI anchor; paragraph [0011]); a nucleic acid encoding the protein (a nucleic acid
encoding the protein; paragraphs [0059], [0207]); an expression vector comprising the nucleic acid operatively linked to a control
sequence (an expression vector comprising the nucleic acid operatively linked to a promoter (control sequence) for expression of the
transgene; paragraph [0207]); a cell line stably expressing the protein on the cell surface (a cell line stably expressing the protein on the
cell surface; paragraphs [0279]-[0280]); a method for treating a neoplastic condition in a mammalian subject (a method for treating a
neoplastic condition in a mammalian subject; paragraph [0060]), comprising administering to the subject an amount of the virus effective
to treat the condition (comprising administering to the subject an amount of the virus effective to treat the condition; paragraph [0060]).

Immunomedics does not disclose an enveloped virus incorporating the protein on the virus membrane.

Whitt discloses an enveloped virus incorporating the protein on the virus membrane (Rhabdovirus expressing a fusion protein that
facilitates fusion of virus to a cell membrane; abstract; column 4, lines 1-3, 39-42).

It would have been obvious to one of ordinary skill in the art at the time of the invention to modify the disclosure of Immunomedics, to
include an enveloped virus incorporating the protein on the virus membrane, as disclosed by Whitt, in order to provide a superior method
for targeting glycoproteins or proteins that are expressed on diseased or abnormal cells

for the effective treatment of disease.

Since none of the special technical features of the Groups I+ inventions is found in more than one of the inventions, and since all of the
shared technical features are previously disclosed by a combination of the Immunomedics and Whitt references, unity of invention is
lacking.
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