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TITLE OF INVENTION

CELL-BASED THERAPY FOR VIRAL DISEASES

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. provisional application serial No. 63/092,572,

filed on October 16, 2020, which is incorporated herein by reference in its entirety.

SEQUENCE LISTING

This application contains a Sequence Listing in computer readable form entitled G1/7018-
00018-Seq Listing ST25.1xt, created on October 15, 2021 having a size of ~15 kilobytes, which

IS Incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to methods and compositions regarding cell-based

therapeutics and therapies for viral diseases such as Coronavirus disease (COVID-19).

BACKGROUND ART

Cell-based gene transfer is a technique for conducting ex vivo modification on the cell to
transfer nucleic acid sequence materials. In this procedure, nucleic acid sequences containing
the genes which it Is desired to introduce into the patient's body (the transgenes) are prepared
extracellularly, e.g., by using molecular biology and genetic engineering technologies.
Mammalian cells such as the patient's own (i.e., autologous) or cells from another individual (i.e.,
allogenic) cells are then cultured In vitro and treated so as to take up the transgene in an
expressible form. The transgenes may be foreign to the mammalian cell, additional copies of
genes already present in the cell, to increase the amount of expression product of the gene or
copies of normal genes which may be defective or missing in a particular patient, or whose
overexpression in the patient is desirable. Then the cells containing the transgene are introduced
iInto the patient, so that the gene may express the required gene products in the body, for
therapeutic purposes. The take-up of the foreign gene by the cells in culture may be accomplished
by genetic engineering techniques, e.qg., by causing transfection of the cells with a virus containing
the nucleic acid of the gene to be transferred by lipofection, by electroporation, or by other
accepted means to obtain transfected cells, such as the use of viral vectors. This Is sometimes
followed by selective culturing of the cells which have successfully taken up the transgene in an
expressible form, so that administration of the cells to the patient can be limited to the transfected
cells expressing the transgene. In other cases, all of the cells subject to the take-up process are

administered.
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This procedure has in the past required administration of the cells containing the
transgene directly to the body organ requiring treatment with the expression product of the
transgene. Thus, transfected cells in an appropriate medium have been directly injected into the
liver or Into the muscle requiring the treatment, or via the systemic arterial circulation to enter the
organ requiring treatment.

Previous attempts to introduce such genetically modified cells into the systemic arterial
circulation of a patient have encountered a number of problems. For example, there is difficulty
In ensuring a sufficiently high assimilation of the genetically modified cells by the specific organ
or body part where the gene expression product is required for best therapeutic benefit. This lack
of specificity leads to the administration of excessive amounts of the genetically modified cells,
which is not only wasteful and expensive, but also increases risks of side effects.

On March 11, 2020, the World Health Organization declared Coronavirus disease
(COVID-19) as a pandemic (7). COVID-19 is caused by a novel coronavirus, Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2). Approximately 15% of hospitalized patients
developed severe disease with viral pneumonia, while 6% progressed to a critical stage requiring
iIntensive care admission (2), due to severe complications such as acute respiratory distress
syndrome (ARDS), sepsis or septic shock.

The hallmark of COVID-19 infection is viral-induced acute inflammation leading to lung
Injury (pneumonia and ARDS), characterized by ground glass opacity radiological findings. ARDS
presents in the severe cases of COVID-19, along with sepsis and septic shock, and organ injury
and failure (3). In these patients, dysfunctional immune responses of the host cause a cascade
of endothelial and coagulopathy responses. These states together culminate in persistent organ
iInjury and/or even death (4). ARDS can present with other co-morbidities, such as sepsis, and
may lead to organ failure and death (5). The pathogenic mechanism of ARDS Is Increased
capillary permeability due to damage of the capillary endothelium and alveolar epithelium. This
leads to a pathway where impaired fluid removal from the alveolar space causes accumulation of
fluid inside the alveoli, leading to alveolar damage and the release of pro-inflammatory cytokines
along with neutrophils (5). Another major complication affecting COVID-19 mortality is sepsis.
Patients suffer a high mortality rate of 20~40%, and those who survive face long-term morbidity
associated with physical, cognitive, and emotional dysfunction (6, 7). In 2013, sepsis accounted
for more than $24 billion in hospital expenses in the U.S, with cost estimated increase to $62
pbillion in 2019 (8). Despite decades of clinical trials, no specific therapeutic agent has produced
significant improvement in survival or long-term prognosis. Similar to ARDS, sepsis also causes
widespread endothelial dysfunction, elevated procoagulant state, and increased vascular

permeability, all of which cumulatively will result in persistent tissue injury, organ failure or even
death (9, 710).
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The pathology of COVID-19 infection has been linked to cytokine storm syndrome,
whereby viral infection triggers acute release of pro-inflammatory cytokines (IL-2, IL-6, IL-7/,
GCSF, IP-10, MCP-1, MIP1A and TNFa (77), which can induce pulmonary edema, ARDS, acute
cardiac injury, sepsis and septic shock (due to secondary infection) leading to death (77). Under
the current global pandemic, COVID-19 poses a serious and immediate health threat to the US
civilian and world population. Current therapies for severe COVID-19 patients in ICU are only
supportive, non-specific to pathogen (ex. general antiviral therapy, antibiotics) or have potentially
significant side effects (e.q., Chloroquine). Consolidated antibody therapy is currently being
Investigated as a possible treatment option. However, this will not address the dysfunctional host
iImmune response that leads to adverse outcomes. Urgent need for an effective
Immunomodulatory therapy to address pathological mmune responses in COVID-19 infection. In
the absence of effective therapies, the outcome of COVID-19 infection is essentially dependent
ONn one’s own Immune response.

The present description refers to a number of documents, the content of which is herein

incorporated by reference in their entirety.

SUMMARY

The present disclosure relates to the following items:
1. A mesenchymal stem cell (MSC) that is genetically modified to overexpress an
angiopoeitin-1 (ANGPT 1) polypeptide and an IFN-induced transmembrane (IFITM) polypeptide.
2. The MSC of item 1, wherein the MSC expresses a recombinant ANGPT 1 polypeptide.
3. The MSC of item 2, wherein the recombinant ANGPT1 polypeptide comprises an amino
acld sequence that is at least /0% Identical to the amino acid sequence of residues 16 to 498 of
SEQ ID NO:9.
4. The MSC of item 3, wherein the recombinant ANGPT1 polypeptide comprises an amino
acld sequence that is at least 90% Identical to the amino acid sequence of residues 16 to 498 of
SEQ ID NO:9.
5. The MSC of item 4, wherein the recombinant ANGPT1 polypeptide comprises the amino
acid sequence of residues 16 to 498 of SEQ ID NO:9.
6. The MSC of any one of items 1 to 5, wherein the MSC comprises a first exogenous nucleic
acid comprising an ANGPT1 polypeptide-encoding region operably linked to a promoter or
promoter/enhancer combination.
/. The MSC of item 6, wherein the promoter is a cytomegalovirus (CMV) promoter.
8. The MSC of item 6, wherein the promoter/enhancer combination iIs a CMV

promoter/enhancer combination.
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9. The MSC of any one of items 6 to 8, wherein the ANGPT1 polypeptide-encoding region
comprises a nucleotide sequence having at least 70% identity with the nucleotide sequence of
SEQ ID NO: 7 or 8.

10. The MSC of item 9, wherein the ANGPT1 polypeptide-encoding region comprises the
nucleotide sequence of SEQ ID NO: 7 or 8.

11. The MSC of any one of items 1 to 10, wherein the MSC expresses a recombinant [FITM
polypeptide.

12. The MSC of item 11, wherein the recombinant IFITM polypeptide is a recombinant IFITM1
or IFITM3 polypeptide.

13. The MSC of item 12, wherein the recombinant IFITM polypeptide comprises an amino
acid sequence that is at least 70% identical to the amino acid sequences of SEQ ID NO: 3 or 6.
14. The MSC of item 13, wherein the recombinant IFITM polypeptide comprises an amino
acid sequence that is at least 90% identical to the amino acid sequences of SEQ ID NO: 3 or 6.
15. The MSC of item 14, wherein the recombinant IFITM polypeptide comprises the amino
acid sequences of SEQ ID NO: 3 or 6.

16. The MSC of any one of items 11 to 15, wherein the MSC comprises a second exogenous
nucleic acid comprising an IFITM polypeptide-encoding region operably linked to a second
promoter or promoter/enhancer combination.

17. The MSC of item 16, wherein the second promoter is a CMV promoter.

18. The MSC of item 16, wherein the second promoter/enhancer combination is a CMV
promoter/enhancer combination.

19. The MSC of any one of items 16 to 18, wherein the IFITM polypeptide-encoding region
comprises a nucleotide sequence having at least 70% identity with the sequence of SEQ |ID NO:1,
2.4 o0rbd.

20. The MSC of item 19, wherein the IFITM polypeptide-encoding region comprises a
nucleotide sequence having at least 90% identity with the sequence of SEQ ID NO:1, 2, 4 or 5.
21. The MSC of item 20, wherein the IFITM polypeptide-encoding region comprises a
nucleotide sequence of SEQ ID NO:1, 2, 4 or 5.

22. The MSC of any one of items 18 to 32, wherein the first and/or second exogenous nucleic
acid(s) is/are comprised In a vector or plasmid.

23. The MSC of item 22, wherein the first and second exogenous nucleic acids are comprised
In the same vector or plasmid.

24. A pharmaceutical composition comprising the MSC of any one of items 1 to 23 and a
pharmaceutically acceptable excipient.

295. The MSC of any one of items 1 to 23 or the pharmaceutical composition of item 24, for

use as a medicament.



10

15

20

25

30

39

WO 2022/077115 PCT/CA2021/051448

26. The MSC or pharmaceutical composition for use of item 25, wherein said medicament is
for the prevention or treatment of a viral disease In a subject.

21. The MSC or pharmaceutical composition for use of item 26, wherein the viral disease is
COVID-19 or influenza.

28. The MSC or pharmaceutical composition for use of item 26 or 27, wherein the subject is
human.

29. The MSC or pharmaceutical composition for use of any one of items 26-28, wherein the
MSC are allogenic with respect to the subject.

30. The MSC or pharmaceutical composition for use of any one of items 26-28, wherein the
MSC are autologous with respect to the subject.

31. The MSC or pharmaceutical composition for use of any one of items 26-30, wherein the
MSC are for administration into the lungs.

32. A method for preventing or treating a viral disease in a subject, comprising administering
to the subject an effective amount of the MSC of any one of items 1 to 23 or pharmaceutical
composition of item 24.

33. The method of item 32, wherein the viral disease is COVID-19 or influenza.

4. The method of item 32 or 33, wherein the subject is human.

35. The method of any one of items 32-34, wherein the MSC are allogenic with respect to the
subject.

36. The method of any one of items 32-34, wherein the MSC are autologous with respect to
the subject.

37. The method of any one of items 32-36, wherein the MSC are administered into the lungs
of the subject.

38. Use of the MSC of any one of items 1 to 23 or the pharmaceutical composition of item 24
for the manufacture of a medicament for the prevention or treatment of a viral disease in a subject.
39. Use of the MSC of any one of items 1 to 23 or the pharmaceutical composition of item 24
for the prevention or treatment of a viral disease in a subject.

40. The use of item 38 or 39, wherein the viral disease is COVID-19 or influenza.

41. The use of any one of items 38-40, wherein the subject is human.

42. The use of any one of items 38-41, wherein the MSC are allogenic with respect to the
subject.

43. The use of any one of items 38-41, wherein the MSC are autologous with respect to the
subject.

44 The use of any one of items 38-43, wherein the MSC are for administration into the lungs.

It is also an object of the present disclosure to treat the pulmonary effects of viral diseases

such as COVID-19 by utilizing novel therapeutics, Including cell therapy and cell-based gene
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therapy. The technology described herein Is a novel ready-for-clinic, off-the-shelf cell-based
therapy for treatment of ARDS caused by viral diseases such as COVID-19 through their
enhanced anti-viral, anti-inflammatory and reparative capabilities addresses this treatment gap.

In one aspect of the disclosure, at least two recombinant proteins that suppress the
pulmonary effects of viral diseases such as COVID-19 are co-expressed in a mesenchymal
stem/stromal cell (MSC).

In one embodiment, the two proteins may be codon optimized.

In another embodiment, the two proteins may be and regulated by at least one promoter.

In another embodiment, Angiopoetin-1 (Angpt1) Is one of the recombinant proteins.

In another embodiment, a second protein is an interferon induced transmembrane
protein (IFITM).

In another embodiment, the second protein is IFITM1.

In another embodiment, the second protein is IFITMS3.

In another embodiment, the expression of each of the at least two proteins is controlled
by an independent promoter.

In another embodiment, an independent promoter is a CMV promoter.

In another embodiment, the nucleic acids encoding the at least two proteins are in the
same vector.

In another aspect of the disclosure, an allogeneic mesenchymal stem cell that expresses
at least two recombinant proteins that suppress the pulmonary effects of viral diseases such as
COVID-19 is used to treat a subject suffering from a viral disease.

The present disclosure also provides a method for alleviating pulmonary symptoms of
COVID-19 comprising administration of a transformed, allogeneic mesenchymal stem cells to the
lung by Injection into the pulmonary circulation of the mammalian patient.

The present disclosure also provides a COVID-19 alleviating therapeutic comprising a
transformed, allogeneic mesenchymal stem cells wherein the therapeutic is delivered intra
arterially or intravenously.

In one embodiment, the mesenchymal stem cell that expresses at least two recombinant
proteins is delivered intra arterially or intravenously.

In another embodiment, the two proteins may be codon optimized.

In another embodiment, the two proteins may be and regulated by at least one promoter.

In another embodiment, Angpt1 Iis one of the proteins.

In another embodiment, a second protein is an |FITM.

In another embodiment, the second protein is IFITM1.

In another embodiment, the second protein is IFITMS3.

In another embodiment, the expression of each of the at least two proteins is controlled

by an independent promoter.
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In another embodiment, an independent promoter is a CMV promoter.

In another embodiment, the nucleic acids encoding the at least two proteins are in the
same vector.

In another aspect of the disclosure, an allogeneic mesenchymal stem cell that expresses
at least two recombinant proteins that suppress the pulmonary effects of COVID-19 is a
pharmaceutical composition.

In one embodiment, the pharmaceutical composition comprises a pharmaceutically
acceptable carrier, excipient, or adjuvant.

In another embodiment, the two proteins may be codon optimized.

In another embodiment, the two proteins may be and regulated by at least one promoter.

In another embodiment, Angpt1 is one of the proteins.

In another embodiment, a second protein is an |FITM.

In another embodiment, the second protein is IFITM1.

In another embodiment, the second protein is IFITMS.

In another embodiment, the expression of each of the at least two proteins is controlled
by an independent promoter.

In another embodiment, an independent promoter is a CMV promoter.

In another embodiment, the nucleic acids encoding the at least two proteins are in the
same vector.

Other objects, advantages and features of the present invention will become more
apparent upon reading of the following non-restrictive description of specific embodiments

thereof, given by way of example only with reference to the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

The technology will now be described, by way of example only, with reference to the
accompanying drawings, in which:

FIG. 1 is a graph showing that the antiviral genes IFITM1 and IFITM3 are upregulated in
MSC preconditioned with dsRNA. Differences between the unmodified MSC versus
preconditioned dsRNA-MSC were assessed using a two-tailed t-test with statistic software
(GraphPad Prism version 8);

FIGs. 2A and 2B show the IFITM1-Angpt1 plasmid vector transgene construct and the
IFITM3-Angpt1 plasmid vector transgene construct, respectively;

FIGs. 3A-E show the quantification of protein expression in engineered MSCs. FIG. 3A:
absolute Angiopoietin-1 levels as determined by ELISA; FIG. 3B: absolute IFITM1 levels as
determined by ELISA; FIG. 3C: absolute IFITM3 levels as determined by ELISA; FIG. 3D: relative
IFITM1 expression as determined by Western Blot (unmodified = 1); FIG. 3E: relative IFITM3

expression as determined by Western Blot (unmodified = 1);
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FIG. 3F shows IFITMS3 protein expression in engineered MSC at 24h after transfection.
MSC were transfected with non-viral vector then maintained at 37°C in a humidified incubator
containing 5% CO, for 24h. Cells were harvested, and assessment of protein levels in total cell
lysate showed overexpression of IFITMS3 protein levels compared to unmodified cells. Detection
of protein expression was performed using the Jess™ protein detection device (Protein Simple,
Biotechne) for automation of protein separation and immunodetection. Antibodies IFITM3
(DBE8G) XP Rabbit mouse antibody from Cell Signaling (Cat#59212) and B-actin antibody from
R&D Systems (Cat# 937215) were used to detect protein expression.

FIG. 4 shows the Inhibition effect of conditioned media from polylC preconditioned MSC
on pseudovirus SARS-COV2 entry into primary epithelial cells;

FIGs. SA and 5B show derived conditioned media for candidate 1 (IFITM1-Angpt1) and
candidate 2 (IFITM3-Angpt1) using research-grade transfection protocol with 48 hr conditioned
media (FIG. 5A), and scale-up transfection/manufacturing protocols (FIG. 5B);

FIG. 5C shows that the inhibitory effect conditioned media of engineered MSC (candidate
2) on SARS-CoV-2 viral entry Is abolished by increasing concentrations of |IFITM3 blocking
antibodies. Engineered MSCs were seeded and cultured for 48hr to harvest conditioned media
(CM). The IFTIM3 monoclonal antibody (Abnova/Thermo Fisher Scientific, clone 4C8-1B10) was
serially diluted from 250 to 2000-fold (0.25 to 2 ug) before being added to the CM from engineered
MSCs, which were later added to human alveolar epithelial cells for 1 day prior to being exposed
to pseudovirus SARS-CoV-2 (baculoviruses pseudotyped with Spike proteins with a fluorescent
reporter that expresses bright green fluorescence in the host cell nucleus). After 24hr exposure
to pseudovirus SARS-CoV-2, epithelial cells were analyzed by flow cytometry (Attune acoustic
focusing cytometer, Thermo Fisher Scientific) to assess the percentage of fluorescent positive
cells, which reflects the number of pseudovirus that had entered the cells.

FIGs. 6A-C show that engineered MSC protects mice from severe outcomes two days
after influenza A virus (IAV) infection. In this study, eight to ten-week-old C57BL/6N mice were
purchased from Charles River Laboratories (Saint Constant, QC, Canada). Animals were housed
according to Canadian Council on Animal Care (CCAC) guidelines. A standard chow diet was
provided within the hopper of the cage, and water was provided ad /ibitum. Animals were housed
in a 20°C-23°C temperature -controlled room with a 12-hour light, 12-hour dark cycle, and 40%-
60% humidity. Briefly, mice received 1000 PFU of influenza A strain H1N1: A/FM/1/47-MA virus
iIntranasally. At day two after virus inoculation, mice were treated with vehicle or engineered MSCs
(candidate 2, engineered with ANGPT1 and IFITM3). Mice were monitored daily for survival (FIG.
6A), body weight (FIG. 6B) and sickness score (FIG. 6C) until 7 days after virus infection. Animal
sickness score (FIG. 6C) represents scoring based on physical appearance, including facial

grimace, hunch, piloerected hair, hydration, respiration rate and respiration quality as well as
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behaviors, Including level of consciousness, activity and response to stimulus. Score ranges from
0 to 30, with higher score indicates the deteriorating condition of the mice.

FIGs. 7A-C show that engineered MSC protects mice from severe outcomes one day
after IAV Infection. The study was performed as described above for FIGs. 6A-C, except that 1)
the mice were treated with vehicle or engineered MSCs (candidate 2) at day one after virus
iInoculation, 2) survival was assessed until day 9 and 3) weight loss and sickness score were
assessed until day 10. Mice were monitored daily for survival (FIG. 7A), body weight (FIG. 7B)
and sickness score (FIG. 7C). Animal sickness score (FIG. 7C) represents scoring based on
physical appearance, including facial grimace, hunch, piloerected hair, hydration, respiration rate
and respiration quality as well as behaviors, including level of consciousness, activity and
response to stimulus. Score ranges from 0 to 30, with higher score indicates the deteriorating
condition of the mice.

FIGs. 8A-C shows the native nucleotide sequence (FIG. 8A, SEQ ID NO:1), codon-
optimized nucleotide sequence (FIG. 8B, SEQ ID NO:2), and amino acid sequence (FIG. 8C,
SEQ ID NO:3) of IFITM1;

FIG. 9 shows the native nucleotide sequence (FIG. 9A, SEQ ID NO:4), codon-optimized
nucleotide sequence (FIG. 9B, SEQ ID NO:5), and amino acid sequence (FIG. 9C, SEQ ID NO:6)
of IFITM3; and

FIG. 10 shows the native nucleotide sequence (FIG. 10A, SEQ ID NO:7), codon-
optimized nucleotide sequence (FIG. 10B, SEQ ID NO:8), and amino acid sequence (FIG. 10C,
SEQ ID NO:9) of ANGPT1.

DETAILED DISCLOSURE

The following Detailed Description, given by way of example, but not intended to limit the
disclosure to specific embodiments described, may be understood in conjunction with the
accompanying figures, incorporated herein by reference.

Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this technology
belongs (e.q., In stem cell biology, cell therapy, gene therapy, cell culture, molecular genetics,
Immunology, immunohistochemistry, protein chemistry, and biochemistry).

In case of conflict, the present application, including definitions will control.

The use of the terms "a" and "an" and "the" and similar referents Iin the context of
describing the technology (especially in the context of the following claims) are to be construed
to cover both the singular and the plural, unless otherwise indicated herein or clearly contradicted
by context.

The terms "comprising”, "having", "including”, and "containing” are to be construed as

open-ended terms (i.e., meaning "including, but not limited t0") unless otherwise noted.



10

15

20

25

30

39

WO 2022/077115 PCT/CA2021/051448

10

All methods described herein can be performed Iin any suitable order unless otherwise
indicated herein or otherwise clearly contradicted by context.

The use of any and all examples, or exemplary language ("e.q.”, "such as") provided
herein, Is iIntended merely to better illustrate embodiments of the claimed technology and does
not pose a limitation on the scope unless otherwise claimed.

No language In the specification should be construed as indicating any non-claimed
element as essential to the practice of embodiments of the claimed technology.

Herein, the term "about” has its ordinary meaning. The term "about” is used to indicate
that a value Includes an inherent variation of error for the device or the method being employed
to determine the value, or encompass values close to the recited values, for example within 10%
of the recited values (or range of values).

Recitation of ranges of values herein are merely intended to serve as a shorthand
method of referring individually to each separate value falling within the range, unless otherwise
Indicated herein, and each separate value Is incorporated into the specification as If it were
individually recited herein. All subsets of values within the ranges are also incorporated into the
specification as If they were individually recited herein.

Where features or aspects of the disclosure are described in terms of Markush groups
or list of alternatives, those skilled in the art will recognize that the disclosure is also thereby
described in terms of any individual member, or subgroup of members, of the Markush group or
list of alternatives.

Unless otherwise indicated, the recombinant protein, cell culture, and immunological
techniques utilized in the present disclosure are standard procedures, well known to those skilled
In the art. Such techniques are described and explained throughout the literature in sources such
as, J. Perbal, A Practical Guide to Molecular Cloning, John Wiley and Sons (1984), J. Sambrook
et al., Molecular Cloning: A Laboratory Manual, Cold Spring Harbour Laboratory Press (1989), T.
A. Brown (editor), Essential Molecular Biology: A Practical Approach, Volumes 1 and 2, IRL Press
(1991), D. M. Glover and B. D. Hames (editors), DNA Cloning: A Practical Approach, Volumes 1-
4, IRL Press (1995 and 1996), and F. M. Ausubel ef al. (editors), Current Protocols in Molecular
Biology, Greene Pub. Associates and Wiley-Interscience (1988, including all updates until
present), Ed Harlow and David Lane (editors) Antibodies: A Laboratory Manual, Cold Spring
Harbour Laboratory, (1988), and J. E. Coligan et al. (editors) Current Protocols in Immunology,
John Wiley & Sons (including all updates until present).

A “carrier,” “"excipient,” or "adjuvant” refers to any component of a pharmaceutical
composition that is not an active ingredient.

A “subject” Is a vertebrate, including any member of the class mammalia, including
humans, domestic and farm animals, and zoo, sports or pet animals, such as mouse, rabbit, pig,

sheep, goat, cattle and higher primates.
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In the studies described herein, the preparation of mesenchymal stem cells (MSCs) that
are genetically engineered to overexpress certain proteins of interest is described. More
specifically, MSCs genetically engineered to overexpress ANGPT1 and an IFITM protein (IFITM1
or IFITM3), were shown to protect epithelial cells from SARS-CoV-2 pseudovirus entry, and to
reduce disease severity and improve survival in an influenza A H1N1 virus-induced ARDS murine
model. The results provide evidence that MSCs genetically engineered to overexpress ANGPT 1
and an IFITM protein may be useful for the prevention or treatment of viral diseases, such as
COVID-19 or flu, In humans.

In a first aspect, the present disclosure relates to an MSC that is genetically engineered
to overexpress an ANGPT1 polypeptide and an IFITM polypeptide, such as an IFITM1 or IFITM3
polypeptide.

MSCs engineered to overexpress gene can be used to enhance modulatory effects on
host Immune response and target disease pathophysiology. Genetic engineering of desirable
Immunomodulating cells, like MSCs, represents a promising strategy with many advantages,
since cells can be transfected ex vivo In culture affording a greater ability to control conditions
and maximize efficacy (795). This effort involves the isolation and culture of allogeneic MSCs (from
an unrelated healthy donor), which can be banked in large numbers, while the immune privileged
nature of MSCs allows these cells to be transplanted to unrelated recipients without Human
Leukocyte Antigens matching (76). These MSCs are then transfected (gene transfer) with a
therapeutic transgene, before being injected into the venous circulation and carried to sites of
iInflammation where the gene product, a therapeutic protein, is expressed and/or released.
Genetically engineered cell-based strategy Is superior to unmodified cells, as the beneficial
effects of MSCs can be enhanced by introducing different therapeutic proteins that can be directly
delivered to the site of injury (i.e., the lung).

An allogeneic, genetically engineered, off-the-shelf MSC product has the potential to be
administered to and treat critically ill patients in order to mitigate damage and promote repair in
lungs or even multiple organs (consequence of ARDS or sepsis). The overexpression of double
genes is an innovative approach that has a selective advantage to help patients to engage specific
host iImmune responses against the virus infection. Due to multifactorial effects of the genetically
engineered MSC, it Is believed that the antiviral response will be accompanied by faster recovery
of organ injury caused by SARS-COV-2. A plasmid with dual CMV promoters was used here o
express both Angpt1 and IFITM (IFITM1 or IFITM3) genes (FIGs. 2A-2B).

ANGPT1 Is a protein of 498 amino acids in human (UniProtKB accession number
Q15389, FIG. 10C) that includes an amino-terminal signal peptide of 15 amino acids. It comprises
a super clustering domain encompassing residues 81-119 and a central coiled domain
encompassing residues 153-261 that are involved in ANGPT1 oligomerization, and a Fibrinogen

C-terminal domain encompassing residues 277-497 that is involved In the binding to its target
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receptor. This secreted glycoprotein binds and activates the TEK/TIEZ receptor tyrosine kinase
(CD202B), expressed almost exclusively in endothelial cells, by inducing its dimerization and
tyrosine phosphorylation. Mutation of position 119 (A1195) has been shown to reduce binding
capability to its receptor. Mutation of position 249 (K249R) has been detected in subjects with
primary congenital glaucoma (PCG) (associated with a defect in ANGPT/TEK signaling) and is
believed to reduce its biological activity. Deletion of the five C-terminal amino acids (R494%) is
predicted to destabilize the protein (Thomson et al., J Clin Invest. 2017 Dec 1; 127(12). 4421-
4436). Large scale protein production is challenging due to aggregation and insolubility of the
protein, and recombinant ANGPT1 protein has a short half-life in vivo (27), which limit the
possibility of using recombinant ANGPT1 for therapeutic applications. Such limitations may be
overcome by the overexpression of ANGPT1 in MSCs according to the present disclosure.

The IFITM proteins were identified more than 25 years ago, and several |FITM
orthologous genes pseudogenes were observed in genome sequences of reptile, amphibious,
birds and mammals. In humans, five human IFITM genes have been identified (IFITM1, IFITMZ2,
IFIT3, IFIMS, IFITM10) (22). IFITM1, IFITM2 and IFITM3 proteins are expressed basally in most
of cell types, but this expression can be induced by virus infection and/or IFN type | and Type |
(23, 24). Distinct IFITM functions have been described, such as bone mineralization, germ cell
and embryonic development, tumor suppression and immune functions. The localization of
IFITM1 expression has been described to be slightly different from IFITM2 and IFITMS3. IFITM1
expression was demonstrated at the cell surface and in vesicular compartment different from that
occupied by IFITM-2 or -3.

Human IFITM1 (UniProtkB - P13164) Is a protein of 125 amino acids that comprises two
cytoplasmic domains (residues 1-36 and 58-86), one intramembrane domain (residues 37-57),
one transmembrane domain (residues 87-107) and one extracellular domain (residues 108-1295).
The membrane proximal cysteine residues at position 50, 51 and 84 may be palmitoylated, which
controls clustering in membrane compartments.

Human IFITM3 (UniProtkB — Q01628) Is a protein of 133 amino acids that comprises
two cytoplasmic domains (residues 1-57 and 79-107), one inframembrane domain (residues 58-
7/8), one transmembrane domain (residues 108-128) and one extracellular domain (residues 129-
133). The membrane proximal cysteine residues at position 71, 72 and 105 may be palmitoylated,
which controls clustering in membrane compartments. The lysine residues at positions 24
(mainly), 83, 88 and 104 may be ubiquitinated, which negatively affects IFITM3's activity.

The term “overexpress” as used herein means that the level of expression of ANGPT1
and/or the IFITM protein in the genetically-engineered MSC Is higher than the level of expression
of ANGPT1 and/or the IFITM protein in a corresponding MSC that does not comprise the genetic
modification(s). In an embodiment, the level of expression of ANGPT1 and/or the IFITM protein
In the genetically-engineered MSC Is at least 20%, 50%, 100% (2-fold), 200% (3-fold), 300% (4-
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fold), 400% (5-fold), 900% (10-fold), 20-fold, 50-fold or 100-fold higher than the level of expression
of ANGPT1 and/or the IFITM protein in a corresponding MSC that does not comprise the genetic
modification.

In an embodiment, the overexpression of the ANGPT1 protein and/or the IFITM protein
IS achieved by increasing the expression of the endogenous ANGPT1 gene and/or the IFITM
gene In the MSC. This may be achieved, for example, by introducing suitable promoter(s) and/or
transcriptional regulatory (e.g., enhancer) sequences in transcriptional relationship with (i.e.,
operably-linked to) the endogenous ANGPT1 gene and/or of the |IFITM gene. Alternatively, this
may be achieved by excising/inactivating a transcriptional repressor sequence that inhibits the
expression of the endogenous ANGPT1 gene and/or of the IFITM gene. Introduction of
promoter(s) and/ortranscriptional regulatory (e.g., enhancer) sequences and excision/inactivation
of transcriptional repressor sequences to induce overexpression of endogenous genes in the
MSC may be achieved using genome editing techniques. Genome editing techniques can modify
gene expression in a target cell by inserting, replacing, or removing DNA In the genome using an
artificially engineered nuclease. Examples of such nucleases may include zinc finger nucleases
(ZPNs) (Gommans et al., J. Mol Biol, 354(3): 507-519 (2009%)), transcription activator-like effector
nucleases (TALENS) (Zhang et al., Nature Biotechnol, 29. 149-153 (2011)), the CRISPR/Cas
system (Cheng ef al., Cell Res., 23: 1163-71] (2013)), and engineered meganucleases (Riviere
et al., Gene Ther., 21(5): 529-32 (2014)). The nucleases create specific double-stranded breaks
(DSBs) at targeted locations in the genome, and use endogenous mechanisms in the cell to repair
the induced break by homologous recombination (HR) and nonhomologous end-joining (NHEJ).
such techniques may be used to achieve overexpression of endogenous ANGPT1 and/or IFITM
genes in the MSCs.

A first nucleic acid sequence Is “operably-linked” with a second nucleic acid sequence
when the first nucleic acid sequence is placed in a functional relationship with the second nucleic
acid sequence. For instance, a promoter is operably-linked to a coding sequence if the promoter
affects the transcription or expression of the coding sequence. Generally, operably-linked DNA
sequences are contiguous and, where necessary to join two protein coding regions, in reading
frame. However, since for example enhancers generally function when separated from the
promoters by several kilobases and intronic sequences may be of variable lengths, some nucleic
acids may be operably-linked but not contiguous. "Transcriptional regulatory sequences” or
‘transcriptional regulatory elements” are generic terms that refer to DNA sequences, such as
initiation and termination signals, enhancers, and promoters, splicing signals, polyadenylation
signals, etc., which induce or control transcription of protein coding sequences with which they
are operably-linked.

In another embodiment, the overexpression of the ANGPT1 protein and/or the IFITM

protein is achieved by inducing the expression of a recombinant (i.e., exogenous) ANGPT1
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polypeptide and/or a recombinant IFITM polypeptide in the MSC. Thus, In another aspect, the
present disclosure relates to a genetically-engineered MSC comprising or overexpressing a
recombinant (i.e., exogenous) ANGPT1 polypeptide. In an embodiment, the genetically-
engineered MSC further comprises or overexpresses a recombinant (i.e., exogenous) IFITM
polypeptide, such as a recombinant IFITM1 or IFITM3 polypeptide.

The term “recombinant” means that something has been recombined, so that when made
In reference to a nucleic acid, the term refers to a molecule that is comprised of nucleic acid
sequences that are joined together or produced by means of molecular biological techniques. The
term “recombinant” when made In reference to a protein or a polypeptide refers to a protein or
polypeptide molecule that is not synthesized from the native genome of the cell, e.g., which is
expressed from a recombinant nucleic acid construct created by means of molecular biological
techniques (whether or not this synthetic nucleic acid construct is integrated in the genome of the
cell). Recombinant nucleic acid constructs may include a nucleotide sequence which is ligated to,
or Is manipulated to become ligated to, a nucleic acid sequence to which it is not ligated in nature,
or to which it is ligated at a different location in nature. Referring to a nucleic acid construct as
‘recombinant” therefore indicates that the nucleic acid molecule has been manipulated using
genetic engineering, i.e., by human intervention. Recombinant nucleic acid constructs may for
example be introduced into a host cell by transformation (e.q., transduction or transfection). Such
recombinant nucleic acid constructs may include sequences derived from the same host cell
species or from different host cell species, which have been isolated and reintroduced into cells
of the host species. Recombinant nucleic acid construct sequences may become integrated into
a host cell genome, either as a result of the original transformation of the host cells, or as the
result of subsequent recombination and/or repair events.

In an embodiment, the recombinant (i.e., exogenous) ANGPT1 polypeptide comprises
or consists of a sequence that is at least 50, 60, or 70% Iidentical to the amino acid sequence of
mature native human ANGPT1 depicted Iin FIG. 10C (residues 16-498) and that exhibits the
biological activity of native human ANGPT1, e.q., the abllity to bind and activate the TEK/TIEZ
receptor. In embodiments, the recombinant (i.e., exogenous) ANGPT1 polypeptide comprises or
consists of a sequence that i1s at least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99%
identical to the amino acid sequence of mature native human ANGPT1 depicted in FIG. 10C
(residues 16-498) and that exhibits the Dbiological activity of native human ANGPT1. In an
embodiment, the recombinant (i.e., exogenous) ANGPT1 polypeptide comprises or consists of a
sequence that is at least 70% Iidentical to the amino acid sequence of full-length native human
ANGPT1 depicted in FIG. 10C (residues 1-498) and that exhibits the biological activity of native
human ANGPT1. In embodiments, the recombinant (i.e., exogenous) ANGPT1 polypeptide
comprises or consists of a sequence that is at least /5%, 80%, 85%, 90%, 95%, 96%, 97%, 98%



10

15

20

25

30

39

WO 2022/077115 PCT/CA2021/051448

15

or 99% identical to the amino acid sequence of full-length native human ANGPT 1 depicted in FIG.
10C (residues 1-498) and that exhibits the biological activity of native human ANGPT1.

Thus, the recombinant (i.e., exogenous) ANGPT1 polypeptide may be the native human
ANGPT1 protein (full-length or mature form) or a biologically active variant thereof comprising
amino acid deletions, substitutions and/or additions that do not significantly interfere with the
biological activity. In an embodiment, the variant exhibits a biological activity that is at least 70%,
5%, 80%, 85%, 90%, 95% or 100% of that of native human ANGPT1. In an embodiment, the
variant does not comprise a mutation in a region involved in ANGPT1 oligomerization, for example
a mutation in the super clustering domain (residues 81-119) or the central coiled domain (residues
1563-261). In another embodiment, the variant does not comprise a mutation in the fibrinogen C-
terminal domain (residues 277-497). In further embodiments, the variant does not comprise a
mutation of position 119 (e.qg., A1195) and/or position 249 (e.q., K249R). In another embodiment,
the variant does not comprise a deletion of the five C-terminal amino acids.

In an embodiment, the recombinant (i.e., exogenous) IFITM1 polypeptide comprises or
consists of a sequence that is at least 50, 60, or 70% Iidentical to the amino acid sequence of
native human IFITM1 depicted in FIG. 8C and that exhibits the biological activity of native human
IFITM1. In embodiments, the recombinant (i.e., exogenous) IFITM1 polypeptide comprises or
consists of a sequence that is at least 75%, 80%, 85%, 90%, 95%, 96%, 97/%, 98% or 99%
iIdentical to the amino acid sequence of native human IFITM1 depicted in FIG. 8C and that exhibits
the biological activity of native human IFITM1.

Thus, the recombinant (i.e., exogenous) IFITM1 polypeptide may be the native human
IFITM1 protein (full-length) or a biologically active variant thereof comprising amino acid deletions,
substitutions and/or additions that do not significantly interfere with the biological activity. In an
embodiment, the variant exhibits a biological activity that is at least 70%, 75%, 80%, 85%, 90%,
95% or 100% of that of native human IFITM1. In an embodiment, the variant does not comprise
a mutation in one or more of the cysteine residues involved in palmitoylation of IFITM1, e.qg.,
residues 50, 51 and/or 84.

In an embodiment, the recombinant (i.e., exogenous) IFITM3 polypeptide comprises or
consists of a sequence that is at least 50, 60, or 70% Iidentical to the amino acid sequence of
native human IFITM3 depicted in FIG. 9C and that exhibits the biological activity of native human
IFITM3. In embodiments, the recombinant (i.e., exogenous) IFITM3 polypeptide comprises or
consists of a sequence that i1s at least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99%
identical to the amino acid sequence of native human IFITM3 depicted in FIG. 9C and that exhibits
the biological activity of native human IFITMS.

Thus, the recombinant (i.e., exogenous) IFITM3 polypeptide may be the native human
IFITMS3 protein (full-length) or a biologically active variant thereof comprising amino acid deletions,

substitutions and/or additions that do not significantly interfere with the biological activity. In an
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embodiment, the variant exhibits a biological activity that is at least /0%, 75%, 80%, 85%, 90%,
95% or 100% of that of native human IFITM3. In an embodiment, the variant does not comprise
a mutation in one or more of the cysteine residues involved in palmitoylation of IFITM1, e.qg.,
residues 71, 72 and/or 105. In another embodiment, the variant comprises a mutation at one or
more of the residues that are ubiquitinated, e.qg., residues 24, 83, 88 and/or 104.

In an embodiment, the MSC is transformed or transfected by a recombinant nucleic acid
encoding the recombinant (i.e., exogenous) ANGPT1 polypeptide. Thus, in another aspect, the
present disclosure relates to a genetically-engineered MSC comprising a recombinant (i.e.,
exogenous) nucleic acid encoding an ANGPT1 polypeptide.

As used herein, "nucleic acid” shall mean any nucleic acid molecule, including, without
limitation, DNA, RNA and hybrids or modified variants thereof. An "exogenous” or “recombinant”
nucleic acid relates to any nucleic acid introduced into the cell, which is not a component of the
cells "original” or "natural” genome. Exogenous nucleic acids may be integrated or non-integrated,
or relate to stably transfected nucleic acids.

The recombinant nucleic acid may be a DNA or mRNA molecule comprising a nucleotide
sequence encoding the recombinant (i.e., exogenous) ANGPT1 polypeptide and/or the
recombinant IFITM polypeptide. Methods for introducing recombinant nucleic acids into cell are
well known in the art. Examples of such methods include, but are not limited to, the use of a lipid,
protein, particle, or other molecule capable of facilitating cell transformation with the nucleic acid,
electroporation. However, an MSC also can be contacted with a nucleic acid encoding the
ANGPT1 polypeptide and/or the IFITM polypeptide in vivo, such as by way of a gene gun, for
example.

In an embodiment, the recombinant nucleic acid encoding ANGPT1 comprises a
nucleotide sequence that is at least 70% identical to the nucleotide sequence encoding the mature
full-length human ANGPT 1 depicted in FIG. 10A. In embodiments, the recombinant nucleic acid
comprises a nucleotide sequence that is at least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or
99% identical to the nucleotide sequence encoding the full-length mature form of human ANGPT 1
depicted in FIG. 10A.

In an embodiment, the nucleic acid encoding ANGPT1 comprises a codon-optimized
nucleotide sequence encoding human ANGPT1, for example the codon-optimized sequence
depicted in FIG. 10B. Without being bound to any particular theory or mechanism, it is believed
that codon optimization of the nucleotide sequence increases the translation efficiency of the
MRNA transcripts. Codon optimization of the nucleotide sequence may involve substituting a
native codon for another codon that encodes the same amino acid, but can be translated by tRNA
that is more readily available within a cell, thus increasing translation efficiency. Optimization of
the nucleotide sequence may also reduce secondary mRNA structures that would interfere with

translation, thus increasing translation efficiency. Methods, tools, platforms and services to
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synthesize codon-optimized nucleic acids are well known in the art, such as the OptimumGene ™
platform from GenScript, the Codon Optimization Tool from Integrated DNA Technologies, the
GeneOptimizer™ platform from ThermoFisher Scientific, OPTIMIZER from the NCBI (Nucleic
Acids Res. 2007 Jul; 35(Web Server Issue). W126-W131), Codon Optimization OnLine (COOL)
(Bloinformatics, Volume 30, Issue 15, 1 August 2014, Pages 2210-2212), and the like.

In an embodiment, the recombinant nucleic acid encoding IFITM1 comprises a
nucleotide sequence that is at least 70% identical to the nucleotide sequence encoding the full-
length human IFITM1 depicted in FIG. 8A. In embodiments, the recombinant nucleic acid
comprises a nucleotide sequence that is at least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or
99% Iidentical to the nucleotide sequence encoding the full-length of human IFITM1 depicted in
FIG. 8A. In an embodiment, the nucleic acid encoding IFITM1 comprises a codon-optimized
nucleotide sequence encoding human IFITM1, for example the codon-optimized sequence
depicted in FIG. 8B.

In an embodiment, the recombinant nucleic acid encoding IFITM3 comprises a
nucleotide sequence that is at least /0% identical to the nucleotide sequence encoding the full-
length human IFITM3 depicted in FIG. 9A. In embodiments, the recombinant nucleic acid
comprises a nucleotide sequence that is at least 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or
99% Iidentical to the nucleotide sequence encoding the full-length of human IFITM3 depicted in
FIG. 9A. In an embodiment, the nucleic acid encoding IFITM3 comprises a codon-optimized
nucleotide sequence encoding human IFITM3, for example the codon-optimized sequence
depicted in FIG. 9B.

The recombinant nucleic acid may be a cDNA or mRNA molecule.

In an embodiment, the recombinant nucleic acid is present in a vector or plasmid, 1.e. a
recombinant expression vector or plasmid. Thus, in another aspect, the present disclosure relates
to a genetically-engineered MSC comprising a recombinant expression vector comprising the
nucleic acid encoding an ANGPT1 polypeptide as described herein. In an embodiment, the
genetically-engineered MSC further comprises a recombinant expression vector comprising the
nucleic acid encoding an IFITM polypeptide as described herein. In an embodiment, the nucleic
acids encoding ANGPT1 and the IFITM polypeptide are present In different recombinant
expression vectors. In another embodiment, the nucleic acids encoding ANGPT1 and the IFITM
polypeptide are present in the same recombinant expression vector.

The recombinant expression vector or plasmid can be any suitable recombinant
expression vector or plasmid that contains a recombinant nucleic acid as described above,
Suitable vectors Include those designed for expression of a gene of interest in MCSs, which are
well known in the art. In an embodiment, the recombinant expression vector or plasmid is a
miniplasmid. Miniplasmids or nanoplasmids are small (~4kb) circular plasmid derivatives that

have been freed from all prokaryotic vector parts (i.e., they contain no bacterial DNA sequences)
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that used as transgene carriers for the genetic modification of mammalian cells. Miniplasmids and
uses thereof are described, for example, in Minicircle and Miniplasmid DNA Vectors: The Future
of Nonviral and Viral Gene Transfer, by Dr. Martin Schleef (editor), May 2013, Wiley-Blackwell,
258 pages.

In some embodiments, the recombinant expression vector is a viral vector. Genetically
modified viruses have been widely applied for the delivery of genes Into stem cells including
MSCs. Preferred viral vectors for genetic modification of the MSCs described herein relate to
retroviral vectors, in particular to gamma retroviral vectors. The gamma retrovirus (sometimes
referred to as mammalian type C retroviruses) is a sister genus to the lentivirus clade, and is a
member of the Orthoretrovirinae subfamily of the retrovirus family. The Murine leukemia virus
(MLV or MuLV), the Feline leukemia virus (FelLV), the Xenotropic murine leukemia virus-related
virus (XMRYV) and the Gibbon ape leukemia virus (GALV) are members of the gamma retrovirus
genus. A skilled person is aware of the techniques required for utilization of gamma retroviruses
In genetic modification of MSCs. For example, the vectors described Maetzig ef al. (Gamma
retroviral vectors: biology, technology and application, 2001, Viruses 3(6):67/7-713) or similar
vectors may be employed. For example, the Murine Leukemia Virus (MLV), a simple
gammaretrovirus, can be converted into an efficient vehicle of genetic therapeutics in the context
of creating gamma retrovirus-modified MSCs and expression of a therapeutic transgene from said
MSCs after delivery to a subject. Genetically modified viruses have been widely applied for the
delivery of genes Into stem cells. Adenoviruses may be applied, or RNA viruses such as
Lentiviruses, or other retroviruses. Adenoviruses have been used to generate a series of vectors
for gene transfer cellular engineering. The initial generation of adenovirus vectors were produced
by deleting the E1 gene (required for viral replication) generating a vector with a 4kb cloning
capacity. An additional deletion of E3 (responsible for host iImmune response) allowed an 8kb
cloning capacity. Further generations have been produced encompassing E2 and/or E4 deletions.
Lentiviruses are members of Retroviridae family of viruses (M. Scherr et al., Curr Gene Ther.
2002 Feb; 2(1):45-55). Lentivirus vectors are generated by deletion of the entire viral sequence
with the exception of the LTRs and cis acting packaging signals. The resultant vectors have a
cloning capacity of about 8 kb. One distinguishing feature of these vectors from retroviral vectors
IS their ability to transduce dividing and non-dividing cells as well as terminally differentiated cells.

The recombinant expression vector or plasmid can comprise regulatory sequences, such
as transcription and translation initiation and termination codons, which are specific to the type of
host (e.g., an animal such as a human) into which the vector is to be introduced, as appropriate,
and taking into consideration whether the vector iIs DNA- or RNA-based. The recombinant
expression vector or plasmid can include one or more marker genes, which allow for selection of
transformed or transfected hosts. Marker genes include biocide resistance, e.q., resistance to

antibiotics, heavy metals, etc., complementation in an auxotrophic host to provide prototrophy,
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and the like, Suitable marker genes for the recombinant expression vectors include, for instance,
neomycin G418 resistance genes, hygromycin resistance genes, tetracycline resistance genes,
and ampiclillin resistance genes, and the like. The recombinant expression vector or plasmid can
comprise a native or normative promoter operably linked to the nucleic acid encoding ANGPT 1
and/or IFITM polypeptide, and that is functional in MSCs. The selection of a promoter, e.qg., strong,
weak, inducible, tissue-specific and developmental-specific, I1s within the ordinary skill of the
artisan. Similarly, the combining of a nucleotide sequence with a promoter is also within the skill
of the artisan. The promoter can be a non-viral promoter or a viral promoter, e.g., a
cytomegalovirus (CMV) promoter, an SV40 promoter, a Rous sarcoma virus (RSV) promoter, a
promoter found in the long-terminal repeat of the murine stem cell virus, the elongation factor 1
(EF1) promoter, the chicken (-actin promoter, the B-actin promoter from other species, the
elongation factor-1 a (EF1 a) promoter, the phosphoglycerokinase (PGK) promoter, the human
serum albumin (SA) promoter, the a-1 antitrypsin (AAT) promoter, the thyroxine binding globulin
(TBG) promoter, the cytochrome P450 2E1 (CYP2E1) promoter, etc. The vectors may also utilize
combination promoters such as the chicken p-actin/CMV enhancer (CAG) promoter, the human
or murine CMV-derived enhancer elements combined with the elongation factor 1a (EF1a)
promoters, CpG free versions of the human or murine CMV-derived enhancer elements combined
with the elongation factor 1a (EF1a) promoters, the albumin promoter combined with an a-
fetoprotein MERII enhancer, etc., or the diversity of tissue specific or inducible promoters know
In the art such as the muscle specific promoters muscle creatine kinase (MCK), and C5-12 or the
liver-specific promoter apolipoprotein A-I (ApoAl). The orientation of the various vector-encoded
elements may be changed relative to each other. The promoter may comprise various motifs that
enhance the binding of transcription factors such as initiator (INR), motif ten element (MTE) and
downstream promoter element (DPE) motifs (see, e.q., Martinez, Transcription. 2012; 3(6). 295-
299). In an embodiment, the promoter is a CMV promoter, for example a promoter comprising a
sequence having at least 70, 75, 80, 85, 90, 95, 96, 97, 98, 99 or 100% sequence identity with
the sequence of SEQ ID NO:10. In an embodiment, the vector further comprises a transcription
enhancer. In a further embodiment the enhancer is a CMV enhancer, for example an enhancer
comprising a sequence having at least 70, 75, 80, 85, 90, 95, 96, 9/, 98, 99 or 100% sequence
identity with the sequence of SEQ ID NO:11. In a further embodiment, the vector comprises a
CMV promoter/enhancer combination comprising a sequence having at least 70, 75, 80, 85, 90,
95, 96, 97, 98, 99 or 100% sequence identity with the sequence of SEQ ID NO:12.

Likewise, the vectors could utilize a diversity of polyA signals known in the art, for
example the bovine growth hormone, SV40 early or SV40 late polyA signals.

The recombinant expression vector can be designed for either transient expression, for
stable expression, or for both. Also, the recombinant expression vectors can be made for

constitutive expression or for inducible expression. The vectors useful in the context of the
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disclosure can be "naked™ nucleic acid vectors (i.e., vectors having little or no proteins, sugars,
and/or lipids encapsulating them), or vectors complexed with other molecules. Other molecules
that can be suitably combined with the vectors include without limitation viral coats, cationic lipids,
liposomes, polyamines, gold particles, and targeting moieties such as ligands, receptors, or
antibodies that target cellular molecules.

Any given gene delivery method is encompassed by the disclosure and preferably relates
to viral or non-viral vectors as described above, as well as biological or chemical methods of
transfection. The methods can yield either stable or transient gene expression in the system used.
Non-viral methods include conventional plasmid transfer and the application of targeted gene
integration through the use of genome editing technologies, as described above. These represent
approaches for vector transformation that have the advantage of being both efficient, and often
site-specific in their integration. Physical methods to introduce vectors into cells are known 1o a
skilled person. One example relates to electroporation, which relies on the use of brief, high
voltage electric pulses which create transient pores In the membrane by overcoming its
capacitance. One advantage of this method is that it can be utilized for both stable and transient
gene expression in most cell types. Alternative methods relate to the use of liposomes, protein
transduction domains or other suitable reagents promoting nucleic acid entry in a cell. Appropriate
methods are known to a skilled person and are not intended as limiting embodiments of the
present disclosure.

Mesenchymal stem cells (MSCs, also referred to as mesenchymal stromal cells) are cells
found In bone marrow, blood, dental pulp cells, adipose tissue, skin, spleen, pancreas, brain,
Kidney, liver, heart, retina, brain, hair follicles, intestine, lung, lymph node, thymus, bone, ligament,
tendon, skeletal muscle, dermis, and periosteum. MSC are capable of differentiating into different
germ lines such as mesoderm, endoderm, and ectoderm. Thus, MSCs are capable of
differentiating into a large number of cell types including, but not limited to, adipose, osseous,
cartilaginous, elastic, muscular, and fibrous connective tissues. The specific lineage-commitment
and differentiation pathway entered into by MSCs depends upon various influences, including
mechanical influences and/or endogenous bioactive factors, such as growth factors, cytokines,
and/or local microenvironmental conditions established by host tissues. MSCs are thus non-
hematopoietic progenitor cells that divide to yield daughter cells that are either stem cells or are
precursor cells that in time will irreversibly differentiate to yield a phenotypic cell. Examples of
MSCs include mesenchymal precursor cells (MPCs).

MSCs are known to exhibit iImmune evasive properties after administration to a patient.
MSCs have been shown to exhibit a beneficial immune modulatory effect in cases of
transplantation of allogeneic donor material (Le Blanc et al., Lancet 2004: 363, p. 1439), thereby

reducing a potentially pathogenic alloreactivity and rejection. The therapeutic delivery of MSCs



10

15

20

25

30

39

WO 2022/077115 PCT/CA2021/051448

2

can be performed via systemic injection, followed by MSC homing to and engraftment within sites
of injury (Kidd et al., Stem Cells 2009: 27, p. 2614).

In some aspects, the MSCs can be progeny cells (which can also be referred to as
expanded cells). Progeny cells can be produced from the in vitro culture of stem cells. Expanded
cells of the disclosure may have a wide variety of phenotypes depending on the culture conditions
(including the number and/or type of stimulatory factors in the culture medium), the number of
passages and the like. In certain embodiments, the progeny cells are obtained after about 2,
about 3, about 4, about 5, about 6, about 7, about 8, about 9, or about 10 passages from the
parental population. However, the progeny cells may be obtained after any number of passages
from the parental population. And the progeny cells can be obtained by culturing in a suitable
culture medium.

In one embodiment, the progeny cells are multipotential expanded MSC progeny
(MEMPs) as described in WO 2006/032092. Methods for preparing enriched populations of MSC
from which progeny may be derived are described in WO 01/04268 and WO 2004/085630. In an
in vitro context, MSCs will rarely be present as an absolutely pure preparation and will generally
be present with other cells that are tissue-specific committed cells (TSCCs). WO 01/04268 refers
to harvesting such cells from bone marrow at purity levels of about 0.1% to 90%. The population
comprising MSC from which progeny are derived may be directly harvested from a tissue source,
or alternatively it may be a population that has already been expanded ex vivo.

For example, the progeny may be obtained from a harvested, unexpanded, population
of substantially purified MSC, comprising at least about 0.1, 1, 5, 10, 20, 30, 40, 50, 60, 70, 80 or
95% of total cells of the population in which they are present. This level may be achieved, for
example, by selecting for cells that are positive for at least one marker typically expressed on
MSCs such as CD29, CD44, CD90, CD49%a-f, CD51, CD73 (SH3), CD105 (SH2), CD106, CD166,
and Stro-1, and/or negative for markers such as CD45, CD34, CD14 or CD11b, CD79a or CD19
and HLA-DR.

For example, the progeny may be obtained from a harvested, unexpanded, population
of substantially purified MSC, comprising at least about 0.1, 1, 5, 10, 20, 30, 40, 50, 60, 70, 80 or
95% of total cells of the population in which they are present. This level may be achieved, for
example, by selecting for cells that are positive for at least one marker selected from CD29, CD44,
CD90, CD49a-f, CD51, CD73 (SH3), CD105 (SH2), CD106, CD166, and Stro-1.

The MSC starting population may be derived from any one or more tissue types set out
In WO 01/04268 or WO 2004/085630, namely bone marrow, dental pulp cells, adipose tissue and
skin, or perhaps more broadly from adipose tissue, teeth, dental pulp, skin, liver, kidney, heart,
retina, brain, hair follicles, intestine, lung, spleen, lymph node, thymus, pancreas, bone, ligament,

bone marrow, tendon, and skeletal muscle.
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MEMPS can be distinguished from freshly harvested MSCs In that they are positive for
the marker Stro-1 and negative for the marker Alkaline phosphatase (ALP). In contrast, freshly
Isolated MSCs are positive for both Stro-1 and ALP. In a preferred embodiment of the present
disclosure, at least 15%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or 95% of the administered
cells have the phenotype Stro-1+, ALP-.

Reference to a cell "positive” (also "+") for a given marker means that it may be either a
low (lo or dim) or a high (bright, bri) expresser of that marker depending on the degree to which
the marker is present on the cell surface, where the terms relate to intensity of fluorescence or
other color used In the color sorting process of the cells. The distinction of lo (or dim or dull) and
bri will be understood in the context of the marker used on a particular cell population being sorted.
Reference to a cell as being "negative” (or "-") for a given marker, does not mean that the marker
IS not expressed at all by that cell. It means that the marker is expressed at a relatively very low
level by that cell, and that it generates a very low signal when detectably labeled.

In one embodiment, the cells are taken from a patient with a viral disease (e.g., COVID-
19), or a subject not suffering from a viral disease, genetically-engineered to overexpress
ANGPT1 and an IFITM polypeptide, and optionally cultured in vifro using standard techniques,
and administered to a patient in need of treatment as an autologous or allogeneic transplant. In
an alternative embodiment, cells of one or more of the established human cell lines are used. In
another useful embodiment of the disclosure, cells of a non-human animal (or if the patient is not
a human, from another species) are used.

The present technology can be practiced using cells from any non-human animal
species, Including but not limited to non-human primate cells, ungulate, canine, feline, lagomorph,
rodent, avian, and fish cells. Primate cells with which the disclosure may be performed include
but are not limited to cells of chimpanzees, baboons, cynomolgus monkeys, and any other New
or Old World monkeys. Ungulate cells with which the disclosure may be performed include but
are not limited to cells of bovines, porcines, ovines, caprines, equines, buffalo and bison. Rodent
cells with which the disclosure may be performed include but are not limited to mouse, rat, guinea
pig, hamster and gerbil cells. Examples of lagomorph species with which the disclosure may be
performed Include domesticated rabbits, jack rabbits, hares, cottontails, snowshoe rabbits, and
pikas. Chickens (Gallus gattus) are an example of an avian species with which the disclosure
may be performed.

MSCs can be stored before use. Methods and protocols for preserving and storing of
eukaryotic cells, and in particular mammalian cells, are well known in the art (see, for example,
Pollard, J. W. and Walker, J. M. (199/) Basic Cell Culture Protocols, Second Edition, Humana
Press, Totowa, N.J.; Freshney, R. |. (2000) Culture of Animal Cells, Fourth Edition, Wiley-Lliss,
Hoboken, N.J.). Any method maintaining the biological activity of the isolated stem cells such as

mesenchymal stem/progenitor cells, or progeny thereof, may be utilized in connection with the
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present disclosure. In one preferred embodiment, the cells are maintained and stored by using
cryo-preservation.

MSCs can be obtained using a variety of techniques. For example, a number of cell-
sorting techniques by which cells are physically separated by reference to a property associated
with the cell-antibody complex, or a label attached to the antibody can be used. This label may
be a magnetic particle or a fluorescent molecule. The antibodies may be cross-linked such that
they form aggregates of multiple cells, which are separable by their density. Alternatively, the
antibodies may be attached to a stationary matrix, to which the desired cells adhere.

A "culture medium"” as used herein, encompasses (a) both a culture medium that
contains the typical components used for culturing a MSC, such as amino acids, glucose, and
various salts, with or without the MSC, and (b) a composition isolated from the culture medium,
iIncluding a composition comprising components released from the MSC during the culturing. The
culture medium may contain components that are solid, liquid, gaseous or a mixture of phases
and materials. Culture medium components include, but are not limited to, agar, agarose, gelatin
and collagen matrices. "Culture medium” includes material that is intended for use in a cell culture,
even If it has not yet been contacted with cells. For example, a nutrient rich liquid prepared for
bacterial culture can be a culture medium.

In an embodiment, the MSCs are contacted with or exposed to one or more agents during
or after culture/expansion (and prior to administration/use In the subject) to confer them with a
desired property, e.qg., to induce the expression/secretion of anti-inflammatory mediators and/or
to inhibit the expression/secretion of pro-inflammatory mediators. For example, MSCs exposed
to low concentration prostacyclins (e.q., treprostinil), for example about 10 ug/mL of treprostinil,
have been shown to exhibit enhanced secretion of certain anti-inflammatory mediators such as
IL-10, IL-13, IDO, INOS, HLA and TGFp, and reduced secretion of pro-inflammatory mediators
such as TNFa and IL-4, by MSCs (see, e.g., WO 2018/080990). Such exposure to the one or
more agents may be for any suitable time to induce the desired effect, for example at least 6, 12,
18, 24, 36 or 48 hours.

In another aspect, the present disclosure relates to the genetically-engineered MSC
described herein, or a pharmaceutical composition comprising same, for use as a medicament.
In an embodiment, the medicament Is for the prevention or treatment of a viral disease, such as
a respiratory viral disease in a subject, for example for managing complications of such viral
diseases Including ARDS, sepsis and/or septic shock. The present disclosure also relates to a
method for preventing or treating a viral disease, such as a respiratory viral disease, for example
for managing complications of such viral diseases including ARDS, sepsis and/or septic shock,
In a subject, comprising administering to a subject in need thereof an effective amount of the
genetically-engineered MSC described herein, or a pharmaceutical composition comprising

same. The present disclosure also relates to the use of the genetically-engineered MSC described
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herein, or a pharmaceutical composition comprising same, for preventing or treating a viral
disease, such as a respiratory viral disease, for example for managing complications of such viral
diseases including ARDS, sepsis and/or septic shock, in a subject. The present disclosure also
relates to the use of the genetically-engineered MSC described herein, or a pharmaceutical
composition comprising same, for the manufacture of a medicament for preventing or treating a
viral disease, such as a respiratory viral disease, for example for managing complications of such
viral diseases including ARDS, sepsis and/or septic shock, in a subject. Examples of viruses that
may cause respiratory complications such as ARDS and pneumonia include respiratory viruses
(e.q., Influenza viruses, coronaviruses), as well as nosocomial viral infection with Herpesviridae,
namely herpes simplex virus (HSV) and cytomegalovirus (CMV). In an embodiment, the viral
disease is flu or COVID-19.

In an embodiment, the methods and uses defined herein are for the prevention,
treatment and/or management of infections by the Wuhan original SARS-CoV-2 strain. In another
embodiment, the methods and uses defined herein are for the prevention, treatment and/or
management of infections by variants of the Wuhan original SARS-CoV-2 strain, such as the
B.1.1.7 (also known as VOC-202012/01), 501Y.V2 (B.1.351), P.1 (B.1.1.28.1), or B.1.617.2
(delta) variant, as well as other variants of concern (VOC) such as B.1.429, B.1.526, B.1.525, and

A.23.1 (see, e.qg., www.cdc.gov/coronavirus/2019-ncov/cases-updates/variant-
survelllance/variant-info.htmil).

As used herein the terms "treating”, "treat" or "treatment” Iinclude eliminating,
ameliorating, alleviating, or abating a disease or condition or one or more symptoms thereof,
whether or not the disease or condition is considered to be "cured” or "healed” and whether or
not all symptoms are resolved. The terms also include reducing or preventing progression of a
disease or condition or one or more symptoms thereof, impeding or preventing an underlying
mechanism of a disease or condition or one or more symptoms thereof, and achieving any
therapeutic and/or prophylactic benefit.

As used herein the terms "preventing”, "prevent” or "prevention” include reducing the
occurrence and/or severity of a disease or condition or one or more symptoms thereof in a subject
(e.g., a subject at risk of suffering from viral disease or from complications thereof) relative to an
untreated control subject, or delaying the onset of one or more symptoms of the disease or
condition in a subject (e.q., a subject at risk of suffering from viral disease or from complications
thereof) relative to the untreated control subject.

In an embodiment, the genetically-engineered MSCs described herein are present in a
composition, preferably a pharmaceutical composition. Thus, In another aspect, the present
disclosure provides a pharmaceutical composition comprising the genetically-engineered MSCs
described herein. In an embodiment, the pharmaceutical composition comprises a therapeutically

effective amount of the genetically-engineered MSCs described herein.
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Pharmaceutically acceptable carriers or excipients include saline, aqueous buffer
solutions, solvents and/or dispersion media. The use of such carriers or excipients are well known
In the art. The solution is preferably sterile and fluid to the extent that easy syringability exists.
Preferably, the solution is stable under the conditions of manufacture and storage and preserved
against the contaminating action of microorganisms such as bacteria and fungi through the use
of preservatives, for example, parabens, chlorobutanol, phenol, ascorbic acid, thimerosal, and
the like.

some examples of materials and solutions which can serve as pharmaceutically-
acceptable carriers or excipients include: sugars, such as lactose, glucose and sucrose; starches,
such as corn starch and potato starch; cellulose, and its derivatives, such as sodium
carboxymethyl cellulose, ethyl cellulose and cellulose acetate; powdered tragacanth; malt;
gelatin; talc; lubricants such as cocoa butter and suppository waxes; oils, such as peanut oll,
cottonseed oil, safflower oil, sesame oll, olive oil, corn oil and soybean olil; glycols, such as
propylene glycol; polyols, such as glycerin, sorbitol, mannitol and polyethylene glycol; esters, such
as ethyl oleate and ethyl laurate; agar; buffering agents, such as magnesium hydroxide and
aluminum hydroxide; alginic acid; pyrogen-free water; isotonic saline; Ringer's solution; ethyl
alcohol; pH-buffered solutions; polyesters, polycarbonates and/or polyanhydrides; antioxidants;
antimicrobials; and other non-toxic compatible substances employed In pharmaceutical
formulations.

The pharmaceutical compositions useful for the methods of the disclosure may comprise
a polymeric carrier or extracellular matrix. A variety of biological or synthetic solid matrix materials
(e.q., solid support matrices, biological adhesives or dressings, and biological/medical scaffolds)
are suitable for use in this disclosure. The matrix material is preferably medically acceptable for
use in in vivo applications. Non-limiting examples of such medically acceptable and/or biologically
or physiologically acceptable or compatible materials include, but are not limited to, solid matrix
materials that are absorbable and/or non-absorbable, such as small intestine submucosa (S15),
e.q., porcine-derived (and other SIS sources); crosslinked or non-crosslinked alginate,
hydrocolloid, foams, collagen gel, collagen sponge, polyglycolic acid (PGA) mesh, polyglactin
(PGL) mesh, fleeces, foam dressing, bioadhesives (e.q., fibrin glue and fibrin gel) and dead de-
epidermized skin equivalents in one or more layers.

Suitable polymeric carriers include porous meshes or sponges formed of synthetic or
natural polymers, as well as polymer solutions. One form of matrix is a polymeric mesh or sponge;
the other is a polymeric hydrogel. Natural polymers that can be used include proteins such as
collagen, albumin, and fibrin; and polysaccharides such as alginate and polymers of hyaluronic
acid. Synthetic polymers include both biodegradable and non-biodegradable polymers. Examples
of biodegradable polymers include polymers of hydroxy acids such as polylactic acid (PLA),

polyglycolic acid (PGA), and polylactic acid-glycolic acid (PLGA), polyorthoesters,



10

15

20

25

30

39

WO 2022/077115 PCT/CA2021/051448

26

polyanhydrides, polyphosphazenes, and combinations thereof. Nonbiodegradable polymers
iInclude polyacrylates, polymethacrylates, ethylene vinyl acetate, and polyvinyl alcohols.

Polymers that can form ionic or covalently crosslinked hydrogels which are malleable are
used to encapsulate cells. A hydrogel Is a substance formed when an organic polymer (natural or
synthetic) is cross-linked via covalent, ionic, or hydrogen bonds to create a three-dimensional
open-lattice structure which entraps water molecules to form a gel.

Examples of materials which can be used to form a hydrogel include polysaccharides
such as alginate, polyphosphazines, and polyacrylates, which are crosslinked ionically, or block
copolymers such as Pluronics™ or Tetronics™, polyethylene oxide-polypropylene glycol block
copolymers which are crosslinked by temperature or pH, respectively. Other materials include
proteins such as fibrin, polymers such as polyvinylpyrrolidone, hyaluronic acid and collagen.

In general, these polymers are at least partially soluble in aqueous solutions, such as
water, buffered salt solutions, or aqueous alcohol solutions, that have charged side groups, or a
monovalent ionic salt thereof. Examples of polymers with acidic side groups that can be reacted
with cations are poly(phosphazenes), poly(acrylic acids), poly(methacrylic acids), copolymers of
acrylic acid and methacrylic acid, poly(vinyl acetate), and sulfonated polymers, such as sulfonated
polystyrene. Copolymers having acidic side groups formed by reaction of acrylic or methacrylic
acid and vinyl ether monomers or polymers can also be used. Examples of acidic groups are
carboxylic acid groups, sulfonic acid groups, halogenated (preferably fluorinated) alcohol groups,
phenolic OH groups, and acidic OH groups. Examples of polymers with basic side groups that
can be reacted with anions are poly(vinyl amines), poly(vinyl pyridine), poly(vinyl imidazole), and
some Imino-substituted polyphosphazenes. The ammonium or quaternary salt of the polymers
can also be formed from the backbone nitrogens or pendant imino groups. Examples of basic
side groups are amino and iImino groups.

In  some embodiments, the pharmaceutical composition, methods of
prevention/treatment or uses can comprise at least one additional therapeutic agent. For
example, the composition, methods of prevention/treatment or uses may include an analgesic to
aid in treating inflammation or pain, or an anti-infective agent to prevent infection of the site treated
with the composition. More specifically, non-limiting examples of useful therapeutic agents include
the following therapeutic categories:. analgesics, such as nonsteroidal antiinflammatory drugs,
opiate agonists and salicylates; anti-infective agents, such as antihelmintics, antianaerobics,
antibiotics, aminoglycoside antibiotics, antifungal antibiotics, cephalosporin antibiotics, macrolide
antibiotics, miscellaneous [(-lactam antibiotics, penicillin antibiotics, quinolone antibiotics,
sulfonamide antibiotics, tetracycline antibiotics, antimycobacterials, antituberculosis
antimycobacterials, antiprotozoals, antimalarial antiprotozoals, antiviral agents, anti-retroviral
agents, scabicides, anti-inflammatory agents, corticosteroid anti-inflammatory agents,

antipruritics/local anesthetics, topical anti -infectives, antifungal topical anti-infectives, antiviral
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topical anti-infectives; electrolytic and renal agents, such as acidifying agents, alkalinizing agents,
diuretics, carbonic anhydrase inhibitor diuretics, loop diuretics, osmotic diuretics, potassium-
sparing diuretics, thiazide diuretics, electrolyte replacements, and uricosuric agents; enzymes,
such as pancreatic enzymes and thrombolytic enzymes; gastrointestinal agents, such as
antidiarrheals, gastrointestinal anti-inflammatory agents, gastrointestinal anti -inflammatory
agents, antacid anti-ulcer agents, gastric acid-pump inhibitor anti-ulcer agents, gastric mucosal
anti-ulcer agents, H2-blocker anti-ulcer agents, cholelitholytic agent's, digestants, emetics,
laxatives and stool softeners, and prokinetic agents; general anesthetics, such as inhalation
anesthetics, halogenated inhalation anesthetics, intravenous anesthetics, barbiturate intravenous
anesthetics, benzodiazepine Intravenous anesthetics, and opiate agonist Iintravenous
anesthetics; hormones and hormone modifiers, such as abortifacients, adrenal agents,
corticosteroid adrenal agents, androgens, anti-androgens, immunobiologic agents, such as
Immunoglobulins, Immunosuppressives, toxoids, and vaccines; local anesthetics, such as amide
local anesthetics and ester local anesthetics; minerals; and vitamins, such as vitamin A, vitamin
B, vitamin C, vitamin D, vitamin E, and vitamin K.

In an embodiment, the genetically-engineered MSCs or pharmaceutical composition
comprising same described herein may be used in combination with agents used to treat SARS-
CoV-2 Infection and/or related diseases such as COVID-19. Such agents include
antiinflammatory drugs, anti-SARS-CoV-2 neutralizing antibodies, SARS-CoV-2 vaccines, and
antiviral agents.

The combination of prophylactic/therapeutic agents and/or compositions of the present
disclosure may be administered or co-administered (e.qg., consecutively, simultaneously, at
different times) in any conventional dosage form. Co-administration in the context of the present
disclosure refers to the administration of more than one therapeutic in the course of a coordinated
treatment to achieve an improved clinical outcome. Such co-administration may also be
coextensive, that is, occurring during overlapping periods of time. For example, a first agent may
be administered to a patient before, concomitantly, before and after, or after a second active agent
IS administered. The agents may Iin an embodiment be combined/formulated in a single
composition and thus administered at the same time.

Compositions useful for the methods of the present disclosure may include cell culture
components, e.qg., culture media including amino acids, metals, coenzyme factors, as well as
small populations of other cells, e.g., some of which may arise by subsequent differentiation of
the stem cells.

Compositions useful for the methods of the present disclosure may be prepared, for
example, by sedimenting out the subject cells from the culture medium and re-suspending them
In the desired solution or material. The cells may be sedimented and/or changed out of the culture

medium, for example, by centrifugation, filtration, ultrafiltration, etc.
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The skilled artisan can readily determine the amount of MSCs and optional carrier(s) In
compositions and to be administered in methods of the disclosure. Of course, for any composition
to be administered to an animal or human, and for any particular method of administration, it is
preferred to determine therefore: toxicity, such as by determining the lethal dose (LD) and LDsp
In a suitable animal model e.g., rodent such as mouse; and, the dosage of the composition(s),
concentration of components therein and timing of administering the composition(s), which elicit
a suitable response. Such determinations do not require undue experimentation from the
knowledge of the skilled artisan, this disclosure and the documents cited herein. The time for
sequential administrations can be ascertained without undue experimentation.

In an embodiment, the following amounts and ranges of amounts of MSCs are
administered to the subject: (i) from about 1 x 10< to about 1 x 10° cells/kg body weight; (ii) from
about 1 x 10° to about 1 x 107 cells/kg body weight; (iii) from about 1 x 10% to about 1 x 10° cells/kg
body weight; (iv) from about 1 x 104 to about 1 x 10° cells/kg body weight; (v) from about 1 x 10° to
about 1 x 10° cells/kg body weight; (vi) from about 5 x 104 to about 0.5 x 10°cells/kg body weight;
(vii) about 1 x 10° cells/kg body weight; (viii) about 1 x 104 cells/kg body weight; (ix) about 5 x
104 cells/kg body weight; (x) about 1 x 10°cells/kg body weight; (xi) about 5 x 10° cells/kg body
weight; (xii) about 1 x 10° cells/kg body weight; and (xiii) about 1 x 107 cells/kg body weight.
Human body weights envisioned include, without limitation, about 5 kg, 10 kg, 15 kg, 30 kg, 50
kg, about 60 kg; about 70 kg; about 80 kg, about 90 kg; about 100 kg, about 120 kg and about
150 kg. The MSCs may be administered either in a bolus form, i.e., injection of all the cells during
a short period of time, or it may be accomplished by a continuous administration (e.qg., infusion)
of small numbers of cells over a long period of time, or alternatively by administration of limited
size boluses on several occasions over a period of time.

Compositions useful for the methods of the present disclosure can be administered via,
inter alia, localized Injection (e.q., in the lungs), including catheter administration, systemic
iInjection, intravenous injection, or parenteral administration. When administering a therapeutic
composition described herein (e.qg., a pharmaceutical composition), it will generally be formulated

In a unit dosage injectable form (solution, suspension, emulsion).

EXAMPLES

The present invention is lillustrated In further details by the following non-limiting
examples.
Example 1: MSCs Under Simulated Viral Infection
MSC were preconditioned with dsRNA that mimics a viral infection. Total transcriptome
of 3 different donor-derived MSCs was analyzed with RNA sequencing performed by Qiagen®.
The differential gene expression analysis showed significant upregulation of several genes
related to antiviral defense, notably the IFITM1 and IFITM3 genes (FIG. 1).
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Example 2: Development of Transgene plasmid vectors
FIGs. 2A-B show the vector map of IFITM1-Angpt1 (FIG. 2A), and IFITM3-Angpt1 (FIG.
2B). The plasmid vectors were engineered to co-express both human codon-optimized Angpt1
and IFITM proteins under two independent CMV promoters. With plasmid vector transfection,

MSCs efficiently overexpress two independent proteins from the same vector.

Example 3: Protein Quantification
Overexpression of the proteins was verified with VWestern Blot and/or ELISA. In FIGs.
3A-F, MSC candidate 1 (IFITM1-Angpt1) and MSC candidate 2 (IFITM3-Angpt1) MSCs were
engineered and protein expression was evaluated by ELISA (FIGs. 3A, 3B and 3C), Western Blot
(FIGs. 3D, 3E) or using the Jess ™ protein detection device (Protein Simple, Biotechne) (FIG. 3F).

n=2 experiments.

Example 4: Protein-Induced Protection

The therapeutic effect of engineered MSC was assessed using relevant potency assays
to the pathophysiology of ARDS and sepsis observed in COVID-19 patients. MSC conditioned
media were prepared by conditioning unmodified or modified (dsRNA stimulated or transfected
cells) MSC for 24 or 48 hours, followed by a high-speed centrifugation to remove debris and dead
cells. On day 0, human primary alveolar epithelial cells (ScienCell) were seeded and allowed to
grow overnight for attachment. On day 1, media were replaced with MSC conditioned media
mixed 1:1 with epithelial complete growth media. For data shown in FIG. 4, 5x10° pseudovirus-
SARS-CoV-2 (Montana Molecular) were added into cell solution on day 1, with subsequent flow
cytometric analysis of green fluorescent conducted on day 2. In the prevention model (shown In
FIGs. 5A-5C), pseudovirus-SARS-CoV-2 were added into cell solution on day 2 with analysis
done on day 3.

Data showed that MSC candidate 1 (IFITM1-Angpt1) and MSC candidate 2 (IFITMS3-
Angpt1) conditioned media derived using A) research-grade transfection protocol with 48 hr
conditioned media, and B) scale-up transfection/manufacturing protocol with 24 hr conditioned
media protect epithelial cells from infection by pseudovirus-SARS-CoV2 induced by a coronavirus
In an in vitro system. n=3 experiment done with 1-3 different donor derived MSC (bar=mean with
SD). One-way ANOVA, Tukey's multiple comparison. The results depicted in FIG. 5C show that
an antibody directed against IFITM3 reduces the protection from infection conferred by the

conditioned media from MSC candidate 2.

Example 5: Effect of MSC candidate on disease severity and survival in mouse models of
ARDS (study 1, administration of MSC at day 2 post-infection)
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In vivo efficacy was assessed In a standardized murine model of ARDS and critical
lliIness: mouse-adapted influenza A H1N1 virus (A/FM/1/47-MA virus or FM-MA virus) induced
ARDS model. Eight to ten-week-old C5/7BL/6N mice were purchased from Charles River
Laboratories (Saint Constant, QC, Canada). Animals were housed according to Canadian Councll
on Animal Care (CCAC) guidelines. A standard chow diet was provided within the hopper of the
cage, and water was provided ad /ibitum. Animals were housed In a 20°C-23°C temperature -
controlled room with a 12-hour light, 12-hour dark cycle, and 40%-60% humidity. Briefly, mice
received 1000 PFU of influenza A strain H1N1: A/FM/1/47-MA virus intranasally. At day two after
virus inoculation, mice were treated with vehicle or engineered MSCs (candidate 2, engineered
with ANGPT1 and IFITM3). Mice were monitored daily for survival and wellness, body weight and
sickness score until 7 days after virus infection..

The data presented in FIG. 6A shows that the genetically engineered MSCs (candidate
2) iImprove the survival rate relative to vehicle-treated group (0% of vehicle group vs 50% of
candidate 2 treated group at day /) in Influenza A H1N1 virus induced ARDS model. Survival
rates of 33% (2/6) and 50% (3/6) were obtained using MSC candidates 1 and 2, respectively.
Administration of MSC candidate 2 also partially prevented weight loss (FIG. 6B) and reduced

disease severity (FIG. 6C) relative to vehicle treatment.

Example 6: Effect of MSC candidate on disease severity and survival in mouse models of
ARDS (study 2, administration of MSC at day 1 post-infection)

A second study was performed using a protocol similar to that described in Example 5
above, except that 1) the mice were treated with vehicle or engineered MSCs (candidate 2) at
day one after virus inoculation, 2) survival was assessed until day 9 and 3) weight loss and
sickness score were assessed until day 10.

The results depicted in FIG. 7A confirm that the genetically engineered MSCs candidate
2 Improve the survival rate relative to vehicle-treated group (4% of vehicle group vs. 23% of
candidate 2 treated group) in influenza A H1N1 virus induced ARDS model. Administration of
MSC candidate 2 also partially prevented weight loss (FIG. 7B) and reduced disease severity

(FIG. 7C) relative to vehicle treatment.

Although the present invention has been described hereinabove by way of specific
embodiments thereof, it can be modified, without departing from the spirit and nature of the
subject invention as defined in the appended claims. In the claims, the word "comprising” is used
as an open-ended term, substantially equivalent to the phrase "including, but not limited to". The
singular forms "a", "an” and "the" include corresponding plural references unless the context

clearly dictates otherwise.
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CLAIMS
WHAT IS CLAIMED IS:
1. A mesenchymal stem cell (MSC) that is genetically modified to overexpress an

angiopoeitin-1 (ANGPT 1) polypeptide and an IFN-induced transmembrane (IFITM) polypeptide.
2. The MSC of claim 1, wherein the MSC expresses a recombinant ANGPT1 polypeptide.

3. The MSC of claim 2, wherein the recombinant ANGPT1 polypeptide comprises an amino
acid sequence that is at least 70% identical to the amino acid sequence of residues 16 to 498 of
SEQ ID NO:9.

4. The MSC of claim 3, wherein the recombinant ANGPT1 polypeptide comprises an amino
acid sequence that is at least 90% identical to the amino acid sequence of residues 16 to 498 of
SEQ ID NO:9.

5. The MSC of claim 4, wherein the recombinant ANGPT1 polypeptide comprises the amino
acid sequence of residues 16 to 498 of SEQ ID NO:9.

0. The MSC of any one of claims 1 to 5, wherein the MSC comprises a first exogenous
nucleic acid comprising an ANGPT1 polypeptide-encoding region operably linked to a promoter

or promoter/enhancer combination.

/. The MSC of claim 6, wherein the promoter is a cytomegalovirus (CMV) promoter.

8. The MSC of claim 6, wherein the promoter/enhancer combination is a CMV

promoter/enhancer combination.

9. The MSC of any one of claims 6 to 8, wherein the ANGPT1 polypeptide-encoding region
comprises a nucleotide sequence having at least 70% identity with the nucleotide sequence of
SEQ ID NO: 7 or 8.

10. The MSC of claim 9, wherein the ANGPT1 polypeptide-encoding region comprises the
nucleotide sequence of SEQ ID NO: 7 or 8.

11. The MSC of any one of claims 1 to 10, wherein the MSC expresses a recombinant |FITM

polypeptide.

12. The MSC of claim 11, wherein the recombinant IFITM polypeptide Is a recombinant
IFITM1 or IFITMS3 polypeptide.
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13. The MSC of claim 12, wherein the recombinant IFITM polypeptide comprises an amino

acid sequence that is at least 70% identical to the amino acid sequences of SEQ ID NO: 3 or 6.

14. The MSC of claim 13, wherein the recombinant IFITM polypeptide comprises an amino

acid sequence that is at least 90% identical to the amino acid sequences of SEQ ID NO: 3 or 6.

15. The MSC of claim 14, wherein the recombinant IFITM polypeptide comprises the amino
acid sequences of SEQ ID NO: 3 or 6.

16. The MSC of any one of claims 11 to 15, wherein the MSC comprises a second exogenous
nucleic acid comprising an IFITM polypeptide-encoding region operably linked to a second

promoter or promoter/enhancer combination.
17. The MSC of claim 16, wherein the second promoter is a CMV promoter.

18. The MSC of claim 16, wherein the second promoter/enhancer combination is a CMV

promoter/enhancer combination.

19. The MSC of any one of claims 16 to 18, wherein the IFITM polypeptide-encoding region
comprises a nucleotide sequence having at least 70% identity with the sequence of SEQ ID NO:1,
2.40rbd.

20. The MSC of claim 19, wherein the IFITM polypeptide-encoding region comprises a
nucleotide sequence having at least 90% identity with the sequence of SEQ ID NO:1, 2, 4 or 5.

21. The MSC of claim 20, wherein the IFITM polypeptide-encoding region comprises a
nucleotide sequence of SEQ ID NO:1, 2, 4 or 5.

22. The MSC of any one of claims 6 to 21, wherein the first and/or second exogenous nucleic

acid(s) is/are comprised in a vector or plasmid.

23. The MSC of claim 22, wherein the first and second exogenous nucleic acids are comprised

In the same vector or plasmid.

24. A pharmaceutical composition comprising the MSC of any one of claims 1 to 23 and a

pharmaceutically acceptable excipient.

295. The MSC of any one of claims 1 to 23 or the pharmaceutical composition of claim 24, for

use as a medicament.

26. The MSC or pharmaceutical composition for use of claim 25, wherein said medicament is

for the prevention or treatment of a viral disease in a subject.



10

15

20

25

WO 2022/077115 PCT/CA2021/051448

39

21 . The MSC or pharmaceutical composition for use of claim 26, wherein the viral disease Is
COVID-19 or influenza.

28. The MSC or pharmaceutical composition for use of claim 26 or 27, wherein the subject is

human.

29. The MSC or pharmaceutical composition for use of any one of claims 26-28, wherein the

MSC are allogenic with respect to the subject.

30. The MSC or pharmaceutical composition for use of any one of claims 26-28, wherein the

MSC are autologous with respect to the subject.

31. The MSC or pharmaceutical composition for use of any one of claims 26-30, wherein the

MSC are for administration into the lungs.

32. A method for preventing or treating a viral disease in a subject, comprising administering
to the subject an effective amount of the MSC of any one of claims 1 to 23 or pharmaceutical

composition of claim 24.
33. The method of claim 32, wherein the viral disease is COVID-19 or influenza.
34 . The method of claim 32 or 33, wherein the subject is human.

35. The method of any one of claims 32-34, wherein the MSC are allogenic with respect to

the subject.

36. The method of any one of claims 32-34, wherein the MSC are autologous with respect to

the subject.

37. The method of any one of claims 32-36, wherein the MSC are administered into the lungs

of the subject.

38. Use of the MSC of any one of claims 1 to 23 or the pharmaceutical composition of claim
24 for the manufacture of a medicament for the prevention or treatment of a viral disease In a

subject.

39. Use of the MSC of any one of claims 1 to 23 or the pharmaceutical composition of claim

24 for the prevention or treatment of a viral disease in a subject.

40. The use of claim 38 or 39, wherein the viral disease is COVID-19 or influenza.

41. The use of any one of claims 38-40, wherein the subject is human.
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42. The use of any one of claims 38-41, wherein the MSC are allogenic with respect to the
subject.

43. The use of any one of claims 38-41, wherein the MSC are autologous with respect to the
subject.

44 The use of any one of claims 38-43, wherein the MSC are for administration into the lungs.
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hIFITM1 — Human native nucleotide sequence

atgcacaag
gtgatcaaca
Cgaactggtg
cgacgtgacc
atcctcatdga
agataataca

gaggaacatdg
Cccacagcdga
ctgtctTgggc
dgdgcccadg
ccattTggattT
ggaaaaacdgg

aggtggctgt
gacctccgtg
CTcatagcat
cctatgcctc
catcctgtta

ggttactag

gctggggcca
cccgaccatg

tcgcctactc
caccgccaad
ctggtattcg

ccccceccagcea
tcgtctggte
cgtgaagtctT
tgcctTgaaca
gctctgtgac

PCT/CA2021/051448

ccatccttcc
cctgttcaac
agggacagga
tctgggcceccetT
agtctTaccat

aaggtccacc
accctcttctT
agatggttgg
gattTctgggc
attTatgttac

FIG. 8A

hlIFITM1 — Human codon-optimized sequence (378 bps):

ATGCATAAGGAAGAACACGAGGTGGCCGTGCTGGGACCTCCACCTAGCACAATICT
GCCTAGAAGCACCGTGATCAACATCCACAGCGAGACAAGCGTCCCCGACCACGTGG
TGTGGTCCCTGTTCAACACCCTGTTCCTGAACTGGTGCTGTCTGGGATITATCGCCTT
CGCCTACAGCGTGAAAAGCAGAGATAGAAAGATGGTGGGCGACGTGACCGGCGCC
CAGGCTTATGCTTCTACCGCCAAGTGCCTGAATATCTGGGCCCTGATCCTGGGCATC
CTGATGACCATCGGCTTCATCCTCCTGCTGGTGTTCGGCTCTGTITACAGTGTACCACA
TCATGCTGCAAATCATCCAGGAGAAGCGGGGCTACTGA

FIG. 8B

hIFITM1 — Human protein sequence (125 a.a., ~14 kDa):

MHKEEHEVAVLGPPPSTILPRSTVINIHSETSVPDHVVWSLENTLFLNWCCLGFIAFAYSYV
KSRDRKMVGDVTGAQAYASTAKCLNIWALILGILMTIGFILLLVFGSVTVYHIMLQIIQE
KRGY

FIG. 8C
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10/12

hIFITMJ3 — Human native nucleotide sequence

atqg
atgctcaadgd
Cgatccacat
gaacccctgc
gacgtgaccdg
tcctcatgac

aatcacactg
aggagcacga
ccgcagcgag
tgcctgggcetT

gggcccaggc
cattctgctc

CccaaaccttT
ggtggctgtyg
acctccgtgc
Ccatagcatt
ctatgcctcc
atcgtcatcc

ctCtctctcct
ctgggggcgc
ccgaccatgt
cgcctactcc
accgccaagt
cagtgctgat

gtcaacadtg
cccacaaccc
cgtctggtcc
gtgaagtcta
gcctgaacat
cttccaggcc

PCT/CA2021/051448

gccagcceccec
tgctceccecceceg
ctgtTcaaca
dgdacadgaa
ctgggccctg
Catggatag

caactTatgag
acgtccaccdg
ccctcttcat

gatggttggc
attctgggca

FIG. 9A

hIFITM3 — Human codon-optimized sequence (402 bps):

ATGAATCACACCGTGCAGACCTTITITCAGCCCTGTGAACAGCGGCCAGCCTCCAAAC
TACGAGATGCTGAAGGAAGAACACGAGGTGGCCOGTGCTGGGAGCCCCTCATAATCC

TGCTCCTCCTACCAGCACCGTGATCCACATCCGGAGCGAGACATCTGTCCCCGACCA
CGTGGTGTGGTCCCTGTTCAACACCCTGTTITATGAACCCCTGCTGTCTGGGCTTCATC
GCCTTCGCCTACAGCGTGAAAAGCAGAGATAGAAAGATGGTGGGCGACGTGACCGG
CGCCCAGGCCTACGCCTCTACAGCCAAGTGCCTGAACATCTGGGCCCTGATCCTGGG
CATCCTCATGACAATCCTGCTGATCGTGATCCCCGTCCTGATTTTCCAAGCTTATGGC
TGA

FIG. 9B

hIFITM3 — Human protein sequence (133 a.a., ~1S kDa):

MNHTVQTFFSPVNSGQPPNYEMLKEEHEVAVLGAPHNPAPPTSTVIHIRSETSVPDHVV
WSLENTLFMNPCCLGFIAFAYSVKSRDRKMVGDVTGAQAYASTAKCLNIWALILGILM
TILLIVIPVLIFQAYG

FIG. 9C
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Angptl — Human native nucleotide sequence

atqg
cagcgccgaa
Ccattcttcc
gagagatgct
aattatactc
Cacagcadgaa
tgcagagcag
cagctgctgg
Cgaagatcca
gttTggacacc
gagctggaaa
Cggacacagt
ggaagagaaa
atttatatta
ctgtaataca
Cggaaatccc
atgctaagaa
dJaaatgaaaa
gatcTtacac
atgttaacad
gacaaaacca
cacaactatg

acagtTtTtTcc
gtccagaaaa
agaacacgat
ccacacgtdgg
agtggctgca
Cgcagttcad
accagaaagc
agaattcattT
CJgaaaaaaac
CTtaaaggaad
agcaattaaa
ccacaaccttT
ccatttTagad
ataatatgcc
acatcgtgaa
tccggtgaat
Ctgagttaat
gcaaaactat
ggtgctgattT
gaggatggtg
Cggaaaactdg
atgattcgac

CTTcctttgc
cagtgggaga
ggcaactgtc
aaccggattt
aaaacttgag
aaccacacgg
Cgacagatgt
atccacctac
agtttattag
agaaagagaa
cagagctacc
gtcaatcttt
actgtgcaga
agaacccaaa
gatggaagtc
attggctggyg

ggactgggaa
aggttgtattT

Ccagcactaa
gtttgatgct
aatgggataa
ctttTagattt

11/12

CTTcctcecget
agatataacc
gtgagagtac
ctcttcccag
aattacattg
cTaccatgctT
Cgagacccag
aagctagada
aacataaaat
ccttcaaggc
accaacaaca
gcactaaaga
tgtatatcaa
aaggtgttttT
tagatttcca
gaatgagtttT
dgdaaccgag
Caaaaggtca
agatgctgat
tgtggccceccet
agtggcacta
CTga

gccattctga
ggattcaaca
gacagaccag
aaacttcaac
Cggaaaacat
ggagatagga
gtactTaaatc
agcaacttctT
cttagaaatg
Ctggttactc
gtgtccttca
aggtgtttta
gctggtttta
gcaatatgga
aagaggctygg
attTtTTgcca
cctattTcaca
cactgggaca
aatgacaact
ccaatctaaa
cttTcaaaggg

FIG. 10A

PCT/CA2021/051448

ctcacatagg
Cgggcaatdgt
Cacaacacaa
atctggaaca
gaagtcggag
accagcctcc
aaacttctcg
Ccaacagaca
gaaggaaaac
gtcaaacata
gaagcagcaa
ctaaagggag
ataaaagtgg
Cgtcaatdggg
aaggaatata
Ctaccagtca
gtatgacaga
gcaggaaaac
gtatgtgcaa
Cggaatgttc
cccagttact

gtgcagcaat
gcctacactt
acgctctgca
Cgtgatggaa
atggcccadga
CctCcTcagac
acttgagata
aatgaaatct
acaaggaada
Cataatccag
ctggagctga
gaaaaagada
aatctacactT
ggaggttgga
aaatgggttt
gaggcagtac
CTccacatag
agagcagcct
atgtgccctc
tatactgcgg
cctTacgttc
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12/12

Angptl — Human codon-optimized sequence (1497 bps):

ATGACAGTTITCCTTTCCTTTGCTTITCCTCGCTGCCATTCTGACTCACATAGGGTGCA
GCAATCAGCGCCGAAGTCCAGAAAACAGTGGGAGAAGATATAACCGGATTCAACAT
GGGCAATGOGTGCCTACACTTITCATTCTITCCAGAACACGATGGCAACTGTCGTGAGAGT
ACGACAGACCAGTACAACACAAACGCTCTGCAGAGAGATGCTCCACACGTGGAACC
GGATTTCTCTTCCCAGAAACTTCAACATCTGGAACATGTGATGGAAAATTATACTCA
GTGGCTGCAAAAACTTGAGAATTACATTGTGGAAAACATGAAGTCGGAGATGGCCC
AGATACAGCAGAATGCAGTTCAGAACCACACGGCTACCATGCTGGAGATAGGAACC
AGCCTCCTCTCTCAGACTGCAGAGCAGACCAGAAAGCTGACAGATGTTGAGACCCA
GGTACTAAATCAAACTTCTCGACTTGAGATACAGCTGCTGGAGAATTCATTATCCAC
CTACAAGCTAGAGAAGCAACTTCTTICAACAGACAAATGAAATCTTGAAGATCCATG
AAAAAAACAGTTTATTAGAACATAAAATCTTAGAAATGGAAGGAAAACACAAGGA
AGAGTTGGACACCTTAAAGGAAGAGAAAGAGAACCTTCAAGGCTTGGTTACTCGTC
AAACATATATAATCCAGGAGCTGGAAAAGCAATTAAACAGAGCTACCACCAACAAC
AGTGTCCTTCAGAAGCAGCAACTGGAGCTGATGGACACAGTCCACAACCTTGTCAA
TCTTTGCACTAAAGAAGGTGTTTITACTAAAGGGAGGAAAAAGAGAGGAAGAGAAAC
CATTTAGAGACTGTGCAGATGTATATCAAGCTGGTTTTAATAAAAGTGGAATCTACA
CTATTTATATTAATAATATGCCAGAACCCAAAAAGGTGTTTTGCAATATGGATGTCA
ATGGGGGAGGTTGGACTGTAATACAACATCGTGAAGATGGAAGTCTAGATTTCCAA
AGAGGCTGGAAGGAATATAAAATGGGTTTTGGAAATCCCTCCGGTGAATATTGGCT
GGGGAATGAGTTTATTTTTGCCATTACCAGTCAGAGGCAGTACATGCTAAGAATTGA
GTTAATGGACTGGGAAGGGAACCGAGCCTATTCACAGTATGACAGATTCCACATAG
GAAATGAAAAGCAAAACTATAGGTTGTATTTAAAAGGTCACACTGGGACAGCAGGA
AAACAGAGCAGCCTGATCTTACACGGTGCTGATITCAGCACTAAAGATGCTGATAAT
GACAACTGTATGTGCAAATGTGCCCTCATGTTAACAGGAGGATGGTGGTTTGATGCT
TGTGGCCCCTCCAATCTAAATGGAATGTTCTATACTGCGGGACAAAACCATGGAAA
ACTGAATGGGATAAAGTGGCACTACTTCAAAGGGCCCAGTTACTCCTTACGTTCCAC
AACTATGATGATTCGACCTTTAGATTTTITAG

FIG. 10B

Angptl — Human protein sequence (498 a.a., ~57.5 kDa):

MTVFLSFAFLAAILTHIGCSNQRRSPENSGRRYNRIQHGQCAYTFILPEHDGNCRESTTD
QYNTNALQRDAPHVEPDFSSQKLQHLEHVMENYTQWLQKLENYIVENMKSEMAQIQQ
NAVQNHTATMLEIGTSLLSQTAEQTRKLTDVETQVLNQTSRLEIQLLENSLSTYKLEKQL
LQQTNEILKIHEKNSLLEHKILEMEGKHKEELDTLKEEKENLQGLVTRQTYIIQELEKQL
NRATTNNSVLQKQQLELMDTVHNLVNLCTKEGVLLKGGKREEEKPFRDCADVYQAGF
NKSGIYTIYINNMPEPKKVFCNMDVNGGGWTVIQHREDGSLDFQRGWKEYKMGFGNPS
GEYWLGNEFIFAITSQRQYMLRIELMDWEGNRAY SQYDRFHIGNEKQNYRLYLKGHTG
TAGKQSSLILHGADFSTKDADNDNCMCKCALMLTGGWWFDACGPSNLNGMFYTAGQ
NHGKLNGIKWHYFKGPSYSLRSTTMMIRPLDF

FIG. 10C



<11e>
<120>
<130>

<150>
<151>

<160> 12
<170>
<210> 1

<211> 378
<212> DNA
<213>

<400> 1
atgcacaagg

aggtccaccg
ctgttcaaca
gtgaagtcta
accgccaagt

atcctgttac

gaaaaacggg

<210> 2

<211> 378
<212> DNA
<213>

<400> 2
atgcataagg

agaagcaccg
ctgttcaaca
gtgaaaagca
accgccaagt

atcctcctgc

G17018-00018

US 63/092,572
2020-10-16

Homo sapiens

aggaacatga
tgatcaacat
ccctcttctt
gggacaggaa
gcctgaacat
tggtattcgg

gttactag

Homo sapiens

aagaacacga
tgatcaacat
ccctgttect
gagatagaaa
gcctgaatat

tggtgttcgg

SEQUENCE LISTING

PatentIn version 3.5

ggtggctgtyg
ccacagcgag
gaactggtgc
gatggttggc
ctgggccectg

ctctgtgaca

ggtggecegtg
ccacagcgag
gaactggtgc
gatggtgggc
ctgggccctg

ctctgttaca

OTTAWA HOSPITAL RESEARCH INSTITUTE

CELL-BASED THERAPY FOR VIRAL DISEASES

ctggggccac

acctccgtgc
tgtctgggct
gacgtgaccg
attctgggca

gtctaccata

ctgggacctc
acaagcgtcc
tgtctgggat
gacgtgaccg
atcctgggca

gtgtaccaca

cccccageac
ccgaccatgt
tcatagcatt
gggceccaggce
tcctcatgac

ttatgttaca

cacctagcac
ccgaccacgt
ttatcgcctt
gcgecccaggce
tcctgatgac

tcatgctgca

catccttcca
cgtctggtcc
cgcctactcc
ctatgcctcc
cattggattc

gataatacag

aattctgect
ggtgtggtcc
cgcctacagc
ttatgcttct
catcggcttc

aatcatccag

60

120

180

240

300

360

378

60

120

180

240

300

360



gagaagcggg gctactga 378

<210> 3

<211> 125

<212> PRT

<213> Homo sapiens

<400> 3

Met His Lys Glu Glu His Glu Val Ala Val Leu Gly Pro Pro Pro Ser
1 5 10 15

Thr Ile Leu Pro Arg Ser Thr Val Ile Asn Ile His Ser Glu Thr Ser
20 25 30

Val Pro Asp His Val Val Trp Ser Leu Phe Asn Thr Leu Phe Leu Asn
35 40 45

Trp Cys Cys Leu Gly Phe Ile Ala Phe Ala Tyr Ser Val Lys Ser Arg
50 55 60

Asp Arg Lys Met Val Gly Asp Val Thr Gly Ala Gln Ala Tyr Ala Ser
65 70 75 80

Thr Ala Lys Cys Leu Asn Ile Trp Ala Leu Ile Leu Gly Ile Leu Met
85 90 95

Thr Ile Gly Phe Ile Leu Leu Leu Val Phe Gly Ser Val Thr Val Tyr
100 105 110

His Ile Met Leu Gln Ile Ile Gln Glu Lys Arg Gly Tyr
115 120 125

<210> 4

<211> 402

<212> DNA

<213> Homo sapiens

<400> 4
atgaatcaca ctgtccaaac cttcttctct cctgtcaaca gtggccagcc ccccaactat 60
gagatgctca aggaggagca cgaggtggct gtgctggggg cgccccacaa ccctgetcecc 120

ccgacgtcca ccgtgatcca catccgcagc gagacctccg tgcccgacca tgtcgtcectgg 180



tccctgttca
tccgtgaagt
tccaccgcca
ctcatcgtca
<210> 5

<211> 402
<212> DNA

<213> Homo

<400> 5
atgaatcaca

gagatgctga
cctaccagca
tccctgttca
agcgtgaaaa
tctacagcca
ctgatcgtga
<210> 6
<211> 133
<212> PRT
<213> Homo
<400> 6
Met Asn His

1

Pro Pro Asn

Pro
35

Gly Ala

Arg Ser Glu

50

Thr Leu Phe

acaccctctt
ctagggacag
agtgcctgaa

tcccagtgct

sapiens

ccgtgcagac
aggaagaaca
ccgtgatcca
acaccctgtt
gcagagatag
agtgcctgaa

tcceccegtect

sapiens

Thr Val Gln

5

Tyr Glu Met

20

His

Thr Ser Val

Met

Asn Pro

Asn Pro

catgaacccc
gaagatggtt
catctgggcc

gatcttccag

ctttttcagc
cgaggtggcc
catccggagc
tatgaacccc
aaagatggtg
catctgggcc

gattttccaa

Thr Phe

Leu Lys

Ala Pro

40

Pro
55

Asp

Cys Cys

tgctgecctgg
ggcgacgtga
ctgattctgg

gcctatggat

cctgtgaaca
gtgctgggag
gagacatctg
tgctgtctgg
ggcgacgtga
ctgatcctgg

gcttatggct

Phe Ser Pro

10

Glu Glu His

25

Pro Thr Ser
Val Vval

His

Leu Gly Phe

gcttcatagc

ccggggecca

gcatcctcat

ag

gcggecagcec
cccctcataa
tccccgacca
gcttcatcgc
ccggegecca

gcatcctcat

ga

Val Asn Ser

Glu Val Ala

30

Thr Val

45

Ile

Trp Ser Leu

60

Ile Ala Phe

attcgcctac
ggcctatgcec

gaccattctg

tccaaactac
tcctgctect
cgtggtgtgg
cttcgcctac
ggcctacgcc

gacaatcctg

Gly Gln
15

Val Leu

His Ile

Phe

Asn

Ala Tyr

240

300

360

402

60

120

180

240

300

360

402



65

Ser Val Lys

Gln Ala Tyr

Leu Gly Ile
115

Phe Gln Ala
130

210> 7

<211> 1497
<212> DNA
<213> Homo

<400> 7
atgacagttt

aatcagcgcc
tgtgcctaca
cagtacaaca
cagaaacttc
gagaattaca
cagaaccaca
cagaccagaa
atacagctgc
acaaatgaaa
atggaaggaa
ggcttggtta
accaccaaca
cttgtcaatc

aaaccattta

70

75

80

Ser Arg Asp Arg Lys Met Val Gly Asp Val Thr Gly Ala

85

90

95

Ala Ser Thr Ala Lys Cys Leu Asn Ile Trp Ala Leu Ile

100

105

110

Leu Met Thr Ile Leu Leu Ile Val Ile Pro Val Leu Ile

Tyr Gly

sapiens

tcctttectt
gaagtccaga
ctttcattct
caaacgctct
aacatctgga
ttgtggaaaa
cggctaccat
agctgacaga
tggagaattc
tcttgaagat
aacacaagga
ctcgtcaaac
acagtgtcct
tttgcactaa

gagactgtgc

120

tgctttcctc
aaacagtggg
tccagaacac
gcagagagat
acatgtgatg
catgaagtcg
gctggagata
tgttgagacc
attatccacc
ccatgaaaaa
agagttggac
atatataatc
tcagaagcag
agaaggtgtt

agatgtatat

gctgccattc
agaagatata
gatggcaact
gctccacacg
gaaaattata
gagatggccc
ggaaccagcc
caggtactaa
tacaagctag
aacagtttat
accttaaagg
caggagctgg
caactggagc
ttactaaagg

caagctggtt

125

tgactcacat
accggattca
gtcgtgagag
tggaaccgga
ctcagtggct
agatacagca
tcctctctca
atcaaacttc
agaagcaact
tagaacataa
aagagaaaga
aaaagcaatt
tgatggacac

gaggaaaaag

ttaataaaag

agggtgcagc
acatgggcaa
tacgacagac
tttctcttcc
gcaaaaactt
gaatgcagtt
gactgcagag
tcgacttgag
tcttcaacag
aatcttagaa
gaaccttcaa
aaacagagct
agtccacaac
agaggaagag

tggaatctac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900



actatttata
gggggaggtt
tggaaggaat
tttatttttg
gaagggaacc
tataggttgt
cacggtgctg
ctcatgttaa
ttctatactg
gggcccagtt
<210> 8

<211>

<212>
<213>

DNA
<400> 8

atgacagttt
aatcagcgcc
tgtgcctaca
cagtacaaca
cagaaacttc
gagaattaca
cagaaccaca
cagaccagaa
atacagctgc
acaaatgaaa
atggaaggaa
ggcttggtta

acCaccaaca

1497

ttaataatat
ggactgtaat
ataaaatggg
ccattaccag
gagcctattc
atttaaaagg
atttcagcac
caggaggatg
cgggacaaaa

actccttacg

Homo sapiens

tcctttectt
gaagtccaga
ctttcattct
caaacgctct
aacatctgga
ttgtggaaaa
cggctaccat
agctgacaga
tggagaattc
tcttgaagat
aacacaagga
ctcgtcaaac

acagtgtcct

gccagaaccc
acaacatcgt
ttttggaaat
tcagaggcag
acagtatgac
tcacactggg
taaagatgct
gtggtttgat
ccatggaaaa

ttccacaact

tgctttcctc
aaacagtggg
tccagaacac
gcagagagat
acatgtgatg
catgaagtcg
gctggagata
tgttgagacc
attatccacc
ccatgaaaaa
agagttggac
atatataatc

tcagaagcag

aaaaaggtgt
gaagatggaa
ccctccggtg
tacatgctaa
agattccaca
acagcaggaa
gataatgaca
gcttgtggcc
ctgaatggga

atgatgattc

gctgccattc
agaagatata
gatggcaact
gctccacacg
gaaaattata
gagatggccc
ggaaccagcc
caggtactaa
tacaagctag
aacagtttat
accttaaagg
caggagctgg

caactggagc

tttgcaatat
gtctagattt
aatattggct
gaattgagtt
taggaaatga
aacagagcag
actgtatgtg
cctccaatct
taaagtggca

gacctttaga

tgactcacat
accggattca
gtcgtgagag
tggaaccgga
ctcagtggct
agatacagca
tcctctctca
atcaaacttc
agaagcaact
tagaacataa
aagagaaaga
aaaagcaatt

tgatggacac

ggatgtcaat
ccaaagaggc
ggggaatgag
aatggactgg
aaagcaaaac
cctgatctta
caaatgtgcc
aaatggaatg
ctacttcaaa

tttttga

agggtgcagc
acatgggcaa
tacgacagac
tttctcttcc
gcaaaaactt
gaatgcagtt
gactgcagag
tcgacttgag
tcttcaacag
aatcttagaa
gaaccttcaa
aaacagagct

agtccacaac

960

1020

1080

1140

1200

1260

1320

1380

1440

1497

60

120

180

240

300

360

420

480

540

600

660

720

780



cttgtcaatc
aaaccattta
actatttata
gggggaggtt
tggaaggaat
tttatttttg
gaagggaacc
tataggttgt
cacggtgctg
ctcatgttaa
ttctatactg
gggcccagtt
<210> 9
<211> 498
<212> PRT
<213> Homo
<400> 9
Met Thr Val

1

Ile Gly Cys

Tyr Asn Arg

35

Glu His

50

Asp

Asn Ala Leu

65

Gln Lys Leu

tttgcactaa
gagactgtgc
ttaataatat
ggactgtaat
ataaaatggg
ccattaccag
gagcctattc
atttaaaagg
atttcagcac
caggaggatg
cgggacaaaa

actccttacg

sapiens

Phe Leu

Ser Asn

20

Ile Gln

Gly Asn

Gln Arg

Gln His

85

Ser

Gln

His

Cys

Asp

70

Leu

agaaggtgtt
agatgtatat
gccagaaccc
acaacatcgt
ttttggaaat
tcagaggcag
acagtatgac
tcacactggg
taaagatgct
gtggtttgat
ccatggaaaa

ttccacaact

Phe Ala

Arg

Arg

Gln
40

Gly

Arg Glu

55

Ala Pro

Glu His

ttactaaagg
caagctggtt
aaaaaggtgt
gaagatggaa
ccctccggtg
tacatgctaa
agattccaca
acagcaggaa
gataatgaca
gcttgtggcc
ctgaatggga

atgatgattc

Phe Leu Ala

10

Ser Pro Glu

25

Cys Ala Tyr

Ser Thr Thr

Val Glu

75

His

Val Met Glu

90

gaggaaaaag

ttaataaaag
tttgcaatat
gtctagattt
aatattggct
gaattgagtt
taggaaatga
aacagagcag
actgtatgtg
cctccaatct
taaagtggca

gacctttaga

Ala Ile Leu

Asn Ser Gly

30

Thr Phe

45

Ile

Asp Gln

60

Tyr

Pro Asp Phe

Asn Tyr Thr

agaggaagag
tggaatctac
ggatgtcaat
ccaaagaggc
ggggaatgag
aatggactgg
aaagcaaaac
cctgatctta
caaatgtgcc
aaatggaatg
ctacttcaaa

tttttag

Thr
15

His

Arg

Pro

Leu

Thr

Asn

Ser
80

Ser

Gln
95

Trp

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1497



Leu

Ala

Glu

Leu

145

Ile

Leu

Leu

Leu

Arg

225

Thr

Thr

Lys

Val

Gln

Gln

Ile

130

Thr

Gln

Leu

Leu

Asp

210

Gln

Thr

Val

Gly

Tyr
290

Lys

Ile

115

Gly

Asp

Leu

Gln

Glu

195

Thr

Thr

Asn

His

Gly

275

Gln

Leu

100

Gln

Thr

Val

Leu

Gln

180

His

Leu

Tyr

Asn

Asn

260

Lys

Ala

Glu

Gln

Ser

Glu

Glu

165

Thr

Lys

Lys

Ile

Ser

245

Leu

Arg

Gly

Asn

Asn

Leu

Thr

150

Asn

Asn

Ile

Glu

Ile

230

Val

Val

Glu

Phe

Tyr

Ala

Leu

135

Gln

Ser

Glu

Leu

Glu

215

Gln

Leu

Asn

Glu

Asn
295

Ile

Val

120

Ser

Val

Leu

Ile

Glu

200

Lys

Glu

Gln

Leu

Glu

280

Lys

Val

105

Gln

Gln

Leu

Ser

Leu

185

Met

Glu

Leu

Lys

Cys

265

Lys

Ser

Glu

Asn

Thr

Asn

Thr

170

Lys

Glu

Asn

Glu

Gln

250

Thr

Pro

Gly

Asn

His

Ala

Gln

155

Tyr

Ile

Gly

Leu

Lys

235

Gln

Lys

Phe

Ile

Met

Thr

Glu

140

Thr

His

Lys

Gln

220

Gln

Leu

Glu

Arg

Tyr
300

Lys

Ala

125

Gln

Ser

Leu

Glu

His

205

Gly

Leu

Glu

Gly

Asp

285

Thr

Ser

110

Thr

Thr

Arg

Glu

Lys

190

Lys

Leu

Asn

Leu

Val

270

Cys

Ile

Glu

Met

Arg

Leu

Lys

175

Asn

Glu

Val

Arg

Met

255

Leu

Ala

Tyr

Met

Leu

Lys

Glu

160

Gln

Ser

Glu

Thr

Ala

240

Asp

Leu

Asp

Ile



Asn

305

Gly

Phe

Gly

Arg

Ala

385

Tyr

Ser

Asp

Phe

Gly

465

Gly

Asp

Asn

Gly

Gln

Glu

Gln

370

Tyr

Arg

Leu

Asn

Asp

450

Gln

Pro

Phe

<210>
<211>

Met

Gly

Arg

Tyr

355

Tyr

Ser

Leu

Ile

Cys

435

Ala

Asn

Ser

10
204

Pro

Trp

Gly

340

Trp

Met

Gln

Tyr

Leu

420

Met

Cys

His

Tyr

Glu

Thr

325

Trp

Leu

Leu

Tyr

Leu

405

His

Cys

Gly

Gly

Ser
485

Pro

310

Val

Lys

Gly

Arg

Asp

390

Lys

Gly

Lys

Pro

Lys

470

Leu

Lys

Ile

Glu

Asn

Ile

375

Arg

Gly

Ala

Cys

Ser

455

Leu

Arg

Lys

Gln

Tyr

Glu

360

Glu

Phe

His

Asp

Ala

440

Asn

Asn

Ser

Val

His

Lys

345

Phe

Leu

His

Thr

Phe

425

Leu

Leu

Gly

Thr

Phe

Arg

330

Met

Ile

Met

Ile

Gly

410

Ser

Met

Asn

Ile

Thr
490

Cys

315

Glu

Gly

Phe

Asp

Gly

395

Thr

Thr

Leu

Gly

Lys

475

Met

Asn

Asp

Phe

Ala

Trp

380

Asn

Ala

Lys

Thr

Met

460

Trp

Met

Met

Gly

Gly

Ile

365

Glu

Glu

Gly

Asp

Gly

445

Phe

His

Ile

Asp

Ser

Asn

350

Thr

Gly

Lys

Lys

Ala

430

Gly

Tyr

Tyr

Arg

Val

Leu

335

Pro

Ser

Asn

Gln

Gln

415

Asp

Trp

Thr

Phe

Pro
495

Asn

320

Asp

Ser

Gln

Arg

Asn

400

Ser

Asn

Trp

Ala

Lys

480

Leu



<212>
<213>

DNA

<400> 10
gtgatgcggt

ccaagtctcc

tttccaaaat

tgggaggtct

<210> 11

<211> 304
<212> DNA
<213>

<400> 11
cgttacataa

gacgtcaata
atgggtggag
aagtacgccc
catgacctta
catg

<210> 12
<211> 508
<212> DNA

<213>

<400> 12
cgttacataa

gacgtcaata
atgggtggag
aagtacgccc
catgacctta
catggtgatg
atttccaagt

ggactttcca

Cytomegalovirus

tttggcagta
accccattga
gtcgtaacaa

atataagcag

Cytomegalovirus

cttacggtaa
atgacgtatg
tatttacggt
cctattgacg

tgggactttc

Cytomegalovirus

cttacggtaa
atgacgtatg
tatttacggt
cctattgacg
tgggactttc
cggttttggc
ctccacccca

aaatgtcgta

catcaatggg cgtggatagc ggtttgactc acggggattt

cgtcaatggg agtttgtttt ggcaccaaaa tcaacgggac

ctccgcccca ttgacgcaaa tgggcggtag gecgtgtacgg

agct

atggcccgcc
ttcccatagt
aaactgccca
tcaatgacgg

ctacttggca

atggcccgcec
ttcccatagt
aaactgccca
tcaatgacgg
ctacttggca
agtacatcaa
ttgacgtcaa

acaactccgc

tggctgaccg
aacgccaata
cttggcagta
taaatggccc

gtacatctac

tggctgaccg
aacgccaata
cttggcagta
taaatggccc
gtacatctac
tgggcgtgga
tgggagtttg

cccattgacg

cccaacgacc
gggactttcc
catcaagtgt
gcctggcatt

gtattagtca

cccaacgacc
gggactttcc
catcaagtgt
gcctggcatt
gtattagtca
tagcggtttg
ttttggcacc

caaatgggcg

cccgeccatt
attgacgtca
atcatatgcc
atgcccagta

tcgctattac

cccgcccatt
attgacgtca
atcatatgcc
atgcccagta
tcgctattac

actcacgggg

aaaatcaacg

gtaggcgtgt

60

120

180

204

60

120

180

240

300

304

60

120

180

240

300

360

420

480



acggtgggag gtctatataa gcagagct 508
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