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Abstract:

The present invention provides novel viral vectors for use in human therapy, particularly for use in in
the treatment of a disease or disorder which has its origin in the brain or is brain based, particularly a
PGRN-associated neurodegenerative disease or disorder including frontotemporal degenerative
disease or disorder such as Alzheimer's disease, amyotrophic lateral sclerosis, and Parkinson's
disease. The invention also provides viral vectors for use in the treatment of brain tumors,
particularly brain tumors selected from the group consisting of glioblastoma, glioma,
ganglioneuroblastoma, astrocytoma, oligodendroglioma, PNET (primitive neuroectodermal),
medulloblastoma, CNS lymphoma, and neuroblastoma, or any other CNS tumor and further in the
treatment of brain metastasis, originating from any forms of breast, lung, colon, testicular, renal
carcinomas and melanoma, or any other solid tumor, and any hematologic tumor, comprising all
forms of leukemia and lymphomas. Further, the viral vectors may be used in the treatment of
autoimmune diseases, inflammatory diseases and/or allergic diseases.
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VIRAL VECTORS EXPRESSING THERAPEUTIC PROTEINS SPECIFICALLY IN MYELOID CELLS AND
MICROGLIA

The present invention provides novel viral vectors for use in human gene therapy, particularly
for use in the treatment of a disease or disorder which has its origin in the brain or is brain-
based, particularly a PGRN-associated neurodegenerative disease or disorder including
frontotemporal degenerative disease or disorders such as Alzheimer's disease, amyotrophic
lateral sclerosis, and Parkinson’s discase. The invention also provides viral vectors for use in
the treatment of brain tumors, particularly brain tumors selected from the group consisting of
glioblastoma, glioma, ganglioncuroblastoma, astrocytoma, oligodendroglioma, PNET
(primitive neurocctodermal), medulloblastoma, CNS lymphoma, and neuroblastoma, or any
other CNS tumor and further in the treatment of brain metastasis, originating from any forms
of breast, lung, colon, testicular, renal carcinomas and melanoma, or any other solid tumor,

and/or any hematologic tumor, comprising all forms of leukemias and lymphomas.

Backeround of the invention

Gene therapy for treatment of human diseases comprises all methods of genetic manipulation
of isolated cells ex vive, or of cells and tissues in vivo. First clinically successful gene therapy
studies were published in 2000, addressing hematopoietic stem cells (HSCs) to treat children
with a life-threatening inborn defect of the immune system (Cavazzana-Calvo et al. (2000)
Science 288: 669-72). These studies were based on ex vive manipulation of HSCs within a

CD34+ bone marrow cell population, using gammaretroviral gene therapy vectors.

Retroviral gene therapy vectors are viral vectors in which single stranded RNA, comprising
viral vector RNA sequences and the RNA sequence, encoding the therapeutic protein
sequence (i.e. healthy copy of the patient’s diseased gene), are incorporated in and transported
by retroviral particles. Within one gene therapy retroviral particle, the two RNA molecules, as
well as viral proteins required for reverse transcription to double stranded DNA, are enclosed
by a capsid structure that consists of viral proteins. The viral capsid is enclosed in a viral

envelope, which has the capacity to fuse with the cellular membrane of the target cell during
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the transduction process. The retroviral proteins enable the reverse transcription of the
transported therapeutic RNA sequence to double stranded DNA, which is then transported
into the nucleus of transduced cells and integrated into the genome of the transduced target

cell.

Neurodegenerative dementia is an important cause of disability in middle aged and elderly
patients, leading to loss of physical and social independence. Not only the treatment, but also
the daily care at home or in nursery home, are a great challenge to families, the medical staff,
and society. The prevalence of dementia in people aged over 60 years is estimated to be 5-7%,

with more than 35 million people affected worldwide in 2010.

Overall, up to 20% of all patients with dementia onset under 65 years of age are affected by
frontotemporal dementia (FTD). A study estimated the prevalence to range between 15 and
22/100°000 (Onyike & Diehl-Schmid (2013) Int Rev Psychiatry 25: 130-137), with an overall
incidence of 2.7 — 4.1 new cases per 100’000 (Onyike & Diehl-Schmid (2013) Int Rev
Psychiatry 25: 130-137). In two UK counties, the prevalence showed a peak of 42.6/100°000
between 65 and 69 years of age. Curative treatment options for neurodegenerative dementia

including FTD currently do not exist.

Various estimations exist on the proportion of mutations in the GRN gene, encoding the
granulin precursor protein, or progranulin (PGRN), to all FTD cases. These estimations range
roughly from 5 % (Gass et al. (2006) Hum Mol Genet. 15: 2988-3001; Le Ber et al. (2007)
Hum Mutat. 28: 846-55) to 30% (Bunessi et al. (2009) Neurobiology of Disease 33: 379-385)
with a penetrance of 1/3 in individuals below the age of 65, and 2/3 in individuals above 65

vears of age.

All GRN mutations identified in patients have been associated with loss-of-function and
haploinsufficiency, with the consequence of lower levels of PGRN. This fact makes PGRN-
deficient FTD a suitable target for therapeutic approaches that aim at restoring physiological

levels of PGRN.

PGRN is mainly expressed in microglia, the brain resident counterpart of tissue-resident
macrophages. In none of the three reported animal studies (Arrant et al. (2018) J Neurosci. 38:

2341-58; Arrant et al. (2017) Brain 140: 1447-65; Amado et al. (2019) Mol Ther. 27: 465—
2
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478) using gene therapeutic approaches, PGRN expression in microglia could be restored: In
the studies reported in the prior art, AAV viral gene therapy vectors were injected into mouse
brain, leading to PGRN expression in neurons, but not in microglia. In addition, in the latest

animal study, strong PGRN overexpression was associated with signs of neuronal toxicity.

There is, therefore, a need for alternative treatment strategies, aiming for physiological PGRN
expression in brain microglia. This targeting strategy is different to above mentioned earlier
attempts using AAV viral vectors, which led to neuronal PGRN over-expression and neuronal

toxicity.
Further, there is a need in the art for safer strategies to express transgenes in myeloid cells, in
particular after transduction of HSCs, in the peripheral blood, peripheral tissues, and in the

brain/CNS.

Summary of the Invention

The present invention provides such alternative and improved strategies, which are defined in

the various embodiments described herein and in the claims.

In a particular embodiment, the invention relates to a viral vector comprising a nucleic acid
molecule encoding a therapeutic polypeptide or a combination of therapeutic polypeptides
under control of a promoter or promoter fragment, wherein the promoter or promoter
fragment drives expression of the therapeutic protein or the combination of therapeutic
proteins in myeloid cells and microglia, and wherein the promoter or promoter fragment is

inactive in hematopoietic progenitor and/or stem cells.

That is, the invention is based on the surprising identification of promoters that can drive
cxpression of a transgene in myeloid cells and microglia, but are silent in stem cells, in
particular in hematopoictic stem cells and hematopoietic stem and progenitor cells, Such cell-
specific promoters are advantageous in cell and gene therapy applications, since they restrict
vector activity with concomitant transgene expression to differentiated target cells, i.c.
myeloid cells and microglia. This is of particular importance, since promoter/enhancer
activity in undifferentiated stem cells may lead to complications, such as oncogene
transactivation, clonal dominance, chromosomal instability, monosomy 7 or leukemic

transformation, and fransgenc cxpression in undifferentiated stem cells may lead to impaired
3

CA 03165462 2022-7-20



WO 2021/239308 PCT/EP2021/059070

cellular function or immune reactions. Accordingly, the promoters of the invention are
advantageous to ubiguitous promoters, since they can significantly increase the precision and

safety of cell and gene therapy applications.

It has been shown that gene therapy in haematopoietic stem cells accompanicd by busulfan
mediated bone marrow conditioning results in at least partial reconstitution of the myeloid
compartiment in brain by cells derived from gene modified haematopoietic stem cells graft
(Biffi et al. (2013) Science 341:1233158). Hence there is a need in the art of promoters
facilitating and restricting transgene expression to haematopoietic phagocytes and to brain
myveloid cells i.e. to microglia. The inventors surprisingly identified promoters that drive
expression of transgenes in myeloid cells and microglia. The term “myeloid cells” as used
herein refers to a series of bone marrow-derived cell lineages including granulocytes
(ncutrophils, eosinophils, and basophils), monocytes, macrophages, Kupffer cells and mast
cells. Furthermore, peripheral blood dendritic cells of myeloid origin, and dendritic cells and
macrophages derived in vitro from monocytes in the presence of appropriate culture

conditions, are also included.

The term “microglial cell”™ or “microglia”, as used herein, refers to a class of glial cells
involved in the mediation of an immune response within the central nervous system by acting
as macrophages. Microglial cells are capable of producing exosomes, cytokines, chemokines,
and neurotrophic factors, and further include different forms of microglial cells, including
amoeboid microglial cells, ramified microglial cells and reactive microglial cells. Microglial
cells include reactive microglia, which are defined as quiescent ramified microglia that
transform into a reactive, macrophage-like state and accumulate at sites of brain injury and
inflammation to assist in tissue repair and neural regeneration. It is known in the art that
hematopoietic stem cells can migrate to the brain and differentiate into macrophages having
many characteristics of microglia. Since the promoters of the invention have been
demonstrated to be active in macrophages and microglia, it is at least plausible that these

promoters will also be active in hematopoietic stem cell (HSC)-derived microglia-like cells.

While myeloid cells in peripheral blood exclusively derive from HSCs, tissue-resident
macrophages and microglia are believed to arise solely from yolk sac erythromyeloid
precursors under normal conditions. Based on this different origin of peripheral blood

myeloid cells and microglia, it can be considered surprising that the promoters of the
4

CA 03165462 2022-7-20



WO 2021/239308 PCT/EP2021/059070

invention can drive expression in both cell types.

Importantly, the promoters of the invention do not drive expression in stem cells or in
progenitor cells. In particular, the promoters of the invention do not drive expression in

hematopoietic stem cells and hematopoietic stem and progenitor cells (HSPCs) (see F1G.21).

As used herein, the term "hematopoietic stem and progenitor cell” or "HSPC" refers to a cell
identified by the presence of the antigenic marker CD34 (CD34+) and are therefore
characterized as CD34+ cells, and populations of such cells. In particular embodiments, the
term "HSPC" refers to a cell identified by the presence of the antigenic marker CD34
(CD34+) and the absence of lineage (lin) markers and are therefore characterized as
CD34+/Lin(-) cells, and populations of such cells. It is recognized that the population of cells
comprising CD34+ and/or Lin(-) cells also includes hematopoietic progenitor cells, and so for
the purposes of this application the term "HSPC" includes hematopoietic stem cells and

hematopoietic progenitor cells.

The skilled person is aware of methods to determine whether a promoter is active in a specific
cell type or not. For example, to determine whether a promoter is active in a specific cell type,
cells of the respective cell type may be transduced with a viral vector comprising a
fluorescence marker under control of the promoter of interest. Whether a promoter drives
expression of the fluorescence marker can, for example, be detected by flow cytometry. That
is, if a fluorescence marker can be detected in transduced cells in sufficient amounts, a
promoter is said to drive expression of a transgene in this cell type. If however, none or only
minuscule amounts of the fluorescence marker can be detected in a transduced cell, a
promoter is said not to drive expression in this cell type. The skilled person is further aware
that cells may differentiate into other cell types during the transduction procedure. However,
the skilled person is aware of specific combinations of cell surface markers to determine the
cell type before and after the transduction procedure. The person skilled in the art is aware
that the statement of no promoter activity is limited by the sensitivity of promoter driven
transgene product detection and that fluorescent proteins especially e.g. EGFP with high
quantum yield as transgene products can be detected with high sensitivity. Hence, the absence
of fluorescent protein detection in these kinds of expression experiments is accepted as
indication for a promoter below limit of detection and most likely without biological

relevance.
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The promoter of the invention can drive expression of a transgene encoding a therapeutic
protein or a combination of therapeutic proteins in myeloid cells and microglia. That is, the
promoter of the invention is operably linked to the transgene. As used herein, the term
“operably linked” refers to a functional relationship between two or more nucleic acid (e.g.,
DNA) segments. Typically, it refers to the functional relationship of a transcriptional
regulatory sequence to a transcribed sequence. For example, a promoter sequence is operably
linked to a coding sequence if it stimulates or modulates the transcription of the coding
sequence in an appropriate host cell or other expression system. Generally, promoter
transcriptional regulatory sequences that are operably linked to a transcribed sequence are

physically contiguous to the transcribed sequence, i.e., they are cis-acting.

The transgene may be any nucleic acid that encodes a protein or a functional RNA. Preferred

examples of transgenes are discussed below.

In a particular embodiment, the invention related to the viral vector according to the
invention, wherein the promoter is
a) a miR223 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO: 1, or a functional
fragment thereof; or
b) a TMEMI119 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO: 3, SEQ ID NO:23 or
SEQ ID NO:24, or a functional fragment thereof; or
¢) a P2ZRY 12 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO: 2, SEQ ID NO: 21 or
SEQ ID NO: 22, or a functional fragment thereof; or
d) an OLFML3 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO: 4 or SEQ ID NO:25, or
a functional fragment thereof;, or
e) an ITTGAM promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO: 6, or a functional
fragment thereof; or
f) an AIF1 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or 100%
sequence identity to the sequence shown in SEQ ID NO: 5, or a functional fragment

6
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thereof; or
g) a fusion promoter comprising a miR233 promoter, or a promoter having at least 95%,
96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ ID
NO: 1, or a functional fragment thereof; operably linked to
i) a TMEM119 promoter, or a promoter having at least 95%, 96%, 97%, 98%,
99% or 100% sequence identity to the sequence shown in SEQ ID NO: 3, SEQ
ID NO:23 or SEQ ID NO:24, or a functional fragment thereof; and/or
i) a P2RY12 promoter, or a promoter having at least 95%, 96%, 97%, 98%,
99% or 100% sequence identity to the sequence shown in SEQ ID NO: 2, SEQ
ID NO: 21 or SEQ ID NO:22, or a functional fragment thereof; and/or
1i1) an OLFML3 promoter, or a promoter having at least 95%, 96%, 97%, 98%,
99% or 100% sequence identity 1o the sequence shown in SEQ ID NO: 4 or
SEQ ID NO:25, or a functional fragment thereof, and/or
iv) an ITGAM promoter, or a promoter having at least 95%, 96%, 97%, 98%,
99% or 100% sequence identity to the sequence shown in SEQ ID NO:6, or a
functional fragment thercof; and/or
v) an AIF1 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99%
or 100% sequence identity to the sequence shown in SEQ ID NO:5, or a
functional fragment thereof.

That is, in certain embodiments, the promoter is the promoter miR223 or a functional
fragment thereof. The term “miR223 promoter” refers to the sequence of SEQ ID NO: 1
and/or any fragment thereof of at least 200 nucleotides, and/or to any sequence or fragment

thereof of at least 200 nucleotides with a sequence identity of >95%.

ACTTGTACAGCTTCACAGGECTCCATGCTTAGARGCACCCCACACTTAGTITAATGTTCTCCTGTC
ATCATCTTCATATTCTTAATTTTTAAATALRAGGECCTATCGTTTTCATTTTTTACTGGGECUTTGCA
AXRTTATGTAGCTGGTICTGTATGCCAGCGAGAGARGTTGCARGTARAATCETAT TCCAGGACCAGEA
GGCATTCTGGCAGAGTGAARGAACATCTGAT TTGGAGTCCATGGGOATGGCTTTARATTTCAGCTT
TCCACTAATTTGCTTTCIGATACTGAGTATTTCCTTTTATCCCTCAGAGGCTCTGT PTCTCAATIT
TCACTACGEGTTTTTICATTAGATAATCTCTCACT ICTGGTATTCCAGET IICCCTCARTTATTOT
GEGAAAACCTCCTTGACCCACAGECAGAGCCTAGGECACCCAGCTGCTTTCTACTCTCTCTCTCTO
TECAGCTTECAAAGTTAGTGTCTETTGAAGCTCAGCTGGGAGTTGETEGACGCCAGGGCAGTGECCT
GCTACTATTGCTGCAGTAGCAGACCCTTTCACAACAGCATTGTTTTGTCATTTTGCATCCAGATTT
CCGTTGGUTAACCTCAGTCTTATCTTCCTCATITCTIGTTTCCTEGTTGAAGACACCAAGGGCCCTIC
ABARACACAGAAGUTTCTTGOTCA (Zw(”]*tw}’-‘aA?\w CCCARATTCCANTCTCEGCCCCTGCAGGTTEEITCA
GCRCTGGEEAATCAGAGTCCCCTCCATGACCAAGGCALCACTCCACTGAL (SEC ID NO:1)

It has been shown herein that the promoter miR223 drives expression in various myeloid cell

7
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types (FIG.11 and FIG.18), but according to literature not in microglia. The inventors
surprisingly detected miR223 promoter activity in an immortalized microglia cell line

(FIG.13).

The miR223 promoter may have the sequence of SEQ ID NO:1. However, the skilled person
is aware that fragments and/or sequence variants of SEQ ID NO:1 may have the same

characteristics as the miR223 promoter.

Accordingly, the term “miR223 promoter” also extends to functional fragments of the
miR223 promoter. A functional fragment of the miR223 promoter is a nucleotide sequence
comprising at least 20, at least 30, at least 40, at least 50, at least 60, at least 70, at least 80, at
least 90, at least 100, at least 150, at least 200, at least 300, at least 400, at least 500, at least
600 or at least 700 consecutive nucleotides of SEQ ID NO:1. Functional fragments of the
miR223 promoter are defined to drive expression in the same cell types and at comparable

levels as the promoter shown in SEQ ID NO:1.

It is further to be understood that the invention encompasses promoters comprising two or
more functional fragments of the miR223 promoter. That is, in certain embodiments, a
promoter may comprise two different nucleotide sequences comprising at least 20, at least 30,
at least 40, at least 50, at least 60, at least 70, at least 80, at least 90, at least 100, at least 150,
at least 200 or at least 300 consecutive nucleotides of SEQ ID NO:1. In certain embodiments,
a promoter may comprise three different nucleotide sequences comprising at least 20, at least
30, at least 40, at least 50, at least 60, at least 70, at least 80, at least 90, at least 100, at least
150 or at least 200 consecutive nucleotides of SEQ ID NO:l. In certain embodiments, a
promoter may comprise four different nucleotide sequences comprising at least 20, at least 30,
at least 40, at least 50, at least 60, at least 70, at least 80, at least 90 or at least 100 consecutive
nucleotides of SEQ ID WO:1.

The term “miR223 promoter™ also extends to promoters having the promoter functionality of
the miR223 promoter. A promoter is said to have the functionality of the miR223 promoter, if
it drives expression in the same cell types and at comparable levels and if it comprises at least

a certain degree of sequence similarity to the miR223 promoter.

A promoter is said to have a certain degree of similarity to the miR223 promoter, if the
8
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promoter comprises a consecutive stretch of at least 20, at least 30, at least 40, at least 50, at
least 60, at least 70, at least 80, at least 90, at least 100, at least 150, at least 200, at least 300,
at least 400, at least 500, at least 600 or at least 700 nucleotides of SEQ 1D NO:1.

Alternatively, a promoter is said to have a certain degree of similarity to the miR223
promoter, if the promoter has at least 80%, at least 85%, at least 90%, at least 95% sequence

identity to the sequence shown in SEQ ID NO:1.

Further, a promoter may be determined to have a certain degree of similarity to the miR223
promoter, if the promoter comprises a consecutive stretch of at least 100, at least 150, at least
200, at least 300, at least 400, at least 500, at least 600 or at least 700 nucleotides of SEQ ID
NO:1, wherein said consecutive stretch has at least 95% sequence identity to the

corresponding fragment of SEQ ID NO:1.

That is, in certain embodiments, a functional fragment of the miR223 promoter is a nucleic
acid sequence of at least 100, 150, 200, 300, 400, 500, 600 or 700 base pairs having at least
95% identity with SEQ ID NO:1, wherein the nucleic acid sequence has miR223 promoter

activity.

The term "sequence identity” as used herein is determined by comparing two optimally
aligned sequences over a comparison window, where the fragment of the polynucleotide in
the comparison window may comprise additions or deletions (e.g., gaps or overhangs) as
compared to the reference sequence, which does not comprise additions or deletions, for
optimal alignment of the two sequences. The percentage of sequence identity is calculated by
determining the number of positions at which the identical nucleic acid base or amino acid
residue occurs in both sequences to yield the number of matched positions, dividing the
number of matched positions by the total number of positions in the window of comparison
and multiplying the result by 100 to yield the percentage of sequence identity. Optimal
alignment of sequences for comparison may be conducted by the local homology algorithm of
Smith and Waterman Add. APL. Math. 2:482 (1981), by the homology alignment algorithm
of Needleman and Wunsch J. Mol. Biol. 48:443 (1970), by the search for similarity method of
Pearson and Lipman Proc. Natl. Acad. Sci. (USA) 85: 2444 (1988), by computerized
implementations of these algorithms (GAP, BESTFIT, BLAST, PASTA, and TFASTA in the

Wisconsin Genetics Software Package, Genetics Computer Group (GCG), 575 Science Dr.,
9
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Madison, WT), or by inspection.

In certain embodiments, the promoter is the promoter ITGAM or a functional fragment
thereof. The term “ITGAM promoter” refers to the sequence of SEQ ID NO: 6 and/or any
fragment thereof of at least 200 nucleotides, and/or to any sequence or fragment thereof of at

least 200 nucleotides with a sequence identity of >95%.

CGCARCCCAGCCAAGTTTGTACATATATTITTGACTACACTTCTTAACTATTCTTAGGATARL
TTACTAGAAGTGRAARATTCTTGLEGTGAAGAGCTTGAGGCCTTTACACACACACACACACACA
CACACAAAANATAGGCTGGATGCAGTGGCTCACACCTCTAATCTCAGCAGTTTGGGAGGCTGA
GGARGGAGGATCACTTIGAGTCCAGGAGGTTGAGAATAGCCTGAACAACATAGCAAGATCTTG
TCTCTACAAAARATTTAARADARBATTAGCTGGCCATGGCAGCATGTGCCTGTAGTACCAGCT
ACTCGGAAGGCTGAGGTAGGAGGATCGCTTGAGCCCAGGAGGTTGATTGAAGCTGCAGTGAG
CTGTGATTACACCACTGCACTCCAGCCTCGGGCAACAGAGCTAGACTCTGTCTCTAAARRALAG
CACAARATAATATTTARAAAGCACCAGGTATGCCTGTACTTGAGTTGTCTTTGTTGATGGCT
ACBAATGAGGACAGCICTGGCTGAAGGGCGUTTCCATTTCCATGCCGCTGAAGGAGCGGACATT
TTGCARAGTGETGTTTTCAGGAAGACACAGAGTTTTACCTCCTACACTTIGTITGATCTGTATT
AATGTTTGCTTATT TATITATTTAATTTITTTTTTTGAGACAGAGTCTCACTCTGTCACCTGG
GCTGGAGTGCAGTGGCATTATTCGAGGCTCATTGCAGTCTCAGACTCCTGAGCTCAARCAATC
CTCCTGCCTCAGCCTCTGGAGTAGCTAGGACTACAGGCATGTGCCACCATGCCTGGCTAATT
TTTTAAATGTATTTTTTTGTAGAGTCGGGGTCTCCCTATGTTGCCCAGGCTGGAGTGCAGTG
GTGTGATCCTAGCTCACTGCAGCCTGGACCTCGGGCTCAAGTAATTCTCACACCTCAGCCTG
TCCAGTAGCAGGGGCTACAGGUCGCGCACCACCATGCCCAGCTAATTAAAAATATTTTTTTGT
AGAGACAGGGTCTICTCTATGTTGCCCAGGCTGGTTTCAAACTCCCAGGCTCAAGCAATCCTC
CTGCCTTGGCCTCCCARAGTGCTGGCATTACAGGCGTGAGCCACTGCGCCTGGCCCGETATTA
ATGTTTAGAACACGAATTCCAGGAGGCAGGCTAAGTCTGTTCAGCTTGTTCATATGCTTGGEG
CCAACCCRAAGARACAAGTGGGTGACARATGGECACCTTTTGGATAGTGGTATTGACTTTGARA
GTTTGGEGTCAGGAAGCTGEGGAGGAAGGGTGGGCAGGCTEGTGGGCAGTCCTGGGCGGAAGAC
CAGGCAGGGCTATGTGCTCACTGAGCCTCCGCCCTCTTCCTTTGAATCTCTGATAGACTTCT
GCCTCCTACTTCTCCTITTCTGCCCTTCTTTGCTTIIGE (SEQ ID NO:6)

It has been shown herein that the promoter ITGAM drives expression is various myeloid cell

types (FIG.11 and FIG.18) and in microglia (FIG.13).

The ITGAM promoter may have the sequence of SEQ I NO:6. However, the skilled person
is aware that fragments and/or sequence variants of SEQ ID NO:6 may have the same

characteristics as the ITGAM promoter.

Accordingly, the term “ITGAM promoter” also extends to functional fragments of the
ITGAM promoter. A functional fragment of the ITGAM promoter is a nucleotide sequence
comprising at least 20, at least 30, at least 40, at least 50, at least 60, at least 70, at least 80, at
least 90, at least 100, at least 150, at least 200, at least 300, at least 400, at least 500, at least
600 or at least 700 consecutive nucleotides of SEQ ID NO:6. Functional fragments of the

10
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ITGAM promoter drive expression in the same cell types and at comparable levels as the

promoter shown in SEQ ID NO:6.

It is further to be understood that the invention encompasses promoters comprising two or
more functional fragments of the ITGAM promoter. That is, in certain embodiments, a
promoter may comprise two different nucleotide sequences comprising at least 20, at least 30,
at least 40, at least 50, at least 60, at least 70, at least 80, at least 90, at least 100, at least 150,
at least 200 or at least 300 consecutive nucleotides of SEQ ID NG:6. In certain embodiments,
a promoter may comprise three different nucleotide sequences comprising at least 20, at least
30, at least 40, at least 30, at least 60, at least 70, at least 80, at least 90, at least 100, at least
1530 or at least 200 consecutive nucleotides of SEQ ID NO:6. In certain embodiments, a
promoter may comprise four different nucleotide sequences comprising at least 20, at least 30,
at least 40, at least 50, at least 60, at least 70, at least 80, at least 90 or at least 100 consecutive
nucleotides of SEQ ID NO:6.

The term “ITGAM promoter” also extends to promoters having the promoter functionality of
the ITGAM promoter. A promoter is said to have the functionality of the ITGAM promoter, if
it drives expression in the same cell types and at comparable levels and if it comprises at least

a certain degree of sequence similarity to the ITGAM promoter.

A promoter is said to have a certain degree of similarity to the ITGAM promoter, if the
promoter comprises a consecutive stretch of at least 20, at least 30, at least 40, at least 50, at
least 60, at least 70, at least 80, at least 90, at least 100, at least 150, at least 200, at least 300,
at least 400, at least 500, at least 600 or at least 700 nucleotides of SEQ 1D NO:6.

Alternatively, a promoter is said to have a certain degree of similarity to the ITGAM
promoter, if the promoter has at least 80%, at least 85%, at least 90%, at least 95% sequence

identity to the sequence shown in SEQ ID NO:6.

Further, a promoter may be determined to have a certain degree of similarity to the ITGAM
promoter, if the promoter comprises a consecutive stretch of at least 100, at least 150, at least
200, at least 300, at least 400, at least 500, at least 600 or at least 700 nucleotides of SEQ ID
NO:6, wherein said consecutive stretch has at least 95% sequence identity to the

corresponding fragment of SEQ 1D NO:6.
11
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That is, in certain embodiments, a functional fragment of the ITGAM promoter 1s a nucleic
acid sequence of at least 100, 150, 200, 300, 400, 500, 600 or 700 basec pairs having at least
95% identity with SEQ ID NO:6, wherein the nucleic acid sequence has ITGAM promoter

activity.

In certain embodiments, the promoter is the promoter AIF1 or a functional fragment thereof.
The term “AlF1 promoter” refers to the sequence of SEQ ID NO: 5 and/or any fragment
thereof of at least 200 nucleotides, and/or to any sequence or fragment thereof of at least 200

nucleotides with a sequence identity of >95%.

CGCCTGTAGTCCCAGCTACTCAGCGAGGCTGAGCTAGCGAGAATTGUCTTGAACCCAGGAGGCAG
TGGTTGCAGTGAGCCGACGATTGCACCATTGCACTCCUCGCCTGGECGACAGAGCARMGACTCCG
ACTCAAAAARAPAARRAARAAAGCAGCAGCAGCAGCCAGAGGCCACTCCAGCATCTICCCCTACC
TGGCTTGGGTCAGGGAGAGGGCAGTGAGAAGTGARARACTCCCAGCTACAGARANGGARATAT
GTTGGGGGGAAGGGAGAAGGARAGGTGTCTTCATCAATGCCGGEGCAGGGTAGATGGAGTCC
TGGGCAGGGAGTTTGGACCAGGAAATCTCAATCGAGGGARATGTGCTGTCCTCACCTICTICCAA
GAAGCGACTGGCCARAACAGAGTGACAGAGGGGATAAAGGTTATGCCTAGGGAGGCATGTGTC
AGAGGCTATCATCCACTCTGTTGAACCCACAGTGACCAGCACCACCATCACACRAACATGCC
TGCATGTGTGCACGCACGTGCAGTCTCCAAACCTGATGTCAGCCTCACTCCOTGGCTCTTCT
GTCCACARMACGCTGTTICTTTAAGTACCACTTTCAGTTCCTCCAAAGAATCTACTTARACTC
TTAAATTCCTGATCTCTATAGATTTTACTARAGATTTCAAAGGAGATAAGATGAGAGGGTTA
CGTTGCACATTCTAAAGCARACAAATTAANATCGTITTGTTAGACATTTCCATATTTTTAAGG
GCCTCCTTGGAGCTGCCAGGCTGGGAGTGAGGTTTCTCTCCCTTTCTAAACCCTGTGCCCAT
CTTGTCACCCTCCTGGAGCTGECCAGCAGACTTCAGATTCTTCTCCGATCTACAGAGCAGAAR
AATTCAGCCAGCCCTTCCTTGTCTTCCTATCCACAGCTGCCTGCCCAGACTCATGAAACCTG
ACABRAATGCAAGGTCTTATCATTACCTGAACCTTGGACCTGTTCARAARATACTAGTTCCTGA
GAATAAATATCCCTGGTGTCTTCCTIGCCCTTCCTGCACACCTCCAGTGGCTTATCAAAATAT
TTGTTTCATGCGCACACTGGCGCTCTCATTTAAGAGGAATTTGGCGAGAATGCTTATTTTCTAAT
CTGCATTTCACACCAGGCTCCCCCTCCTTCCTGGGGTGCTAGTGTCAGCAGRACCTGATGGE
GAAGTGAGGTCTGGEGAGGCAGAGGAGGAAGGAATGAGGEGARAAGGGGAAGTTTGGGAGGAAG
GCTTCTG (SEQ ID NO:5)

The AIF1 promoter may have the sequence of SEQ ID NO:5. However, the skilled person is
aware that fragments and/or sequence variants of SEQ ID NO:5 may have the same

characteristics as the AIF1 promoter.

Accordingly, the term “AIF1 promoter” also extends to functional fragments of the AIF1
promoter. A functional fragment of the AIF1 promoter is a nucleotide sequence comprising at
least 20, at least 30, at least 40, at least 50, at least 60, at least 70, at least 80, at least 90, at
least 100, at least 150, at least 200, at least 300, at least 400, at least 500, at least 600 or at
least 700 consecutive nucleotides of SEQ ID NO:5. Functional fragments of the AIF]

promoter drive expression in the same cell types and at comparable levels as the promoter
12
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shown in SEQ ID NO:5.

It is further to be understood that the invention encompasses promoters comprising two or
more functional fragments of the AIF1 promoter. That is, in certain embodiments, a promoter
may comprise two different nucleotide sequences comprising at least 20, at least 30, at least
40, at least 50, at least 60, at least 70, at least 80, at least 90, at least 100, at least 150, at least
200 or at least 300 consecutive nucleotides of SEQ ID NO:5. In certain embodiments, a
promoter may comprise three different nucleotide sequences comprising at least 20, at least
30, at least 40, at least 50, at least GO, at least 70, at least 80, at least 90, at least 100, at least
150 or at least 200 consecutive nucleotides of SEQ ID NO:5. In certain embodiments, a
promoter may comprise four different nucleotide sequences comprising at least 20, at least 30,
at least 40, at least 50, at least 60, at least 70, at least 80, at least 90 or at least 100 consecutive
nucleotides of SEQ ID NO:5.

The term “AlIF1 promoter” also extends to promoters having the promoter functionality of the
AIF1 promoter. A promoter is said to have the functionality of the AIF1 promoter, if it drives
expression in the same cell types and at comparable levels and if it comprises at least a certain

degree of sequence similarity to the AIF1 promoter.

A promoter is said to have a certain degree of similarity to the AIF1 promoter, if the promoter
comprises a consecutive stretch of at least 20, at least 30, at least 40, at least 50, at least 60, at
least 70, at least 80, at least 90, at least 100, at least 150, at least 200, at least 300, at least 400,
at least 500, at least 600 or at least 700 nucleotides of SEQ ID NO:5.

Alternatively, a promoter is said to have a certain degree of similarity to the AIF1 promoter, if
the promoter has at least 80%, at least 85%, at least 90%, at least 95% sequence identity to the
sequence shown in SEQ ID NQO:35.

Further, a promoter may be determined to have a certain degree of similarity to the AIF1
promoter, if the promoter comprises a consecutive stretch of at least 100, at least 150, at least
200, at least 300, at least 400, at least 500, at least 600 or at least 700 nucleotides of SEQ ID
NO:5, wherein said consecutive stretch has at least 95% sequence identity to the

corresponding fragment of SEQ ID NO:5.

13
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That is, in certain embodiments, a functional fragment of the AIF1 promoter is a nucleic acid
sequence of at least 100, 150, 200, 300, 400, 500, 600 or 700 base pairs having at least 95%
identity with SEQ ID NO:5, wherein the nucleic acid sequence has AlF1 promoter activity.

In certain embodiments, the promoter is the promoter P2ZRY 12 (alias also P2Y12, see
https://www.genenames.org/data/gene-symbol-report/#!/hgnc_id/18124) or a functional
fragment thereof. The term P2RY 12 promoter refers to the sequence of SEQ 1D NO: 2 and/or
any fragment thereof of at least 200 nucleotides, and/or to any sequence or fragment thereof

of at least 200 nucleotides with a sequence identity of >95%.

GGTGTTGGAGAGGATCGTGCGAGAAATAGGAACACTT TTACACTGTTGGTGGGACTATAAACTA
GTTCAACCATTGTGGAAGTCAGTGTGGTGATTCCTCAGIGATCTAGARACTAGARATACCATT
TAACCCAGCCATCCCATTACTGEGTATATACCCARAGGATTATAAGTCATGCTGCTATARMAG
ACACATGCACACGTATIGTTTATTGCGGCACTATTCATAATAGCAAAGACTTGGRAACCAACCC
AAARAGTCCAACAATGATAGACTGCATTAAGAAAATGTGGCACATATACACCATGGAATACTA
TGCAGCCATAAMAAAATGATGAGTTCATGTCCTTTGTAGGGACATGGATGAAATTAGAAATCA
TCATTCTCAGTAAACTATCCCAAGAACAAAAARACCARAACACCACATATTCTCACTCATAGGET
GGGAACTGAACAATGAGAACACATGGACACAGGAAGGGAAACACTACACTCTGGGGACTGTT
GCTGGGGETGEEGEGATCEEECGAGGCATAGCTTTAGGAGATATACCTAATGCTAAATGACGAGT
TAATGGGTGTAGCACACCAGCATGGCACATGTATACATATGTAACTAACCTGCACATTGTGC
ACATGTACCCTAARRACTTAACGTATAATAATARTAALATTAARAADDARARGTTARAGCAGC
AARARACACTTTGCCCTTICAATCTCACCCCTARCATATTTTITIGCCCTTICTGGTTTCAAAGTTA
ARCARACTGTAAATAATTGTGATACAAGGATGCCTTAATTTAATGTTATATTTTCCCARRARAAC
TCABAGTTAGGTARAGAARCARAARAANLATTGTTTATATTTARATTCTATTCAAGAARAGCA
TGAACGACACAGTATATAATAAGCCTGGCAATGGATACAATCACTTCTCTAATGTAATTITG
GAATCTGCTAATTTATAATAGAAGGAAGCTGTTTCACCTACAAAGGAGTTAATCAAACACAG
GTTTAAAATAATGACATTATTAACCAAGGGAARRACAAAGCGCCAGAGACTTARCATCCCTA
GCCAGCACGCATTTTGAGTTAACATAATTACTTGTTAGAAGARAATACATCACCCAGTGTTG
TACACAATATATTTCAGATAAATTAACCACCCAAGARRAGCAAGCTTAAAATCTTCTCCAGGA
AGCAGACTTCGAAGGCTTGATCTCAACTTGGATTTATCATTTGCATAGARARTANCCATAAC
TCGAAGTTATAAATCATCAACTCTATAGCAGGTTTCAGTAARRAGCCGCAAGATTT TAAATT
GCTTTTTAAAAGATGACTTCTCAGCCATCCTCATCCCACATTTCCTGGGAARATAAMAGCAGA
AGTCCTAAAAGAGGACAGATAGAAATTCAGTGTCTGCATAGCTTTGAGTCCAGTGTTTGA
(SEQ ID NO:2)

The P2RY'12 promoter may have the sequence of SEQ 1D NO:2. However, the skilled person
is aware that fragments and/or sequence variants of SEQ ID NO:2 may have the same

characteristics as the P2ZRY 12 promoter.

Accordingly, the term “P2RY12 promoter” also extends to functional fragments of the
P2RY12 promoter. A functional fragment of the P2RY 12 promoter is a nucleotide sequence
comprising at least 20, at least 30, at least 40, at least 50, at least 60, at least 70, at least 30, at
least 90, at least 100, at least 150, at least 200, at least 300, at least 400, at least 500, at least
600 or at least 700 consecutive nucleotides of SEQ ID NO:2. Functional fragments of the
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P2ZRY12 promoter drive expression in the same cell types and at comparable levels as the
promoter shown in SEQ ID NO:2. In certain embodiments, the functional fragment of the
P2RY12 promoter has the sequence of SEQ ID NO: 21. In certain embodiments, the
functional fragment of the P2RY 12 promoter has the sequence of SEQ ID NO:22.

It is further to be understood that the invention encompasses promoters comprising two or
more functional fragments of the P2RY12 promoter. That is, in certain embodiments, a
promoter may comprise two different nucleotide sequences comprising at least 20, at least 30,
at least 40, at least 50, at least 60, at least 70, at least B0, at least 90, at least 100, at least 150,
at least 200 or at least 300 consecutive nucleotides of SEQ ID NO:2. In certain embodiments,
a promoter may comprise three different nucleotide sequences comprising at least 20, at least
30, at least 40, at least 50, at least 60, at least 70, at least 80, at least 90, at least 100, at least
150 or at least 200 consecutive nucleotides of SEQ ID NO:2. In certain embodiments, a
promoter may comprise four different nucleotide sequences comprising at least 20, at least 30,
at least 40, at least 50, at least 60, at least 70, at least 80, at least 90 or at least 100 consecutive
nucleotides of SEQ ID N(G:2.

The term “P2RY 12 promoter” also extends to promoters having the promoter functionality of
the P2ZRY 12 promoter. A promoter is said to have the functionality of the P2RY12 promoter,
if it drives expression in the same cell types and at comparable levels and if it comprises at

least a certain degree of sequence similarity to the P2ZRY 12 promoter.

A promoter is said to have a certain degree of similarity to the P2RY12 promoter, if the
promoter comprises a consecutive stretch of at least 20, at least 30, at least 40, at least 50, at
least 60, at least 70, at least 80, at least 90, at least 100, at least 150, at least 200, at least 300,
at least 400, at least 500, at least 600 or at least 700 nucleotides from SEQ ID NO:2.

Alternatively, a promoter is said to have a certain degree of similarity to the P2RY12
promoter, if the promoter has at least 80%, at least 85%, at least 90%, at least 95% sequence

identity to the sequence shown in SEQ ID NO:2, SEQ ID NO:21 or SEQ ID NO:22,

Further, a promoter may be determined to have a certain degree of similarity to the P2ZRY 12
promoter, if the promoter comprises a consecutive stretch of at least 100, at least 150, at least

200, at least 300, at least 400, at least 500, at least 600 or at least 700 nucleotides from SEQ
15
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ID NO:2, wherein said consecutive stretch has at least 95% sequence identity to the

corresponding fragment of SEQ ID NO:2.

That is, in certain embodiments, a functional fragment of the P2RY 12 promoter is a nucleic
acid sequence of at least 100, 150, 200, 300, 400, 500, 600 or 700 base pairs having at least
95% identity with SEQ ID NO:2, wherein the nucleic acid sequence has P2RY12 promoter

activity.

In certain embodiments, the promoter is the promoter TMEM119 or a functional fragment
thereof. The term “TMEM119 promoter”™ refers to the sequence of SEQ ID NO: 3 and/or any
fragment thereof of at least 200 nucleotides, and/or to any sequence or fragment thereof of at

least 200 nucleotides with a sequence identity of >95%.

GTTCCTACCCAGAGAGCACGCACTCATCCTTCATGCACTCCCCTGTTCCARACCCTCACTGE
CTCCGTACTGCCTCCGACCTTCCCAGACTTTAGCCTCGCTCCTGTCAACATCTCTGACCOTT
ACTACATGATCCTCTCTTTCGTCCATCGCTCCAGCCTAATCTAATTGCGGTEECTTGTCCETE
GTGGCATTCCCAGUCACCATACCTTTACCCACGCTGETCCTTCCATGCGEARTGCOUTTTCCA
GGGCCTGCTTTGCCCGCTTCTGUTCATACACAGGCATGCCOTCCAGGATGGCTTCCTACCTC
TTTCCCTTGEGGEEATTGATCTCTCTGTCTTGEEETTCTCGCAGCCCTTGRCCTGACCCCTTT
CTGTTTGGCAAARPAGTAATTTACCTCGETIGTCCTTCTCCCTGETAGTCTGTGAGCTCCCCA
AGGCTGGGCTETECCTGATTCACCTCTGEARCTTGCTTAGCACAGTGCGTGGCCTGCTGCAL
GTGTTCATTGAGCACTTGCCGAATGAATCGCATGAATCAATCAATGAATGAATGAATGCAAGE
GGCTGCTAATCCACAGGACTCCTCAGCTCAGCCAGACGTCCCGGTTCCAAGGUCTGCCACTG
ACTCACCTCAGGACCCTGCTTGAACCATTAGAACTCACCCTGCCTCACTTTCCCCCTCTETG
AAATGCCGGCTCCARACTCCTATTCAAGCTACTATCATTTGGGEECATTETEAGGCCACAGATC
CCAGAACATCAGAGTCAGAGGCTAGCCCAGAALRGCTTCCCACCCATCCCTACARRTGGEGARAT
TGAGGTUTGGAGAGGGAAGGGCAGAGTTGEGCTCCCTGTCTCAGGCTCGGACCCACCATCAG
GCCTGTCTCTAALACGAATCCCAGCTCCCACGCTECACCCTGRAGCUTGEGAAGCCTGAGCCAL
ACARGGACGGGGAATTTTCCTTCCCACTTCCACAGGCCTCTCAACCTCCCTEAGCTTGETCCC
CTTTGGAGGETATTGGGCAGCAGCGTGGGCAGAACCCCAGCTCACTGTCTGGGEEGAGCGLTG
CAGGACAGCCTTGTCTGTCTGTCTCAGCCTGCCCTGGEEACCCGAGGT CAGEGAGGAAGTGC
CGCATCTGGETCTTCCCCAGAGCCGAGAGTGTGAGCAAGGETCCEATTCCETGTGECCCCAGAG
TAGCCCCTCCCOTCCCCCTETCCCCACCCCAARCCCTCTTAATGAMAT CAAGCTGECCCTGO
CEUCCAGCCGLLEGAGGEAGCGAAGGAGGAGGEEACGEEAGEAGGGACGEE
AGGAGGGAGGGCEGEGCAGGE {SEQ ID NO:3)

The TMEMI119 promoter may have the sequence of SEQ ID NO:3. However, the skilled
person is aware that fragments and/or sequence variants of SEQ ID NO:3 may have the same

characteristics as the TMEM119 promoter.

Accordingly, the term “TMEMI119 promoter” also extends to functional fragments of the
TMEMI119 promoter. A functional fragment of the TMEMI19 promoter is a nucleotide

sequence comprising at least 20, at least 30, at least 40, at least 50, at least 60, at least 70, at
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Ieast 80, at least 90, at least 100, at least 150, at least 200, at least 300, at least 400, at least
500, at least 600 or at least 700 consecutive nucleotides of SEQ ID NO:3. Functional
fragments of the TMEMI119 promoter drive expression in the same cell types and at
comparable levels as the promoter shown in SEQ ID NO:3. In certain embodiments, a
functional fragment of the TMEMI119 promoter has the sequence of SEQ ID NO:23. In
certain embodiments, a functional fragment of the TMEM119 promoter has the sequence of
SEQ ID NO:24.

It is further to be understood that the invention encompasses promoters comprising two or
more functional fragments of the TMEMI119 promoter. That is, in certain embodiments, a
promoter may comprise two different nucleotide sequences comprising at least 20, at least 30,
at least 40, at least 50, at least 60, at least 70, at least 80, at least 90, at least 100, at least 150,
at least 200 or at least 300 consecutive nucleotides of SEQ ID NO:3. In certain embodiments,
a promoter may comprise three different nucleotide sequences comprising at least 20, at least
30, at least 40, at least 50, at least 60, at least 70, at least 80, at least 90, at least 100, at least
150 or at least 200 consecutive nucleotides of SEQ ID NO:3. In certain embodiments, a
promoter may comprise four different nucleotide sequences comprising at least 20, at least 30,
at least 40, at least 50, at least 60, at least 70, at least 80, at least 90 or at least 100 consecutive
nucleotides of SEQ ID NO:3.

The term “TMEM119 promoter’ also extends to promoters having the promoter functionality
of the TMEM119 promoter. A promoter is said to have the functionality of the TMEM119
promoter, if it drives expression in the same cell types and at comparable levels and if it

comprises at least a certain degree of sequence similarity to the TMEMI119 promoter.

A promoter is said to have a certain degree of similarity to the TMEM119 promoter, if the
promoter comprises a consecutive stretch of at least 20, at least 30, at least 40, at least 50, at
least 60, at least 70, at least 80, at least 90, at least 100, at least 150, at least 200, at least 300,
at least 400, at least 500, at least 600 or at least 700 nucleotides of SEQ ID NQ:3.

Alternatively, a promoter is said to have a certain degree of similarity to the TMEM119
promoter, if the promoter has at least 80%, at least 85%, at least 90%, at least 95% sequence

identity to the sequence shown in SEQ ID NO:3, SEQ ID NO:23 or SEQ ID NO:24.
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Further, a promoter may be determined to have a certain degree of similarity to the
TMEMT119 promoter, if the promoter comprises a consecutive stretch of at least 100, at least
150, at least 200, at least 300, at least 400, at least 500, at least 600 or at least 700 nucleotides
from SEQ ID NO:3, wherein said consecutive stretch has at least 95% sequence identity to the

corresponding fragment of SEQ ID NO:3.

That is, in certain embodiments, a functional fragment of the TMEM1 19 promoter is a nucleic
acid sequence of at least 100, 150, 200, 300, 400, 500, 600 or 700 base pairs having at least
95% identity with SEQ ID NO:3, wherein the nucleic acid sequence has TMEM119 promoter

activity.

In certain embodiments, the promoter is the promoter OLFML3 or a functional fragment
thereof. The term “OLFML3 promoter™ refers to the sequence of SEQ ID NO: 4 and/or any
fragment thereof of at least 200 nucleotides, and/or to any sequence or fragment thereof of at

least 200 nucleotides with a sequence identity of >95%.

GCAGTGTCCAGGGTCCTTACTTCACATCATCTGGATCTGACCCTTTGAAAGAGGTAGAAGAC
TTCTGAGACCGGCTAATTAAGCTTTGTTTCCTCATATGTTTTGCCAGATAGCAGTAGCAGAL
TGAARAGATGAGTAACCACAGGAAGCTGCTATTTTTCCCCTCCTTTCAAACTGTACTGTTAG
AGTCATGGTCCTTTTTACAGALAGGAACCTCTCATCAGATTCTGTTGATTCTAARAGTGAATAG
AATTTCTCCCGATAAAGARATAGGGGTTTGTTTCGATTAATGACTGCAGGTCTCTGAGTAAA
TGCTCTATTTGATTTTTTTTTTCGGCCCETGTEGICTACCTTATGGCCCAAGTCTACCTTATG
GTGGCCATTAATTCATTTTGGGC TCCTGCAGCCTTAGTTGEGGATATAGARAATGAGAAACACT
CAGARATACCCTTTTGGACCACAACCAAGAGARATAACCAATAGTCTTTICTCCCAGTGGTA
AGGAAGTCAGAATACATTGATCTAGACTGCAACAACATATATATATATATCAGATTCCGCCC
CCCCGCAATACATGAATGTATAGTAAATTAGTGTGAACTCACTGAACACTCCTCAGTTTTGG
TGAGAGACTATATCTGGCCTCTTTCAAGCARAGGARAAGCCATGTAARACAGCGCTGCTGTCA
GCCTTAACTTCCAGACGATCGAGTTAATTTACTAACTTCTCAGTGACCTGTTTTTTTTTTTT
TTTTAATCTCAGTTATATTTTICTTCCTTGGGCTAAATCAGATATTTGCATAGCCCCCARAAGT
AGTAATTGGATAGTCTTGGGGGAAATATGCATTTCAGTGGTGARAARCCCCTGTAAATTCAAT
ATATTTGGCTTTTGTGEARAATTTTCCTCATGGGGTGAAGTCTRAGCCTTAGTTTCTGTATT
ATCATGAGAGATGACACCAGCTGCTTAGCACAAGETGGCGCCAATGAGCTTTAGAATAAGTT
GGGCTTGACCACTTGGGCCATTGTTTTCCTGCTTCCTCCCTTCAAGCCTCACCTCCCCAGCT
CCCAGCTTCTACTGAACAAGGCTGAAAACCCACTCTATTGCAGGGAAAGGGRAAGATTAATG
ARARADTGTCAGTTTCTTAAGTCAGCACTGETGAARRACTTTCCTARAACAGGAATGGCGTTTGC
TGAGTTTTCTCTGEGGTCTCTGCTTTCTCGCAGCTAGCTTCCCTGCTTGACTGCCTAGAAGEC
CTCTGCTTTCGGETTTCCATCTCTTTCCCCTCCAGAGGACCCTACAGCCTAGGLC GGGAGGTG
GTT GGCTTCTGGCTGCTGTGCAATGGGGCCATCTGTGTTTGATCAATCCTGGCGGAAAGG
AGGGGETGEEEETTETARAGAGAACTGAAAGCATTCCAGAGTAGTGAGAGAGA (SEQ ID
NO:4)

The OLFML3 promoter may have the sequence of SEQ 1D NO:4. However, the skilled
person is aware that fragments and/or sequence variants of SEQ ID NO:4 may have the same
characteristics as the OLFML3 promoter.
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Accordingly, the term “OLFML3 promoter” also extends to functional fragments of the
OLFML3 promoter. A functional fragment of the OLFML3 promoter is a nucleotide sequence
comprising at least 20, at least 30, at least 40, at least 50, at least 60, at least 70, at least 80, at
least 90, at least 100, at least 150, at least 200, at least 300, at least 400, at least 500, at least
600 or at least 700 consecutive nucleotides of SEQ ID NO:4. Functional fragments of the
OLFMLS3 promoter drive expression in the same cell types and at comparable levels as the
promoter shown in SEQ ID NO:4. In certain embodiments, a functional fragment of the

OLFML3 promoter has the sequence of SEQ ID NO:25.

It is further to be understood that the invention encompasses promoters comprising two or
more functional fragments of the OLFML3 promoter. That is, in certain embodiments, a
promoter may comprise two different nucleotide sequences comprising at least 20, at least 30,
at least 40, at least 50, at least 60, at least 70, at least 80, at least 90, at least 100, at least 150,
at least 200 or at least 300 consecutive nucleotides of SEQ ID NO:4. In certain embodiments,
a promoter may comprise three different nucleotide sequences comprising at least 20, at least
30, at least 40, at least 50, at least 60, at least 70, at least 80, at least 90, at least 100, at least
150 or at least 200 consecutive nucleotides of SEQ ID NO:4. In certain embodiments, a
promoter may comprise four different nucleotide sequences comprising at least 20, at least 30,
at least 40, at least 50, at least 60, at least 70, at least 80, at least 90 or at least 100 consecutive
nucleotides of SEQ 1D NO:4.

The term “OLFML3 promoter” also extends to promoters having the promoter functionality
of the OLFML3 promoter. A promoter is said to have the functionality of the OLFML3
promoter, if it drives expression in the same cell types and at comparable levels and if it

comprises at least a certain degree of sequence similarity to the OLFML3 promoter.

A promoter is said to have a certain degree of similarity to the OLFML3 promoter, if the
promoter comprises a consecutive stretch of at least 20, at least 30, at least 40, at least 50, at
least 60, at least 70, at least 80, at least 90, at least 100, at least 150, at least 200, at least 300,
at least 400, at least 500, at least 600 or at least 700 nucleotides of SEQ ID NO:4.

Alternatively, a promoter is said to have a certain degree of similarity to the OLFML3

promoter, if the promoter has at least 80%, at least 85%, at least 90%, at least 95% sequence
19
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identity to the sequence shown in SEQ ID NO:4 or SEQ 1D NO:25.

Further, a promoter may be determined to have a certain degree of similarity to the OLFML3
promoter, if the promoter comprises a consecutive stretch of at least 100, at least 150, at least
200, at least 300, at least 400, at least 500, at least 600 or at least 700 nucleotides of SEQ ID
NO:4, wherein said consecutive stretch has at least 95% sequence identity to the

corresponding fragment of SEQ 1D NO:4.

That is, in certain embodiments, a functional fragment of the OLFML3 promoter is a nucleic
acid sequence of at least 100, 150, 200, 300, 400, 500, 600 or 700 base pairs having at least
95% identity with SEQ ID NO:4, wherein the nucleic acid sequence has OLFML3 promoter

activity.

In certain embodiments, the promoter is a fusion promoter comprising (a) the miR223
promoter, a fragment thereof or a promoter with miR223 functionality and (b) a second
promoter. Besides its specific activity in myeloid cells and microglia, the promoter miR223 is
attractive for use in cell and gene therapy applications due fo its resistance to DNA
methylation, This is important since differentiation of stem cells into myeloid cells or
microglia-like cells is known to result in extensive methylation of promoter sequences, which
typically leads to the silencing of transgenes in differentiated cells. Accordingly, the promoter
miR223 has the advantage that it enables stable transgene expression in differentiated cells

that originate from HSCs.

Preferably, the fusion promoter comprises the miR223 promoter, a fragment thereof or a
promoter with miR223 functionality and

(a) a TMEM119 promoter, a functional fragment thereof or a promoter with TMEM119
functionality; (b) a P2RY 12 promoter, a functional fragment thereof or a promoter with
P2RY 12 functionality; (¢} an OLFML3 promoter, a functional fragment thereof or a promoter
with OLFML3 functionality; (d) an [TGAM promoter, a functional fragment thereof or a
promoter with ITGAM functionality; or (e) an AIF1 promoter, a functional fragment thereof

or a promoter with AIF1 functionality.

The term *“miR223 fusion construct” or “miR223 fusion promoter” refers to a promoter

construct, consisting of the miR223 promoter,
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(i) fused to a P2Y 12 promoter or a promoter fragment, derived from the P2Y 12 promoter,
consisting at least 200 nucleotides of the sequence of the P2Y 12 promoter, or;

(ii) fused to a TMEM119 promoter or a promoter fragment, derived from the TMEM119
promoter, consisting at least 200 nucleotides of the sequence of the TMEM119 promoter, or;
(iii)  fused to a OLFML3 promoter or a promoter fragment, derived from the OLFML3
promoter, consisting at least 200 nucleotides of the sequence of the OLFML3 promoter, or;
(iv)  fused to a AIF1 promoter or a promoter fragment, derived from the AIF1 promoter,
consisting at least 200 nucleotides of the sequence of the AIF1 promoter, or;

) fused to an ITGAM promoter or a promoter fragment, derived from the ITGAM

promoter, consisting at least 200 nucleotides of the sequence of the ITGAM promoter.

That is, in certain embodiments, the fusion promoter comprises a miR223 promoter, or a
promoter having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the
sequence shown in SEQ ID NO: 1, or a functional fragment thereof; and a P2ZRY 12 promoter,
or a promoter having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the
sequence shown in SEQ ID NO: 2, SEQ ID NO:21 or SEQ ID NO:22, or functional fragments
thereof. It is to be understood that the functional fragments are preferably promoters with
miR223 and/or P2RY 12 functionality as defined above.

In certain embodiments, the fusion promoter comprising a miR223 promoter and a P2RY12
promoter may comprise the nucleotide sequence SEQ ID NO:26 or SEQ ID NO:27 or a
nucleotide sequence having at least 90%, at least 95%, at least 96%, at least 97%, at least 98%
or at least 99% sequence identity with SEQ ID NO:26 or SEQ 1D NO:27.

In certain embodiments, the fusion promoter comprises a miR223 promoter, or a promoter
having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown
in SEQ ID NO: 1, or a functional fragment thereof; and a TMEM119 promoter, or a promoter
having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown
in SEQ ID NO: 3, SEQ ID NO:23 or SEQ ID NO:24, or functional fragments thereof. It is to
be understood that the functional fragments are preferably promoters with miR223 and/or
TMEM119 functionality as defined above.

In certain embodiments, the fusion promoter comprising a miR223 promoter and a

TMEMI119 promoter may comprise the nucleotide sequence SEQ ID NO:28 or a nucleotide
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sequence having at least 90%, at least 95%, at least 96%, at least 97%, at least 98% or at least

99% sequence identity with SEQ ID NO:28.

In certain embodiments, the fusion promoter comprises a2 miR223 promoter, or a promoter
having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown
in SEQ ID NO: 1, or a functional fragment thercof; and an OLFML3 promoter, or a promoter
having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown
in SEQ ID NO: 4 or SEQ ID NO:25, or a functional fragment thereof. It is to be understood
that the functional fragments are preferably promoters with miR223 and/or OLFML3

functionality as defined above.

In certain embodiments, the fusion promoter comprising a miR223 promoter and an OLFML3
promoter may comprise the nucleotide sequence SEQ ID NO:29 or a nucleotide sequence
having at least 90%, at least 95%, at least 96%, at least 97%, at least 98% or at least 99%
sequence identity with SEQ 1D NO:29.

In certain embodiments, the fusion promoter comprises a miR223 promoter, or a promoter
having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown
in SEQ ID NQO: 1, or a functional fragment thereof, and an ITGAM promoter, or a promoter
having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown
in SEQ ID NO: 6, or a functional fragment thereof. It is to be understood that the functional
fragments are preferably promoters with miR223 and/or ITGAM functionality as defined

above.

In certain embodiments, the fusion promoter comprises a miR223 promoter, or a promoter
having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown
in SEQ ID NO: 1, or a functional fragment thereof, and an AIF1 promoter, or a promoter
having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown
in SEQ ID NO: 5, or a functional fragment thereof. It is to be understood that the functional
fragments are preferably promoters with miR223 and/or AIF1 functionality as defined above.

In certain embodiments, the invention relates to the vector according to the invention, wherein

the promoter is

a) a miR223 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
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100% sequence identity to the sequence shown in SEQ ID NO: 1, or a functional
fragment thereof] or

b) an ITGAM promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO: 6, or a functional
fragment thereof; or

¢) a fusion promoter comprising a miR233 promoter, or a promoter having at least 95%,
96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ ID
NO: 1, or a functional fragment thereof, operably linked to a TMEM119 promoter, or a
promoter having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the
sequence shown in SEQ ID NO: 3, SEQ ID NO:23 or SEQ ID NO:24, or a functional
fragment thereof.

In certain embodiments, the invention relates to the vector according to the invention, wherein
the promoter is
a) a miR223 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO: 1, or a functional
fragment thereof; or
b) a fusion promoter comprising a miR233 promoter, or a promoter having at least 95%,
96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ ID
NO: 1, or a functional fragment thereof.

In certain embodiments, the invention relates to the vector according to the invention, wherein
the promoter is
a) a miR223 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO: 1, or a functional
fragment thereof; or
b) a fusion promoter comprising a miR233 promoter, or a promoter having at least 95%,
96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ ID
NO: 1, or a functional fragment thereof; operably linked to a TMEM119 promoter, or a
promoter having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the
sequence shown in SEQ ID NO: 3, SEQ ID NO:23 or SEQ ID NO:24; or a functional
fragment thereof.

In certain embodiments, the invention relates to the vector according to the invention, wherein
23

CA 03165462 2022-7-20



WO 2021/239308 PCT/EP2021/059070

the promoter is

a) a miR223 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO: 1, or a functional
fragment thereof; or

b) a fusion promoter comprising a miR233 promoter, or a promoter having at least 95%,
96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ ID
NO: 1, or a functional fragment thereof; operably linked to a TMEMI119 promeoter, or a
promoter having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the
sequence shown in SEQ ID NO:23; or a functional fragment thereof.

In certain embodiments, the invention relates to the vector according to the invention, wherein
the promoter is a fusion promoter comprising (a) a miR233 promoter, or a promoter having at
least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
1D NO: 1, or a functional fragment thereof; operably linked to (b) a TMEM119 promoter, or a
promoter having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the

sequence shown in SEQ ID NO:23; or a functional fragment thereof,

In certain embodiments, the invention relates to the vector according to the invention, wherein
the promoter is a fusion promoter comprising (a) a miR233 promoter, or a promoter having at
least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
ID NO: 1; operably linked to (b) a TMEM119 promoter, or a promoter having at least 95%,
96%, 97%., 98%., 99% or 100% sequence identity to the sequence shown in SEQ ID NO:23.

Within the present invention, a promoter is said to have the functionality of a particular
promoter (a reference promoter, e.g. miR223 according to SEQ ID NO:1), if, besides the
sequence similarities disclosed above, it drives expression in the same cell types and at
comparable levels. A promoter is said to drive expression at comparable levels, if the
cxpression level of a reporter gene from said promoter is at least 50%, at least 60%, at least
70%, at least 80% or at least 90% of the expression level of the same reporter gene from the
reference promoter under comparable conditions. Numerous reporter genes are known in the
art that are suitable to determine whether two promoters have comparable activities and cell

specificities.

In a particular embodiment, the invention relates to the viral vector according to the invention,
24

CA 03165462 2022-7-20



WO 2021/239308 PCT/EP2021/059070

wherein the viral vector comprises at least one transcriptional regulatory element, wherein
said at least one transcriptional regulatory element is arranged such that it inhibits or activates

a transcriptional activity of the promoter.

That is, the viral vector may further comprise a regulatory element that allows controlling
expression of the transgene more precisely. The term 'transcriptional regulatory element’, as
used herein, refers to a nucleic acid fragment capable of regulating the expression of one or
more genes, preferably, the transgene. The transcriptional regulatory element may activate or
inhibit expression of a transgene. Thus, the transcriptional regulatory element, the transgene

and the promoter are operably linked to each other.

It is to be understood that the transcriptional regulatory element is a nucleic acid sequence in
close proximity to the promoter of the invention. Preferably, the transcriptional regulatory
element constitutes a binding site for a transcriptional activator or repressor. A transcriptional
activator is a protein that activates expression of the transgene when bound to the
transcriptional regulatory element. A transcriptional repressor is a protein that prevents

expression of the transgene when bound to the transcriptional regulatory element.

In certain embodiments, the transcriptional activator or repressor can undergo structural
changes that determine the binding potential to the transcriptional regulatory element. For
example, a transcriptional activator may only bind to a transcriptional regulatory element and
thereby activate expression of the transgene when the activator is specifically bound by an
inducer molecule. Alternatively, a transcriptional repressor may only bind to a transcriptional
regulatory element and thereby inactivate expression of the transgene when the activator is

specifically bound by a repressor molecule.

The skilled person is aware of various systems that may be used for controlling the expression
of transgenes from the promoters of the present invention. In a particular embodiment, the
invention relates to the viral vector according to the invention, wherein the at least one
transcriptional regulatory element comprises a binding site for a transcriptional activator or
repressor, in particular wherein the transcriptional activator or repressor comprises:

i) an antibiotic-binding domain, in particular a tetracycline/doxycycline-binding

domain, a macrolide-binding domain or a pristinamycin-binding domain;

i) a hormone-binding domain, in particular a RU486-binding domain or an abscisic
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acid-binding domain;
iii) a steroid-binding domain, in particular an ecdysone-binding domain; or
iv) a dimerizer system, in particular a rapamycin-based or rapalog-based dimerizer

system.

That is, in certain embodiments, the inducer or repressor molecule is an antibiotic or an
antibiotic derivative. Specific binding of the antibiotic or the antibiotic derivative to a
transcriptional activator or repressor protein may induce or repress expression of a transgene,
respectively. Well known examples of regulatory proteins that function as transcriptional
activators or repressors are proteins comprising a tetracycline/doxycycline-binding domain, a

macrolide-binding domain or a pristinamycin-binding domain.

Alternatively, transcriptional activators or repressors may comprise a binding site for a
hormone. In this case, binding of the ftranscriptional activator or repressor to the
transcriptional regulatory element comprised in the viral vector is controlled by the binding of
a hormone to the transcriptional activator or repressor. Well known examples of regulatory
proteins that function as transcriptional activators or repressors are proteins comprising a

RU486-binding domain or an abscisic acid-binding domain.

Alternatively, transcriptional activators or repressors may comprise a binding site for a
steroid. In this case, binding of the transcriptional activator or repressor to the transcriptional
regulatory element comprised in the viral vector is controlled by the binding of a steroid to the
transcriptional activator or repressor. Well known examples of regulatory proteins that
function as transcriptional activators or repressors are proteins comprising an ecdysone-

binding domain.

In certain embodiments, expression of the transgene may be controlled by a dimerizer system.
A dimerizer system is a transcriptional activator that consists of two separate proteins. A first
protein comprises a binding site for the transcriptional regulatory element comprised in the
viral vector and additionally a drug-binding domain. The second protein comprises another
drug-binding domain and an activator or repressor domain that can induce or repress
expression of a transgene, respectively. Activation or repression with a dimerizer system only
works in the presence of a dimerizer molecule, which can be specifically bound by the drug-

binding domains of both proteins and thereby bring the two proteins into close proximity,
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such that they can induce or repress expression of a transgene. Well known examples of

dimerizer systems are rapamycin-based or rapalog-bhased dimerizer systems.

In a particular embodiment, the invention relates to the viral vector according to the invention,
wherein the viral vector encodes a riboswitch, wherein the riboswitch controls translation of

an mRNA encoding the therapeutic protein or the combination of therapeutic proteins.

Alternatively or in addition to the transcriptional regulatory element, the viral vector

according to the invention may encode a riboswitch that controls translation of the mRNA

encoded by the transgene.

The term “riboswitch™” as used herein refers to a regulatory segment of an RNA
polynucleotide (or the DNA encoding the riboswitch). A riboswitch in the context of the
present invention contains a sensor region (e.g., an aptamer) and an effector stem-loop that
together are responsible for sensing the presence of a ligand (e.g., a small molecule) and

modulating the accessibility of a polyadenylation sequence located in the effector stem-loop.

In a particular embodiment, the invention relates to the viral vector according to the invention,
wherein the therapeutic polypeptide is
i} a polypeptide that restores a cellular function and/or elicits a cellular response in a
cell or tissue; or

ii} a polypeptide that enables and/or increases target specificity of a cell.

The transgene preferably encodes one or more therapeutic protein(s). Within the present

invention, two main types of therapeutic proteins are envisioned.

The first type of therapeutic proteins is a protein that restores a cellular function of a target
cell or elicits a cellular response in a target cell. For example, certain diseases are known to be
caused by unnaturally low levels of a specific protein or by an inactive mutant variant of a
specific protein. Normal protein function in such cells can be restored by delivering a
transgene encoding a functional variant of such proteins to these cells. Alternatively, the
transgene may encode a protein that elicits a cellular response in the cell that is expressing the
transgene or in the surrounding tissues. For example, the transgene may encode a cytokine

which elicits a specific response in the target cell. In addition, the cvtokine may be secreted
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out of the target cell, such that it cannot only elicit a response in the target cell, but also in the

surrounding tissue.

That is, in a particular embodiments, the invention relates to the viral vector according to the
invention, wherein the polypeptide that restores a cellular function and/or elicits a cellular
response in a cell comprises at least a fragment of one or more polypeptides selected from the
group consisting of: PGRN, Presenilinl, Presenilin 2, IL-2, IL-12, IL-15, IL-21, IFN-alpha,
IFN-alpha Receptor, IFN-gamma, [FN-gamma Receptor, FasL/Fas, CD11b, selectins, such as
L-Selectin or P-Selectin, PSGL (P-Selectin Ligand), TRAIL, TRAIL-R, Lymphotoxin beta
(LT-B), LT-BR, decoyreceptors 1-3, TNF-alpha, TNF-alphaR, MSH, G-CSF, GM-CSF, IL-1,
IL-6, IL-7, IL-8, IL31, ILIR, IL31R, IL-10, IL-23, CXCR3 ligands such as CXCL9 and
CXCL-10, PD-1, PD-1L, PD-2 (PDC2), PD-2L, Granzyme B, Granulysine, CD11b, TIGIT,
CD 112, CD 155, nitric oxide synthase, DNA methyltransferase 3b (DNMT3b), Jumonji
domain-containing protein 1A (JMID1A), somatostatine, histone deacetylases (HDAC) such
as HDAC3 or HDAC 9, CSF1 receptor (CSFIR), IL-34, TAM, all chemokines and

chemokine receptors, all cytokines and cytokine receptors.

In certain embodiments, the polypeptide that restores a cellular function and/or elicits a
cellular response in a cell comprises at least a fragment of one or more polypeptides encoded
by the genes MAPT, C9orf72, TDP-43, FUS, CHMP2B, VCP, SQSTMI1, UBQLN2Z, TBK1,
OPTN, SOD1, SYTI11, FGF20, PM20D1, BST1, GPNME, APP, PSENI1, and/or PSEN2.

Alternatively, the therapeutic protein mayv be a protein that directs a target cell to a specific
location. For example, the therapeutic protein may be an antigen-binding molecule that directs
the transduced cell to a specific cell type or tissue. For example, expressing a protein that
specifically binds to a tumor antigen may direct a transduced cell, such as an immune cell, to
a tumor. In certain embodiments, the antigen-binding molecule may be or may comprise an
antibody. In certain embodiments, the antigen-binding molecule may be or may comprise a
fragment of an antibody. In certain embodiments, the antigen-binding molecule may be a

chimeric antigen receptor (CAR).

That is, in a particular embodiment, the invention relates to the viral vector according to the
invention, wherein the polypeptide that enables and/or increases target specificity of a cell

enables and/or increases specificity to a tumor antigen, in particular wherein the tumor
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antigen is VEGF, a VEGF-Receptor, an antagonist to a metalloproteinase (e.g. MMP-9),
CD40/CD40L., EGFR, Annexinl, FGFR-1, Her2, Stb6galnac3, MMPI1-28, TIMPSI-4,
Melanotransferrin, alphad-betal Integrin, VCAM-1, E-cadherin, Alpha-v-beta3 integrin,
Alpha-v-beta5 integrin, Alpha-v-betaé integrin, Alpha-v-beta8 integrin, CCNDI1, BRCA,
CEA, cancer-related antigen 72-4 (CA 72-4), cancer-related antigen 19-9 (CA 19-9), WT1,
CD 116, L-Selectin, NY-ESO-1, or a fragment thereof,

In a particular embodiment, the invention relates to a viral vector comprising a transgene
under control of one or more promoters, wherein the transgene encodes
a) PGRN, or a functional fragment thereof; or
b) a polypeptide having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity
to the sequence shown in SEQ ID NO: 7, SEQ ID NO: 8 or SEQ ID NO: 9, or a

functional fragment thereof.

That is, in certain embodiments, the invention relates to a viral vector encoding progranulin
(PGRN). The term “Progranulin”, “PGRN”, “Granulin”, “GRN” refers to a protein
comprising the protein sequence of SEQ 1D NO: 7 and/or the protein sequence of SEQ 1D
NQO: 8, and/or the protein sequence of SEQ ID NO: 9, or any protein fragment derived from
protein sequences of SEQ ID NO: 7, of SEQ ID NO: 8 or of SEQ ID NO: 9 with a length of at
least 50 amino acids, or to any protein sequence with more than 95% homology thereof, Also

provided herein are nucleic acid sequences encoding said proteins.

Progranulin Isoform 1 (SEQ 1D NO: 7}

MWTLVSWVALTAGLVAGCTRCPDGQFCPVACCLDPGGASY SCCRPLLDEWPTTLESRHLGGPCQ
VDAHCSAGHSCIFTVSGETSSCCPFPEAVACGDGHHCCPRGFHCSADGRSCFOREGNNSVGAT
QUPDSQFECPDESTCCVMVDGEWGCCPMPOASCCEDRVHCCPHGAFCDLVHTRCITPTGTHE
LAKKLPAQRTHNRAVALSSSVMCPDARSRCPDGESTCCELPSGRYGUCCPMPNATCCEDHLHCCE
ODTVCDLIQSKRCLSKENATTDLLTRLPAHTVGDVECDMEVSCPDGYTCCRLOSGCAWGCCPET
QAVCCEDHIHCCPAGETCDTQKGTCEQGPHOV PWMERKAPAHLSLPDPQALKRDVPUDNVSESC
PSSDTCCQLTSGEWGCCPIPEAVCCSDHQHCCPQGY TCVAEGRCORGEEIVAGLERKMPARRA
SLSHPRDIGCDQHT SCPVGQTCCPSLEGSWACCOLPHAVCCEDRQHCCPAGY TCNVEARSCE
KEVVESAQPATFLARSPHVGVKDVECGEGHECHDNQTCCRENRQGWACCPYRQGVCCADRRHC
CPAGFRCAARGTRECLEREAPRWDAPLRDPALROLL

As encoded by the DNA sequence (SEQ ID NO:30):

1 ATGETGGACAC THETEAGTTIE GLILGECATTE ACAGCAGETC TGETAGUAGGE CACAAGATGET CCACGRTGGTC
71 AGTTTTGTCC AGTGGCTTGET TGTCTTGACE CTGGHEGGGTGHGC CTCATATAGT TGt SCGOC ZACTEC B
141 TARGTEC y BTCGOCACTT GOGICETIUT TCTCARGTTC BATGUCCATTIC TTCACCAGGA
231 CATTCATGCA BAGCGGAACC AGTTCCTETT GUCCATTTCL RAGAGCCALTA GUETETGEEEE
z281 AUGETCACCA AGG B 'CAGC CGACGBCAGE A GTTTUC ABRLGABCGEE
351 CAATARCTOT GICC AGRIAGUCAG TTTHAGTGOD O CTTTTC TACTTGEUTEC
421 GTGATGGTTE ACGEUTUCTG GEGTTGECTET CCAATGCCCC AGGCAAGTTG CIGTGAGGAT AGAGTGUAIT
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491 GOTGICCCCA
581 TABBANG

631
704

GCACGGAGUA
TECLCARCEE

TTL GAGCRARATGC
841 GATGTGRAAT
911 HEGHETECTE
981 ATGTGACACH
1051 CATCTETCAC
1121 CATOTGARCAC

1191
1261
1331
1401

CARGUGACTAT
GAGATTETGE
CTGACCAACHA
CORGCTCCCT

1471
1541
1611
1681 CUAGGATITA
1751 TPCGEEACCO

Progranulin Isoform 2 (SEQ ID NO: §)

CHEOCECATTT
CTCCCAGCTC
CATGTOCAGA
CACCTGTTET
CTEAGETARRG
GTEACATEGA
TOOTTTTACO
CAABRGGGAR
TECOTEACCC
GTECTGUCAR
CEETT
CTEETCTGEA
CACTAGCTET
CATGECOETTT
[GTGAARR
GGACGTEGEAG
TGGEOOTECT
CGIETECTEC
AGCTCTCAGE

TGEOGACCTGE
AGAGARACTRR
TCGARGCACHA
TCAGACCACC
BARRCGOGAC
BT

FETCOTEY
CRGGCAGTET
COTHEOERACA
TCAAGOTTTG
TTGRCARGTE
GTCCCCAGGG
BABGRTGUCA
CCTEYEEETC
GTTEDGARGA
GGRAAGTCGTA
Te AT GEAGE
GTCCCTACAG
GAGREGOCRCG
CARCTEOTG

P

TTCATACTAG
CAGARCCCGTT
TECTETEAGC
TTCATTGTTGE
TACAGACCTC
TEACGGEY
GUTETCARGR
GEGTCCTCAC
AARCOEEALG
ATACACETGT
GUARGAAGAG
CATETTG
GCCRGOAT
AGUACAGC
CATT

3 COTGE
ACRGOGRETC

BARTGCOTER

MWTLVSWVALTAGLVAGTRCPDGOFCPVACCLDPGGAS

VDAHCSAGHSCTIEFTVSG]

GTETATCALC
GUETTETORT
TGCCRAAGT
TCCACAGES
CTCACRAAAGT
ACACTTGOTE
CCACATPCAT
CAGBETGCCPY
TECCTEGCEA
ATGCTGCCCT
GTEECCGAGE
CETCCCTTTC
COOCAETOTE
TGOTETOCAG
CCEUARCTTT
CCACGRTARC
TGOTHTGCTE
GGUGGEAGCGT

PCT/EP2021/059070

CCUACTGETA
COTCoETONT
CAAGTACGGT
ACCETGCTGTG
TGECCCHCGECA
TAGACTTCAG
TETT COCGE
GGATGGAGAA
CARADETETOT
ATTCCAGRGE

GRCAGTGTCR
TCATCCCAGE
GOGTEGETTCAT

CGGGATRACAC

CTCEUTOGE
ATGTT
CERACA
TOCARGATGE

CACROCOCOT
CTETCCTEAT
TETPTETCCEA
ACCTOATTCA
CACAGTG
TOTGEECECET
CAGGGTTCAC
AGCCOCAGCA
TOCTETCOTT
CCETCTGTTE
GUGAGGGAGT
GATATTEGCT
GGRCCTGCTE
ATGECARACGTG
TCCCCCOATG
GOCGCGATAR
TTETIETCCA
GATGECACCTO

YECCRPLLDEWPTTLE RHLGGRPCQ
'SSCCPFPEAVACGDEGHHCCPRGIHCEADGRECEFQREGNNSVGAT

QUPDSQPECPDESTCOVMVDGESWGCCPMPQAS CCEDRVHCUPHGAYCDLVHTRCLUTRPTGTHY
LARKLPAQRTNRAVALSSSVMCPDARSRCPDGSTCCELPSGRYGCOPMPNATCCSDHLHCCR
QDTVCDLIQBKCLEKENATTDLLTRLPAHTVEGDVRCDMEVSCPDGY TCCRLOSGAWGCCPET

QAVCCEDHIHCCPAGEFTCDTQRGTCEQGPHOVPWMEKAPAHLSLPDPOALKRDVE

CDNVESC

PESDTCCRODNROGWACCPYROQGVCCADRRHCCPAGFRCARRGTRCLRREAPRWDAPLRDPAL

ROLL

As encoded by the DNA sequence (SEQ ID NQ:31):

PCETTECAGE
ATCCOTACTCR

1 ATGTGEACCC

GTTITGECCT
CRRGTGGCCT
CACTCTTGCA
RUGGACATCR

351 GARCAATTCC
421 GTGATGGTCG

GTTECCOTCA
TGCTAAARAA
GUCAGAAGCA
VGOCARRTGL
GTCCARATET
GACGTGARAT
GUGEATCTTG
ACACA
JRCE ROV
GATAC
GATAGG
GAGGCTCCAA

T
8471

911
981
1051

Progranulin Isoform 3 (SEQ ID NO: 9)
MAITAAHGASTAVOTGDPASKDOVTITPWVE

TCETATOTTG
TGTGEOATET
ACTRCTCTET
TCTTTACTGT
CTETTGTCCA
T AGECECAN
ATGGETCATG
TGECECATTT
CTTCCABUAL
CARTGCOCAGA
CACGTGTTGEO
TTCTCTAAGS
CTGATATGGA
TCCATTCACC
CAMABARGECA
TGCUTEACCC
ATGTTGCRAGA
AGGUATTCTT
GATGEEATEE

[EICHIN S ST L Bl i
TETCTGGACT
CAMGRCATTT
CICTGGUALA
CEAGGETTCC
PPCAGTGCCT
GGEEATGOTGE
TETGACCT GG
BAARGGACARA
TEECTCAROT
TCTGACCACT
AAARTGCCAC
GGETTTCATGC
CAGGECTETTY
CTTGCEAGUR
TCAGCCTTYG
GRCARTAGAC
LCCOCUAGG
TOCTTTGOGE

"% ey
5) Py

ACAGUALGLIT
GEAGC
O [oteied
BAFCTCCTETT
ATTECTCAGC
AGKTTCACAG
COTATGUOAD
TGCATACAMG
CRGRGCCETT
TGCEAGC

CACCGACTTG

COGACGHGET
GTTECEAGER
ABCGACCACRC
AAGCGCGATG
AGGGATGEET
TTTTCGETEC
GACCCCGCTC

TTCGAGTG
ARGUCTOTTG
GTGULTCACE
GUTCTCTCTT
TGECOTAGTGE

- CCCGUAAGAT

CTEACAABAL
ATRCATGTTG

CUACATOCRD
CAGGETTCCTIT
TARCCCTGCGA
TTETTETCCT
GUTECTAGEE
TCOCACRACT

GACTAGATGET
RETS
CONTTG
TGARGLICGTG
SEETTTTO
CTCATTTCAG
TTETEAGGAC
CCOACAGGAR
CTTCCETEAT
GAAGTRCGGG

ABOTETETIGCG !

TTOCCET
TAGATTG
TETTED
GGATGGEAGAR
CRACGTTTCT
THTCCRCAGE
GARCARBLATEG
Gere

COTGACGEAL
oot
PR

GOTT

CRCCT e
CGRETCOCACT
COCACCCCOT
GTGCCCUGAT
THCTECCCAA
CTGERTTCOA
CACAGIGEEE

5 AGCGGLGUAT

CTGEETTCAC
AGCCOCAGCC
TCCTETOCCT
GLGTITCOTE
TOTERGACEE

ALIVESHNARTSPRAVLWEMAPGCARPCPRL

PAVETGCTAVCDLIQSRCLSKENATTDLLTKLPAHTVCDVECDHMEVECPDGY TCCRLOQSGAW
SCCPETOAVCCEDHIHCCPAGETCDTORGTCEQUPHOVEPWMERAPAHLSLPDPOALKRDVPC
DNVSESCPSEDTCCQLTISCEWCCUCPIPEAVCCESDHQHCCPQGYTCVAEGQUOQRGESETIVAGCLEK
MPARRASLSHPRDIGCDQHTSCPVGQTCUPSLOGEWACCQLFHAVCCE DRQHCC PAGY TCNY
KARSCERRKEVVSAQPATFLARSPHVGVEDVECGEGHFCHDNQTCORDNRQGWACCPYROQGVCC
ADRRHCCPAGFRCAARGTHCLRREAPRWDAPLRDPALRQLL

As encoded by the DNA sequence (SEQ ID NO:32):

ATGOURATAR
TTACAARCCIC
ATEGTGETCT

[E

CTGUTGCACA
CTGEEETECCC
ATGGUUCCAG

GAGEGGOAGC

BURGCLGETED
TTATCGTATC
TOOATGTCCT

30

AAARCTGGALGA

CAGTBATGCT CGARCCAGTC COCGRGOTSE

COCARGUARGY

AAGGACTARG

AGATTGUCTE COGTAAAGAC AGGATGURACT
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211 GCTGTATECGE ACCTCATCCA ATCTAAGTET CTEPCTAAAG AARMIGUAAD TARUCAGACUTG CTTACGAAGC
281 TECCCECTCA TACCETAGES GACCTCARAT GTGATATGGA CETATCCTET CCTGACGGECT ATACATETITG
351 TOECTTSCAGC AGUESTGOTTY GOGOATSTIC TCCOTTCALA CAGGCLEGTET GTIGTEAGGA CCACATACAC
421 TECTGCCCTGE CTGEETTCAC ATGTGACACGE CAGRAGEGGA CATGTGAGCA GGGACCCCAT CAAGTACCTT
491 GGATGGAGAA GGCCCCAGCT CATCTGAGTIC TECCTGACUC CCAGGCACTE AAGAGAGATGE TGCCUTGTGA
561 CABCOTGTCC TCOUTGCCCCT CATCTGACAC TTGCTGCCAG TTGALATCTS GUGARTGGGGE CTGCTGLCCT
631 ATACCCGAAG CTETETGTTS TAGTGACUCAC CARACARCTGIT GOCCCCAGGE ATACACCTGT GTGGCTGAGE
701 GACAGTGCCRA CGAGGGETTCC GRAATTCTIC CTGGCTTGEA GARAGATGCCT GUTCGEAGAG COTCACTTAG
7L COATCCACGC GATATTGGET GTGACCAGCA CACCTCOTGET CCTGTCGGAC AGACATGTIGC CCCGTCCCTT
841 GELEGEARGTTY GGLUITETTE TCAGCTCCCC CATGCCETTT GTTGCGAGGR CCGACRGCAC TETTGTCOAG
211 CAGGCTATAC CTGECAATGTG BAAGUTAGGA GUTGCGAGAA CGGAGHTITGTY AGCGUICAAU CAGCARCATT
981 TCTEGCLUGE TCCCCCCATE TUGEIGTEAR AGATCTTGAR TOTGGCEAGE GACACTICTG CCACGACARC
1051 CAGACTTGCT GTAGGGACAA CCGCCAGGCET TOHGGCTTGUT GTCCATATAG ACAGGHGGTG TGCTETGCTGE
1121 ATAGGAGACA TTEITGETICCT GUIGEATTTIA TAGRGGCACT ABATCETITGC CARGGGRAGC
1181 TCCTAGATGEE CGATGCTCCAC TTAGAGACCT AL CAATTGCTC

Progranulin is the precursor protein for granulin. Cleavage of progranulin produces a variety
of active 6 kDa granulin peptides. These smaller cleavage products are named granulin A,
granulin B, granulin C, etc. Epithelins 1 and 2 are synonymous with granulins A and B,
respectively, Cleavage of progranulin into granulin occurs either in the extracellular matrix or

oy

the lysosome. Elastase, proteinase 3 and matrix metalloproteinase are proteases capable of
cleaving progranulin into individual granulin peptides. Progranulin and granulin can be
further differentiated by their hypothesized opposing roles in the cell. While progranulin is
associated with anti-inflammation, cleaved granulin peptides have been implicated in pro-
inflammatory behavior. Mutations in the progranulin (GRN) gene are a major cause of
familial frontotemporal dementia. They result in a haploinsufficiency and therefore in a
reduction of progranulin levels and in GRN-related brain degencrative changes that unfold

over years if not decades. In such cases, progranulin levels may be restored with the viral

vectors of the invention.

A functional fragment of progranulin is a fragment of at least 50, at least 100, at least 150, at
least 200, at least 250, at least 300, at least 350, at least 400, at least 450 or at least 500 amino
acids having at least 95% sequence identity with SEQ 1D NO:7, SEQ ID NO:8 and/or SEQ ID
NQO:9, wherein the fragment has progranulin activity. A protein is said to have progranulin
activity, if it can be cleaved into at least one granulin. In certain embodiments, a protein is
said to have progranulin activity if it can be cleaved into at least one of granulin A, granulin B
and/or granulin C. In certain embodiments, a protein is said to have progranulin activity, if it

can be cleaved into granulin A, granulin B and granulin C.

In a particular embodiment, the invention rclates to a viral vector encoding PGRN, or a
functional fragment thereof, or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ TD NO: 7, SEQ ID NO: 8 or SEQ 1D NO: 9,
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or a functional fragment thereof, wherein the one or more promoters comprises:
a) a myelo-specific promoter, or a functional fragment thereof; and/or
b) a microglia-specific promoter, or a functional fragment thereof; and/or
¢) a fusion promoter comprising or consisting of
i) a first promoter, wherein said first promoter is a myelo-specific promoter or a
microglia-specific promoter, or a functional fragment thereof; and

i1} a second promoter.

That is, in certain embodiments, PGRN or a functional fragment or mutant variant thereof as
disclosed above may be expressed from a myelo-specific promoter or from a functional
fragment thereof. In other embodiments, PGRN or a functional fragment or mutant variant
thereof as disclosed above may be expressed from a microglia-specific promoter or from a
functional fragment thereof. In other embodiments, PGRN or a functional fragment or mutant
variant thereof as disclosed above may be expressed from a fusion promoter, preferably
wherein the fusion promoter comprises a myelo-specific or a microglia-specific promoter or

functional fragments thereof.

The term “myelo-specific promoter” as used herein refers to any promoter that can drive
expression in a myeloid cell. The skilled person is aware of methods to identify whether a
promoter can drive expression in a myeloid cell. For example, a myeloid cell, such as the
monocytic cell line THP-1, may be transduced with a viral vector encoding a fluorescent
marker under control of the promoter in question. If expression of the fluorescent marker can
be detected in the myeloid cell upon integration of the viral vector into the genome of the
myeloid cell, the promoter is determined to be a myelo-specific promoter. Myelo-specific
promoters within the meaning of the present invention include, without limitation, the

miR223 promoter, the AIF1 promoter and the ITGAM promoter.

That is, in a particular embodiment, the invention relates to a viral vector encoding PGRN, or
a functional fragment thereof; or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 7, SEQ ID NO: 8 or SEQ ID NO: 9,
or a functional fragment thereof, wherein the myelo-specific promoter is
a) a miR233 promoter, or a functional fragment thereof; or a promoter having at least
95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ

1D NO: 1, or a functional fragment thereof; or
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b) an ITGAM promoter, or a functional fragment thereof; or a promoter having at least
95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
ID NO:6, or a functional fragment thereof; or

¢) an AIF1 promoter, or a functional fragment thereof, or a promoter having at least
95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
ID NO:5, or a functional fragment thereof.

The term “microglia-specific promoter” as used herein refers to any promoter that can drive
expression in microglia. The skilled person is aware of methods to identify whether a
promoter can drive expression in microglia. For example, microglia, such as an immortalized
microglia cell line, may be transduced with a viral vector encoding a fluorescent marker under
control of the promoter in question. If expression of the fluorescent marker can be detected in
microglia upon integration of the viral vector into the genome of the microglia, the promoter
is determined to be a microglia-specific promoter. Microglia-specific promoters within the
meaning of the present invention include, without limitation, the P2RY12 promoter, the

TMEMI1 19 promoter, the OLFML3 promoter, the ITGAM promoter and the AIF1 promoter.

That is, in a particular embodiment, the invention relates to a viral vector encoding PGRN, or
a functional fragment thercof; or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 7, SEQ ID NO: 8§ or SEQ ID NO: 6,
or a functional fragment thereof, wherein the microglia-specific promoter is
a) a TMEMI119 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO: 3, SEQ ID NO:23 or
SEQ ID NO:24, or a functional fragment thereof; or
b) a P2RY 12 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ 1D NO: 2, SEQ ID NO: 21 or
SEQ ID NQO: 22, or a functional fragment thereof; or
¢) an OLFML3 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO: 4 or SEQ ID NO:25, or

a functional fragment thereof.

In a particular embodiment, the invention relates to a viral vector encoding PGRN, or a
functional fragment thereof; or a polypeptide having at least 95%, 96%, 97%, 98% or 99%

sequence identity to the sequence shown in SEQ ID NO: 7, SEQ ID NO: 8 or SEQ ID NO: 9,
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or a functional fragment thereof, wherein the first promoter is a myelo-specific promoter and

wherein the second promoter is a microglia-specific promoter, or vice versa.

The second promoter may be any promoter known in the art. However, in certain
embodiments, PGRN or a functional fragment or mutant variant thereof as disclosed above
may be expressed from a fusion promoter comprising a myelo-specific promoter and a
microglia-specific promoter. That is, any of the myelo-specific promoters disclosed above

may be combined with any of the microglia-specific promoters disclosed above, in any order.

In certain embodiments, PGRN or a functional fragment or mutant variant thereof as
disclosed above may be expressed from a fusion promoter comprising miR223, a functional

fragment thereof or a promoter with miR223 functionality, and a microglia-specific promoter.

That is, in a particular embodiment, the invention relates to a viral vector encoding PGRN, or
a functional fragment thereof; or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO:7, SEQ ID NO:8 or SEQ ID NO:9, or
a functional fragment thereof, wherein the first promoter is a miR233 promoter, or a promoter
having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown
in SEQ ID NO:1, or a functional fragment thereof; and wherein the first promoter is operably
linked to

i} a a TMEMI1 19 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or

100% sequence identity to the sequence shown in SEQ ID NO:3, SEQ ID NO:23 or

SEQ ID NO:24, or a functional fragment thereof

ii) a P2RY12 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or

100% sequence identity to the sequence shown in SEQ ID NO:2, SEQ ID NO:21 or

SEQ ID NO:22, or a functional fragment thereof;

iii) an OLFML3 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or

100% sequence identity to the sequence shown in SEQ ID NO:4 or SEQ ID NO:25, 0ra

functional fragment thereof;

iv) an ITGAM promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or

100% sequence identity to the sequence shown in SEQ ID NO:6, or a functional

fragment thereof; and/or

v) an AIF1 promoter or a promoter having at least 95%, 96%, 97%, 98%., 99% or 100%

sequence identity to the sequence shown in SEQ ID NO:5, or a functional fragment
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thereof.

In certain embodiments, the invention relates to a viral vector encoding PGRN, or a functional
fragment thereof; or a polypeptide having at least 95%, 96%, 97%, 98% or 99% sequence
identity to the sequence shown in SEQ ID NO: 7, SEQ ID NO: 8 or SEQ ID NO: 9, or a
functional fragment thereof, wherein the promoter is a miR233 promoter, or a promoter
having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown
in SEQ ID NO: 1, or a functional fragment thereof.

In certain embodiments, the invention relates to a viral vector encoding PGRN, or a functional
fragment thereof, or a polypeptide having at least 95%, 96%, 97%, 98% or 99% sequence
identity to the sequence shown in SEQ ID NO: 7, SEQ ID NO: 8 or SEQ ID NO: 9, or a
functional fragment thereof, wherein the first promoter is an ITGAM promoter, or a promoter
having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown
in SEQ ID NO6, or a functional fragment thereof.

In certain embodiments, the invention relates to a viral vector encoding PGRN, or a functional
fragment thereof, or a polypeptide having at least 95%, 96%, 97%, 98% or 99% sequence
identity to the sequence shown in SEQ ID NO: 7, SEQ ID NO: 8 or SEQ ID NO: 9, or a
functional fragment thereof, wherein the promoter is a fusion promoter comprising (a) a
miR233 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or 100%
sequence identity to the sequence shown in SEQ ID NO: 1, or a functional fragment thereof;
and (b) a P2RY12 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ 1D NO:2, SEQ 1D NO:21 or SEQ ID
NO:22, or a functional fragment thereof. In certain embodiments, the fusion promoter
comprises a nucleotide sequence having at least 90%, at least 95%, at least 96%, at least 97%,

at least 98%, at least 99% or 100% sequence identity with SEQ 1D NO:26 or SEQ ID NO:27.

In certain embodiments, the invention relates to a viral vector encoding PGRN, or a functional
fragment thereof, or a polypeptide having at least 95%, 96%, 97%, 98% or 99% sequence
identity to the sequence shown in SEQ ID NO: 7, SEQ ID NO: 8 or SEQ ID NO: 9, or a
functional fragment thereof, wherein the promoter is a fusion promoter comprising (a) a
miR233 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or 100%

sequence identity to the sequence shown in SEQ ID NO: 1, or a functional fragment thereof;
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and (b) a TMEMI119 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO:3, SEQ ID NO:23 or SEQ ID
NO:24, or a functional fragment thereof In certain embodiments, the fusion promoter

comprises a nucleotide sequence having at least 90%, at least 95%, at least 96%, at least 97%,

at least 98%, at least 99% or 100% sequence identity with SEQ ID NO:28.

In certain embodiments, the invention relates to a viral vector encoding PGRN, or a functional
fragment thereof; or a polypeptide having at least 95%, 96%, 97%, 98% or 99% sequence
identity to the sequence shown in SEQ ID NO: 7, SEQ ID NO: 8 or SEQ ID NO: 9, or a
functional fragment thereof, wherein the promoter is a fusion promoter comprising (a) a
miR233 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or 100%
sequence identity to the sequence shown in SEQ ID NO: 1, or a functional fragment thereof;
and (b) an OLFML3 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO:4 or SEQ ID NO:25, or a
functional fragment thereof. In certain embodiments, the fusion promoter comprises a
nucleotide sequence having at least 90%, at least 25%, at least 96%, at lecast 97%, at least
98%., at least 99% or 100% sequence identity with SEQ ID NO:26.

In a particular embodiment, the invention relates to a viral vector comprising a transgene
under control of one or more promoters, wherein the transgene encodes
a) [L.-12, or a functional fragment thereof; or
b) a polypeptide having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity
to the sequence shown in SEQ ID NO: 11, or a functional fragment thereof; and/or a
polypeptide having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to
the sequence shown in SEQ ID NO: 12, or a functional fragment thereof.

That is, in certain embodiments, the invention relates to a viral vector encoding interleukin-12
(IL-12). The term “Interleukin-12” or “IL-12” refers to a protein comprising the protein
sequence of SEQ ID NO: 11 and the protein sequence of SEQ ID NO: 12, or any protein
fragment derived from protein sequences SEQ ID NO: 11 and/or SEQ ID NO: 12 with a
length of at least 50 amino acids, or to any protein sequence with more than 95% homology

thereof, Also provided herein are nucleic acid sequences encoding said proteins.

1L.-12 subunit alpha (SEQ ID NO: 11)
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MCPARSLLLVATLVILLDHLSLARNLEPVATPDPGMEFPCLHHSONLLEAVSNMLORKARQTLEERY
PCTSEEIDHEDITKDRTSTVEACLPLELTENESCLNSRET SFITNGSCLASRRKT SFMMALCL
SSIYEDLEMYQUEFKTMNAKLLMDPRROIFLDONMLAVIDELMOALNFNSETVPQKSSLEER
DEYRTRIKLCILLHAFRIRAVTIDRVMSYLNAS

IL-12 subunit beta (SEQ 1D NO: 12)

MCHQOLVISWESLVPLASPLVAIWELKEDVYVVELDWYPDAPGEMVVLTCDTPEEDGITWTL
DOSSEVLGSGRTILTIQVKEKEFGDAGOY TCHRGGEVLSHSLLLIHKEEDGLIWSTDILEDQREFK
NETFLRCEARKNYSGRETCHWLITISTDLTEFSVESSRGSSDEQGVICGAATLEAERVRGDNKE
YEYSVECQEDSACPAAEESLPIEVMVDAVHKLEYENYTSSFFIRDITRKPDPPENLOLEKPLKN
SROVEVSWEYPDTWSTPHSYFSLTFCVQVOGKSERERKKDRVFTDETSATVICRRENAST SVRA
QDRYYSESWSEWASVPCS

IL-12 beta and alpha subunit connected with a linker (SEQ ID NO:33)

MCHQOILVISWFSLVFLASPLVATWELKKDVYVVELDWYPDAPGCEMVVLTCDIPEEDGITWE L
DOSSEVLGEGRT LT IQVREEFGDAGOYTCHEGGEVLSHELLLLHKREDGIWSTDI LEDQKREPK
NKTFLRCEARNYSGREFTCWWLITISTDLTESVESSRESSDPQCVICGAAT LS AERVRGDNER
YEYSVECQEDSACPAAERSLPIBVMVDAVHKLEYENYTSSEFFIRDITEPDPPRENLOLEPLEN
SROVEVESWEYPDTWSTPHSYESLTFCVQVQGRKSKREKEDRVETDKEKTSATVICRENASISVRA
QODRYYESSSWSEWASVRPCSGLEEEGEEESGEEESRNLEPVATPDPCGMEPCLHHSONLLRAVENM
LOEARQTLEFYPCTSERIDHEDITKDRKTSTVEACLPLELTKNESCLNSRETSFITNGECLAS
RKTSFMMALCLSS IYEDLEMYQVEFKTMNAKLLMDPRRQI FLDONMLAVIDELMQALNFNSE
TVPOKSSTREPRDFYRTEIRLCTLLHAFRIRAVTIDRVMSYLINAS

Preferably, the viral vector of the invention encodes both the polypeptide according to SEQ
ID NO:11 and the polypeptide according to SEQ 1D NO:12. In certain embodiments, the two
IL-12 subunits alpha and beta may be connected via a linker. In certain embodiments the
linker has the amino acid sequence GGGGSGGGGSGGGGS (SEQ ID NG:34). In certain
embodiments, the [L-12 encoded in the viral vector according to the invention is a single-

chain IL-12 variant. Single-chain IL-12 variants have been disclosed in the art.

Interleukin-12 (1L-12) is an interleukin that is naturally produced by dendritic cells,
macrophages, neutrophils, and human B-lymphoblastoid cells (NC-37) in response to
antigenic stimulation. IL-12 is composed of a bundle of four alpha helices. It is a
heterodimeric cytokine encoded by two separate genes, IL-12A (p35) and IL-12B (p40). The
active heterodimer (referred to as 'p70", and a homodimer of p40 are formed following
protein synthesis. Accordingly, the viral vector of the invention preferably encodes both the
alpha subunit (SEQ ID NO:11) and the beta subunit (SEQ ID NO:12) of IL-12. Interleukin-12
(IL-12) has emerged as one of the most potent agents for anti-tumor immunotherapy.
However, potentially lethal toxicity associated with systemic administration of IL-12

precludes its clinical application in form of the pure cytokine,
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A functional fragment of IL-12 is a fragment of at least 50, at least 100, at least 150 or at least
200 amino acids having at least 95% sequence identity with SEQ ID NO.11 or SEQ ID
NO:12, wherein the fragment has IL-12 activity. Assays to determine whether a protein has
IL-12 activity have been described in the art, for example by Peng et al., A single-chain IL-12
IgG3 antibody fusion protein retains antibody specificity and 1L-12 bioactivity and
demonstrates antitumor activity; J Immunol. 1999 Jul 1;163(1):250-8.

In a particular embodiment, the invention relates to a viral vector encoding IL-12, including
single-chain variants thereof, or a functional fragment thereof; or a polypeptide having at least
95%, 96%, 97%, 98% or 99% sequence identity to the sequence shown in SEQ ID NO: 11,
and/or SEQ ID NO: 12, or functional fragments thereof, wherein the one or more promoters
comprises:
a) a myelo-specific promoter, or a functional fragment thereof, and/or
b) a microglia-specific promoter, or a functional fragment thereof; and/or
¢) a fusion promoter comprising or consisting of
i) a first promoter, wherein said first promoter is a myelo-specific promoter or a
microglia-specific promoter, or a functional fragment thereof; and

ii) a second promoter.

That is, in certain embodiments, IL-12 or a functional fragment or mutant variant thereof as
disclosed above may be expressed from a myelo-specific promoter or from a functional
fragment thereof. In other embodiments, IL-12 or a functional fragment or mutant variant
thereof as disclosed above may be expressed from a microglia-specific promoter or from a
functional fragment thereof. In other embodiments, 1L-12 or a functional fragment or mutant
variant thereof as disclosed above may be expressed from a fusion promoter, preferably
wherein the fusion promoter comprises a myelo-specific or a microglia-specific promoter or

functional fragments thereof,

That is, in a particular embodiment, the invention relates to a viral vector encoding IL.-12, or a
functional fragment thereof, or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 11 and/or SEQ ID NO: 12, or a
functional fragment therecof, wherein the myelo-specific promoter is

a) a miR233 promoter, or a functional fragment thereof; or a promoter having at least

95%, 96%, 97%, 98%, 99% or 100% sequence identity o the sequence shown in SEQ
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ID NO: 1, or a functional fragment thereof;

b) an ITGAM promoter, or a functional fragment thereof, or a promoter having at least
95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
ID NQ: 6, or a functional fragment thereof.

c) an AIF1 promoter, or a functional fragment thereof, or a promoter having at least
95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
1D NO: 5, or a functional fragment thereof; or

In a particular embodiment, the invention relates to a viral vector encoding IL-12, or a
functional fragment thereof, or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 11 and/or SEQ ID NO: 12, or a
functional fragment thereof, wherecin the microglia-specific promoter is
a) a TMEM119 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO:3, SEQ 1D NO:23 or
SEQ ID NO:24, or a functional fragment thereof; or
b) a P2ZRY'12 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO: 2, 8EQ 1D NO:21 or
SEQ ID NO:22, or a functional fragment thereof;
¢) an OLFML3 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO:4 or SEQ ID NO:25,0r a
functional fragment thereof.

In a particular embodiment, the invention relates to a viral vector encoding IL-12, or a
functional fragment thereof; or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 11 and/or SEQ ID NO: 12, or a
functional fragment thereof, wherein the first promoter is a myelo-specific promoter and

wherein the second promoter is a microglia-specific promoter, or vice versa.,

The second promoter may be any promoter known in the art. However, in certain
embodiments, IL-12 or a functional fragment or mutant variant thereof as disclosed above
may be expressed from a fusion promoter comprising a myelo-specific promoter and a
microglia-specific promoter. That is, any of the myeclo-specific promoters disclosed above

may be combined with any of the microglia-specific promoters disclosed above, in any order.
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In certain embodiments, IL-12 or a functional fragment or mutant variant thereof as disclosed
above may be expressed from a fusion promoter comprising miR223, a functional fragment

thereof or a promoter with miR223 functionality, and a microglia-specific promoter.

That is, in a particular embodiment, the invention relates to a viral vector encoding IL-12, or a
functional fragment thereof; or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 11 and/or SEQ ID NO: 12, or a
functional fragment thereof, wherein the first promoter is a miR233 promoter, or a promoter
having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown
in SEQ ID NO: 1, or a functional fragment thereof; and wherein the first promoter is operably
linked to

i) a TMEMI1 19 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or

100% sequence identity to the sequence shown in SEQ ID NO:3, SEQ ID NO:23 or

SEQ ID NO:24, or a functional fragment thereof;

ii) a P2ZRY12 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or

100% sequence identity to the sequence shown in SEQ ID NO:2, SEQ ID NO:21 or

SEQ ID NO:22, or a functional fragment thereof;

iii) an OLFML3 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or

100% sequence identity to the sequence shown in SEQ ID NO:4 or SEQ ID NO:25, or a

functional fragment thereof;

iv) an ITGAM promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or

100% sequence identity to the sequence shown in SEQ ID NO:6, or a functional

fragment thereof; and/or

v) an AIF] promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or 100%

sequence identity to the sequence shown in SEQ ID NO:5, or a functional fragment

thereof.

In certain embodiments, the invention relates to a viral vector encoding IL-12, or a functional
fragment thereof; or a polypeptide having at least 95%, 96%, 97%, 98% or 99% sequence
identity to the sequence shown in SEQ ID NO:11 and/or SEQ ID NO:12, or a functional
fragment thereof, wherein the promoter is a miR233 promoter, or a promoter having at least
95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ ID
WO:1, or a functional fragment thereof.

40

CA 03165462 2022-7-20



WO 2021/239308 PCT/EP2021/059070

In certain embodiments, the invention relates to a viral vector encoding 11.-12, or a functional
fragment thereof; or a polypeptide having at least 95%, 96%, 97%, 98% or 99% sequence
identity to the sequence shown in SEQ ID NO: 11 and/or SEQ ID NO: 12, or a functional
fragment thereof, wherein the first promoter is an ITGAM promoter, or a promoter having at
least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
ID NO:6, or a functional fragment thereof.

Tn certain embodiments, the invention relates to a viral vector encoding IL-12, or a functional
fragment thereof; or a polypeptide having at least 95%, 96%, 97%, 98% or 99% sequence
identity to the sequence shown in SEQ ID NO: 11 and/or SEQ ID NO: 12, or a functional
fragment thereof, wherein the promoter is a fusion promoter comprising {(a) a miR233
promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or 100% sequence
identity to the sequence shown in SEQ ID NO: 1, or a functional fragment thereof; and (b) a
P2RY12 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or 100%
sequence identity to the sequence shown in SEQ ID NO: 2, SEQ ID NO:21or SEQ ID NO:22,
or a functional fragment thereof. In certain embodiments, the fusion promoter comprises a
nucleotide sequence having at least 90%, at least 95%, at least 96%, at least 97%, at least

98%, at least 99% or 100% sequence identity with SEQ ID NO:26 or SEQ ID NO:27.

In certain embodiments, the invention relates to a viral vector encoding [L-12, or a functional
fragment thereof’ or a polypeptide having at least 95%, 96%, 97%, 98% or 99% sequence
identity to the sequence shown in SEQ ID NO: 11 and/or SEQ ID NO: 12, or a functional
fragment thereof, wherein the promoter is a fusion promoter comprising (a) a miR233
promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or 100% sequence
identity to the sequence shown in SEQ ID NO: 1, or a functional fragment thereof; and (b) a
TMEMI119 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or 100%
sequence identity to the sequence shown in SEQ ID NO:3, SEQ ID NO:23 or SEQ ID NO:24,
or a functional fragment thereof. In certain embodiments, the fusion promoter comprises a
nucleotide sequence having at least 90%, at least 95%, at least 96%, at least 97%, at least

98%, at least 99% or 100% sequence identity with SEQ 1D N(O:28.

In certain embodiments, the invention relates to a viral vector encoding 11.-12, or a functional
fragment thereof; or a polypeptide having at least 95%, 96%, 97%, 98% or 99% sequence

identity to the sequence shown in SEQ ID NO: 11 and/or SEQ ID NO: 12, or a functional
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fragment thereof, wherein the promoter is a fusion promoter comprising (a) a miR233
promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or 100% sequence
identity to the sequence shown in SEQ ID NO: 1, or a functional fragment thereof; and (b) an
OLFMIL3 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or 100%
sequence identity to the sequence shown in SEQ ID NO:4 or SEQ ID NO:25, or a functional
fragment thereof. In certain embodiments, the fusion promoter comprises a nucleotide
sequence having at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% sequence identity with SEQ ID NO:29.

In a particular embodiment, the invention relates to a viral vector comprising a transgene
under control of one or more promoters, wherein the transgene encodes

a) Interferon-gamma (IFN-gamma), or a functional fragment thereof; or

b) a polypeptide having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity

to the sequence shown in SEQ ID NO: 10, or a functional fragment thereof.

That is, in certain embodiments, the invention relates to a viral vector encoding interferon
gamma (IFN-gamma). The term “Interferon-gamma” or “IFN-gamma” or “TFN-y” refers to
the protein sequence of SEQ ID NO: 10, and/or to any sequence with a sequence identity of
>05% homology thereof. Also provided herein are nucleic acid sequences encoding said

proteins.

MEYTSYILAFQLCIVLGSLGCYCODPYVKEAENLERY FNAGHEDVADNGTLE LG ILENWKEER
SDRKIMQSQIVSEYFELFRNFREDDOSIQREVETIKEDMNVEETNSNEKKKRDDIERLTNYSVT
DLNVORKATHELIQVMAELSPAAKTGRKRERSOMLFRGRRASQ (SEQ ID NO:10}

as encoded by the DNA sequence {SEQ ID NO:35}:

i ATEAAGTACA COTCCTACAT CUTCGCTTIT CARCTGTGRA TTGETCOTTGE GTUTCYTGEA TGTTACTGTC
7 AAGACCCATA CGTGAARGAG GCAGAGAACC TUAARAAGTA TITCAATGCT GGACATAGCGE AUGTG 5
141 TARTGEG TOUTCTTCOTGEG GUATCOTGAS SRBCTGOAAC CARGARTITE o TATGC

211 CRAGRTT AG ARARL

CCTTTTAITT CAAACTCTTC ARGARTTTCA RAGATGACCA
ZH1 AMRCAATURA AGAGGATATG AAD GREGT TTTITCRRTTC F roTT
351 ACTTACCARC TATT o MTEA e MSAGG RAG VEAC ATGARGTTGAT ACARG

121 SOTETTTCCR COGACGLGOE
491

IFN-gamma is a dimerized soluble cytokine that is the only member of the type II class of
interferons. In humans, the IFN-gamma protein is encoded by the 7FNG gene. IFN-gamma, or
type II interferon, is a cytokine that is critical for innate and adaptive immmunity against viral,

some bacterial and protozoan infections. IFN-gamma is an important activator of

42

CA 03165462 2022-7-20



WO 2021/239308 PCT/EP2021/059070

macrophages and inducer of major histocompatibility complex class I molecule expression.
Aberrant IFN-gamma expression is associated with a number of autoinflammatory and
autoimmune diseases. The importance of IFN-gamma in the immune system stems in part
from its ability to inhibit viral replication directly, and most importantly from its
immunostimulatory and immunomodulatory effects. ITFN-gamma is produced predominantly
by natural killer cells (NK) and natural killer T cells (NKT) as part of the innate immune
response, and by CD4 Thl and CD8 cytotoxic T lymphocyte (CTL) effector T cells once
antigen-specific immunity develops as part of the adaptive immune response. IFN-gamma is
also produced by non-cytotoxic innate lymphoid cells (ILC), a family of immune cells first

discovered in the early 2010s.

IFN-gamma 1b is approved by the U.S. Food and Drug Administration to treat chronic
granulomatous disease and osteopetrosis. It is being studied for the treatment of Friedreich's
ataxia. Although not officially approved, IFN-gamma has also been shown to be effective in
treating patients with moderate to severe atopic dermatitis. IFN-gamma is not approved yet
for the treatment in any cancer immunotherapy. However, improved survival was observed
when IFN-gamma was administrated to patients with bladder carcinoma and melanoma
cancers. The most promising result was achieved in patients with stage 2 and 3 of ovarian

carcinoma.

A functional fragment of IFN-gamma is a fragment of at least 50, at least 100 or at least 150
amino acids having at least 95% sequence identity with SEQ ID NO:10, wherein the fragment
has IFN-gamma activity. Assays to determine whether a protein has IFN-gamma activity have
been described in the art, for example by Corstjens et al., A user-friendly, highly sensitive
assay to detect the IFN-gamma secretion by T cells; Clin Biochem. 2008 Apr; 41(6): 440
444,

In a particular embodiment, the invention relates to a viral vector encoding IFN-gamma, or a
functional fragment thereof, or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 10, or a functional fragment thereof,
wherein the one or more promoters comprises:

a) a myelo-specific promoter, or a functional fragment thereof; and/or

b) a microglia-specific promoter, or a functional fragment thereof; and/or

¢) a fusion promoter comprising or consisting of
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i) a first promoter, wherein said first promoter is a myelo-specific promoter or a
microglia-specific promoter, or a functional fragment thereof; and

ii) a second promoter.

That is, in certain embodiments, IFN-gamma or a functional fragment or mutant variant
thereof as disclosed above may be expressed from a myelo-specific promoter or from a
functional fragment thereof. In other embodiments, IFN-gamma or a functional fragment or
mutant variant thereof as disclosed above may be expressed from a microglia-specific
promoter or from a functional fragment thereof. In other embodiments, IFN-gamma or a
functional fragment or mutant variant thereof as disclosed above may be expressed from a
fusion promoter, preferably wherein the fusion promoter comprises a myelo-specific or a

microglia-specific promoter or functional fragments thereof.

That is, in a particular embodiment, the invention relates to a viral vector encoding IFN-
gamma, or a functional fragment thereof; or a polypeptide having at least 95%, 96%, 97%,
98% or 99% sequence identity to the sequence shown in SEQ ID NO: 10, or a functional
fragment thereof, wherein the myelo-specific promoter is
a) a miR233 promoter, or a functional fragment thereof;, or a promoter having at least
95%., 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
1D NO: 1, or a functional fragment thereof}
b) an ITGAM promoter, or a functional fragment thereof; or a promoter having at least
95%, 96%, 97%. 98%, 99% or 100% sequence identity to the sequence shown in SEQ
ID NO:6, or a functional fragment thereof;
¢) an AIF1 promoter, or a functional fragment thereof, or a promoter having at least
95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
ID NO:5, or a functional fragment thereof.

In a particular embodiment, the invention relates to a viral vector encoding IFN-gamma, or a
functional fragment thereof, or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 10, or a functional fragment thereof,
wherein the microglia-specific promoter is
a) a TMEMI119 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% seguence identity to the sequence shown in SEQ ID NO:3, SEQ ID NO:23 or

SEQ ID NO:24, or a functional fragment thereof; or
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b) a P2RY'12 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ TD NO: 2, SEQ ID NO:21 or
SEQ ID NO:22, or a functional fragment thereof; or

¢) an OLFML3 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO:4 or SEQ ID NO:25,0ra
functional fragment thereof.

In a particular embodiment, the invention relates to a viral vector encoding IFN-gamma, or a
functional fragment thereof; or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 10, or a functional fragment thereof,
wherein the first promoter is a myelo-specific promoter and wherein the second promoter is a

microglia-specific promoter, or vice versa,

The second promoter may be any promoter known in the art. However, in certain
embodiments, IFN-gamma or a functional fragment or mutant variant thereof as disclosed
above may be expressed from a fusion promoter comprising a myelo-specific promoter and a
microglia-specific promoter. That is, any of the myelo-specific promoters disclosed above

may be combined with any of the microglia-specific promoters disclosed above, in any order.

In certain embodiments, IFN-gamma or a functional fragment or mutant variant thereof as
disclosed above may be expressed from a fusion promoter comprising miR223, a functional

fragment thereof or a promoter with miR223 functionality, and a microglia-specific promoter.

That is, in a particular embodiment, the invention relates to a viral vector encoding IFN-
gamma, or a functional fragment thereof; or a polypeptide having at least 95%, 96%, 97%,
98% or 99% sequence identity to the sequence shown in SEQ ID NO:10, or a functional
fragment thereof, wherein the first promoter is a miR233 promoter, or a promoter having at
least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
1D NO: 1, or a functional fragment thereof, and wherein the first promoter is operably linked
to

ii) a TMEM119 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or

100% sequence identity to the sequence shown in SEQ ID NO:3, SEQ ID NO:23 or

SEQ ID NO:24, or a functional fragment thereof;

1) a PZRY 12 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or
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100% sequence identity to the sequence shown in SEQ ID NO:Z, SEQ 1D NO:21 or
SEQ ID NO:22, or a functional fragment thereof;

iii) an OLFML3 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ 1D NG:4 or SEQ ID WO:25,0ra
functional fragment thereof;

iv) an ITGAM promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO:6, or a functional
fragment thereof;, and/or

v} an AIF1 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or 100%
sequence identity to the sequence shown in SEQ ID NO:5, or a functional fragment

thereof.

In certain embodiments, the invention relates to a viral vector encoding IFM-gamma, or a
functional fragment thereof, or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 10, or a functional fragment thereof,
wherein the promoter is a miR233 promoter, or a promoter having at least 95%, 96%, 97%,
98%, 99% or 100% seguence identity to the sequence shown in SEQ ID NO: 1, or a

functional fragment thereof.

In certain embodiments, the invention relates to a viral vector encoding IFN-gamma, or a
functional fragment thereof, or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 10, or a functional fragment thereof,
wherein the first promoter is an ITGAM promoter, or a promoter having at least 95%, 96%,
G7%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ ID NO:6, or a
functional fragment thereof.

In certain embodiments, the invention relates to a viral vector encoding IFN-gamma, or a
functional fragment thereofl or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 10, or a functional fragment thereof,
wherein the promoter is a fusion promoter comprising (a) a miR233 promoter, or a promoter
having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown
in SEQ ID NO: 1, or a functional fragment thereof; and (b) a P2ZRY12 promoter, or a
promoter having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the

sequence shown in SEQ 1D NO: 2, SEQ ID NO:21 or SEQ ID NO:22, or a functional
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fragment thereof. In certain embodiments, the fusion promoter comprises a nucleotide
sequence having at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% sequence identity with SEQ ID NO:26 or SEQ ID NO:27.

In certain embodiments, the invention relates to a viral vector encoding [FN-gamma, or a
functional fragment thereof; or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 10, or a functional fragment thereof,
wherein the promoter is a fusion promoter comprising (a) 2 miR233 promoter, or a promoter
having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown
in SEQ ID NO: 1, or a functional fragment thereof; and (b) a TMEMI119 promoter, or a
promoter having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the
sequence shown in SEQ ID NO:3, SEQ ID NO:23 or SEQ ID NO:24, or a functional
fragment thereof. In certain embodiments, the fusion promoter comprises a nucleotide
sequence having at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% sequence identity with SEQ ID NO:28.

In certain embodiments, the invention relates to a viral vector encoding IFN-gamma, or a
functional fragment thereof; or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 10, or a functional fragment thereof,
wherein the promoter is a fusion promoter comprising (a) a miR233 promoter, or a promoter
having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown
in SEQ ID NO: 1, or a functional fragment thereof;, and (b) an OLFML3 promoter, or a
promoter having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the
sequence shown in SEQ ID NO: 4 or SEQ ID NO:25, or a functional fragment thereof. In
certain embodiments, the fusion promoter comprises a nucleotide sequence having at least
90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% sequence
identity with SEQ 1D NO:29.

In a particular embodiment, the invention relates to a viral vector comprising a transgene
under control of one or more promoters, wherein the transgene encodes
a) GM-CSF, or a functional fragment thereof;, or
b) a polypeptide having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity
to the sequence shown in SEQ ID NO: 13, or a functional fragment thereof.
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That is, in certain embodiments, the invention relates to a viral vector encoding Granulocyte-
macrophage colony-stimulating factor (GM-CSF). The term “GM-CSF” refers to the protein
sequence of SEQ ID NO: 13, and/or to any sequence with a sequence identity of >95%

homology thereof. Also provided herein are nucleic acid sequences encoding said proteins.

MWLOSLLLLGTVACSISAPARSPSPSTQPWEHVNATQEARRLLNLSRDTAAEMNETVEVISE
MFEFDLOEPTCLOTRLELYKQGLRGSLTKLKGPLTMMASHYKQHCPPTPETSCATQIITFESEK
ENLEDFLLVIPFDCWEPVQE (SEQ ID NO:13)

Granulocyte-macrophage colony-stimulating factor (GM-CSF), also known as colony-
stimulating factor 2 (CSF2), is a monomeric glycoprotein secreted by macrophages, T cells,
mast cells, natural killer cells, endothelial cells and fibroblasts that functions as a cytokine.
The pharmaceutical analogs of naturally occurring GM-CSF are called sargramostim and
molgramostim. Unlike granulocyte colony-stimulating factor, which specifically promotes
neutrophil proliferation and maturation, GM-CSF affects more cell types, especially
macrophages and cosinophils. GM-CSF is a monomeric glycoproiein that functions as a
cytokine — it is a white blood cell growth factor. GM-CSF stimulates stem cells to produce
granulocytes (neutrophils, eosinophils, and basophils) and monocytes. Monocytes exit the
circulation and migrate into tissue, whereupon they mature into macrophages and dendritic
cells. Thus, it is part of the immune/inflammatory cascade, by which activation of a small
number of macrophages can rapidly lead to an increase in their numbers, a process crucial for

fighting infection.

A functional fragment of GM-CSF is a fragment of at least 50, at least 100 amino acids, at
least 110, at least 120, at least 130 or at least 140 amino acids having at least 95% sequence
identity with SEQ ID NO:13, wherein the fragment has GM-CSF activity. Assays to
determine whether a protein has GM-CSF activity have been described in the art, for example
by Singh et al, GM-CSF Enhances Macrophage Glycolytic Activity In Vitro and Improves
Detection of Inflammation In Viveo; J Nucl Med. 2016 Sep;57(9):1428-35. dot:
10.2967/jnumed.115.167387. Epub 2016 Apr 14.

In a particular embodiment, the invention relates to a viral vector encoding GM-CSF, or a
functional fragment thereof; or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 13, or a functional fragment thereof,

wherein the one or more promoters comprises:
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a) a myelo-specific promoter, or a functional fragment thereof; and/or

b) a microglia-specific promoter, or a functional frapment thereof; and/or

¢) a fusion promoter comprising or consisting of
i) a first promoter, wherein said first promoter is a myelo-specific promoter or a
microglia-specific promoter, or a {unctional fragment thereof; and

ii) a second promoter.

That is, in certain embodiments, GM-CSF or a functional fragment or mutant variant thereof
as disclosed above inay be expressed from a myelo-specific promoter or from a functional
fragment thereof, In other embodiments, GM-CSF or a functional fragment or mutant variant
thereof as disclosed above may be expressed from a microglia-specific promoter or from a
functional fragment thereof. In other embodiments, GM-CSF or a functional fragment or
mutant variant thereof as disclosed above may be expressed from a fusion promoter,
preferably wherein the fusion promoter comprises a myelo-specific or a microglia-specific

promoter or functional fragments thereof.

That is, in a particular embodiment, the invention relates to a viral vector encoding GM-CSF
a, or a functional fragment thereof, or a polypeptide having at least 95%, 96%, 97%, 98% or
99% sequence identity to the sequence shown in SEQ ID NO: 13, or a functional fragment
thereof, wherein the myelo-specific promoter is
a) a miR233 promoter, or a functional fragment thereof; or a promoter having at least
95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
ID NO: 1, or a functional fragment thereof;
b) an ITGAM promoter, or a functional fragment thereof; or a promoter having at least
05%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
ID NO: 3, or a functional fragment thereof
b} an AIF1 promoter, or a functional fragment thereof; or a promoter having at least
95%, 96%, 97%., 98%, 99% or 100% sequence identity to the sequence shown in SEQ
ID NO: 6, or a functional fragment thereof.

In a particular embodiment, the invention relates to a viral vector encoding GM-CSF, or a
functional fragment thereof; or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 13, or a functional fragment thereof,

wherein the microglia-specific promoter is
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a) a TMEMI119 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO:3, SEQ 1D NO:23 or
SEQ ID NO:24, or a functional fragment thereof; or

b) a P2RY12 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO: 2, SEQ ID NO:21 or
SEQ ID NO:22, or a functional fragment thereof;

¢) an OLFML3 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ 1D NO:4 or SEQ ID NO:25, or a
functional fragment thereof.

In a particular embodiment, the invention relates to a viral vector encoding GM-CSF, or a
functional fragment thereof; or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 13, or a functional fragment thereof,
wherein the first promoter is a myelo-specific promoter and wherein the second promoter is a

microglia-specific promoter, or vice versa.

The second promoter may be any promoter known in the art. However, in certain
embodiments, GM-CSF or a functional fragment or mutant variant thereof as disclosed above
may be expressed from a fusion promoter comprising a myelo-specific promoter and a
microglia-specific promoter. That is, any of the myelo-specific promoters disclosed above

may be combined with any of the microglia-specific promoters disclosed above, in any order.

In certain embodiments, GM-CSF or a functional fragment or mutant variant thereof as
disclosed above may be expressed from a fusion promoter comprising miR223, a functional

fragment thereof or a promoter with miR223 functionality, and a microglia-specific promoter.

That is, in a particular embodiment, the invention relates to a viral vector encoding GM-CSF,
or a functional fragment thereof; or a polypeptide having at least 95%, 96%, 97%, 98% or
99% sequence identity to the sequence shown in SEQ ID NO: 13, or a functional fragment
thereof, wherein the first promoter is a miR233 promoter, or a promoter having at least 95%,
86%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ ID NO: 1, or
a functional fragment thereof; and wherein the first promoter is operably linked to

i) a TMEM119 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or

100% sequence identity to the sequence shown in SEQ ID NO:3, SEQ ID NO:23 or
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SEQ ID NO:24, or a functional fragment thereof;

ii) a P2RY12 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO: 2, SEQ ID NO:21 or
SEQ ID NO:22, or a functional fragment thereof;

iii) an OLFML3 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO:4 or SEQ ID NO:25, 0r a
functional fragment thereof;

iv) an ITGAM promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO:6, or a functional
fragment thereof; and/or

v} an AIF1 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or 100%
sequence identity to the sequence shown in SEQ ID NO:5, or a functional fragment
thereof.

In certain embodiments, the invention relates to a viral vector encoding GM-CSF, or a
functional fragment thereof, or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 13, or a functional fragment thereof,
wherein the promoter is a miR233 promoter, or a promoter having at least 95%, 96%, 97%,
98%, 99% or 100% sequence identity to the sequence shown in SEQ ID NO: 1, or a
functional fragment thereof.

In certain embodiments, the invention relates to a viral vector encoding GM-CSF, or a
functional fragment thereof, or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 13, or a functional fragment thereof,
wherein the first promoter is an [ITGAM promoter, or a promoter having at least 95%, 96%,
97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ ID NO:6, or a

functional fragment thereof.

In certain embodiments, the invention relates to a viral vector encoding GM-CSF, or a
functional fragment thereof; or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 13, or a functional fragment thereof,
wherein the promoter is a fusion promoter comprising (a) a miR233 promoter, or a promoter
having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown

in SEQ ID NO: 1, or a functional fragment thereof; and (b) a P2RY12 promoter, or a
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promoter having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the
sequence shown in SEQ ID NO: 2, SEQ ID NO:21 or SEQ ID NO:22, or a functional
fragment thereof. In certain embodiments, the fusion promoter comprises a nucleotide
sequence having at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least
89% or 100% sequence identity with SEQ 1D NO:26 or SEQ 1D NO:27.

In certain embodiments, the invention relates to a viral vector encoding GM-CSF, or a
functional fragment thereof, or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ 1D NO: 13, or a functional fragment thereof,
wherein the promoter is a fusion promoter comprising (a) a miR233 promoter, or a promoter
having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown
in SEQ ID NO: 1, or a functional fragment thereof; and (b) a TMEMI119 promoter, or a
promoter having at least 95%, 96%, 97%., 98%, 99% or 100% sequence identity to the
sequence shown in SEQ ID NO:3, SEQ ID NO:23 or SEQ ID NO:24, or a functional
fragment thereof. In certain embodiments, the fusion promoter comprises a nucleotide
sequence having at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% sequence identity with SEQ ID NO:28.

In certain embodiments, the invention relates to a viral vector encoding GM-CSF, or a
functional fragment thercof; or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 13, or a functional fragment thereof,
wherein the promoter is a fusion promoter comprising (a) a miR233 promoter, or a promoter
having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown
in SEQ ID NO: 1, or a functional fragment thereof, and (b) an OLFML3 promoter, or a
promoter having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the
sequence shown in SEQ ID NO:4 or SEQ ID NO:25, or a functional fragment thereof. In
certain embodiments, the fusion promoter comprises a nucleotide sequence having at least
00%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% sequence
identity with SEQ ID NO:29.

In a particular embodiment, the invention relates to a viral vector comprising a transgene
under control of one or more promoters, wherein the transgene encodes
a) G-CSF, or a functional fragment thereof; or

b) a polypeptide having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity
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to the sequence shown in SEQ ID NO: 14, or a functional fragment thereof.

That is, in certain embodiments, the invention relates to a viral vector encoding Granulocyte
colony-stimulating factor (G-CSF). The term “G-CSF” refers to the protein sequence of SEQ
1D NO: 14, and/or to any sequence with a sequence identity of >95% homology thereof. Also

provided herein are nucleic acid sequences encoding said proteins.

MAGPATQSPMKLMALQLLLWHSALWIVQEATPLGPASSLPOSFLLEKCLEQVRKIQGDGAALQ
EKLVSECATYRLCHPEELVLLGHSLGI PWAPLSSCPSQALQLAGCLSQLHSGLFLYQGLLOA
LEGISPELGPTLDTLOLDVADFATTIWQOMEELGMAPALOPTQGAMPAFASAFQRRAGGVLY
ASHLOSFLEVSYRVLRHLAQP (SEQ ID NO:14)

Granulocyte colony-stimulating factor (G-CSF or GCSF), also known as colony-stimulating
factor 3 (CSF 3), is a glycoprotein that stimulates the bone marrow to produce granulocytes
and stem cells and release them into the bloodstream. Functionally, it is a cytokine and
hormone, a type of colony-stimulating factor, and is produced by a number of different
tissues. The pharmaceutical analogs of naturally occurring G-CSF are called filgrastim and
lenograstim. G-CSF also stimulates the survival, proliferation, differentiation, and function of

neutrophil precursors and mature neutrophils.

Chemotherapy can cause myelosuppression and unacceptably low levels of white blood cells
(leukopenia), making patients susceptible to infections and sepsis. G-CSF stimulates the
production of granulocytes, a type of white blood cell. In oncology and hematology, a
recombinant form of G-CSF is used with certain cancer patients to accelerate recovery and
reduce mortality from neutropenia after chemotherapy, allowing higher-intensity treatment
regimens. G-CSF has been shown to reduce inflammation, reduce amyloid beta burden, and
reverse cognitive impairment in a mouse model of Alzheimer's diseasc. Duc to its
neuroprotective properties, G-CSF is currently under investigation for cerebral ischemia in a
clinical phase IIb and several clinical pilot studies are published for other neurological disease

such as amyotrophic lateral sclerosis.

A functional fragment of G-CSF is a fragment of at least 50, at least 100 amino acids, at least
120, at least 140, at least 160 or at least 180 amino acids having at least 95% sequence
identity with SEQ 1D NO:14, wherein the fragment has (G-CSF activity. Assays to determine

whether a protein has G-CSF activity have been described in the art, for example by Mickiene
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et al., Human granulocyte-colony stimulating factor (G-CSF)/stem cell factor (SCF) fusion

proteins: design, characterization and activity; Peer]. 2020; 8: ¢9788.

In a particular embodiment, the invention relates to a viral vector encoding G-CSF, or a
functional fragment thereof; or a polypeptide having at least 95%, 96%, 97%., 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 14, or a functional fragment thereof,
wherein the one or more promoters comprises:
a) a myelo-specific promoter, or a functional fragment thereof; and/or
b) a microglia-specific promoter, or a functional fragment thereof; and/or
c¢) a fusion promoter comprising or consisting of
i} a first promoter, wherein said first promoter is a myelo-specific promoter or a
microglia-specific promoter, or a functional fragment thereof; and

i) a second promoter.

That is, in certain embodiments, G-CSF or a functional fragment or mutant variant thereof as
disclosed above may be expressed from a myelo-specific promoter or from a functional
fragment thereof. In other embodiments, G-CSF or a functional fragment or mutant variant
thereof as disclosed above may be expressed from a microglia-specific promoter or from a
functional fragment thereof. In other embodiments, G-CSF or a functional fragment or mutant
variant thereof as disclosed above may be expressed from a fusion promoter, preferably
wherein the fusion promoter comprises a myelo-specific or a microglia-specific promoter or

functional fragments thereof.

That is, in a particular embodiment, the invention relates to a viral vector encoding G-CSF a,
or a functional fragment thereof, or a polypeptide having at least 95%, 96%, 97%, 98% or
99% sequence identity to the sequence shown in SEQ ID NO: 14, or a functional fragment
thereof, wherein the myelo-specific promoter is
a) a miR233 promoter, or a functional fragment thereof; or a promoter having at least
95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
ID NO: 1, or a functional fragment thereof;
¢) an ITGAM promoter, or a functional fragment thereof; or a promoter having at least
95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
ID NO: 6, or a functional fragment thereof; or

b) an AIF1 promoter, or a functional fragment thercof], or a promoter having at least
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95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
ID NO: 5, or a functional fragment thereof.

In a particular embodiment, the invention relates to a viral vector encoding G-CSF, or a
functional fragment thereof, or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 14, or a functional fragment thereof,
wherein the microglia-specific promoter is
a) a TMEM119 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO:3, SEQ ID NO:23 or
SEQ ID NQ:24, or a functional fragment thereof;
b) a P2RY12 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the seguence shown in SEQ ID NO: 2, SEQ ID NO:21 or
SEQ ID NQO:22, or a functional fragment thereof; or
¢) an OLFML3 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO:4 or SEQ ID NO:25,0ora

functional fragment thereof.

In a particular embodiment, the invention relates to a viral vector encoding G-CSF, or a
functional fragment thereof;, or a polypeptide having at least 95%, 96%, 97%. 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 14, or a functional fragment thereof,
wherein the first promoter is a myelo-specific promoter and wherein the second promoter is a

microglia-specific promoter, or vice versa.

The second promoter may be any promoter known in the art. However, in certain
embodiments, G-CSF or a functional fragment or mutant variant thereof as disclosed above
may be expressed from a fusion promoter comprising a myelo-specific promoter and a
microglia-specific promoter. That is, any of the myelo-specific promoters disclosed above

may be combined with any of the microglia-specific promoters disclosed above, in any order.

In certain embodiments, G-C8F or a functional fragment or mutant variant thereof as
disclosed above may be expressed from a fusion promoter comprising miR223, a functional

fragment thereof or a promoter with miR223 functionality, and a microglia-specific promoter.

That is, in a particular embodiment, the invention relates to a viral vector encoding G-CSF, or
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a functional fragment thereof; or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 14, or a functional fragment thereof,
wherein the first promoter is a miR233 promoter, or a promoter having at least 95%, 96%,
97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ ID NO: 1, or a
functional fragment thereof; and wherein the first promoter is operably linked to
i) a TMEM119 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO:3, SEQ ID NO:23 or
SEQ [D NO:24, or a functional fragment thereof;
ii) a P2RY 12 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO: 2, SEQ ID NO:21 or
SEQ ID NO:22, or a {functional fragment thereof;
ili) an OLFML3 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO:4 or SEQ ID NO:25, or a
functional fragment thereof;
iv) an ITGAM promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO:6, or a functional
fragiment thereof; and/or
v} an AIF1 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or 100%
sequence identity to the sequence shown in SEQ ID NO:5, or a functional fragment

thereof.

In certain embodiments, the invention relates to a viral vector encoding G-CSF, or a
functional fragment thereof, or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 14, or a functional fragment thereof,
wherein the promoter is a miR233 promoter, or a promoter having at least 95%, 96%, 97%,
98%, 99% or 100% sequence identity to the sequence shown in SEQ ID NO: 1, or a
functional fragment thereof.

In certain embodiments, the invention relates to a viral vector encoding G-CSF, or a
functional fragment thereof, or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 14, or a functional fragment thereof,
wherein the first promoter is an ITGAM promoter, or a promoter having at least 95%, 96%,
97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ ID NO:6, or a

functional fragment thereof.
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In certain embodiments, the invention rclates to a viral vector encoding G-CSF, or a
functional fragment thereof; or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ 1D NO: 14, or a functional fragment thereof,
wherein the promoter is a fusion promoter comprising (a) a miR233 promoter, or a promoter
having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown
in SEQ ID NO: 1, or a functional fragment thereof; and (b) a P2RY12 promoter, or a
promoter having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the
sequence shown in SEQ ID NO: 2, SEQ ID NO:21 or SEQ ID NO:22, or a functional
fragment thereof. In certain embodiments, the fusion promoter comprises a nucleotide
sequence having at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% sequence identity with SEQ ID NO:26 or SEQ ID NO:27.

In certain embodiments, the invention relates to a viral vector encoding G-CSF, or a
functional fragment thereof, or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 14, or a functional fragment thereof,
wherein the promoter is a fusion promoter comprising (a) a miR233 promoter, or a promoter
having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown
in SEQ ID NO: 1, or a functional fragment thereof; and (b) a TMEM119 promoter, or a
promoter having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the
sequence shown in SEQ ID NO:3, SEQ ID NO:23 or SEQ ID NO:24, or a functional
fragment thereof. In certain embodiments, the fusion promoter comprises a nucleotide
sequence having at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% sequence identity with SEQ ID NO:28.

In certain embodiments, the invention relates to a viral vector encoding G-CSF, or a
functional fragment thereof, or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 14, or a functional fragment thereof,
wherein the promoter is a fusion promoter comprising (a) a miR233 promoter, or a promoter
having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown
in SEQ ID NO: 1, or a functional fragment thereof, and (b) an OLFMIL3 promoter, or a
promoter having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the
sequence shown in SEQ ID NO:4 or SEQ ID NO:25, or a functional fragment thereof. In

certain embodiments, the fusion promoter comprises a nucleotide sequence having at least
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identity with SEQ 1D NO:29.

In a particular embodiment, the invention relates to a viral vector comprising a transgene

under control of one or more promoters, wherein the transgene encodes

That is, in certain embodiments, the invention relates to a viral vector encoding a GM-CSF —
INF-gamma co-expression construct. The co-expression construct may encode GM-CSF or
any functional fragment or variant thereof as defined above. The co-expression construct may
further encode INF-gamma or any functional fragment or variant thereof as defined above.
GM-CSF and INF-gamma, and the functional fragments or variants thereof, may be expressed

as separate polypeptides from the viral vector of the invention. In certain embodiments, GM-

a) GM-CSF and IFN-gamma, or functional fragments thereof; or

b) a first polypeptide having at least 95%, 96%, 97%, 98% or 99% sequence identity to
the sequence shown in SEQ ID NO: 10 or a functional fragment thereof, and a second
polypeptide having at least 95%, 96%, 97%, 98% or 99% sequence identity to the

sequence shown in SEQ ID NO: 13, or a functional fragment thereof; or

¢) a nucleic acid sequence having at least 95%, 96%, 97%, 98% or 99% sequence

identity to the sequence shown in SEQ ID NO: 15.

CSF and INF-gamma may be expressed as a fusion protein.

An exemplary nucleic acid sequence for GM-CSF — INF-gamma co-expression may comprise

the following nucleic acid sequence:

CA 03165462 2022-7-20

TCCTTCCAGCCATGTTTAAATATACAAGTTATATCTTGGCTTTTCAGCTCTGCATCGTTTTG
GGTTCTCITGGCTGTTACTGCCAGGACCCATATCTARAAGAAGCAGARAAACCTTAAGAALTA
TTTTAATGCCGGTCATTCAGATGTAGCGGATAATGGAACTCTTTTCTTAGGCATTTTGAAGA
ATTGGAAAGAGGAGAGTGACAGAAARATAATGCAGAGCCAAATTGTCTCCTTTTACTTCAAA
CTTTTTAAGAACTTTAAGGATGACCAGAGCATCCAARAGAGTGTGCGAGACCATCAAGGAAGA
CATGRAATGTCAAGTTTTTCAATAGCAACAAAAAGAARCGAGATGACTTCGAARAAGCTGACTA
ATTATTCGGTAACTGACTTGAATGTCCARACGCAARNGCAATACATGAACTCATCCAAGTGATG
GCTGAACTGTCGCCAGCAGCGARAACAGGGAAGCGAARANGGAGTCAGATGCTGTTTCGAGE
TCGAAGAGCATCCCAGTAAGATATCCCCTCTCCCTCCCCCCCCCCTAACGTTACTGGCCGAA
GCCGCTTGGAATAAGGCCGGTGTGCGTTTGTCTATATGTTATTTTCCACCATATTGCCGTCT
TTTGGCAATGTGAGGGCCCGEGAAACCTGGCCCTGTICTTCTTCGACGAGCATTCCTAGGGGTCT
TTCCCCTCTCGCCARAAGGAATGCAAGGTCTGTTGAATCGTCGTGAAGGAACGCAGTTCCTCTGG
AAGCTTCITGAAGACAAACAACGTCTGTAGCGACCCTTTGCAGGCAGCGGAACCCCCCACCT
GGCGACAGGTGCCTCTGCGGCCAARANGCCACGTGTATAAGATACACCTGCARAGGCGGCACA
ACCCCAGTGCCACGTTGTGAGTTGGATAGTTGTGGAAAGAGTCRAATGGCTCTCCTCAAGCG
TATTCAACARGGGGCTGAAGGATGCCCAGAAGATACCCCATTGTATGGGATCTGATCTGGGE
CCTCGGTGCACATGCTTTACATGTGTTTAGT CGAGGTTAAAAARMNMCGTCTAGGCCCCCCGAA
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CCACGGGGACGTGGTTTTCCTTTCGARAAACACGATGATAAATGTGGCCACTGCARMAGTCTGC
TTTTGCTGEGCACCETAGCTTIGTAGCATATCAGCGECTGUTCGGAGTCCCTCTCCATCARCG
CAACCCTGGGAACACGTGAACGCAATTCAGGAGGCAAGARGCETTGCTGAACCTGAGCCGGGA
CACCGCCGCTGARATGAATCGAAACCGTAGAAGTGATTTCCGACATGTTTGACCTCCAACAAC
CAACTTGTCTGCAAACAAGACTTCGAGCTTTATAAACAGGGACTCCGAGGCAGCCTCGACARARA
CTCAAGGGGCCCCTCACAATGATGGCAAGCCATTATARACARCACTGTCCTCCGACCCCGGA
GACTTCTTGCGCCACACAGATCATCACTTTTGACGAGCTTCAAAGAGAACCTTAAAGACTTTC
TGCTGGETCATTCCGTTCGATTGCTGGGARCCCGTGCAGGAGTGA (SEQ ID NO:15)

In a particular embodiment, the invention relates to a viral vector encoding a GM-CSF ~ INF-
gamma co-cxpression construct, or a functional fragment thereof, or a sequence having at
least 95%, 96%, 97%, 98% or 99% sequence identity to the sequence shown in SEQ ID NO:
15; or encode a first polypeptide having at least 95%, 96%, 97%, 98% or 99% sequence
identity to the sequence shown in SEQ 1D NO: 10, or a functional fragment thercof, and a
second polypeptide having at least 95%, 96%, 97%, 98% or 99% sequence identity to the
sequence shown in SEQ 1D NO: 13, or a functional fragment thereof, wherein the one or more
promoters comprises:
a) a myelo-specific promoter, or a functional fragment thereof, and/or
b) a microglia-specific promoter, or a functional fragment thereof; and/or
c¢) a fusion promoter comprising or consisting of
1) a first promoter, wherein said first promoter is a myelo-specific promoter or a
microglia-specific promoter, or a functional fragment thereof; and

ii) a second promoter.

That is, in certain embodiments, a GM-CSF — INF-gamma co-expression construct or a
functional fragment or mutant variant thereof as disclosed above may be expressed from a
myelo-specific promoter or from a functional fragment thereof. In other embodiments, a GM-
CSF — INF-gamma co-expression construct or a functional fragment or mutant variant thereof
as disclosed above may be expressed from a microglia-specific promoter or from a functional
fragment thereof. In other embodiments, a GM-CSF — INF-gamma co-expression construct or
a functional fragment or mutant variant thereof as disclosed above may be expressed from a
fusion promoter, preferably wherein the fusion promoter comprises a myelo-specific or a

microglia-specific promoter or functional fragments thereof.

That is, in a particular embodiment, the invention relates to a viral vector encoding a GM-
CSF ~ INF-gamimna co-expression construct, or a functional fragment thereof; or a nucleic acid

sequence having at least 95%, 96%, 97%, 98% or 99% sequence identity to the sequence
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shown in SEQ ID NQO: 15; or encoding a first polypeptide having at least 95%, 96%, 97%,
98% or 99% sequence identity to the sequence shown in SEQ ID NWNO: 10, or encoding a
functional fragment thereof, and a second polypeptide having at least 95%, 96%, 97%, 98%
or 99% sequence identity to the sequence shown in SEQ ID NO: 13, or a functional fragment
thereof, wherein the myelo-specific promoter is
a) a miR233 promoter, or a functional fragment thereof; or a promoter having at least
95%., 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
ID NQO: 1, or a functional fragment thereof}
b) an ITGAM promoter, or a functional fragment thereof; or a promoter having at least
95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
ID NQO:6, or a functional fragment thereof;
¢} an AIF1 promoter, or a functional fragment thereof, or a promoter having at least
95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
ID NO:5, or a functional fragment thereof; or

In a particular embodiment, the invention relates to a viral vector encoding a GM-CSF — INF-
gamma co-expression construct, or a functional fragment thereof; or a nucleic acid sequence
having at least 95%, 96%, 97%, 98% or 99% sequence identity to the sequence shown in
SEQ ID NO: 15; or encoding a first polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 10, or encoding a functional
fragment thereof, and a second polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 13, or a functional fragment thereof,
wherein the microglia-specific promoter is

a) a TMEM119 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or

100% sequence identity to the sequence shown in SEQ ID NO:3, SEQ ID NO:23 or

SEQ ID NO:24, or a functional fragment thereof;

b) a PZRY 12 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or

100% sequence identity to the sequence shown in SEQ 1D NO: 2, SEQ ID NO:21 or

SEQ ID NO:22, or a functional fragment thereof; or

¢) an OLFML3 promoter or a promoter having at lcast 95%, 96%, 97%, 98%, 99% or

100% sequence identity to the sequence shown in SEQ ID NO:4 or SEQ ID NO:25,0r a

functional fragment thercof.

In a particular embodiment, the invention relates to a viral vector encoding a GM-CSF — INF-
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gamma co-expression construct, or a functional fragment thereof; or a nucleic acid sequence
having at least 95%, 96%, 97%, 98% or 99% sequence identity to the sequence shown in
SEQ ID NO: 15; or encoding a first polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 10, or encoding a functional
fragment thereof, and a second polypeptide having at least 95%, 96%, 97%., 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 13, or a functional fragment thereof,
wherein the first promoter is a myelo-specific promoter and wherein the second promoter is a

microglia-specific promoter, or vice versa.

The second promoter may be any promoter known in the art. However, in certain
embodiments, a GM-CSF — INF-gamma co-expression construct or a functional fragment or
mutant variant thereof as disclosed above may be expressed from a fusion promoter
comprising a myelo-specific promoter and a microglia-specific promoter. That is, any of the
myelo-specific promoters disclosed above may be combined with any of the microglia-

specific promoters disclosed above, in any order.

In certain embodiments, a GM-CSF — INF-gamma co-expression construct or a functional
fragment or mutant variant thereof as disclosed above may be expressed from a fusion
promoter comprising miR223, a functional fragment thereof or a promoter with miR223

functionality, and a microglia-specific promoter.

That is, in a particular embodiment, the invention relates to a viral vector encoding a GM-
CSF — INF-gamma co-expression construct; or a nucleic acid sequence having at least 95%,
96%, 97%, 98% or 99% sequence identity to the sequence shown in SEQ ID NO: 15; or
encoding a tirst polypeptide having at least 95%, 96%, 97%, 98% or 99% sequence identity
to the sequence shown in SEQ ID NO: 10, or encoding a functional fragment thereof, and a
second polypeptide having at least 95%, 96%, 97%, 98% or 99% sequence identity to the
sequence shown in SEQ ID NO: 13, or a functional fragment thereof, wherein the first
promoter is a miR233 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% scquence identity to the sequence shown in SEQ 1D NO: 1, or a functional fragment

thereof; and wherein the first promoter is operably linked to

i}y a TMEMI119 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or

100% sequence identity to the sequence shown in SEQ ID NO:3, SEQ ID NO:23 or
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SEQ ID NO:24, or a functional fragment thercof;

ii) a P2RY12 promoter, or a promoter having at least 95%, 96%, 57%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO: 2, SEQ ID NO:21 or
SEQ ID NO:22, or a functional fragment thereof;

iii) an OLFML3 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO:4 or SEQ ID NO:25, 0ra
functional fragment thereof;

iv) an ITGAM promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO:6, or a functional
fragment thereof, and/or

v} an AIF1 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or 100%
sequence identity to the sequence shown in SEQ ID NO:5, or a functional fragment
thereof.

In certain embodiments, the invention relates to a viral vector encoding a GM-CSF — INF-
gamma co-expression construct, or a functional fragment thereof; or a nucleic acid sequence
having at least 95%, 96%, 97%, 98% or 99% sequence identity to the sequence shown in
SEQ ID NO: 15; or encoding a first polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 10, or encoding a functional
fragment thereof, and a second polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 13, or a functional fragment thereof,
wherein the promoter is a miR233 promoter, or a promoter having at least 95%, 96%, 97%,
98%, 99% or 100% scquence identity to the sequence shown in SEQ ID NO: 1, or a
functional fragment thercof.

In certain embodiments, the invention relates to a viral vector encoding a GM-CSF — INF-
gamma co-expression construct, or a functional fragment thereof; or a nucleic acid sequence
having at least 95%, 96%, 97%, 98% or 99% sequence identity to the sequence shown in
SEQ ID NO: 15; or encoding a first polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 10, or encoding a functional
fragment thereof, and a second polypeptide having at least 95%, 96%, 97%., 98% or 99%
sequence identity to the sequence shown in SEQ 1D NO: 13, or a functional fragment thereof,
wherein the first promoter is an ITGAM promoter, or a promoter having at least 95%, 96%,

97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ ID NO:6, or a
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functional fragment thereof.

In certain embodiments, the invention relates to a viral vector encoding a GM-CSF — INF-
gamma co-expression construct, or a functional fragment thereof; or a nucleic acid sequence
having at least 95%, 96%, 97%, 98% or 99% sequence identity to the sequence shown in
SEQ ID NO: 15; or encoding a first polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 10, or encoding a functional
fragment thereof, and a second polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 13, or a functional fragment thereof,
wherein the promoter is a fusion promoter comprising (a) a miR233 promoter, or a promoter
having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown
in SEQ ID NO: 1, or a functional fragment thereof; and (b) a PZRY 12 promoter, or a
promoter having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the
sequence shown in SEQ ID NO: 2, SEQ ID NO:21 or SEQ ID NO:22, or a functional
fragment thercof. In certain embodiments, the fusion promoter comprises a nucleotide
sequence having at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least

99% or 100% sequence identity with SEQ ID NO:26 or SEQ ID NO:27.

In certain embodiments, the invention relates to a viral vector encoding a GM-CSF — INF-
gamma co-expression construct, or a functional fragment thereof; or a nucleic acid sequence
having at least 95%, 96%, 97%, 98% or 99% sequence identity to the sequence shown in
SEQ 1D NO: 15; or encoding a first polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 10, or encoding a functional
fragment thereof, and a second polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 13, or a tunctional fragment thereof,
wherein the promoter is a fusion promoter comprising (a) a miR233 promoter, or a promoter
having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown
in SEQ ID NO: 1, or a functional fragment thereof; and (b) a TMEMI119 promoter, or a
promoter having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the
sequence shown in SEQ ID NO:3, SEQ ID NO:23 or SEQ ID NO:24, or a functional
fragment thereof. In certain embodiments, the fusion promoter comprises a nucleotide
sequence having at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% sequence identity with SEQ 1D NO:28.
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In certain embodiments, the invention relates to a viral vector encoding a GM-CSF — INF-
gamma co-expression construct, or a nucleic acid sequence having at least 95%, 96%, 97%,
98% or 99% sequence identity to the sequence shown in SEQ ID NO: 15; or encoding a first
polypeptide having at least 95%, 96%, 97%, 98% or 99% sequence identity to the sequence
shown in SEQ ID NQO: 10, or encoding a functional fragment thereof, and a second
polypeptide having at least 95%, 96%, 97%, 98% or 99% sequence identity to the sequence
shown in SEQ ID NO: 13, or a functional fragment thereof, wherein the promoter is a fusion
promoter comprising (a) a miR233 promoter, or a promoter having at least 95%, 96%, 97%,
98%, 99% or 100% sequence identity to the sequence shown in SEQ ID NO: 1, or a
functional fragment thereof; and (b) an OLFML3 promoter, or a promoter having at least
95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ ID
NO:4 or SEQ ID NO:25, or a functional fragment thereof. In certain embodiments, the fusion
promoter comprises a nucleotide sequence having at least 90%, at least 95%, at least 96%, at

least 97%, at least 98%, at least 99% or 100% sequence identity with SEQ ID NO:29.

In a particular embodiment, the invention relates to a viral vector comprising a transgene
under control of one or more promoters, wherein the transgene encodes
a) G-CSF and IFN-gamma, or functional fragments thereof; or
b) or a first polypeptide having at least 95%, 96%, 97%, 98% or 99% sequence
identity to the sequence shown in SEQ ID NO: 10, or a functional fragment thereof, and
a second polypeptide having at least 95%, 96%, 97%, 98% or 99% sequence identity to
the sequence shown in SEQ ID NO: 14, or a functional fragment thereof; or
¢} a polypeptide having at least 95%, 96%, 97%, 98% or 99% sequence identity to the
sequence shown in SEQ ID NO: 16.

That is, in certain embodiments, the invention relates to a viral vector encoding a G-CSF -
INF-gamma co-expression construct. The co-expression construct may encode G-CSF or any
functional fragment or variant thereof as defined above. The co-expression construct may
further encode INF-gamma or any functional fragment or variant thereof as defined above. G-
CSF and INF-gamma, and the functional fragments or variants thereof, may be expressed as
separate polypeptides from the viral vector of the invention. In certain embodiments, G-CSF

and INF-gamma may be expressed as a fusion protein.

Also provided hercin are nucleic acid sequences encoding said co-expression construct.
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An exemplary G-CSF — INF-gamma co-expression construct may comprise the following

nucleic acid sequence:

TCCTTCCAGCCATCTTTAAATATACAAGTTATATCTTIGGCTTTTCAGCTCTGCATCGTTITG
GETTUTCTTGGCTETTACTGCCAGGACCCATATGTAAARGAAGCAGARAARCCTTAAGARATA
TTTTAATGCCGGTCATTCAGATGTAGCGGATAATGGAACTCTTTTCTTAGGCATTTTGAAGA
ATTGGAAAGAGGAGAGTGACAGAAAANTAATGCAGAGCCARATTGTCTCCTTTTACTTCARA
CTTTTTAARGAACTTTAAGGATGACCAGAGCATCCAAAAGAGTGTGGAGACCATCAAGGARGA
CATGRATGTCAAGTTTTTCAATAGCAACAAAAAGAAACGAGATGACTTCGARARAGCTGACTA
ATTATTCGGTAACTGACTTGAATGTCCAACGCAARGCAATACATCGAACTCATCCAAGTGATG
GCTGAACTGTCGCCAGCAGCGAARACAGGGAAGCGAAARAGGAGTCAGATGCTGTTTCGAGG
TCGAAGAGCATCCCAGTAAGATATCCCCTCTCCCTCCCCCCCCCCTARACGTTACTGGCCGAA
GCCGCTTCCAATAAGGCCGETGTGCGTTIGTCTATATGTI TATTTTCCACCATATTGCCGTCT
TTTGGCAATGTGAGGGCCCCGGARACCTGECCCTGTCTTCTTGACGAGCATTCCTAGGGGETCT
TTCCCCTCTCGCCAAAGGRAATGCAAGGTCTGTTGAATGT CEGTGRAGGRAGCAGTTCCTCTGG
AAGCTTCTTGAMAGACARACAACGTCTGTAGCCGACCCTTTGCAGGCAGCGGARCCCOCCALCT
GGCGACAGGTGCCTCTELGEGCCAAAAGCCACGTGTATAAGATACACCTGCAAAGGUGGCACA
ACCCCAGTGCCACGTTGTGAGTTGGATAGTTGCTGGARAGAGTCARAATGGCTCTCCTCAAGCG
TATTCAACAAGGGGCTGAAGGATGCCCAGRAGATACCCCATTGCTATGGGATCTGATCTGEGG
CCTCGGTGCACATGCTTTACATGTGTTTAGTCGAGGTTAARARAACGTCTAGGCCCCCCGAA
CCACGGGGACGCTGGTTTTCCTTTCGAANAACACGATGATAAATGGCCEGCCCCGCCACCCAGA
GCCCCATGAAGCTGATGGECCCTGCAGCTEGCTGCTEGTCGGCACAGCGCCCTGTGGACCGTGCAG
GAGGCCACCCCCCTCGGECCCCGCCAGCAGCCTGCCCCAGAGCTTCCTGUTGRAGTGCCTCGA
ACAAGTGCGCAAGATACAAGGCGACGGLCGCCGCCCTGCAGGAGAAGCTCGTGAGCGAGTGCG
CCACCTACAAGCTGTGCCACCCCGAGGAGCTGETGCTGCTGGGCCACAGCCTCGGELATCCCC
TGGGCCCCCCTGAGCAGCTGCCCCAGCCAAGCCCTGCAGCTGGCCGGCTGCCTGAGCCAGCT
GCACAGCGGCCTGTTCCTGTRCCAAGGCTTACTACAGGCCCTCGAAGGCATCAGCCCCGAGC
TGGGCCCCACCCTCGACACCCTGCAGCTGGACGTGGCCGACTTCGCCACCACCATCTGGCAG
CAGATGGAGGAGCTGGCGCATCGCCCCCGCCCTGCAGCCCACCCAAGGUGCCATGCCCGLCTT
CGCCAGCGECCTTCCAGCELCGCGCCEEEEELETGCTGGTGGCCAGCCACCTGCAGAGUTTCC
TCGRAAGTGAGCTACCGCGTGCTGCGCCACCTCGCCCAGCCC TGA (SEQ ID NO:16)

PCT/EP2021/059070

In a particular embodiment, the invention relates to a viral vector encoding a G-CSF — INF-

gamma co-cxpression construct, or a functional fragment thereof; or a nucleic acid sequence

having at least 95%, 96%, 97%, 98% or 99% sequence identity to the sequence shown in

SEQ 1D NO: 16, or a functional fragment thereof; or encoding a first polypeptide comprising

having at least 95%, 96%, 97%, 98% or 99% sequence identity to the sequence shown in

SEQ ID NO: 10, or a functional fragment thereof, and encoding a second polypeptide having
at least 95%, 96%, 97%, 98% or 99% sequence identity to the sequence shown in SEQ ID

NO: 14, or a functional fragment thereof, wherein the one or more promoters comprises:

CA 03165462 2022-7-20

a) a myelo-specific promoter, or a functional fragment thereof; and/or
b) a microglia-specific promoter, or a functional fragment thereof; and/or

¢) a fusion promoter comprising or consisting of

i) a first promotcr, whercin said first promoter is a myelo-specific promoter or a

microglia-specific promoter, or a functional fragment thereof, and
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ii) a second promoter.

That is, in certain embodiments, a G-CSF — INF-gamma co-expression comstruct or a
functional fragment or mutant variant thereof as disclosed above may be expressed from a
myelo-specific promoter or from a functional fragment thereof. In other embodiments, a G-
CSF — INF-gamma co-expression construct or a functional fragment or mutant variant thereof
as disclosed above may be expressed from a microglia-specific promoter or from a functional
fragment thercof. In other embodiments, a G-CSF — INF-gamma co-expression construct or a
functional fragment or mutant variant thereof as disclosed above may be expressed from a
fusion promoter, preferably wherein the fusion promoter comprises a myelo-specific or a

microglia-specific promoter or functional fragments thereof.

That is, in a particular embodiment, the invention relates to a viral vector encoding a G-CSF —
INF-gamma co-expression construct, or a functional fragment thereof; or a nucleic acid
sequence having at least 95%, 96%, 97%, 98% or 99% sequence identity to the sequence
shown in SEQ ID NO: 16, or a functional fragment thereof, or encoding a first polypeptide
having at least 95%, 96%, 97%, 98% or 99% sequence identity to the sequence shown in
SEQ ID NO: 10, or a functional fragment thereof, and a second polypeptide having at least
95%, 96%, 97%, 98% or 99% sequence identity to the sequence shown in SEQ 1D NO: 14, or
a functional fragment thereof, wherein the myelo-specific promoter is

a) a miR233 promoter, or a functional fragment thereof] or a promoter having at least

95%, 96%, 97%, 98%, 99% or 100% sequence identity to the seqguence shown in SEQ

ID NO: 1, or a functional fragment thereof;

b) an ITGAM promoter, or a functional fragment thereof; or a promoter having at least

95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ

ID NO:6, or a functional fragment thereof; or

¢) an AIF1 promoter, or a functional fragment thereof, or a promoter having at least

95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ

ID NO:5, or a functional fragment thereof.

In a particular embodiment, the invention relates to a viral vector encoding a G-CSF — INF-
gamma co-expression construct, or a functional fragment thereof; or a nucleic acid sequence
having at least 95%, 96%, 97%, 98% or 99% sequence identity to the sequence shown in

SEQ ID NO: 16, or a functional fragment thereof, or encoding a first polypeptide having at
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least 95%, 96%, 97%, 98% or 99% sequence identity to the sequence shown in SEQ ID NO:
10, or a functional fragment thereof, and a second polypeptide having at least 95%, 96%,
97%, 98% or 99% sequence identity to the sequence shown in SEQ ID NO: 14, or a
functional fragment thereof, wherein the microglia-specific promoter is
ay a TMEM119 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO:3, SEQ ID NO:23 or
SEQ ID NO:24, or a functional fragment thereof;
b) a P2RY12 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO: 2, SEQ ID NO:21 or
SEQ ID NO:22, or a functional fragment thereof; or
¢) an OLFML3 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO:4 or SEQ ID NO:25,0r a
functional fragment thereof.

In a particular embodiment, the invention relates to a viral vector encoding a G-CSF — INF-
gamma co-expression construct, or a functional fragment thereof; or a nucleic acid sequence
having at least 95%, 96%, 97%, 98% or 99% sequence identity to the sequence shown in
SEQ ID NO: 16, or a functional fragment thereof; or encoding a first polypeptide having at
least 95%, 96%, 97%, 98% or 99% sequence identity to the sequence shown in SEQ ID NO:
10, or a functional fragment thereof, and a second polypeptide having at least 95%, 96%,
97%, 98% or 99% sequence identity to the sequence shown in SEQ ID NO: 14, or a
functional fragment thereof, wherein the first promoter is a myelo-specific promoter and

wherein the second promoter is a microglia-specific promoter, or vice versa.

The second promoter may be any promoter known in the art. However, in certain
embodiments, a G-CSF — INF-gamma co-expression construct or a functional fragment or
mutant variant thereof as disclosed above may be expressed from a fusion promoter
comprising a myelo-specific promoter and a microglia-specific promoter. That is, any of the
myelo-specific promoters disclosed above may be combined with any of the microglia-

specific promoters disclosed above, in any order.

In certain embodiments, a G-CSF -~ INF-gamma co-expression construct or a functional
fragment or mutant variant thereof as disclosed above may be expressed from a fusion

promoter comprising miR223, a functional fragment thereof or a promoter with miR223
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functionality, and a microglia-specific promoter.

That is, in a particular embodiment, the invention relates to a viral vector encoding a G-CSF —
INF-gamma co-expression construct, or a functional fragment thereof, or a nucleic acid
sequence having at least 95%, 96%, 97%, 98% or 99% sequence identity to the sequence
shown in SEQ ID NO: 16, or a functional fragment thereof, or encoding a first polypeptide
having at least 95%, 96%, 97%, 98% or 99% sequence identity to the sequence shown in
SEQ ID NO: 10, or a functional fragment thereof, and a second polypeptide having at least
95%, 96%, 97%, 98% or 99% sequence identity fo the sequence shown in SEQ ID NO: 14, or
a functional fragment thereof, wherein the first promoter is a miR233 promoter, or a promoter
having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown
in SEQ ID NO: 1, or a functional fragment thereof; and wherein the first promoter is operably
linked to

i) a TMEM119 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or

100% sequence identity to the sequence shown in SEQ 1D NO:3, SEQ ID NO:23 or

SEQ ID NO:24, or a functional fragment thereof;

ii) a P2ZRY'12 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or

100% sequence identity to the sequence shown in SEQ ID NO: 2, SEQ ID NO:21 or

SEQ ID NO:22, or a functional fragment thereof;

iii) an OLFML3 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or

100% sequence identity to the sequence shown in SEQ ID NO:4 or SEQ ID NO:25,0r a

functional fragment thereof;

iv) an ITGAM promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or

100% sequence identity to the sequence shown in SEQ ID NO:6, or a functional

fragment thereof; and/or

v) an AIF1 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or 100%

sequence identity to the sequence shown in SEQ ID NO:5, or a functional fragment

thereof,

In certain embodiments, the invention relates to a viral vector encoding a G-CSF — INF-
gamma co-expression construct, or a functional fragment thereof; or a nucleic acid sequence
having at least 95%, 96%, 97%, 98% or 99% sequence identity to the sequence shown in
SEQ ID NO: 16, or a functional fragment thereof; or encoding a first polypeptide having at

least 95%, 96%, 97%, 98% or 99% sequence identity to the sequence shown in SEQ ID NO:
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10, or a functional fragment thereof, and a second polypeptide having at least 95%, 96%,
97%, 98% or 99% sequence identify to the sequence shown in SEQ ID NO: 14, or a
functional fragment thereof, wherein the promoter is a miR233 promoter, or a promoter
having at least 95%, 96%., 97%, 98%, 99% or 100% sequence identity to the sequence shown
in SEQ ID NO: 1, or a functional fragment thereof.

In certain embodiments, the invention relates to a viral vector encoding a G-CSF — INF-
gamma co-expression construct, or a functional fragment thereof; or a nucleic acid sequence
having at least 95%., 96%, 97%, 98% or 99% sequence identity to the sequence shown in
SEQ ID NO: 16, or a functional fragment thereof; or encoding a first polypeptide having at
least 95%, 96%, 97%, 98% or 99% sequence identity to the sequence shown in SEQ ID NO:
10, or a functional fragment thereof, and a second polypeptide having at least 95%, 96%,
97%, 98% or 99% sequence identity to the sequence shown in SEQ ID NO: 14, or a
functional fragment thereof, wherein the first promoter is an ITGAM promoter, or a promoter
having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown
in SEQ ID NQO:6, or a functional fragment thereof.

In certain embodiments, the invention relates to a viral vector encoding a G-CSF — INF-
gamma co-expression construct, or a functional fragment thereof; or a nucleic acid sequence
having at least 95%, 96%, 97%, 98% or 99% sequence identity to the sequence shown in
SEQ ID NO: 16, or a functional fragment thereof; or encoding a first polypeptide having at
least 95%, 96%, 97%., 98% or 99% sequence identity to the sequence shown in SEQ ID NO:
10, or a functional fragment thereof, and a second polypeptide having at least 95%, 96%,
97%, 98% or 99% sequence identity to the sequence shown in SEQ ID NO: 14, or a
functional fragment thereof, wherein the promoter is a fusion promoter comprising (a) a
miR233 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or 100%
sequence identity to the sequence shown in SEQ ID NO: 1, or a functional fragment thereof;
and (b) a P2RY12 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO: 2, SEQ 1D NO:21 or SEQ ID
NQO:22, or a functional fragment thereof. In certain embodiments, the fusion promoter
comprises a nucleotide sequence having at least 90%, at least 95%, at least 96%, at least 97%,
at least 98%, at least 99% or 100% sequence identity with SEQ 1D NO:26 or SEQ 1D NO:27,

In cerlain embodiments, the invention relates to a viral vector encoding a G-CSF — INF-
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gamma co-expression construct, or a functional fragment thereof; or a nucleic acid sequence
having at least 95%, 96%, 97%, 98% or 99% sequence identity to the sequence shown in
SEQ ID NO: 16, or a functional fragment thereof; or encoding a first polypeptide having at
least 95%, 96%, 97%, 98% or 99% sequence identity to the sequence shown in SEQ ID NO:
10, or a functional fragment thereof, and a second polypeptide having at least 95%, 96%,
97%, 98% or 99% sequence identity to the sequence shown in SEQ ID NO: 14, or a
functional fragment thereof, wherein the promoter is a fusion promoter comprising (a) a
miR233 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or 100%
sequence identity to the sequence shown in SEQ ID NO: 1, or a functional fragment thereof;
and (b) a TMEM119 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO:3, SEQ ID NO:23 or SEQ ID
NO:24, or a functional fragment thereof. In certain embodiments, the fusion promoter
comprises a nucleotide sequence having at least 90%, at least 95%, at least 96%, at least 97%,

at least 98%, at least 99% or 100% sequence identity with SEQ ID NO:28.

In certain embodiments, the invention relates to a viral vector encoding a G-CSF — INF-
gamma co-expression construct, or a functional fragment thereof; or a nucleic acid sequence
having at least 95%, 96%, 97%, 98% or 99% sequence identity to the sequence shown in
SEQ ID NO: 16, or a functional fragment thereof; or encoding a first polypeptide having at
least 95%, 96%, 97%, 98% or 99% sequence identity to the sequence shown in SEQ ID NO:
10, or a functional fragment thereof, and a second polypeptide having at least 95%, 96%,
97%, 98% or 99% sequence identity to the sequence shown in SEQ ID NO: 14, or a
functional fragment thereof, wherein the promoter is a fusion promoter comprising (a) a
miR233 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or 100%
sequence identity to the sequence shown in SEQ ID NO: 1, or a functional fragment thereof;
and (b) an OLFML3 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO:4 or SEQ ID NO:25, or a
functional fragment thereof. In certain embodiments, the fusion promoter comprises a
nucleotide sequence having at least 90%, at least 95%, at least 96%, at least 97%, at least
08%, at least 99% or 100% sequence identity with SEQ 1D NO:29.

In a particular embodiment, the invention relates to a viral vector comprising a transgene
under control of one or more promoters, wherein the transgene encodes

a) IL-2, or a functional fragment thereof; or
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b) a polypeptide having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity
to the sequence shown in SEQ ID NO: 17, or a functional fragment thereof.

That is, in certain embodiments, the invention relates to a viral vector encoding Interleukin-2
(IL-2). The term “IL-2” refers to the protein sequence of SEQ ID NO: 17, and/or to any
sequence with a sequence identity of >95% homology thereof. Also provided herein are

nucleic acid sequences enceding said proteins.

MYRMOQLLSCIALSLALVINSAPTSSSTRKTQLOLEHLLLDLOMI LNGINNYKNPKLTRMLTE
KFYMPRRATELEKHLOCTEEELKPLEEVLNLAQSKNFHLRPRDLISNINVIVLELKGSETTEM
CEYADETATIVEFLNRWITFCQSIISTLT (SEQ ID NO:17)

Interleukin-2 (IL-2) is an interleukin, a type of cytokine signaling molecule in the immune
system. It is a 15.5-16 kDa protein that regulates the activities of white blood cells
(leukocytes, often lymphocytes) that are responsible for immunity. 1L.-2 is part of the body's
natural response to microbial infection, and in discriminating between foreign ("non-self™)
and "self". IL-2 mediates its effects by binding to IL-2 receptors, which are expressed by
lymphocytes. The major sources of IL-2 are activated CD4+ T cells and activated CD8+ T

cells.

Aldesleukin is a form of recombinant interleukin-2. It is manufactured using recombinant
DNA technology and is marketed as a protein therapeutic and branded as Proleukin. It has
been approved by the Food and Drug Administration (FDA) and in several European
countries for the treatment of cancers (malignant melanoma, renal cell cancer) in large

intermittent doses and has been extensively used in continuous doses.

A functional fragment of IL-2 is a fragment of at least 50, at least 100 amino acids, at least
110, at least 120, at least 130 or at least 140 amino acids having at least 95% sequence
identity with SEQ ID NO:17, wherein the fragment has IL-2 activity. Assays to determine
whether a protein has IL-2 activity have been described in the art, for example by Leivestad et
al., A simple and sensitive bioassay for the detection of IL-2 activity; J Immunol Methods.
1988 Nov 10;114(1-2):95-9. doi: 10.1016/0022-1759(88)90159-7.

In a particular embodiment, the invention relates to a viral vector encoding IL-2, or a

functional fragment thereof, or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
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sequence identity to the sequence shown in SEQ ID NO: 17, or a functional fragment thereof,
wherein the one or more promoters comprises:
a) a myelo-specific promoter, or a functional fragment thereof; and/or
b) a microglia-specific promoter, or a functional fragment thereof; and/or
¢) a fusion promoter comprising or consisting of
i) a first promoter, wherein said first promoter is a myelo-specific promoter or a
microglia-specific promoter, or a functional fragment thereof; and

ii) a second promoter.,

That is, in certain embodiments, IL-2 or a functional fragment or mutant variant thereof as
disclosed above may be expressed from a myelo-specific promoter or from a functional
fragment thereof. In other embodiments, 11-2 or a functional fragment or mutant variant
thereof as disclosed above may be expressed from a microglia-specific promoter or from a
functional fragment thereof. In other embodiments, 1L-2 or a functional fragment or mutant
variant thereof as disclosed above may be expressed from a fusion promoter, preferably
wherein the fusion promoter comprises a myelo-specific or a microglia-specific promoter or

functional fragments thereof.

That is, in a particular embodiment, the invention relates to a viral vector encoding IL-2, or a
functional fragment thereof; or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 17, or a functional fragment thereof,
wherein the myelo-specific promoter is
a) a miR233 promoter, or a functional fragment thereof; or a promoter having at least
95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
ID NQ: 1, or a functional fragment thereof;
b) an ITGAM promoter, or a functional fragment thereof, or a promoter having at least
95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
ID NO:6, or a functional fragment thereof; or
¢) an ATF1 promoter, or a functional fragment thercof, or a promoter having at least
95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
ID NQO:5, or a functional fragment thereof,

In a particular embodiment, the invention relates to a viral vector encoding IL-2, or a

functional fragment thereof, or a polypeptide having at least 95%, 96%, 97%., 98% or 59%
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sequence identity to the sequence shown in SEQ ID NO: 17, or a functional fragment thereof,
wherein the microglia-specific promoter is
a) a TMEMI119 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO:3, SEQ ID NO:23 or
SEQ ID NO:24, or a functional fragment thereof;
b) a P2RY12 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO: 2, SEQ ID NO:21 or
SEQ ID NO:22, or a functional fragment thereof; or
¢) an OLFML3 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO:4 or SEQ ID NO:25, or a
functional fragment thereof.

In a particular embodiment, the invention relates to a viral vector encoding IL-2, or a
functional fragment thereof, or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 17, or a functional fragment thereof,
wherein the first promoter is a myelo-specific promoter and wherein the second promoter is a

microglia-specific promoter, or vice versa.

The second promoter may be any promoter known in the art. However, in certain
embodiments, IL-2 or a functional fragment or mutant variant thereof as disclosed above may
be expressed from a fusion promoter comprising a myelo-specific promoter and a microglia-
specific promoter. That is, any of the myelo-specific promoters disclosed above may be

combined with any of the microglia-specific promoters disclosed above, in any order.

In certain embodiments, IL-2 or a functional fragment or mutant variant thereof as disclosed
above may be expressed from a fusion promoter comprising miR223, a functional fragment

thereof or a promoter with miR223 functionality, and a microglia-specific promoter.

That is, in a particular embodiment, the invention relates to a viral vector encoding IL-2, or a
functional fragment thereof; or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 17, or a functional fragment thereof,
wherein the first promoter is a miR233 promoter, or a promoter having at least 95%, 96%,
97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ ID NO: 1, or a

functional fragment thereof; and wherein the first promoter is operably linked to
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i) a TMEM]119 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NQ:3, SEQ ID NO:23 or
SEQ ID NQ:24, or a functional fragment thereof;

ii} a P2ZRY 12 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO: 2, SEQ ID NG:21 or
SEQ ID NO:22, or a functional fragment thereof;

iii) an OLFML3 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ 1D NO:4 or SEQ ID NO:25,0ra
functional fragment thereof;

iv) an ITGAM promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO:6, or a functional
fragment thereof: and/or

v} an AIF1 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or 100%
sequence identity to the sequence shown in SEQ ID NO:5, or a functional fragment
thereof.

In certain embodiments, the invention relates to a viral vector encoding 1L-2, or a functional
fragment thereof; or a polypeptide having at least 95%, 96%, 97%, 98% or 99% sequence
identity to the sequence shown in SEQ ID NO: 17, or a functional fragment thereof, wherein
the promoter is a miR233 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99%
or 100% sequence identity to the sequence shown in SEQ ID NO: 1, or a functional fragment
thereof.

In certain embodiments, the invention relates to a viral vector encoding IL-2, or a functional
fragment thereof; or a polypeptide having at least 95%, 96%, 97%., 98% or 99% sequence
identity to the sequence shown in SEQ ID NO: 17, or a functional fragment thereof, wherein
the first promoter is an ITGAM promoter, or a promoter having at least 95%, 96%, 97%,
98%, 99% or 100% sequence identity to the sequence shown in SEQ ID NO:6, or a functional
fragment thereof.

In certain embodiments, the invention relates to a viral vector encoding 11-2, or a functional
fragment thereof: or a polypeptide having at least 95%, 96%, 97%, 98% or 99% sequence
identity to the sequence shown in SEQ ID NO: 17, or a functional fragment thereof, wherein

the promotcer is a fusion promoter comprising (a) 4 miR233 promoter, or a promoter having at
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least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
ID NO: 1, or a functional fragment thereof; and (b) a P2RY 12 promoter, or a promoter having
at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
ID NO:2, SEQ ID NO:21 or SEQ ID NO:22, or a functional fragment thereof. In certain
embodiments, the fusion promoter comprises a nucleotide sequence having at least 90%, at
least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% sequence identity
with SEQ ID NO:26 or SEQ ID NO:27.

In certain embodiments, the invention relates to a viral vector encoding IL-2, or a functional
fragment thereof; or a polypeptide having at least 95%, 96%, 97%, 98% or 99% sequence
identity to the sequence shown in SEQ ID NO: 17, or a functional fragment thereof, wherein
the promoter is a fusion promoter comprising (a) a miR233 promoter, or a promoter having at
least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
ID NO: 1, or a functional fragment thereof; and (b) a TMEMI119 promoter, or a promoter
having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown
in SEQ ID NO:3, SEQ ID NO:23 or SEQ ID NO:24, or a functional fragment thereof. In
certain embodiments, the fusion promoter comprises a nucleotide sequence having at least
90%., at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% sequence
identity with SEQ ID NO:28.

In certain embodiments, the invention relates to a viral vector encoding 11.-2, or a functional
fragment thereof; or a polypeptide having at least 95%, 96%, 97%, 98% or 99% sequence
identity to the sequence shown in SEQ ID NO: 17, or a functional fragment thereof, wherein
the promoter is a fusion promoter comprising (a) a miR233 promoter, or a promoter having at
least 95%, 96%, 97%., 98%, 99% or 100% sequence identity to the sequence shown in SEQ
ID NO: 1, or a functional fragment thereof; and (b) an OLFML3 promoter, or a promoter
having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown
in SEQ 1D NO:4 or SEQ ID NO:25, or a functional fragment thereof. In certain embodiments,
the fusion promoter comprises a nucleotide sequence having at least 90%, at least 95%, at
lcast 96%, at least 97%, at lcast 98%, at least 99% or 100% sequence identity with SEQ ID
NO:29.

In a particular embodiment, the invention relates to a viral vector comprising a transgene

under control of one or more promoters, wherein the transgene encodes
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a) IL-15, or a functional fragment thereof; or
b) a polypeptide having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity
to the sequence shown in SEQ ID NO: 18, or a functional fragment thereof.

That is, in certain embodiments, the invention relates to a viral vector encoding Interleukin-15
(IL-15). The term “IL-15” refers to the protein sequence of SEQ ID NO: 18, and/or to any
sequence with a sequence identity of >95% homology thereof. Also provided herein are

nucleic acid sequences encoding said proteins.

MRISKPHLRSISIQCYLCLLLNSHFLTEAGIHVFILGCEFSAGLPKTEANWVNVISDLEKIED
LIQSMHIDATLYTESDVHPSCRKVTAMKCFLLELQVISLESGDASIHDTVENLIITLANNSLSS
NGNVTESGCKECEELEEKNIKEFLOSFVHIVQMFINTS (SEQ ID NCG:18)

Interleukin-15 (IL-15) is a cytokine with structural similarity to Interleukin-2 (IL-2). Like IL-
2, IL-15 binds to and signals through a complex composed of 1L-2/IL-15 receptor beta chain
(CD122) and the common gamma chain (gamma-C, CD132). 1L-15 is secreted by
mononuclear phagocytes (and some other cells) following infection by virus(es). This
cytokine induces the proliferation of natural killer cells, i.e. cells of the innate immune system
whose principal role is to kill virally infected cells. IL-15 regulates the activation and
proliferation of T and natural killer (NK) cells. Survival signals that maintain memory T cells
in the absence of antigen are provided by IL-15. This cytokine is also implicated in NK cell
development. In rodent lymphocytes, IL-15 prevents apoptosis by inducing BCL21.1/BCL-
x(L), an inhibitor of the apoptosis pathway. In humans with celiac disease IL-15 similarly

suppresses apoptosis in T-lymphocytes by inducing Bcl-2 and/or Bel-xL.

IL-15 has been shown to enhance the anti-tumor immunity of CD8+ T cells in pre-clinical
models. A phase I clinical trial to evaluate the safety, dosing, and anti-tumor efficacy of IL-15
in patients with metastatic melanoma and renal cell carcinoma (kidney cancer) has begun to

enroll patients at the National Institutes of Health.

A functional fragment of IL-15 is a fragment of at least 50, at least 100 amino acids, at least
110, at least 120, at least 130 or at least 140 amino acids having at least 95% sequence
identity with SEQ ID NO:18, wherein the fragment has IL-15 activity. Assays to determine
whether a protein has IL-15 activity have been described in the art, for example by Hu et al,,
Discovery of a novel IL-15 based protein with improved developability and efficacy for
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cancer immunotherapy; Sci Rep. 2018 May 16;8(1):7675. doi: 10.1038/341598-018-25987-4.

In a particular embodiment, the invention relates to a viral vector encoding IL-15, or a
functional fragment thereof, or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 18, or a functional fragment thereof,
wherein the one or more promoters comprises:
a) a myelo-specific promoter, or a functional fragment thereof; and/or
b) a microglia-specific promoter, or a functional fragment thereof; and/or
¢) a fusion promoter comprising or consisting of
i) a first promoter, wherein said first promoter is a myelo-specific promoter or a
microglia-specific promoter, or a functional fragment thereof; and

ii) a second promoter.

That is, in certain embodiments, IL-15 or a functional fragment or mutant variant thereof as
disclosed above may be expressed from a myelo-specific promoter or from a functional
fragment thereof. In other embodiments, I1.-15 or a functional fragment or mutant variant
thereof as disclosed above may be expressed from a microglia-specific promoter or from a
functional fragment thereof. In other embodiments, IL-15 or a functional fragment or mutant
variant thereof as disclosed above may be expressed from a fusion promoter, preferably
wherein the fusion promoter comprises a myelo-specific or a microglia-specific promoter or

functional fragments thereof.

That is, in a particular embodiment, the invention relates to a viral vector encoding IL-15, or a
functional fragment thereof; or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 18, or a functional fragment thereof,
wherein the myelo-specific promoter is
a) a miR233 promoter, or a functional fragment thereof; or a promoter having at least
95%, 96%, 97%., 98%, 99% or 100% sequence identity to the sequence shown in SEQ
ID NO: 1, or a functional fragment thereof;
b) an ITGAM promoter, or a functional fragment thereof, or a promoter having at least
95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
ID NO:6, or a functional fragment thereof; or
¢) an AIF1 promoter, or a functional fragment thereof; or a promoter having at least

95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
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ID NO:5, or a functional fragment thereof,

In a particular embodiment, the invention relates to a viral vector encoding IL-15, or a
functional fragment thereof, or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 18, or a functional fragment thereof,
wherein the microglia-specific promoter is
a) a TMEMI119 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID INO:3, SEQ ID NO:23 or
SEQ ID NO:24, or a functional fragment thereof;
b) a P2RY 12 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO: 2, SEQ ID NO:21 or
SEQ ID NQO:22, or a functional fragment thereof; or
¢) an OLFML3 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO:4 or SEQ ID NO:25, or a
functional fragment thereof.

In a particular embodiment, the invention relates to a viral vector encoding IL-15, or a
functional fragment thercof, or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 18, or a functional fragment thereof,
whercin the first promoter is a myelo-specific promoter and wherein the second promoter is a

microglia-specific promoter, or vice versa.

The second promoter may be any promoter known in the art. However, in certain
embodiments, IL-15 or a functional fragment or mutant variant thereof as disclosed above
may be expressed from a tusion promoter comprising a myelo-specific promoter and a
microglia-specific promoter. That is, any of the myelo-specific promoters disclosed above

may be combined with any of the microglia-specific promoters disclosed above, in any order.

In certain embodiments, IL-15 or a functional fragment or mutant variant thereof as disclosed
above may be cxpressed from a fusion promoter comprising miR223, a functional fragment

thereof or a promoter with miR223 functionality, and a microglia-specific promoter.

That is, in a particular embodiment, the invention relates to a viral vector encoding IL-15, or a

functional fragment thereof; or a polypeptidc having at least 95%, 96%, 97%, 98% or 99%
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sequence identity to the sequence shown in SEQ ID NO: 18, or a functional fragment thereof,
wherein the first promoter is a miR233 promoter, or a promoter having at least 95%, 96%,
97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ ID NO: 1, or a
functional fragment thercof; and wherein the first promoter is operably linked to
i) a TMEMI1 19 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO:3, SEQ ID NO:23 or
SEQ ID NO:24, or a functional fragment thereof}
ii) a PZRY'12 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ 1D NO: 2, SEQ 1D NO:21 or
SEQ ID NO:22, or a functional fragment thereof;
iii) an OLFML3 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO:4 or SEQ ID NO:25,0ra
functional fragment thereof;
iv) an ITGAM promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO:6, or a functional
fragment thereof; and/or
v) an AIF1 promoter or a promoter having at least 5%, 96%, 97%, 98%, 99% or 100%
sequence identity to the sequence shown in SEQ ID NO:5, or a functional fragment
thereof.

In certain embodiments, the invention relates to a viral vector encoding IL-135, or a functional
fragment thereof; or a polypeptide having at least 95%, 96%, 97%, 98% or 99% sequence
identity to the sequence shown in SEQ ID NO: 18, or a functional fragment thereof, wherein
the promoter is a miR233 promoter, or a promoter having at least 95%, 96%, 97%, 98%., 99%
or 100% sequence identity to the sequence shown in SEQ ID NQO: 1, or a functional fragment
thercof.

In certain embodiments, the invention relates to a viral vector encoding IL-15, or a functional
fragment thereof;, or a polypeptide having at least 95%, 96%, 97%, 98% or 99% sequence
identity to the sequence shown in SEQ ID NO: 18, or a functional fragment thereof, wherein
the first promoter is an ITGAM promoter, or a promoter having at least 95%, 96%, 97%,
98%, 99% or 100% sequence identity to the sequence shown in SEQ ID NQO:6, or a functional
fragment thereof.
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In certain embodiments, the invention relates to a viral vector encoding 1L-135, or a functional
fragment thereof, or a polypeptide having at least 95%, 96%, 97%, 98% or 99% sequence
identity to the sequence shown in SEQ ID NO: 18, or a functional fragment thereof, wherein
the promoter is a fusion promoter comprising (a) a miR233 promoter, or a promoter having at
least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
ID NO: 1, or a functional fragment thereof; and (b} a P2ZRY 12 promoter, or a promoter having
at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
ID NO: 2, SEQ ID NO:2lor SEQ ID NO:22, or a functional fragment thereof. In certain
embodiments, the fusion promoter comprises a nucleotide sequence having at least 90%, at
least 95%, at least 96%, at least 7%, at least 98%, at least 99% or 100% sequence identity
with SEQ ID NO:26 or SEQ ID NOG:27.

In certain embodiments, the invention relates to a viral vector encoding 11.-15, or a functional
fragment thereof, or a polypeptide having at least 95%, 96%, 97%, 98% or 99% sequence
identity to the sequence shown in SEQ ID NO: {8, or a functional fragment thereof, wherein
the promoter is a fusion promoter comprising (a) a miR233 promoter, or a promoter having at
least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
ID NO: 1, or a functional fragment thereof, and (b) a TMEM119 promoter, or a promoter
having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown
in SEQ ID NO:3, SEQ ID NO:23 or SEQ ID NO:24, or a functional fragment thereof. In
certain embodiments, the fusion promoter comprises a nucleotide sequence having at least
9(%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% sequence
identity with SEQ ID NO:28.

In certain embodiments, the invention relates to a viral vector encoding [L-185, or a functional
fragment thereof; or a polypeptide having at least 95%, 96%, 97%, 98% or 99% sequence
identity to the sequence shown in SEQ ID NO: 18, or a functional fragment thereof, wherein
the promoter is a fusion promoter comprising (a) a miR233 promoter, or a promoter having at
least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
ID NO: 1, or a functional fragment thereof; and (b) an OLFML3 promoter, or a promoter
having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown
in SEQ ID NO:4 or SEQ ID NO:25, or a functional fragment thereof. In certain embodiments,
the fusion promoter comprises a nucleotide sequence having at least 90%, at least 95%, at

least 96%, at least 97%, at least 98%, at least 99% or 100% sequence identity with SEQ ID
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NO:29.

In a particular embodiment, the invention relates to a viral vector comprising a transgene
under control of one or more promoters, wherein the transgene encodes
a) IL-21, or a functional fragment thereof; or
b) a polypeptide having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity
to the sequence shown in SEQ ID NO: 19, or a functional fragment thereof.

That is, in certain embodiments, the invention relates to a viral vector encoding Interleukin-21
(IL-21). The term “IL-21” refers to the protein sequence of SEQ ID NO: 19, and/or to any
sequence with a sequence identity of >95% homology thereof. Also provided herein are

nucleic acid sequences encoding said proteins.

MRSSPGNMERIVICIMVIFLGTLVHKSSSQGOQDRAMIRMRQLIDIVDQLKNYVNDLVPEFLP
APEDVETNCEWSAFSCFORKAQLEKSANTGNNERIINVSIKKLERKPPSTNAGRROKHRLTCPS
CDSYEKKPPKEFLERFKSLLOKMIHQHLSSRTHGSEDS (SEQ ID NO:19)

Interleukin-21 (IL-21) is a cvtokine that has potent regulatory effects on cells of the immune
system, including natural killer (NK) cells and cytotoxic T cells that can destroy virally

infected or cancerous cells. This cytokine induces cell division/proliferation in its target cells.

A role for [L-21 in modulating the differentiation programming of human T cells was
reported, where it was shown to enrich for a population of central memory-type CTL with a
unique CD28+ CD127hi CD45RO+ phenotype with IL-2 producing capacity. Tumor-reactive
antigen-specific CTL generated by priming in the presence of IL-21 led to a stable, 'helper-
independent’ phenotype. IL-21 is also noted to have anti-tumour effects through continued

and increased CD8+ cell response to achieve enduring tumor immunity.

IL-21 was approved for Phase 1 clinical trials in metastatic melanoma (MM) and renal cell
carcinoma (RCC) patients. It was shown to be safe for administration with flu-like symptoms
as side effects. Dose-limiting toXicities included low lymphocyte, neutrophil, and
thrombocyte count as well as hepatotoxicity. According to the Response Evaluation Criteria
in Solid Tumors (RECIST) response scale, 2 out of 47 MM patients and 4 out of 19 RCC
patients showed complete and partial responses, respectively. In addition, there was an

increase of perforin, granzyme B, IFN-gamma, and CXCR3 mRNA in peripheral NK cells
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and CD8&+ T cells. This suggested that IL-21 enhances the CD8+ effector functions thus
leading to anti-tumor response. IL-21 proceeded to Phase 2 clinical trials where it was

administered alone or coupled with drugs as sorafinib and rituximab.

A functional fragment of IL-21 is a fragment of at least 50, at least 100 amino acids, at least
110, at least 120, at least 130 or at least 140 amino acids having at least 95% sequence
identity with SEQ ID NO:19, wherein the fragment has 1L-21 activity. Assays to determine
whether a protein has IL-21 activity have been described in the art, for example by Maurer et
al., Generation and characterization of human anti-human I1.-21 neutralizing monoclonal
antibodies; MAbs. 2012 Jan-Feb; 4(1): 69-83.

In a particular embodiment, the invention relates to a viral vector encoding IL-21, or a
functional fragment thereof, or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 19, or a functional fragment thereof,
wherein the one or more promoters comprises:
a) a myelo-specific promoter, or a functional fragment thereof, and/or
b) a microglia-specific promoter, or a functional fragment thereof; and/or
¢) a fusion promoter comprising or consisting of
i) a first promoter, wherein said first promoter is a myelo-specific promoter or a
microglia-specific promoter, or a functional fragment thereof;, and

ii) a second promoter.

That is, in certain embodiments, IL-21 or a functional fragment or mutant variant thereof as
disclosed above may be expressed from a myelo-specific promoter or from a functional
fragment thereof. In other embodiments, 11.-21 or a functional fragment or mutant variant
thereof as disclosed above may be cxpressed from a microglia-specific promoter or from a
functional fragment thercof. In other embodiments, IL-21 or a functional fragment or mutant
variant thereof as disclosed above may be expressed from a fusion promoter, preferably
wherein the fusion promoter comprises a myelo-specific or a microglia-specific promoter or

functional fragments thereof.

That is, in a particular embodiment, the invention relates to a viral vector encoding IL-21, or a
functional fragment thereof; or a polypeptide having at least 95%, 96%, 97%, 98% or 99%

sequence identity to the sequence shown in SEQ ID NO: 19, or a functional fragment thereof,
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wherein the myelo-specific promoter is

a) a mik233 promoter, or a functional fragment thereof; or a promoter having at least
95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
1D NO: 1, or a functional fragment thereof,

b} an ITGAM promoter, or a functional fragment thereof; or a promoter having at least
959, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
1D NO:6, or & functional fragment thereof; or

¢) an AIF1 promoter, or a functional fragment thereof, or a promoter having at least
95%, 96%, 27%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
1D WNO:5, or 2 functional fragment thereof.

In a particular embodiment, the invention relates to a viral vector encoding IL-21, or a
functional fragment thercof; or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 19, or a functional fragment thereof,
wherein the microglia-specific promoter 1s
a) a TMEMI119 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO:3, 5EQ 1D NO:23 or
SEQ ID NQO:24, or a functional fragment thereof;
b) a P2RY 12 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the seguence shown in SEQ 1D NO: 2, SEQ 1D NO:21 or
SEQ D NO:22, or a functional fragment thercof; or
¢) an OLFML3 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in 5EQ ID NO:i4 or SEQ 1D NO:25,ora

functional fragment thereof.

In a particular embodiment, the invention relates to a viral vector encoding [L-21, or a
functional fragment thereof; or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 19, or a functional fragment thereof,
wherein the first promoter is a myelo-specific promoter and wherein the second promoter is a

microglia-specific promoter, or vice versa.

The second promoter may be any promoter known in the art. However, in certain
embodiments, 1L-21 or a functional fragment or mutant variant thercof as disclosed above

may be expressed from a fusion promoter comprising a myelo-specific promoter and a
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microglia-specific promoter. That is, any of the myelo-specific promoters disclosed above

may be combined with any of the microglia-specific promoters disclosed above, in any order.

In certain embodiments, IL-21 or a functional fragment or mutant variant thereof as disclosed
above may be expressed from a fusion promoter comprising miR223, a functional fragment

thereof or a promoter with miR223 functionality, and a microglia-specific promoter.

That is, in a particular embodiment, the invention relates to a viral vector encoding IL-21, or a
functional fragment thereof, or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 19, or a functional fragment thereof,
wherein the first promoter is a miR233 promoter, or a promoter having at least 95%, 96%,
97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ 1D NO: 1, or a
functional fragment thereof, and wherein the first promoter is operably linked to

i) a TMEM119 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or

100% sequence identity to the sequence shown in SEQ ID NO:3, SEQ ID NO:23 or

SEQ ID NO:24, or a functional fragment thereof;

ii) a P2RY 12 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or

100% sequence identity to the sequence shown in SEQ ID NO: 2, SEQ ID NO:21 or

SEQ ID NO:22, or a functional fragment thereof;

iii) an OLFML3 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or

100% sequence identity to the sequence shown in SEQ ID NO:4 or SEQ ID NO:25, ora

functional fragment thereof;

iv) an ITGAM promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or

100% sequence identity to the sequence shown in SEQ ID NO:6, or a functional

fragment thereof;, and/or

v) an AIF1 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or 100%

sequence identity to the sequence shown in SEQ ID NO:5, or a functional fragment

thereof.

In certain embodiments, the invention relates to a viral vector encoding [L-21, or a functional
fragment thereof; or a polypeptide having at least 95%, 96%, 97%, 98% or 99% sequence
identity to the sequence shown in SEQ ID NO: 19, or a functional fragment thereof, wherein
the promoter is a miR233 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99%

or 100% sequence identity to the sequence shown in SEQ ID NO: 1, or a functional fragment
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thereof.

In certain embodiments, the invention relates to a viral vector encoding IL-21, or a functional
fragment thereof, or a polypeptide having at least 95%, 96%, 97%, 98% or 99% sequence
identity to the sequence shown in SEQ ID NO: 19, or a functional fragment thereof, wherein
the first promoter is an ITGAM promoter, or a promoter having at least 95%, 96%, 97%,
98%, 99% or 100% sequence identity to the sequence shown in SEQ ID NO:6, or a functional
fragment thereof.

In certain embodiments, the invention relates to a viral vector encoding IL-21, or a functional
fragment thereof; or a polypeptide having at least 95%, 96%, 97%, 98% or 99% sequence
identity to the sequence shown in SEQ ID NO: 19, or a functional fragment thereof, wherein
the promoter is a fusion promoter comprising (a) a miR233 promoter, or a promoter having at
least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
ID NO: 1, or a functional fragment thereof; and (b) a P2RY 12 promoter, or a promoter having
at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
ID NO: 2, SEQ ID NO:21 or SEQ ID NO:22, or a functional fragment thereof. In certain
embodiments, the fusion promoter comprises a nucleotide sequence having at least 90%, at
least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% sequence identity
with SEQ ID NO:26 or SEQ ID NO:27.

In certain embodiments, the invention relates to a viral vector encoding [L-21, or a functional
fragment thereof, or a polypeptide having at least 95%, 96%, 97%, 98% or 99% sequence
identity to the sequence shown in SEQ ID NO: 19, or a functional fragment thereof, wherein
the promoter is a fusion promoter comprising (a) a miR233 promoter, or a promoter having at
least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
ID NO: 1, or a functional fragment thereof; and (b) a TMEMI119 promoter, or a promoter
having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown
in SEQ ID NO:3, SEQ ID NO:23 or SEQ ID NO:24, or a functional fragment thereof. In
certain embodiments, the fusion promoter comprises a nucleotide sequence having at least
90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% sequence
identity with SEQ ID NO:28.

In certain embodiments, the invention relates to a viral vector encoding IL-21, or a functional
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fragment thereof; or a polypeptide having at least 95%, 96%, 97%, 98% or 99% sequence
identity to the sequence shown in SEQ ID NO: 19, or a functional fragment thereof, wherein
the promoter is a fusion promoter comprising (a) a miR233 promoter, or a promoter having at
least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
ID NO: 1, or a functional fragment thereof; and (b) an OLFML3 promoter, or a promoter
having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown
in SEQ ID NQO:4 or SEQ ID NO:25, or a functional fragment thereof. In certain embodiments,
the fusion promoter comprises a nucleotide sequence having at least 90%, at least 95%, at
least 96%, at least 97%, at least 98%, at least 99% or 100% sequence identity with SEQ ID
NO:29.

In a particular embodiment, the invention relates to a viral vector comprising a transgene
under control of one or more promoters, wherein the transgene encodes
a) IFN-alpha, or a functional fragment thereof; or
b) a polypeptide having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity
to the sequence shown in SEQ ID NO: 20, or a functional fragment thereof.

That is, in certain embodiments, the invention relates to a viral vector encoding Interferon-
alpha (IFN-alpha). The term “IFN-alpha” refers to the protein sequence of SEQ ID NO: 20,
and/or to any sequence with a sequence identity of >95% homology thereof. Also provided

herein are nucleic acid sequences encoding said proteins.

MALTFALLVALLVLSCKSSCSVGCDLPOTHSLGSRRTILMLLAQMREISLFSCLEDRHDEFGEP
QEEFGNQFQRAETIPVLHEMIQQIFNLFSTRDSSAAWDETLLDKFYTELYQOLNDLEACVIQ
GVGVTETPLMKEDSILAVREYFORITLYLKERKKYSPCAWEVVRAEIMRSEFSLSTNLQESLRS
KE (SEQ ID NO:20)

Human interferon alpha-2 (IFNa2) is a cytokine belonging to the family of type I IFNs.
IFNu2 is a protein secreted by cells infected by a virus and acting on other cells to inhibit

viral infection.

If given orally, TFNe?2 is degraded by digestive enzymes and is no longer active. Thus, IFNo?2
is mainly administrated by injection essentially subcutaneous or intramuscular. Once in the
blood, IFNo2 is rapidly eliminated by the kidney. Due to the short life of IFNa2 in the

organism, several injections per week are required. Peginterferon alpha-2a and Peginterferon
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alpha-2b (polyethylene glycol linked to IFNa2) are long-lasting IFNa2 formulations, which

enable a single injection per week.

Recombinant [FNo2 (024 and a2b) has demonstrated efficiency in the treatment of patients
diagnosed with some viral infections (such as chronic viral hepatitis B and hepatitis C) or
some kinds of cancer (melanoma, renal cell carcinoma and various hematological

malignancies).

A functional fragment of IFN-alpha is a fragment of at least 50, at least 100 amino acids, at
least 110, at least 120, at least 130 or at least 140 amino acids having at least 95% sequence
identity with SEQ ID NO:20, wherein the fragment has IFN-alpha activity. Assays to
determine whether a protein has IFN-alpha activity have been described in the art, for
example by Moll et al., The differential activity of interferon-a subtypes is consistent among

distinct target genes and cell types; Cytokine. 2011 Jan; 53(1): 52-59.

In a particular embodiment, the invention relates to a viral vector encoding IFN-alpha, or a
functional fragment thereof, or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 20, or a functional fragment thereof,
wherein the one or more promoters comprises:
a) a myelo-specific promoter, or a functional fragment thereof; and/or
b) a microglia-specific promoter, or a functional fragment thereof, and/or
¢) a fusion promoter comprising or consisting of
i) a first promoter, wherein said first promoter is a myelo-specific promoter or a
microglia-specific promoter, or a functional fragment thereof, and

ii) a second promoter.

That is, in certain embodiments, IFN-alpha or a functional fragment or mutant variant thercof
as disclosed above may be expressed from a myelo-specific promoter or from a functional
fragment thercof. In other embodiments, IFN-alpha or a functional fragment or mutant variant
thereof as disclosed above may be expressed from a microglia-specific promoter or from a
functional fragment thereof. In other embodiments, IFN-alpha or a functional fragment or
mutant variant thereof as disclosed above may be expressed from a fusion promoter,
preferably wherein the fusion promoter comprises a myelo-specific or a microglia-specific

promoter or functional fragments thereof.
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That is, in a particular embodiment, the invention relates to a viral vector encoding IFN-alpha,
or a functional fragment thereof; or a polypeptide having at least 95%, 96%, 97%, 98% or
99% sequence identity to the sequence shown in SEQ ID NO: 20, or a functional fragment
thereof, wherein the myelo-specific promoter is
a) a miR233 promoter, or a functional fragment thereof; or a promoter having at least
95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
ID NO: 1, or a functional fragment thereof;
b) an ITGAM promoter, or a functional fragment thereof; or a promoter having at least
95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
ID NO:6, or a functional fragment thereof; or.
¢) an AIF1 promoter, or a functional fragment thereof, or a promoter having at least
05%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
ID NQO:5, or a functional fragment thereof.

In a particular embodiment, the invention relates to a viral vector encoding IFN-alpha, or a
functional fragment thereof; or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 20, or a functional fragment thereof,
wherein the microglia-specific promoter is
a) a TMEM119 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO:3, SEQ ID NO:23 or
SEQ ID NO:24, or a functional fragment thereof;
b) a P2RY 12 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO: 2, SEQ ID NG:21 or
SEQ ID NO:22, or a functional fragment thereof; or
¢) an OLFML?3 promoter or a promoter having at least 95%, 26%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO:4 or SEQ 1D NO:25,0ra
functional fragment thereof.

In a particular embodiment, the invention relates to a viral vector encoding IFN-alpha, or a
functional fragment thereof; or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 20, or a functional fragment thereof,
wherein the first promoter is a myelo-specific promoter and wherein the second promoter is a

microglia-specific promoter, or vice versa.
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The second promoter may be any promoter known in the art. However, in certain
embodiments, IFN-alpha or a functional fragment or mutant variant thereof as disclosed
above may be expressed from a fusion promoter comprising a myelo-specific promoter and a
microglia-specific promoter. That 1s, any of the myelo-specific promoters disclosed above

may be combined with any of the microglia-specific promoters disclosed above, in any order.

In certain embodiments, IFN-alpha or a functional fragment or mutant variant thereof as
disclosed above may be expressed from a fusion promoter comprising miR223, a functional

fragment thereof or a promoter with miR223 functionality, and a microglia-specific promoter.

That is, in a particular embodiment, the invention relates to a viral vector encoding IFN-alpha,
or a functional fragment thereof, or a polypeptide having at least 95%, 96%, 97%, 98% or
99% sequence identity to the sequence shown in SEQ ID NO: 20, or a functional fragment
thereof, wherein the first promoter is a miR233 promoter, or a promoter having at least 95%,
96%, 97%., 98%, 99% or 100% sequence identity to the sequence shown in SEQ ID NO: 1, or
a functional fragment thereof; and wherein the first promoter is operably linked to

i) a TMEM119 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or

100% sequence identity to the sequence shown in SEQ ID NO:3, SEQ ID NG:23 or

SEQ ID NO:24, or a functional fragment thereof;

ii) a P2RY12 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or

100% sequence identity to the sequence shown in SEQ ID NO:2, SEQ ID NO:21 or

SEQ ID NO:22, or a functional fragment thereof;

iii) an OLFML3 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or

100% sequence identity to the sequence shown in SEQ ID NO:4 or SEQ ID NO:25,0ra

functional fragment thereof;

iv) an ITGAM promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or

100% sequence identity fo the sequence shown in SEQ ID NO:6, or a functional

fragment thereof, and/or

v} an AIF1 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or 100%

sequence identity to the sequence shown in SEQ ID NO:5, or a functional fragment

thereof.

In certain embodiments, the invention relates to a viral vector encoding IFN-alpha, or a
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functional fragment thereof, or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ 1D NO: 20, or a functional fragment thereof,
wherein the promoter is a miR233 promoter, or a promoter having at least 95%, 96%, 97%,
98%, 99% or 100% sequence identity to the sequence shown in SEQ ID NO: 1, or a
functional fragment thereof.

In certain embodiments, the invention relates to a viral vector encoding IFN-alpha, or a
functional fragment thereof; or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 20, or a functional fragment thereof,
wherein the first promoter is an ITGAM promoter, or a promoter having at least 95%, 96%,
97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ ID NO:6, or a
functional fragment thereof.

In certain embodiments, the invention relates to a viral vector encoding IFN-alpha, or a
functional fragment thereof; or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 20, or a functional fragment thereof,
wherein the promoter is a fusion promoter comprising (a) a miR233 promoter, or a promoter
having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown
in SEQ ID NO: 1, or a functional fragment thereof, and (b) a P2RY 12 promoter, or a
promoter having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the
sequence shown in SEQ ID NO: 2, SEQ ID NO:21 or SEQ ID NO:22, or a functional
fragment thereof. In certain embodiments, the fusion promoter comprises a nucleotide
sequence having at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99% or 100% sequence identity with SEQ ID NO:26 or SEQ ID NO:27.

In certain embodiments, the invention relates to a viral vector encoding [FN-alpha, or a
functional fragment thereof; or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 20, or a functional {ragment thereof]
wherein the promoter is a fusion promoter comprising {(a) a miR233 promoter, or a promoter
having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown
in SEQ ID NO: 1, or a functional fragment thereofl; and (b) a TMEMI119 promoter, or a
promoter having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the
sequence shown in SEQ ID NO:3, SEQ ID NO:23 or SEQ ID NGO:24, or a functional

fragment thereof. In certain embodiments, the fusion promoter comprises a nucleotide
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sequence having at least 90%, at least 95%, at lcast 96%, at least 97%, at least 98%, at least
99% or 100% sequence identity with SEQ 1D NO:28.

In certain embodiments, the invention relates to a viral vector encoding [FN-alpha, or a
functional fragment thereof; or a polypeptide having at least 95%, 96%, 97%, 98% or 99%
sequence identity to the sequence shown in SEQ ID NO: 20, or a functional fragment thereof,
wherein the promoter is a fusion promoter comprising (a) a miR233 promoter, or a promoter
having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown
in SEQ ID NQ: 1, or a functional fragment thereof;, and (b) an OLFML3 promoter, or a
promoter having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to the
sequence shown in SEQ ID NO:4 or SEQ ID NO:25, or a functional fragment thereof. In
certain embodiments, the fusion promoter comprises a nucleotide sequence having at least
90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% sequence
identity with SEQ ID NO:29.

In a particular embodiment, the invention relates to the viral vector according to the invention,
wherein the one or more promoters comprise:
a) a myelo-specific promoter, or a functional fragment thereof, and/or
b) a microglia-specific promoter, or a functional fragment thereof; and/or
¢) a fusion promoter comprising or consisting of
i) a first promoter, wherein said first promoter is a myelo-specific promoter or a
microglia-specific promoter, or a functional fragment thereof, and

ii) a second promoter.

That is, any of the transgenes disclosed above, or the functional fragments or variants thereof,
may be operably linked to one or more promoters. In certain embodiments, the transgenes
disclosed above, or the functional fragments or variants thereof, may be operably linked to a
myelo-specific promoter or a functional fragment thereof. In certain embodiments, the
transgenes disclosed above, or the functional fragments or variants thereof, may be operably
linked to a microglia-specific promoter or a functional fragment thereof. In certain
embodiments, the transgenes disclosed above, or the functional fragments or variants thereof,
may be operably linked to a fusion promoter comprising a myelo-specific or microglia-

specific promoter or functional fragments thereof, and a second promoter.

91

CA 03165462 2022-7-20



WO 2021/239308 PCT/EP2021/059070

In a particular embodiment, the invention relates to the viral vector according to the invention,
wherein the myelo-specific promoter is
a) a miR233 promoter, or a functional fragment thereof; or a promoter having at least
95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
ID NO: 1, or a functional fragment thereof;
b) an ITGAM promoter, or a functional fragment thereof; or a promoter having at least
95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
ID NO:6, or a functional fragment thereof; or
¢) an AIF1 promoter, or a functional fragment thereof, or a promoter having at least
95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
ID NO:5, or a functional fragment thereof.

The term “myelo-specific promoter” as used herein refers to any promoter that can drive
expression in a myeloid cell. The skilled person is aware of methods to identify whether a
promoter can drive expression in a myeloid cell. For example, a myeloid cell, such as the
monocytic cell line THP-1, may be transduced with a viral vector encoding a fluorescent
marker under control of the promoter in question. If expression of the fluorescent marker can
be detected in the myeloid cell upon integration of the viral vector into the genome of the
myeloid cell, the promoter is determined to be a myelo-specific promoter. Myelo-specific
promoters within the meaning of the present invention include, without limitation, the

miR223 promoter, the AIF1 promoter and the ITGAM promoter.

In a particular embodiment, the invention relates to viral vector according to the invention,
wherein the microglia-specific promoter is
a) a TMEM119 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO:3, SEQ ID NO:23 or
SEQ ID NO:24, or a functional fragment thereof;
b) a PZRY 12 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO: 2, SEQ 1D NO:21 or
SEQ ID NO:22, or a functional fragment thereof; or
¢) an OLFML3 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO:4 or SEQ ID NO:25,0r a
functional fragment thereof.
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The term “microglia-specific promoter” as used herein refers to any promoter that can drive
expression in microglia. The skilled person is aware of methods to identify whether a
promoter can drive expression in microglia. For example, microglia, such as an immortalized
microglia cell line, may be transduced with a viral vector encoding a fluorescent marker under
control of the promoter in question. If expression of the fluorescent marker can be detected in
microglia upon integration of the viral vector into the genome of the microglia, the promoter
is determined to be a microglia-specific promoter. Microglia-specific promoters within the
meaning of the present invention include, without limitation, the P2RY12 promoter, the

TMEM119 promoter, the OLFML3 promoter, the ITGAM promoter and the AIF1 promoter.

In certain embodiments, the invention relates to the viral vector according to the invention,
wherein the first promoter is a myelo-specific promoter and wherein the second promoter is a

microglia-specific promoter, or vice versa.

That is, the fusion promoter may preferably comprise a myelo-specific promoter and a
microglia specific promoter. In certain embodiments, the microglia-specific promoter is fused
to the 5° end of the myelo-specific promoter. In certain embodiments, the microglia-specific

promoter is fused to the 3° end of the myelo-specific promoter.

In a particular embodiment, the invention relates to the viral vector according to the invention,
wherein the first promoter is a miR233 promoter, or a promoter having at least 95%, 96%,
07%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ ID NO: 1, or a
functional fragment thereof; and wherein the first promoter is operably linked to
i) a TMEM119 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO:3, SEQ ID NO:23 or
SEQ ID NO:24, or a functional fragment thereof;
ii} a P2ZRY12 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO: 2, SEQ ID NO:21 or
SEQ ID NO:23, or a functional fragment thereof;
iii) an OLFML3 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO:4 or SEQ ID NO:25,0r a
functional fragment thereof
iv) an ITGAM promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or

100% sequence identity to the sequence shown in SEQ ID NO:6, or a functional
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fragment thereof; and/or

v} an AIF1 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or 100%
sequence identity to the sequence shown in SEQ ID NO:5, or a functional fragment
thereof.

In a particular embodiment, the invention relates to the viral vector according to the invention,
wherein the first promoter is a miR233 promoter, or a promoter having at least 95%, 96%,
97%, 98%, 99% or 100% scquence identity to the sequence shown in SEQ ID NO: 1, or a
functional fragment thereof;, and wherein the first promoter is operably linked to a TMEM119
promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or 100% sequence
identity to the sequence shown in SEQ ID NO: 3, SEQ ID NO:23 or SEQ ID NO:24, or a
functional fragment thereof. In a certain embodiment, the viral vector according to the
invention comprised a promoter having at least 95%, 96%, 97%, 98%, 99% or 100%
sequence identity to the sequence shown in SEQ ID NO: 28.

In a particular embodiment, the invention relates to the viral vector according to the invention,
wherein the viral vector comprises at least one transcriptional regulatory element, and
wherein said at least one transcriptional regulatory element is arranged such that it inhibits or

activates a transcriptional activity of the promoter.

In a particular embodiment, the invention relates to the viral vector according to the invention,
wherein the at least one transcriptional regulatory element comprises a binding site for a
transcriptional activator or repressor, in particular wherein the transcriptional activator or
repressor comprises:

i) an antibiotic-binding domain, in particular a tetracycline/doxycycline-binding

domain, a macrolide-binding domain or a pristinamycin-binding domain;

ii) a hormone-binding domain, in particular a RU486-binding domain or an abscisic

acid-binding domain;

iii) a steroid-binding domain, in particular an ecdysone-binding domain;

iv) a dimerizer system, in particular a rapamycin-based of rapalog-based dimerizer

system.

In a particular embodiment, the viral vector according to the invention, wherein the viral

vector encodes a riboswitch, and wherein the riboswitch controls translation of an mRNA
94

CA 03165462 2022-7-20



WO 2021/239308 PCT/EP2021/059070

encoding the therapeutic protein or the combination of therapeutic proteins.

That is, the viral vectors encoding any one of the transgenes disclosed above, or a functional
fragment or variant thereof, may comprise regulatory elements that allow controlling
expression of the transgene. Preferably, the regulatory elements are any of the regulatory

elements disclosed elsewhere herein.

In a particular embodiment, the invention relates to the viral vector according to the invention,
wherein the viral vector is
a) a retroviral vector, in particular a lentiviral vector, more particularly a lentiviral SIN
vector; or
b) a foamy viral vector; or
¢) a viral vector selected from the group consisting of: an adenoviral vector, an adeno-
associated viral vector, a herpes viral vector, a parvoviral vector, a coronaviral vector,

and an alpha-retroviral vector.

The wviral vector according to the invention may be any type of viral vector that allows

delivering a transgene to a mammalian cell or, preferably, to a human cell.

In certain embodiments, the viral vector is a retroviral vector. As used herein, the term
“retrovirus” refers to a virus, consisting of an outer envelope glycoprotein shell of viral origin
including, but not limited to vesicular stomatitis virus (V8V) glycoprotein (VSV}, with
membrane fusion activity, enclosing viral RNA, as well as viral proteins necessary for reverse
transcription of its genomic RNA into a linear double-stranded DNA copy, and for

subsequently covalent integration of its genomic DNA into a host genome.

Retroviruses are a common tool for gene delivery (Miller, 2000, Nature, 357: 455-460). Once
the virus is integrated into the host genome, it is referred to as a “provirus.” The provirus
serves as a template for RNA polymerase Il and directs the expression of RNA molecules
which encode the structural proteins and enzymes needed to produce new viral particles,
Mustrative retroviruses include, but are not limited to: Moloney murine leukemia virus (M-
MulV), Moloney murine sarcoma virus (MoMSV), Harvey murine sarcoma virus

(HaMuSV), murine mammary tumor virus (MuMTV), gibbon ape leukemia virus (GalLV),
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feline leukemia virus (FLV), spumavirus, Friend murine leukemia virus, Murine Stem Cell

Virus (MSCV) and Rous Sarcoma Virus (RSV) and lentivirus.

As used herein, the term “lentivirus” refers to a group (or genus) of complex retroviruses.
Illustrative lentiviruses include, but are not limited to: HIV (human immunodeficiency virus;
including HIV type 1, and HIV type 2); visna-maedi virus (VMV) virus; the caprine arthritis-
encephalitis virus (CAEV); equine infectious anemia virus (EIAV); feline immunodeficiency
virus (FIV); bovine immune deficiency virus (BIV); and simian immunodeficiency virus
(SIV). In one embodiment, HIV based vector backbones (i.e., HIV cis-acting sequence

elements) are preferred.

The term *vector” is used herein to refer to a nucleic acid molecule, capable transferring or
transporting another nucleic acid molecule. The transferred nucleic acid is generally linked to,
i.e., inserted into, the vector nucleic acid molecule. A vector may include sequences that
direct autonomous replication in a cell, or may include sequences sufficient to allow
integration into host cell DNA. Useful vectors include, for example, plasmids (e.g., DNA
plasmids or RNA plasmids), transposons, cosmids, bacterial artificial chromosomes, and viral

vectors. Useful viral vectors include, e.g., replication defective retroviruses and lentiviruses.

Within the present invention, viral vectors are used to transduce target cells. The term
“transduction” relates to the generation of conditions, which aim and allow for bringing a
viral vector into physical contact with the target cell, followed by introduction of viral nucleic
acids into the target cell, and in case of retroviruses its reverse transcription to DNA, and the

integration into the genome of the target cell.

The term “lentiviral vector” may be used to refer to lentiviral infectious particles, consisting
of an viral envelope glycoprotein decorated biological membrane or just biological
membranes without viral envelope protein shell with membrane fusion potential, enclosing a
lentiviral capsid structure formed by lentiviral protein, with the capsid structure enclosing
lentiviral RNA and lentiviral proteins necessary for reverse transcription and stable

integration into the genome of a target cell.

Lentiviral vectors enable delivery of the nucleic acid molecule encoding a therapeutic

polypeptide into dividing and/or non-dividing cells. Lentiviral vectors can be used for in vitro
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transduction as well as for in vivo injection, whereas AAV infectious particles can be used for

the delivery of DNA into non-dividing cells by in vivo injection.

Preferably, the viral vector according to the invention is a self-inactivating lentiviral vector.
"Self-inactivating” (SIN) vectors are replication-defective vectors, e.g., viral or lentiviral
vectors, in which the right (3") LTR enhancer-promoter region, known as the U3 region, has
been modified (e.g. , by deletion and/or substitution) to prevent viral transcription beyond the
first round of viral replication. Consequently, the vectors are capable of infecting and then
integrating into the host genome only once, and cannot be passed further. This is because the
right (3") LTR U3 region is used as a template for the left (5') LTR U3 region during viral
replication and, thus, the viral transcript cannot be made without the U3 enhancer-promoter. If
the viral transcript is not made, it cannot be processed or packaged into virions, hence the life

cycle of the virus ends.

In certain embodiments, the viral vector may be a foamy viral vector. The term “foamy viral
vector”, as used herein, refers to a viral vector that employs foamy virus derived parts.
Methods to develop a viral vector are known to the skilled person (e.g., Mergia, A, and M
Heinkelein, 2003, Current topics in microbiology and immunology vol. 277: 131-59).

In certain embodiment, the viral vector is selected from the group consisting of: an adenoviral
vector, an adeno-associated viral vector, a herpes viral vector, a parvoviral vector, a

coronaviral vector, and an alpha-retroviral vector.

The term " Adenoviral vector”, as used herein, refers to a viral vector or plasmid containing
structural and functional genetic elements, or portions thereof, that are primarily derived from

an Adenovirus.

The term “Adenovirus”, as used herein, refers to members of the family Adenoviridae.
Adenoviridae typically are medium-sized (90-100 nm), non-enveloped (without an outer lipid
bilayer) viruses with an icosahedral nucleocapsid containing a double stranded DNA genome.
Methods to obtain adenoviral vectors are known to the skilled person (see, e.g., Kamen, A,
and Henry, O., 2004, The Journal of Gene Medicine: A cross-disciplinary journal for research
on the science of gene transfer and its clinical applications, 6(S1}, S184-8192; Volpers, C.

and Kochanek, S., 2004, The Journal of Gene Medicine: A cross-disciplinary journal for
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research on the science of gene transfer and its clinical applications, 6(S1), 8164-5171).

The term " herpes viral vector”, as used herein, refers to a viral vector or plasmid containing
structural and functional genetic elements, or portions thereof, that are primarily derived from
a herpes virus. The term “herpes virus™, as used herein, refers to any virus from the genus
Simplexvirus. Methods to obtain herpes viral vectors are known to the person skilled in the art
(see, e.g., Logvinoff, Carine, and Alberto L. Epstein, 2001, Human gene therapy 12.2: 161-
167).

The term " alpha-retroviral vector”, as used herein, refers to a viral vector or plasmid
containing structural and functional genetic elements, or portions thereof, that are primarily
derived from an alpha-retrovirus. The term “alpha-retrovirus™, as used herein, refers to any
virus from the genus Alpharetrovirus. Methods to obtain alpha-retroviral vectors are known to
the person skilled in the art (see, e.g., Garoff, Henrik, and Kejun Li, 1998, Gene Therapy. 61~
69).

In certain embodiments, the viral vector may be an adeno-associated viral (AAV) vector.
There are currently two classes of recombinant AAVs (rAAVs) in use: single-stranded AAV
(ssAAV} and self-complementary AAV (scAAV). ssAAVs are packaged as either sense

(plus-stranded) or anti-sense (minus-stranded) genomes.

That is, in certain embodiments, the viral vector is a DNA-based viral vector. In such
embodiments, viral DNA may be directly integrated into the genome of the target cell without

reverse transcription of the viral DNA.

In a particular embodiment, the invention relates to a fusion promoter comprising

a) a miR223 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO: 1, or a functional
fragment thereof; and

b) a microglia-specific promoter, or a functional fragment thereof;,

wherein the miR223 promoter or the promoter having at least at least 95%, 96%, 97%,
98%, 99% or 100% sequence identity to the sequence shown in SEQ ID NO: 1, or the
functional fragment thereof, is operably linked to the microglia-specific promoter, or the

functional fragment thereof.
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The promoter miR223 shows great potential for use in cell and gene therapy applications

targeting HSCs or keratinocytes due to its resistance to methylation upon cell differentiation.

In certain embodiments, the promoter miR223, or functional fragments or variants thereof,

may be fused to a second promoter, preferably a microglia-specific promoter.

Thus, in a particular embodiment, the invention relates to the fusion promoter according to the

invention, wherein the microglia-specific promoter is

a) a TMEMI119 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO:3, SEQ ID NO:23 or
SEQ ID NO:24, or a functional fragment thereof;

b) a P2RY 12 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO: 2, SEQ ID NO: 21 or
SEQ ID NO: 22, or a functional fragment thereof;

¢} an OLFML3 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO:4 or SEQ ID NO:25,0r 2
functional fragment thereof,

d) an ITGAM promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO:6, or a functional
fragment thereof; or

e) an AIF1 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or 100%
sequence identity to the sequence shown in SEQ ID NO:5, or a functional fragment

thereof.

In certain embodiments, the fusion promoter comprises the miR223 promoter and the

P2RY 12 promoter. That is, in certain embodiments, the invention relates to a fusion promoter

comprising

CA 03165462 2022-7-20

a) a miR223 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO: 1, or a functional
fragment thereof; and

b) a P2ZRY 12 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ 1D NO: 2, SEQ [D NO:Z1 or
SEQ ID NQO:22, or a functional fragment thereof.
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In a particular embodiment, the miR223-P2RY 12 fusion promoter according to the invention
comprises the nucleotide sequence as set forth in SEQ 1D NO:26 or SEQ ID NO:27. In a
particular embodiment, the miR223-P2RY 12 fusion promoter according to the invention
comprises a nucleotide sequence having at least 90%, at least 95%, at least 96%, at least 97%,
at least 98%, at least 99% sequence identity with the nucleotide sequence as set forth in SEQ

ID NO:26 or SEQ 1D NO:27.

In certain embodiments, the fusion promoter comprises the miR223 promoter and the
TMEMI119 promoter. That is, in certain embodiments, the invention relates to a fusion
promoter comprising
a) a miR223 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO: 1, or a functional
fragment thereof: and
b) a TMEM119 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO:3, SEQ ID NO:23 or
SEQ ID NO:24, or a functional fragment thereof.

In a particular embodiment, the miR223-TMEMI119 fusion promoter according to the
invention comprises the nucleotide sequence as set forth in SEQ ID NQO:28. In a particular
embodiment, the miR223- TMEM119 fusion promoter according to the invention comprises a
nucleotide sequence having at least 90%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99% sequence identity with the nucleotide sequence as set forth in SEQ ID
NO:28.

In certain embodiments, the fusion promoter comprises the miR223 promoter and the
OLFML3 promoter. That is, in certain embodiments, the invention relates to a fusion
promoter comprising
a) a miR223 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO: 1, or a functional
fragment thereof; and
b) an OLFML3 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO: 8 or SEQ ID NO:S, 0or a
functional fragment thereof.
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In a particular embodiment, the miR223- OLFML3 fusion promoter according to the
invention comprises the nucleotide sequence as set forth in SEQ ID NO:29. In a particular
embodiment, the miR223-0OLFML3 fusion promoter according fo the invention comprises a
nucleotide sequence having at least 90%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99% sequence identity with the nucleotide sequence as set forth in SEQ ID
NO:29.

In certain embodiments, the fusion promoter comprises the miR223 promoter and the AIF1
promoter. That is, in certain embodiments, the invention relates to a fusion promoter
comprising
a) a miR223 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO: 1, or a functional
fragment thereof; and
b) an AIF1 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or 100%
sequence identity to the sequence shown in SEQ ID NOS5, or a functional fragment
thereof.

In certain embodiments, the fusion promoter comprises the miR223 promoter and the ITGAM
promoter. That is, in certain embodiments, the invention relates to a fusion promoter
comprising
a) a miR223 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO: 1, or a functional
fragment thereof; and
b) an ITGAM promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO:6, or a functional
fragment thereof.

In a particular embodiment, the invention relates to the fusion promoter according to the
invention, wherein the fusion promoter comprises at least one transcriptional regulatory
element, wherein said at least one transcriptional regulatory element is arranged such that it

inhibits or activates a transcriptional activity of the promoter.

In a particular embodiment, the invention relates to the fusion promoter according to the

invention, wherein the at least one transcriptional regulatory element comprises a binding site
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for a transcriptional activator or repressor, in particular wherein the transcriptional activator
Of TEPIessor COmprises:
i) an antibiotic-binding domain, in particular a tetracycline/doxycycline-binding
domain, a macrolide-binding domain or a pristinamycin-binding domain;
il) a hormone-binding domain, in particular a RU486-binding domain or an abscisic
acid-binding domain;
iii) a steroid-binding domain, in particular an ecdysone-binding domain,
iv) a dimerizer system, in particular a rapamycin-based of rapalog-based dimerizer

system.

In a particular embodiment, the invention relates to the fusion promoter according to the
invention, wherein the viral vector encodes a riboswitch, and wherein the riboswitch controls
translation of an mRNA encoding the therapeutic protein or the combination of therapeutic

proteins.

That is, the fusion promoter of the invention may comprise regulatory elements that allow
controlling expression of a transgene in a more precise manner. Preferably, the regulatory

elements are any of the regulatory elements disclosed elsewhere herein.

In a particular embodiment, the invention relates to the fusion promeoter according to the
invention, wherein the fusion promoter
a) comprises any one of the sequences set forth in SEQ ID NO: 26-29: or
b) comprises a sequence having 90%, 91%, 92%, 93%, 94% or 95% sequence identity
with any one of the sequence set forth in SEQ ID NO:26-29, wherein the promoter

drives expression in microglia and/or myeloid cells.

In a particular embodiment, the invention relates to the fusion promoter according to the
invention, wherein the fusion promoter
a) comprises the sequence set forth in SEQ ID NO:28: or
b) comprises a sequence having 90%, 91%, 92%, 93% or 95% sequence identity with
the sequence set forth in SEQ ID NO:28, wherein the promoter drives expression in

microglia and/or myeloid cells.

In a particular embodiment, the invention relates to a host cell comprising the viral vector
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according to the invention.

That is, the present invention further relates to a host cell comprising the viral vector
according to the invention. In certain embodiments, a host cell may be a cell that is used to
produce the viral vector according to the invention. For example, the host cell may be a
HEK293T cell. In certain embodiment, a host cell may be a cell (e.g. a HSC) that was
infected with infectious viral particles or a progeny cell thereof (e.g. a macrophage)

comprising viral nucleic acids irrespective of its virus producing capabilities.

A host cell is also said to comprise a viral vector according to the invention, if the host cell
has been transfected with plasmids encoding genetic elements for the production of viral
vector and the plasmids have integrated into the genome of the host cell in “stable produced
cell”. Thus, a viral vector does not necessarily have to be in a circular form to be comprised in

a host cell.

In a particular embodiment, the invention relates to the host cell according to the invention,
wherein the host cell is a hematopoietic stem cell, preferably a hematopoietic stem cell of a
CD34-positive enriched cell population, or wherein the host cell is a myeloid cell. That is, in
certain embodiments, the host cell may be a transduced hematopoietic stem cell, preferably a
hematopoietic stem cell of a CD34-positive enriched cell population, or a transduced myeloid
cell. In particular, a host cell that is used for the treatment and/or prevention of any of the
diseases and/or disorders disclosed herein is preferably a transduced hematopoietic stem cell,
preferably a hematopoietic stem cell of a CD34-positive enriched cell population, or a

transduced myeloid cell.

In certain embodiments, the host cell may be a hematopoietic stem cell. That is, in certain
embodiments, the invention relates to a hematopoietic stem cell that has been transduced with

any of the viral vectors disclosed herein.

The term “Haematopoietic stem cells” identical to the term “hematopoietic stem cell” or
“HSC” or “HSPC” relates to any cell population obtained upon, but not limited to, bone
marrow aspiration, apheresis upon stem cell mobilization, or obtained from (umbilical) cord
blood, and/or to any cell population in which CD34-positive or CD133-positive cells were

enriched by any method, but not limited to CD34-positive and/or CD133-positive cell
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labelling and enrichment, or by depletion of lineage-positive cells by any method known-in-

the-art,

As used herein, “CD34-positive enriched” indicates that the population comprises a higher
number and/or higher percentage of CD34-positive cells than is found in the cell populations
before the enrichment step. Various methods for CD34-positive cell enrichment are known to
the person skilled in the art (see, e.g., Baldwin, K. et. al., 2015, Stem cells, 33(5), 1532-1542;
Wojciechowski, Joel C et al., 2008, British journal of haematology vol. 140,6 673-81; Gori, J.
L. et. al., 2012, Blood, The Journal of the American Society of Hematology, 120(13), e35-
ed4; Kilic, P. et al., 2019, Cells Tissues Organs, 207(1), 15-20.)

In a preferred embodiment, the host cell is a cell in an enriched population of CD34-positive
bone marrow cells. In a more preferred embodiment, the host cell is a hematopoietic stem and
progenitor cell in an enriched population of CD34-positive bone marrow cells. In a most
preferred embodiment, the host cell is a hematopoietic stem cell in an enriched population of

CD34-positive bone marrow cells.

In other embodiments, the host cell may be a myeloid cell. That is, in certain embodiments,
the invention relates to a granulocyte (neutrophils, eosinophils, and basophils), a monocyte, a
macrophage, a Kupffer cell or a mast cell that has been transduced with any of the viral
vectors disclosed herein. In certain embodiments, the host cell is a macrophage. In certain
embodiments, the host cell is a monocyte. In additional embodiments, the host cell is a

microglia.

The skilled person is aware of methods to enrich and/or identify the above-disclosed cell

types and to transduce them with viral vectors.

In a particular embodiment, the invention relates to a pharmaceutical composition comprising

the viral vector according to the invention and/or the host cell according to the invention.

That is, in certain embodiments, the invention relates to a pharmaceutical composition
comprising any one of the viral vectors disclosed herein and/or any one of the host cells

disclosed herein.
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In certain embodiments, the pharmaceutical composition comprises a viral vector according to
the invention. In such embodiments, the pharmaceutical composition is preferably used to
transduce a target cell, such as a hematopoietic stem cell, ex vivo. Alternatively, the
pharmaceutical composition may be directly administered to a subject in need such that the
viral vector comprised in the pharmaceutical composition transduces a target cell in vivo. The
skilled person is aware of viral vectors that are suitable for targeting a specific population of
target cells in vivo. The skilled person is further aware of ways to formulate a viral vector in a

pharmaceutical composition.

In other embodiments, the pharmaceutical composition comprises a host cell comprising a
viral vector according to the invention. Such host cells may be obtained by transducing a host
cell with any one of the vectors according to the invention. Pharmaceutical compositions
comprising a transduced host cell may be administered to a subject in need. The skilled
person is aware of methods to formulate a transduced host cell in a pharmaceutical

composition.

The term “pharmaceutical composition” as used herein means compositions which result from
the combination of individual components which are themselves pharmaceutically acceptable.
For example, where intravenous or intrathecal administration is foreseen, the components are
suitable or acceptable (in both quality and quantity) for intravenous or intrathecal
administration. The skilled person is aware of pharmaceutically acceptable components that

are suitable for formulating viral vectors and host cells, respectively.

In certain embodiments, the invention relates to a pharmaceutical composition comprising the
viral vector according to the invention and/or the host cell according to the invention and at

least one additional therapeutic agent.

The term “therapeutic agent”, as used herein, refers a compound or a composition of matter
that uwpon administration to a subject in a therapeutically effective amount, provides a
therapeutic benefit to the subject. A therapeutic agent may be any type of drug, medicine,
pharmaceutical, hormone, antibiotic, protein, gene, growth factor and/or bioactive material

used for treating, controlling, or preventing diseases or medical conditions.
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In some embodiments, the pharmaceutical composition of the invention (and any additional
therapeutic agent) is formulated, dosed, and administered in a fashion consistent with good
medical practice. Factors for consideration in this context include the particular disorder being
treated, the particular subject being treated, the clinical condition of the subject, the cause of
the disorder, the site of delivery of the agent, the method of administration, the scheduling of

administration, and other factors known to medical practitioners.

The viral vector according to the invention and/or the host cell according to the invention
need not be, but is optionally formulated in the pharmaceutical composition with one or more

further therapeutic agents currently used to prevent or treat the disorders in question.

Vectors of the invention can be administered to a subject parenterally, preferably
intravascularly (including intravenously) and intrathecally. When administered parenterally, it
is preferred that the vectors be given in a pharmaceutical vehicle suitable for injection such as
a sterile aqueous solution or dispersion. Following administration, the subject is monitored to
detect changes in gene expression. Dose and duration of treatment is determined individually
depending on the condition or disecase to be treated. A wide variety of conditions or diseases
can be treated based on the gene expression produced by administration of the gene of interest
in the vector of the present invention. The dosage of vector delivered using the method of the

invention will vary depending on the desired response by the host and the vector used.

Within the present invention, it is envisioned that the viral vector, the host cells or the
pharmaceutical composition according to the invention is administered into the bloodstream
or into the liquor cercbrospinalis (or in brain tissue) of a subject. As used herein,
“introducing” host cells “into the subject's bloodstream™ shall include, without limitation,
introducing such cells into one of the subject's veins or arteries via injection. Such
administering can also be performed, for example, once, a plurality of times, and/or over one
or more extended periods. A single injection is preferred, but repeated injections overtime
(e.g., quarterly, half-yearly or yearly) may be necessary in some instances. Such
administering is also preferably performed using an admixture of host cells and a
pharmaceutical acceptable carrier. Pharmaceutically acceptable carriers are well known to
those skilled in the art and include, but are not limited to, 0.01-0.1 M and preferably 0.05 M
phosphate buffer or 0.8% saline. Additionally, such pharmaceutically acceptable carriers can

be aqueous or non-aqueous solutions, suspensions, and emulsions. Examples of non-aqueous
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solvents are propylene glycol, polyethylene glycol, vegetable oils such as olive oil, and
injectable organic esters such as ethyl oleate. Aqueous carriers include water,
alcoholic/aqueous solutions, emulsions and suspensions, including saline and buffered media.
Parenteral vehicles include sodium chloride solution, Ringer's dextrose, dextrose and sodium
chloride, lactated Ringer's and fixed oils. Intravenous vehicles include fluid and nutrient
replenishers, electrolyte replenishers such as Ringer's dexirose, those based on Ringer's
dextrose, and the like. Fluids used commonly for i.v. administration are found, for example, in
Remington: The Science and Practice of Pharmacy, 20th Ed., p. 808, Lippincott Williams &
Wilkins (2000). Preservatives and other additives may also be present, such as, for example,

antimicrobials, antioxidants, chelating agents, inert gases, and the like.

It is preferred herein that the viral vector, the host cell or the pharmaceutical composition
according to the invention is administered into the bloodstream of a subject. However, the
viral vector, the host cell or the pharmaceutical composition according to the invention may
also be administered directly to a target tissue. That is, in certain embodiments, the viral
vector, the host cell or the pharmaceutical composition according to the invention may be
injected directly into the brain. Alternatively, the viral vector, the host cell or the
pharmaceutical composition according to the invention may be administered by direct CNS

injection, injection into the CSF, intrathecal injection and/or intravascular administration.

Alternatively, the viral vector, the host cell or the pharmaceutical composition according to

the invention may be administered directly into a tumor.

In a particular embodiment, the invention relates to a viral vector according to the invention,
the host cell according to the invention or the pharmaceutical composition according to the

invention for use in medicine.

That is, the viral vector, the host cell or the pharmaceutical composition according to the
invention may be used for the treatment of a subject in need. The term “treatment” as used
herein includes preventative (e.g., prophylactic), curative or palliative treatment and
“treating” as used herein also includes preventative, curative and palliative treatment. The
term “subject” as used herein relates to animals, preferably mammals, and, more preferably,

humans.
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In a particular embodiment, the invention relates to the viral vector according to the invention,
the host cell according to the invention or the pharmaceutical composition according to the
invention for use in the treatment of a disease or disorder which has its origin or a

manifestation in the brain or is brain-based.

Targeting brain cells for therapeutic treatments is challenging due to the selective
permeability of the blood-brain-barrier. Within the present invention, the inventors target
diseases or disorders of the brain by cell and gene therapy. For that, hematopoietic stem cells
or a population of cells comprising hematopoietic stem cells may be transformed with any one
of the viral vectors disclosed herein and administered to a subject suffering of a disease or
disorder in the brain. Hematopoietic stem cells can circulate in the blood stream and are able
to cross the blood brain barrier, especially during temporary leakage of the blood-brain-
barrier upon treatment related irradiation or chemotherapy by e.g. busulfan administration.
Once inside the brain, hematopoietic stem cells can differentiate into macrophages that show
characteristics of microglia and can replace microglia in the brain (Speicher et al., Generating
microglia from human pluripotent stem cells: novel in vitro models for the study of
neurodegeneration; Molecular Neurodegeneration; 14, Article number 46 (2016)). The viral
vectors of the present invention are particularly suited for targeting the brain since they have

been demonstrated to be active both in macrophages and in microglial cells.

While it is preferred to administer hematopoietic stem cells comprising the viral vector
according to the invention into the bloodstream of a subject in need, the viral vector, the host
cell or the pharmaceutical composition according to the invention may also be administered

directly into the brain (intracranial).

In a particular embodiment, the invention relates to the viral vector according to the invention,
the host cell according to the invention or the pharmaceutical composition according to the
invention for use in the prevention and/or treatment of a PGRN-associated disease or disorder,

in particular wherein the viral vector encodes PGRN, or a functional fragment thereof.

Different diseases and disorders have been reported to be caused by abnormal expression of
progranulin. In particular, mutations in the PGRN gene have been reported as the cause of
various neurodegenerative diseases or disorders. Thus, the viral vectors according to the

invention may be uscd to restore the progranulin levels in the brains of subjects suffering
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from a PGRN-associated disease or disorder. For that, it is preferred that the transgene
encoded in the viral vector is the POGRN gene or a polynucleotide encoding a polypeptide
having PGRN functionality and at least 95%, 96%, 97%, 98% or 99% sequence identity to
the sequences shown in SEQ ID NO: 7, SEQ ID NO: 8 or SEQ ID NO: 9.

In a particular embodiment, the invention relates to the viral vector, the host cell or the
pharmaceutical composition for use according to the invention, wherein the PGRN-associated

disease or disorder is a neurodegenerative disease or disorder.

That is, the PGRN-associated disease may be a neurodegenerative disease or disorder. Within
the present invention, the neurodegenerative disease or disorder is preferably a

neurodegenerative disease or disorder which is associated with abnormal PGRN expression.

In a particular embodiment, the invention relates to the viral vector, the host cell or the
pharmaccutical composition for use according to the invention, wherein the
neurodegenerative disease or disorder is a frontotemporal degenerative disease or disorder. In
a particular embodiment, the invention relates to the viral vector, the host cell or the
pharmaceutical composition for use according to the invention, wherein the degenerative
disease or disorder is selected from the group consisting of: Alzheimer's disease, amyotrophic

lateral sclerosis, neuronal ceroid lipofuscinosis and Parkinson’s disease.

In a particular embodiment, the invention relates to the viral vector, the host cell or the
pharmaceutical composition for use according to the invention, wherein the frontotemporal
degenerative disease or disorder is frontotemporal dementia. Preferably, the frontotemporal
degenerative disease or disorder is frontotemporal dementia that is caused by a mutation in

the PGRN gene.

In a particular embodiment, the invention relates to a viral vector according to the invention,
the host cell according to the invention or the pharmaceutical composition according to the
invention for usc in the treatment of cancer, lymphoma and/or sarcoma in particular wherein
the viral vector encodes at least one of IL-12, IFN-gamma, G-CSF, GM-CSF, IL-2, IL-15, IL-
21 and/or IFN-alpha; or functional fragments thereof.

That is, the viral vectors of the invention may be used in the treatment of cancer. It has been
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demonstrated herein that the promoters of the invention are active in different mycloid cells as
well as in microglia. Accordingly, the viral vectors according to the invention or host cells
comprising the viral vector according to the invention may be used in the treatment of cancer

in the brain, as well as in other parts of the body.

For example, hematopoietic stem cells comprising a viral vector according to the invention
may be administered to a subject suffering from cancer. The hematopoietic stem cells may
differentiate into myeloid cells and migrate to the site of the tumor to elicit an immune
response against the tumor. The myeloid cell may comprise a transgene encoding one of the
cytokines discloses herein to increase the immune response against the tumor. Alternatively
or in addition, the transgene may encode an antigen-binding protein that directs the myeloid

cell to the tumor to elicit a more pronounced immune response against the tumor.

In a particular embodiment, the invention relates to the viral vector, the host cell or the
pharmaceutical composition for use according to the invention, wherein the cancer,

Iymphoma and/or sarcoma is a brain tumor or a brain metastasis.

That is, the viral vector or the host cell according to the invention may be used to treat tumors
in the brain, The brain tumor may be a primary or secondary brain tumor. As described above,
hematopoietic stem cells comprising the viral vector according to the invention may migrate
to the brain and differentiate into macrophages that show characteristics of microglia and can
replace microglia in the brain. Inside the brain, these microglia and microgha-like cells can
secrete cytokines, such as 1L-12, TFN-gamma, G-CSF, GM-CSF, IL-2, IL-15, 1L-21, IFN-
alpha or combinations or fusion variants thereof to trigger an immune response in the brain

against the tumor,

In a particular embodiment, the invention relates to the viral vector, the host cell or the
pharmaceutical composition for use according to the invention, wherein the brain tumor is
selected from the group consisting of: glioblastoma, glioma, ganglioneuroblastoma,
astrocytoma, oligodendroglioma, PNET (primitive neuwroectodermal  tumor),

medulloblastoma, CNS lymphoma, meningioma, retinoblastoma and neuroblastoma.

In a particular embodiment, the invention relates to the viral vector, the host cell or the

pharmaceutical composition for use according to the invention, wherein the brain tumor is a
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metastatic tumor originating from any form of breast cancer, lung cancer, colon cancer,
testicular cancer, renal carcinomas, melanoma, ovary carcinomas, prostate carcinoma,
neurcendocrine tumors or any other solid tumor or any sarcoma, or any hematologic tumor,

comprising all forms of leukemia and lymphomas.

The term “cancer”, as used herein, refers to a disease characterized by dysregulated cell
proliferation and/or growth. The term comprises benign and malignant cancerous diseases,
such as tumors, and may refer to an invasive or non-invasive cancer. The term comprises all
types of cancers, including carcinomas, sarcomas, lymphomas, leukemias, germ cell tumors,

and blastomas.

In a particular embodiment, the invention relates to the viral vector, the host cell or the
pharmaceutical composition for use according to the invention, wherein the viral vector, the
host cell or the pharmaccutical composition is administered in conjunction with a therapy that
reduces the integrity of the blood-brain-barrier, in particular wherein the therapy that reduces
the integrity of the blood-brain-barrier is a bone marrow conditioning therapy, a CNS

conditioning therapy, and/or a blood-brain-barrier conditioning therapy.

As disclosed above, the invention may be used in the prevention and/or freatment of a disease
or disorder which has its origin or a manifestation in the brain or is brain-based. For that, it is
envisioned that hematopoictic stem cells comprising the viral vector of the invention are
administered to a subject in need. Once administered to the subject, the hematopoietic stem
cells can migrate into the brain and differentiate into microglia-like macrophages, or into

microglia.

Alternatively, AAV-based wviral vectors according to the invention, or pharmaceutical
composition comprising AAV-based viral vectors according to the invention may be applied

directly into the brain compartments for in vive infection of cells in need.

To replace microglia in the brain more efficiently with the transduced cells of the invention, it
is preferred that endogenous microglia are depleted before the administration of transduced
cells. Various freatment regimens that reduce the integrity of the blood-brain-barrier have
been reported to result in the depletion of microglia. For example, Capotondo et al. have

demonstrated that brain conditioning is instrumental for successful microglia reconstitution
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following hematopoietic stem cell transplantation (Proc Natl Acad Sci U S A. 2012 Sep 11;
109(37): 15018-15023).

In a particular embodiment, the invention relates to the viral vector, the host cell or the
pharmaceutical composition for use according to the invention, wherein the bone marrow
conditioning therapy comprises the use of cytotoxic agents, alkylating agents, Busulphan,
Treosulfan, Etoposide, Lomustin, radiotherapy, targeted radiotherapy (e.g. Yttrium-90 labeled
anti-CD45 antibody, or Yitrium-90 labeled anti-CD66 antibody), ACK2 (anti-c-kit antibody),
CD117 antibody-drug-conjugates, CD45-SAP, colony-stimulating factor 1 (CSF1) specific
agents, PLX3397, BLZ9445, PLX5622, RG7155, PLX647, Ki20227, GW2580, IL-34 and/or

desatinib.

In a particular embodiment, the invention relates to the viral vector, the host cell or the
pharmaceutical composition for use according to the invention, wherein the CNS conditioning

therapy comprises the use of Busulphan.

In a particular embodiment, the invention relates to the viral vector, the host cell or the
pharmaceutical composition for use according to the invention, wherein the blood-brain-

barrier conditioning therapy comprises radiotherapy or targeted radiotherapy.

In a particular embodiment, the invention relates to the viral vector, the host cell or the
pharmaceutical composition for use according to the invention, wherein the viral vector, the
host cell or the pharmaceutical composition is administered after the therapy that reduces the
integrity of the blood-brain-barrier, in particular wherein the viral vector, the host cell or the
pharmaceutical composition is administered not earlier than half a day after the therapy that

reduces the integrity of the blood-brain-barrier.

That is, the viral vector, the host cell or the pharmaceutical composition according to the
invention, may be administered to the subject inneed 0.5, 1,2, 3,4,5,6,7, 8,9, 10, 11, 12,

13, 14 or 15 days after the therapy that reduced the integrity of the blood-brain-barrier.

While the viral vectors of the invention are particularly well suited for the treatment of brain-
based diseases or disorders due to the activity of their promoters in myeloid cells and

microglia, it is important to understand that the viral vectors may also be used to target tumors
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in the CNS or any other part of the body. In principle, the viral vectors of the invention may
be used to treat cancer in any organ or tissue that is accessible for myeloid cells, such as

macrophages or monocytes.

In a particular embodiment, the invention relates to the viral vector according to the invention,
the host cell according to the invention or the pharmaceutical composition according to the

invention for use in the treatment of autoimmune diseases.

That is, the viral vector, the host cell or the pharmaceutical composition according to the

invention may also be used in the treatment of autoimmune diseases.

The term "autoimmune disease” as used herein is defined as a disorder that results from an
autoimmune response. An autoimmune disease is the result of an inappropriate and excessive
response to a self-antigen, Examples of autoimmune diseases include but are not limited to,
Addison’s disease, alopecia areata, ankylosing spondylitis, autoimmune bullous diseases other
than pemphigus wvulgaris, autoimmune hepatitis, autoimmune parotitis, Crohn’s disease,
diabetes (Type I), dystrophic epidermolysis bullosa, epididymitis, glomerulonephritis,
Graves® disease, Guillain-Barr syndrome, Hashimoto’s disease, hemolytic anemia, systemic
lupus erythematosus, multiple sclerosis, myasthenia gravis, pemphigus vulgaris, psoriasis,
rtheumatic fever, rheumatoid arthritis, sarcoidosis, scleroderma, Sjogren’s syndrome,
spondyloarthropathies, thyroiditis, all types of wvasculitis, vitiligo, myxedema, pernicious

anemia, ulcerative colitis, among others.

Transgenes that may be used for the treatment of autoimmune diseases include IL-1, IL-1R
antagonist, IL-2, IL-4, [L-10, TGFbeta, FOXP3, T-bet, GATA-3, CD36 family (CD36-L1,
CD36-L2) binding CD1b, CDlc¢, CDID, and T cell receptor recognition of MHC-related

protein number one (MR1).

In a particular embodiment, the invention relates to the viral vector according to the invention,
the host cell according to the invention or the pharmaceutical composition according to the

invention for use in the treatment of autoinflammatory diseases.

The term “autoinflammatory disease” as used herein should be understood to encompass any

autoinflammatory disease. Non-limiting examples of an autoinflammatory disease which may
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be treated with the viral vector, the host cell or the pharmaceutical composition of the
invention are hypocomplementemic and normocomplementemic wurticarial vasculitis,
pericarditis, myositis, anti-synthetase syndrome, scleritis, macrophage activation syndrome,
Beget's Syndrome, PAPA Syndrome, Blau's Syndrome, gout, adult and juvenile Still's disease,
cryropyrinopathy, Muckle-Wells  syndrome, familial cold-induced auto-inflammatory
syndrome, neonatal onset multisystemic inflammatory disease, familial Mediterranean fever,
chronic infantile neurologic, cutaneous and articular syndrome, systemic juvenile idiopathic
arthritis, Hyper IgD syndrome, Schnitzler's syndrome, and TNF receptor-associated periodic
syndrome {TRAPS).

Transgenes that may be used for the treatment of auwtoinflammatory diseases include IL-

1Receptor-antagonist, IL-1beta.

In a particular embodiment, the invention relates to the viral vector according to the invention,
the host cell according to the invention or the pharmaceutical composition according to the

invention for use in the treatment of allergic diseases.

The term "allergic disease" as used herein refers to any symptoms, tissue damage, or loss of
tissue function resulting from allergy and includes, without limitation, diseases such as atopic
dermatitis, urticaria, contact dermatitis, allergic conjunctivitis, allergic rhinitis, allergic

asthma, anaphylaxis, food allergy and hay fever.

Transgenes that may be used for the treatment of allergic diseases include genes encoding
proteins, comprising antibodies and other receptor-binding proteins against any part of any
IgE, comprising Fc, Fab, including variable and hypervariable region of Fab; or any receptor
of cells implied to mediate allergic reactions, including mast cells, eosinophils, B cells, and T
cells. Furthermore soluble potentially neutralizing binding proteins and peptides or antibodies
should be induced by genes against IL-1, IL-4, IL-33 and any other cytokine, comprising all

forms of interleukines and chemokines, implicated in allergic diseases.

In a particular embodiment, the invention relates to the viral vector according to the invention,
the host cell according to the invention or the pharmaceutical composition according to the

invention for use in hematopoietic and solid organ transplantation.
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That is, the viral vector, the host cell or the pharmaceutical composition according to the
invention may be administered to a subject in need before hematopoietic or solid organ
transplantation. Transgenes that may be used in hematopoietic and solid organ transplantation
include IL-1, IL-1R antagonist, 1L-2, IL-4, 1L-10, TGFbeta, FOXP3, T-het, GATA-3, CD36
family (CD36-L.1, CD36-L2) binding CD1b, CDlc, CDI1D, and T cell receptor recognition of
MHC-related protein number one (MR1).

In a particular embodiment, the invention relates to a method for treating a disease or disorder
which has its origin or a manifestation in the brain or is brain based in a subject in need, the
method comprising the steps of:
a) genetically modifying a hematopoietic stem cell and/or a population of enriched
CD34-positive bone marrow cells, the modification step comprising a step of contacting
the hematopoietic stem cell and/or the population of enriched CD34-positive bone
marrow cells with the viral vector according to the invention; or genetically modifying a
myeloid cell and/or a population of enriched myeloid cells, the modification step
comprising a step of contacting the myeloid cell and/or the population of enriched
myeloid cells with the viral vector according to the invention;
b) administering the genetically modified cells from step (a) intravenously to the subject
in need; and
¢) treating a disease or disorder which has its origin or a manifestation in the brain or is

brain based in the subject in need.

That is, the invention further relates to methods for treating diseases or disorders in the brain.
As mentioned above, host cells comprising the viral vector according to the invention may
migrate into the brain of a subject suffering from a brain-based disease or disorder and replace

microglia.

For that, a cell, such as a hematopoietic stem cell or a myeloid cell may be transduced ex vivo
with a viral vector according to the invention. A population of transduced cells may then be
administered to a subject in need. In certain embodiment, a transduced hematopoietic stem
cell is administered to the subject in need. This may be advantageous, since stem cells have a
higher potential to cross the blood-brain-barrier than other cell types. However, the host cell
may also be a myeloid cell, such as a monocyte and/or macrophage. However, monocytes

and/or macrophages are preferably used in subjects with a compromised blood-brain-barricr.
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In a particular embodiment, the invention relates to the method according to the invention,
wherein the hematopoietic stem cell and/or the population of enriched CD34-positive bone
marrow cells, or the myeloid cell and/or the population of enriched myeloid cells have been

obtained from the subject in need or from a foreign donor.

That is, in certain embodiments, the method of the invention comprises the use of autologous
cells. The skilled person is aware of methods to enrich certain cell types from the blood of a
subject. Consequently, a certain type of blood cell may be enriched from the blood of a
subject in need, transduced with a viral vector according to the invention, and administered
back to the subject in need. Autologous cells have the advantage that they reduce the risk of

immunogenic reactions.

In other embodiments, the cell that is administered to the subject in need may originate from a
foreign donor. The skilled person is aware of methods to identify compatible donors or to
manipulate the cells and/or the subject in need thereof such that the risk of an immunogenic

reaction is reduced.

In a particular embodiment, the invention relates to a method for treating a disease or disorder
which has its origin or a manifestation in the brain or is brain based in a subject in need, the
method comprising the steps of:

a) mobilizing hematopoietic stem cells in the subject in need;

b) administering the viral vector according to the invention intravenously to the subject

in need subsequent to the mobilization of hematopoietic stem cells in step (a); and

¢) treating a disease or disorder which has its origin or a manifestation in the brain or is

brain based in the subject in need.

That is, the viral vector of the invention or a pharmaceutical composition comprising the viral
vector according to the invention may also be directly administered to a subject in need.
Preferably, the subject is pre-treated with an agent that results in the mobilization of
hematopoietic stem cells in said subject, such that the mobilized hematopoietic stem cells can
be infected with the viral vector according to the invention in vive. Agent that are commonly
used to stimulate the mobilization of hematopoietic stem cells from the bone marrow are G-

CSF and Plerixafor. However, other agents that stimulate the mobilization of hematopoietic
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stem cells from the bone marrow are known in the art and may be used as part of the claimed

method.

In certain embodiments, the in vive transduced hematopoietic stem cells may migrate to the
brain where they differentiate into microglia or microglia-like cells. In such embodiments, the
method may be used for the prevention and/or treatment of brain-based diseases and
disorders, The microglia-like cells may express one or more transgenes that are required for
the prevention and/or treatment of the brain-based disease or disorder. For example, the
microglia-like cells may express PGRN when used for the prevention and/or treatment of one
of the PGRN-associated diseases or disorders disclosed herein. Alternatively, the microglia-
like cells may express one of the cytokines disclosed herein when used in the treatment of

brain tumors.

In a particular embodiment, the invention relates to the method according to the invention,
wherein the mobilization of hematopoietic stem cells in the subject in need comprises the
administration of G-CS8F and/or Plerixafor. Plerixafor (INN and USAN, trade name Mozobil)
is an immunostimulant used to mobilize hematopoietic stem cells in cancer patients into the

bloodstream.

In a particular embodiment, the invention relates to a method according to the invention,
wherein the disease or disorder which has its origin or a manifestation in the brain or is brain
based is a PGRN-associated disease or disorder, in particular wherein the PGRN-associated
disease or disorder is a neurodegenerative disease or disorder, in particular wherein the
neurodegenerative disease or disorder is a frontotemporal degenerative disease or a
neurodegenerative disorder, in particular wherein the frontotemporal degenerative disease or
neurodegenerative disorder is selected from the group consisting of Alzheimer's disease,
amyotrophic lateral sclerosis, neuronal ceroid lipofuscinosis, and Parkinson’s disease, in

particular wherein the viral vector encodes PGRN, or a functional fragment thereof.

That is, viral vectors encoding progranulin or a polypeptide having PGRN functionality and at
least 95%, 96%, 97%, 98% or 99% sequence identity to the sequence shown in SEQ ID NO:
7, SEQ ID NO: 8 or SEQ ID NO: 9 may be used in the treatment of any of the PGRN-

associated neurodegenerative diseases disclosed herein.
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In a particular embodiment, the invention relates to the method according to the invention,
wherein the disease or disorder which has its origin, or a manifestation, in the brain or is brain
based is a brain tumor, in particular wherein the brain tumor is selected from the group
consisting of: glioma, glioblastoma, ganglioneurcblastoma, astrocytoma, oligodendroglioma,
PNET (primitive neuroectodermal tumor), medulloblastoma, CNS lymphoma, and
neuroblastoma; or wherein the brain tumor is a metastatic tumor originating from any form of
breast cancer, lung cancer, colon cancer, testicular cancer, renal carcinomas, melanoma,
prostate cancer, or any other solid tumor or any sarcoma, or any hematologic tumor,
comprising all forms of leukemia and lymphomas, in particular wherein the viral vector
encodes IL-12, IFN-gamma, GM-CSF, G-CSF, 11-2, 1L-15, IL-21 and/or IFN-alpha, or
functional fragments thereof.

In a particular embodiment, the invention relates to the method according to the invention,
wherein the method comprises an additional step of temporarily reducing the integrity of the
blood-brain-barrier, in particular wherein reducing the integrity of the blood-brain-barrier
comprises a bone marrow conditioning therapy, a CNS conditioning therapy, and/or a blood-

brain-barrier conditioning therapy.

In a particular embodiment, the invention relates to the method according to the invention,
wherein the therapy that reduces the integrity of the blood-brain-barrier is performed prior to
the administration of the genetically modified cells to the subject in need, in particular
wherein the time interval between the therapy that reduces the integrity of the blood-brain-
barrier and the administration of the genetically modified cells is carried out after the therapy

that reduces the integrity of the blood-brain-barrier.

The therapy for reducing the integrity of the blood brain barrier may be any one of the
therapies disclosed herein. In certain embodiments, the therapy for reducing the integrity of
the blood brain barrier may be administered 0.5, 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14 or
15 days before the administration of the viral vector, the host cell or the pharmaceutical

composition according to the invention.

As mentioned above, the viral vector, the host cell or the pharmaceutical composition
according to the invention may also be used to treat cancer in other parts of the body. That is,

in a particular embodiment, the invention relates to a method for treating cancer in a subject
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in need, the method comprising the steps of:
a) mobilizing hematopoietic stem cells in the subject in need;
b) administering the viral vector according to the invention intravenously to the subject
in need subsequent to the mobilization of hematopoietic stem cells in step (a); and

¢) treating cancer in the subject in need.

For the treatment of cancer, it is preferred that the viral vector encodes at least one of IL-12,
IFN-gamma, GM-CSF, G-CSF, 11-2, IL-15, IL-21 and/or IFN-alpha, or functional fragments
thereof.

In a particular embodiment, the invention relates to a method for expressing a transgene in the
brain and/or CNS of a subject, the method comprising the steps of:
a) genetically modifying a hematopoietic stem cell and/or a population of enriched
CD34-positive bone marrow cells, the modification step comprising a step of contacting
the hematopoietic stem cell and/or the population of enriched CD34-positive bone
marrow cells with the viral vector according to the invention; or genetically modifying a
myeloid cell and/or a population of enriched myeloid cells, the modification step
comprising a step of contacting the myeloid cell and/or the population of enriched
myeloid cells with the viral vector according o the invention;
b) administering the genetically modified cells from step (a) intravenously or
intrathecally to the subject in need; and
¢) expressing the transgene encoded by the viral vector in the brain and/or CNS of the

subject.

That is, the method may be used for expressing a transgene in the brain or in the central
nervous system of a subject in need. For this, a population of cells may be transduced with the
viral vector according to the invention ex vive. In certain embodiments, the population of cells
may be a population of hematopoietic stem cells or a population of enriched CD34-positive
bone marrow cells. Preferably, the population of enriched CD34-positive bone marrow cells
comprises hematopoietic stems cells and/or hematopoietic progenitor cells. In certain
embodiments, the population of cells may be an enriched population of myeloid cells. The
myeloid cell may be any myeloid cell disclosed herein. In certain embodiments the myeloid

cell may be a macrophage.
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The term “population of cells” is used to denote a plurality of cells. For example a population
of hematopoietic stem cells refers to a plurality of stem cells. A population of hematopoietic
stem cells may consist exclusively of hematopoietic stem cells. However, a “population of
hematopoietic stem cells”, as used herein, is preferably understood to be a population of cells
comprising hematopoietic stem cells. That is, the “population of hematopoietic stem cells”
may comprise other cell types, in particular CD34-positive cell types. The skilled person is
aware of methods to enrich hematopoietic stem cells from a mixture of cells, for example
from blood or bone marrow. For example, hematopoietic stem cells may be enriched based on
the expression of the cell surface marker CD34, resulting in a population of enriched CD-34-
positive bone marrow cells. A population of enriched CD-34-positive bone marrow cells may
be a population of cells wherein at least 70%, at least 80%, at least 90% or at least 95% of all

cells in the population express the cell surface marker CD34.

An enriched population of myeloid cells is a population of cells wherein at least 70%, at least
80%, at least 90% or at least 95% of all cells in the population are myeloid cells. The skilled
person is aware of combinations of cell surface markers that may be used to enrich a specific

type or specific types of myeloid cells by flow cytometry.

The population of cells may be transduced with any of the viral vectors disclosed herein. The
transduction step may take place ex vivo. The skilled person is aware of methods to transduce

a cell with a viral vector.

In a particular embodiment, the invention relates to the method according to the invention,
wherein the hematopoietic stem cell and/or the population of enriched CD34-positive bone
marrow cells; or wherein the myeloid cell and/or the population of enriched myeloid cells has

been obtained from the subject or from a foreign donor.

That is, the population of cells may comprise autologous or allogeneic cells as described

above.

In a particular embodiment, the invention relates to a method for expressing a transgene in the
brain and/or CNS of a subject, the method comprising the steps of:
a) mobilizing hematopoietic stem cells in the subject;

b) administering the viral vector according to the invention intravenously to the subject
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in need subsequent to the mobilization of hematopoietic stem cells in step (a); and
c) expressing the transgene encoded in the viral vector in the brain and/or CNS of the

subject.

That is, in certain embodiments, the transgene may be delivered to a subject in need in vivo.
That is, the viral vector according to the invention may be administered directly to a subject,
preferably after the subject received a stem cell mobilization therapy. Accordingly, in a
particular embodiment, the invention relates to the method according to the invention,
wherein the mobilization of hematopoietic stem cells in the subject comprises the

administration of G-CSF or Plerixafor.

In a particular embodiment, the invention relates to the method according to the invention,
wherein the method comprises an additional step of temporarily reducing the integrity of the
blood-brain-barrier, in particular wherein reducing the integrity of the blood-brain-barrier
comprises a bone marrow conditioning therapy, a CNS conditioning therapy, and/or a blood-

brain-barrier conditioning therapy.

That is, migration of the transduced hematopoietic stem cells to the brain may be more
efficient if microglia have been depleted in the subject in need before the viral vector is
administered. Methods and compounds to deplete microglia in a subject are known in the art

and have been disclosed herein.

In a particular embodiment, the invention relates to the method according to the invention,
wherein the therapy that reduces the integrity of the blood-brain-barrier is performed prior to
the administration of the genetically modified cells to the subject in need, in particular
wherein the time interval between the therapy that reduces the integrity of the blood-brain-
barrier and the administration of the genetically modified cells is carried out after the therapy

that reduces the integrity of the blood-brain-barrier.

That is, the therapy for reducing the integrity of the blood brain barrier may be administered
1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14 or 15 days before the administration of the viral
vector according to the invention or the pharmaceutical composition comprising the viral

vector according to the invention.
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In a particular embodiment, the invention relates to a method for treating a disease or disorder
which has its origin or a manifestation in the brain or is brain based in a subject in need, the
method comprising the steps of:

a) administering the viral vector according to the invention into the brain of the subject

in need or intrathecally; and

b) treating a disease or disorder which has its origin or a manifestation in the brain or is

brain based in the subject in need.

That is, the viral vectors according to the invention or a pharmaceutical composition
comprising the viral vectors according to the invention may be administered directly into the
brain or into the spinal canal (intrathecally). In such embodiments, it is preferred that the viral
vector is an AAV-based viral vector. Accordingly, in a particular embodiment, the invention
relates to the viral vector according to the invention, wherein the viral vector is an AAV-

based viral vector.

It is to be understood that the method may be used for the treatment or prevention of any
brain-based disease or disorder disclosed herein, in particular neurodegenerative diseases and
disorders and cancer. The term "intrathecally” as used herein means administered into or
within the fluid-filled spaces between the thin layers of tissue that cover the brain and spinal

cord.

The present invention provides novel retroviral vectors for use in human therapy, particularly
for use in in the treatment of a disease or disorder which has its origin in the brain or is brain
based, particularly a PGRN-associated neurodegenerative disease or disorder including
frontotemporal degenerative disease or disorder such as Alzheimer's disease, amyotrophic
lateral sclerosis, and Parkinson’s disease. The invention also provides retroviral vectors for
use in the treatment of brain tumors, particularly brain tumors selected from the group
consisting of glioblastoma, glioma, ganglioneuroblastoma, astrocytoma, oligodendroglioma,
PNET (primitive neuroectodermal), medulloblastoma, CNS lymphoma, and neuroblastoma,
or any other CNS tumor and further in the treatment of brain metastasis, originating from any
forms of breast, lung, colon, testicular, renal carcinomas and melanoma, or any other solid

tumor, and any hematologic tumor, comprising all forms of leukemia and lymphomas.
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In particular, the present invention provides a retroviral gene therapy vector, particularly a
lentiviral gene therapy vector, comprising a nucleotide sequence encoding a therapeutic
transgene, particularly a PGRN ¢DNA, under control of a tissue specific promoter, which
vector can be used for the transduction of haematopoeietic stem cells (HSC). The specific
vector architecture according to the present invention results in exclusive expression of the
therapeutic transgene in HSC-derived monocytes/macrophages, dendritic cells, and microglia-
like and microglia cells in the brain and leads to moderate levels of gene expression to avoid
hippocampal toxicity and neurodegeneration, affecting neurons and glia cells as seen with

alternative constructs.

The vector according to the invention comprises the safety-feature of a myelo-/microglia-
specific promoter for phagocyte-specific expression, preferably but not restricted to the
miR223 gene promoter, or to a fusion promoter construct comprising the miR223 promoter,

to drive transgene expression, particularly expression of a PGRN cDNA.

Accordingly, in a specific embodiment, the invention relates to the introduction of a PGRN-
encoding expression cassette, comprising a myelo-/microglia-specifc promoter, preferably but
not restricted to the miR223 promoter, into HSC by a lentiviral self-inactivating (SIN) gene

therapy vector.

In another specific embodiment, the invention relates to the introduction of a PGRN-encoding
expression cassette, comprising a myelo-/microglia-specific promoter selected from the group
consisting of a TMEM119 promoter, a P2RY 12 promoter, an OLFML3 promoter, an AIF1

promoter and an ITGAM promoter.

In still another specific embodiment, the invention relates to the introduction of a PGRN-
encoding expression cassette, comprising a myelo-/microglia-specifc promoter, preferably but
not restricted to a miR223 fusion promoter, particularly a fusion promoter, wherein the
miR223 promoter or a functional part thereof is fused with all or functional part of a promoter
sclected from the group consisting of a TMEMI119 promoter, a P2ZRY12 promoter, an
OLFML3 promoter, an AIF1 promoter and a ITGAM promoter.

In one aspect, the invention relates to the use of a TMEM119 promoter construct, a P2ZRY12

promoter construct, an OLFML3 promoter construct, or fusion constructs consisting of
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miR223 fused to TMEMI119, miR223 fused to P2RY 12, or of miR223 tused to OLFML3
promoter, to drive PGRN expression in HSC-derived monocytes/macrophages, dendritic cells,

as well as in microglia-like cells or microglia upon migration of macrophages into the brain.

Transduction of the HSC is followed by administration of the ex vive treated HSC to the

patient. In a specific embodiment, the ex vivo treated HSC are administered intravenously.

For HSC transplantation, the bone marrow of the patient will be conditioned with a suitable
conditioning compound or treatment, particularly with busulphan, treosulfan, radiotherapy, or
biological agents that may deplete endogenous brain microglia, but preferably with
busulphan. This will allow HSC-derived transgenic monocytes/macrophages or dendritic
cells, to enter the brain, to reach a considerable level of chimerism of HSC-derived
monocytes/macrophages, microglia-like macrophages, dendritic cells, and/or microglia cells
in the brain, and thereby deliver sufficient amounts of PGRN or other transgenes into the

brain.

In a specific embodiment of the invention, the patients are pre-treated with busulphan,
treosulfan, radiotherapy, or biologics such as monoclonal antibody-based or small-molecule-
based inhibitors of colony-stimulating factor 1 (CS8F1) and CSF1 receptor (CSF1R) inhibitors
such as PLX3397, BLZ94435, PLX 5622, RG7155, PLX647, Ki20227, GW2580 or the CSFIR-
ligand IL-34, desatinib and any combination thereof, within a window of between the past 5
to the past 20 days before administration, but particularly within the last 8 days or the last 15

days before introduction.

The retroviral vectors according to the invention can also be used for targeting bone-marrow
derived macrophages and microglia involved in brain tumors and metastasis. The specific
vector architecture according to the present invention comprising the myelo-/microglia-
specific promoters is the fundament for the successful expression of proteins in bone marrow
derived monocytes/macrophages, dendritic cells, microglia-like cells and microglia, in order

to reversing or slowing tumor progression.

In particular, the present invention relates to the use of the retroviral vector constructs
according to the invention and as described herein for the treatment of patients suffering from

a brain tumor, particularly from a brain tumor selected from the group consisting of
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glioblastoma, glioma, ganglioneurcblastoma, astrocytoma, oligodendroglioma, PNET
{primitive neuroectodermal), medulloblastoma, CNS lymphoma, and neuroblastoma, or any

other CNS tumor.

In another specific embodiment, the present invention relates to the use of the retroviral
vector constructs according to the invention and as described herein for the treatment of
patients suffering from brain metastasis, originating from any forms of breast, lung, colon,
testicular, renal carcinomas and melanoma, or any other solid tumor, and any hematologic

tumor, comprising all forms of leukemia and lymphomas.

In particular, the present invention provides the following embodiments:

1. A retroviral vector molecule comprising a nucleic acid molecule encoding a
therapeutic polypeptide or a combination of therapeutic polypeptides under control
of a myelo-/microglia-specific promoter, or a combination of myelospecific and
microglia-specific promoters, in particular a fusion-promoter, which drives
expression of the therapeutic polypeptide or the combination of therapeutic
polypeptides in  HSC-derived  myeloid cells, HSC-derived blood
monocytes/macrophages, dendritic cells and in brain microglia or microglia-like cells

upon migration of macrophages into the brain.

2. The retroviral vector of embodiment 1, wherein the microglia-specific promoter is a
promoter or a promoter fragment, which has the promoter functionality of a promoter
selected from the group consisting of a TMEM119 promoter, a P2ZRY 12 promoter, an
OLFML3 promoter, an AIF1 promoter and an ITGAM promoter.

3. The retroviral vector of embodiment 1, wherein the myelo-/microglia-specific
promoter is a promoter or a promoter fragment, which has the promoter functionality
of a promoter selected from
(a) an AIF1 promoter or an ITGAM promoter; or
(b) a fusion promoter comprising a promoter or a promoter fragment, which has
the promoter functionality of a miR223 promoter and a promoter or a promoter
fragment, which has the promoter functionality of a promoter selected from the
group consisting of a TMEMI119 promoter, a P2RY12 promoter, an OLFMLS3

promotor:
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The retroviral vector of embodiment 3, wherein the promoter or promoter fragment
with miR233 promoter functionality has at least 95%, 96%, 97%, 98%, 99%, 100%
sequence identity to the sequence shown in SEQ ID NO: 1, or is a fragment thereof
of at least 200 nucleotides in length, which promoter or fragment still has the

promoter functionality of the miR223 promoter.

The retroviral vector of any one of embodiments 1 to 3, wherein the promoter or
promoter fragment with P2ZRY 12 promoter functionality has at least 95%, 96%, 97%,
98%, 99%, 100% sequence identity to the sequence shown in SEQ ID NO: 2, oris a
fragment thereof of at least 200 nucleotides in length, which promoter or fragment
still has the promoter functionality of the P2ZRY 12 promoter.

The retroviral vector of any one of embodiments 1 to 3, wherein the promoter or
promoter fragment with TMEMI119 promoter functionality has at least 95%, 96%,
97%, 98%, 99%, 100% sequence identity to the sequence shown in SEQ 1D NO: 3,
or is a fragment thereof of at least 200 nucleotides in length, which promoter or

fragment still has the promoter functionality of the TMEM1 19 promoter.

The retroviral vector of any one of embodiments 1 to 3, wherein the promoter or
promoter fragment with OLFML3 promoter functionality has at least 85%, 96%,
97%, 98%, 99%, 100% sequence identity o the sequence shown in SEQ ID NO: 4,
or is a fragment thereof of at least 200 nucleotides in length, which promoter or

fragment still has the promoter functionality of the OLFML3 promoter.

The retroviral vector of any one of embodiments 1 to 3, wherein the promoter or
promoter fragment with AIF1 promoter functionality has at least 95%, 96%, 97%,
98%, 99%, 100% sequence identity to the sequence shown in SEQ ID NG: 5,orisa
fragment thereof of at least 200 nucleotides in length, which promoter or fragment

still has the promoter functionality of the AIF1 promoter.

The retroviral vector of any one of embodiments 1 to 3, wherein the promoter or
promoter fragment with ITGAM promoter functionality has at least 95%, 96%, 97%,

98%, 99%, 100% sequence identity to the sequence shown in SEQ ID NO: 6, oris a
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fragment thereof of at least 200 nucleotides in length, which promoter or fragment
still has the promoter functionality of the ITGAM promoter.

The retroviral vector of any one of embodiments 3 to 9, wherein the tissue-specific

promoter is a miR223 promoter fusion promoter.

The retroviral vector of any one of embodiments 1 to 10, wherein the therapeutic

polypeptide is PGRN or a functional fragment thereof.

The retroviral vector of embodiment 11, wherein the therapeutic polypeptide has at
least 95%, 96%, 97%, 98%, 99%, 100% sequence identity to the sequence shown in
SEQ ID NO: 7, SEQ ID NO: 8 or SEQ ID NO: 9, or is a fragment thereof of at least
50 amino acids in length, which polypeptide still provides PGRN functionality.

The retroviral vector of embodiment 12, wherein the partial sequence of the PGRN

polypeptide is at least 40 amino acids in length.

The retroviral vector of any one of embodiments 1 to 10, wherein the therapeutic
polypeptide is selected from the group conmsisting of FasL/Fas, Trail/TRAIL-R,
Lymphotoxin beta, decoyreceptors 1-3, TNF-alpha, TNF-alphaR, IFN-gamma, IFN-
gamma Receptor, 1L-1-IL31, IL1R-IL31Receptor, IL-10, IL-12, IL-23, CXCL-10,
PD-1L, PD-1, PD-2L, PD-2, Granzyme B, Granulysine, nitric oxide synthase, DNA
methyltransferase 3b (DNMT3b), Jumonji domain-containing protein 1A (JMJDI1A),
histone deacetylase 3 (HDAC3), and HDAC 9, CSF1 receptor (CSF1R) or the
CSD1R-ligand IL-34, all Chemokines, Chemokine Receptors, VEGF, VEGF-
Receptors, antagonists to metalloproteinases (e.g. MMP-9), CD40/CDA40L,
tumorspecific ligands and receptors such as EGFR, Annexinl, FGFR-1, Her2,
St6galnacs, MMPI1-28 and their counterpart TIMPS1-4 (tissue inhibitors of
metalloproteinases), Melanotransferrin, alphad-betal Integrin and its ligand
endothelial cell VCAM-1, E-cadherin, Alpha-v-beta3 integrin, Alpha-v-beta$
integrin, Alpha-v-beta6 integrin, Alpha-v-beta8 integrin, single-nucleotide variant
neoantigens, INDEL frameshift neoantigens, splice variant antigens, fusion protein
neoantigens, endogenous retroelement antigens, tumor-specific antigens, in particular

tumor-specific antigens by cancer, in particular CCIND1, BRCA, CEA, cancer-
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related antigen 72-4 (CA 72-4), cancer-related antigen 19-9 (CA 19-9), WT1 and
NY-ESQO-1), soluble and membrane bound.

The retroviral vector of embodiment 14, wherein the therapeutic polypeptide is

Interferon gamma (IFNgamma) or a functional fragment thereof.

The retroviral vector of embodiments 14, wherein the therapeutic polypeptide is P-

Selectin, MSH, GM-CSF, IL-12, TNF-alpha or Granzyme B

The retroviral vector of embodiment 15, wherein the therapeutic polypeptide has at
least 95%., 96%, 97%, 98%, 99%, 100% sequence identity to the sequence shown in
SEQ ID NO: 10, or is a fragment thereof of at least 50 amino acids in length, which
polypeptide still provides IFNgamma functionality.

The retroviral vector of any one of embodiments 1 to 17, wherein the retroviral

vector is a lentiviral vector, particularly a lentiviral SIN vector.

The retroviral vector of any one of embodiments 1 to 17, wherein the retroviral

vector is a foamy viral vector.

The viral vector of any one of embodiments 1 to 17, wherein the viral vector is an
adenoviral und a herpes viral vector, or wherein the viral vector is an alpha-retroviral
vector.

A retroviral vector according to any one of embodiments 1 to 20 for use in therapy.
The retroviral vector according to any one of embodiments 1 to 20 for use in the
treatment of a disease or disorder which has its origin in the brain or is brain or

nervous system based.

The retroviral vector according to any one of embodiments 1 to 13 and 18 to 232 for

use in the treatment of 3 PGRN-associated disease or disorder.
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The retroviral vector of embodiment 23, wherein the PGRN-associated disease or

disorder is a neurodegenerative disease or disorder.

The retroviral vector of embodiment 24, wherein the neurodegenerative disease or

disorder is frontotemporal degenerative disease or disorder.

The retroviral vector of embodiment 25, wherein the frontotemporal degenerative
disease or disorder is selected from the group consisting of Alzheimer's disease,

amyotrophic lateral sclerosis, and Parkinson’s disease.

The retroviral vector according to any one of embodiments 1 to 10 and 14 to 22 for

use in the freatment of brain fumors.

The retroviral vector according to embodiment 27 for use in the treatment of brain
tumors selected from the group consisting of glioblastoma, glioma,
ganglioncuroblastoma, astrocytoma, oligodendroglioma, PNET (primitive
neuroectodermal), medulloblastoma, CNS lymphoma, and neuroblastoma, or any

other CNS tumor.

The retroviral vector according to embodiment 27 for use in the treatment of brain
metastasis, originating from any forms of breast, lung, colon, testicular, renal
carcinomas and melanoma, or any other solid tumor, and any hematologic tumor,

comprising all forms of leukemia and lymphomas.

A method for treating a disease or disorder which has 1is origin in the brain or is
brain based comprising ex vivo genetic modification of haematopoictic stem cells
and/or a population of enriched CD34-positive bone marrow cells of patients
suffering from such a disease or disorder by retroviral transduction with a retroviral
vector according to any one of embodiments 1 to 22 and administration of the

moditied cells to the patients.

The method of embodiment 30, wherein the retroviral vector is a vector according to
any one of embodiments 1 to 13 and 18 to 22 and wherein the patients suffer from a

PGRN-associated disease or disorder.
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The method of embodiment 31, wherein the PGRN-associated disease or disorder is

a neurodegenerative disease or disorder.

The method of embodiment 32, wherein the neurodegenerative disease or disorder is

frontotemporal degenerative disease or disorder.

The method of embodiment 33, wherein the frontotemporal degencrative discase or
disorder is selected from the group consisting of Alzheimer's disease, amyotrophic

lateral sclerosis, and Parkinsons’s discase.

The method of embodiment 30, wherein the retroviral vector is a vector according to
any one of embodiments 1 to 10 and 14 to 21 and wherein the patients suffer from a

brain tumor.

The method of embodiment 35, wherein the brain tumor is selected from the group
consisting of glioma, glioblastoma, ganglioneuroblastoma, astrocytoma,
oligodendroglioma, PNET (primitive neuroectodermal), medulloblastoma, CNS

lymphoma, and neuroblastoma, or any other CNS tumor.

The method of embodiment 35, wherein the patients suffer from brain metastasis,
originating from any forms of breast, lung, colon, testicular, renal carcinomas and
melanoma, or any other solid tumor, and any hematologic tumor, comprising all

forms of leukemia and lymphomas.

The method of any one of embodiments 30 to 37, wherein the patients were pre-
treated with Busulphan, Treosulfan, radiotherapy, biologics such as monoclonal
antibody-based or small-molecule-based inhibitors of colony-stimulating factor 1
{(CSF1) and CSF1 receptor (CSFIR) inhibitors such as PLX3397, BLZ9445,
PLX5622, RG7155, PLX647, Ki20227, GW2580, or the CSFI1R-ligand IL-34,
desatinib, and any combination thereof, within a window of between the past 8 to

the past 15 days before administration.
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Brief Description of the Drawings

FIG.1: SIN-lentiviral construct viIJS6 comprising the transgene GRN under control of the
promoter miR223 (SEQ ID NO:1). 2A: self cleaving peptide; GFP: green fluorescent protein;
nls: nuclear localization sequence; PRE4: modified Woodchuck Hepatitis Virus (WHP)
Posttranscriptional Regulatory Element.

FIG.2: FACS analysis with HEK293T cells after transduction. Left: Untransduced cells.
Right: Cells transduced with the lentiviral construct shown in FIG.1 (vUS6) (Titer: 6.04 x 10°
TU/mL; MOI = 2).

FIG.3: FACS analysis with THP1 cells after transduction. Left: Untransduced cells. Right:
Cells transduced with the lentiviral construct shown in FIG.1 (vUS6) (Titer: 6.04 x 10°
TU/mL; MOI = 2).

FIG.4: FACS analysis with human microglia after transduction. Left: Untransduced cells.
Right: Cells transduced with the lentiviral construct shown in FIG.1 (vUS6) (Titer: 6.04 x 10°
TU/mlL; MOI = 2).

FIG.5: Progranulin release by human microglia (GRN-/-) measured by ELISA. Left bar:
untransduced cells. Right bar: Cells transduced with the lentiviral construct shown in FIG.1
(vUSe6).

FIG.6: SIN-lentiviral construct comprising the transgene IL-12 under control of the promoter
miR223 (SEQ ID NQO:1). IRES: internal ribosome entry site; PRE4: modified Woodchuck
Hepatitis Virus (WHP) Posttranscriptional Regulatory Element.

FIG.7: FACS analysis with THP1 cells after transduction. Left: Untransduced cells. Right:
Cells transduced with the lentiviral construct shown in FIG.6 (Titer: 3.24 x 10° TU/mL; MOI
= 2).

FIG.8: FACS analysis with human microglia after transduction. Left: Untransduced cells.
Right: Cells transduced with the lentiviral construct shown in FIG.6 (Titer: 3.24 x 10°
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FIG.9;: SIN-lentiviral constructs comprising the transgene GRN under control of the
promoters (A) miR223-TMEM119 (vUS7; SEQ ID NO:28); (B) ITGAM (vUSS8; SEQ ID
NO:6); (C) miR223 P2RY12 (vUS11; SEQ ID NO: 26); and (D) miR223_OLFML3 (vUS12;
SEQ ID NO:29). 2A: self cleaving peptide; GFP: green fluorescent protein; nls: nuclear
localization sequence; PRE4: modified Woodchuck Hepatitis Virus (WHP)

Posttranscriptional Regulatory Element.

FIG.10: FACS analysis with THP-1 cells transduced with different vectors upon
differentiation to macrophages. (A) non-transduced control; (B) vUS6-LV_miR223 _GRN
(FIG.1); (C) vUS7-LV_miR223-TMEM119 GRN (FIG.9A); (D) vUS8-LV_ITGAM_GRN
(FIG.9B); (E) vUSI1 - LV _miR223-P2RY 12 (FIG.9C); (F) vUS12-LV_miR223-OLFML3
(FIG.9D.

FIG.11: (A) Percentage of GFP positive cells (transduction rate) in differentiated THP-1
cells. (B) Mean fluorescent intensity of differentiated THP-1 cells.

FIG.12: FACS analysis of human microglia cell line (GRN -/-) transduced with different
vectors. (A) non-transduced control; (B) vUS6-LV_miR223 GRN (FIG.1); (C) vUS7-
LV _miR223-TMEM119_GRN (FIG.9A); (D) vUS8S-LV_ITGAM_GRN (FIG.9B); (E)
vUS11 - LV _miR223-P2RY 12 (FIG.9C); (F) vUS12-LV_miR223-OLFML3 (F1G.9D.

FIG.13: (A) Percentage of GFP positive cells (transduction rate) in human microglia cell line

(GRN -/-). (B) Mean fluorescent intensity of human microglia cell line (GRN -/-).

FIG.14: Restoration of GRN secretion in human microglia cell line (GRN -/-). (A) Amount of
Granulin in supematant. (B) Mean fluorescence intensity normalized by vector copy number.

(C) Amount of Granulin normalized by (transduction rate x vector copy number)

FIG.15: Human CD34+ bone marrow cells were lentivirally transduced with vectors
encoding GRN-2A-GFP as transgene, followed by differentiation to monocytes and FACS
analysis in monocytes (day 12). (A) non-transduced control; (B) vUS6-LV_miR223_GRN
(FIG.1); (C) vUS7-LV_miR223-TMEM119_GRN (FIG.9A); (D) vUS8-LV_ITGAM_GRN
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(FIG.9B); (E) vUS11 - LV _miR223-P2RY12 (FIG.9C); (F) vUS12-LV_miR223-OLFML3
(F1IG.9D.

FIG.16: Percentage of GFP positive monocytes.

FIG.17: Analysis of the activity of candidate promoters in human CD34+ cells upon
differentiation’ into monocytes (day 7). (A) non-transduced control; (B) vUS6-
LV _miR223 GRN (FIG.1): (left) transduction in the presence of Amphotericin B, (right)
transduction in the presence of Lentiboost; (C) vUS7-LV_miR223-TMEM119_GRN
(FIG.9A): (left) transduction in the presence of Amphotericin B, (right) transduction in the
presence of Lentiboost; (D) vUS8-LV ITGAM GRN (FI1G.9B): (left) transduction in the

presence of Amphotericin B, (right) transduction in the presence of Lentiboost.

FIG.18: Vector copy number of human CD34+ cells upon differentiation into monocytes
{day 12). (Top) Transduction in the presence of Amphotericin B, (bottom) transduction in the

presence of Lentiboost.

FIG.19: Summary of FIG.18.

FIG.20: Transduction efficiency (% GFP-positive cells divided by vector copy number
(VCN)) in myeloid cells obtained from human CD34+ cells .

FIG.21: miR223 promoter activity in monocytes, macrophages and iPSC-derived homologs

to haematopoietic stem cells.
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Examples

Example 1: Production of gene modificd haematopoietic stem cells (HSC) appropriate
for the treatment of patients suffering from fromtotemporal dementia due to GRN gene
mutation

HSC obtained by leukapheresis upon HSC mobilization, are transduced with a lentiviral self-
inactivating (SIN) vector, comprising human PGRN (progranulin} encoding cDNA according
to SEQ ID NO: 7 under control of the miR223 promoter according to SEQ ID NO: 1.
Preferentially, the genetically modified autologous HSC population is cryopreserved after

genetic manipulation.

Example 2: Production of gene modified CD34+4 cells appropriate for the treatment of
patients suffering from frontotemporal dementia due to GRN gene mutation

A CD34+ cell population, obtained by leukapheresis upon HSC mobilization followed by
CD34+ cell isolation, 1s transduced with a lentiviral SIN vector encoding PGRN according to
SEQ ID NO: 7 under control of a miR223 fusion promoter construct consisting of the
TMEM1 19 promoter contained in SEQ ID NO: 3 fused to the miR223 promoter according to
SEQID NO: 1.

Example 3: Production of gene modified CD34+ ewnriched bone marrow cells
appropriate for the treatment of patients suffering from frontotempeoral dementia due to
GRN gene mutation

CD34+ enriched bone marrow cells arc transduced with a lentiviral vector encoding PGRN
according to SEQ ID NO:8 under control of the ITGAM promotor according to SEQ ID NO:
6.

Example 4: Production of gene modified CD34+ enriched bome marrow cells
appropriate for the treatment of patients suffering from frontotemporal dementia due to
GRN gene mutation

CD34+ bone marrow cells are transduced with a foamy viral vector encoding PGRN
according to SEQ ID NO: 8 under control of the ITGAM promotor according to SEQ 1D NO:
6.
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Example 5; Production of gene modified bloed derived monocytes appropriate for the
treatment of patients suffering from glioblastoma

Blood derived monocytes of a patient suffering from glioblastoma are transduced with a
Ientiviral vector encoding interferon-gamma under control of the ITGAM promoter according

to SEQ LD NO: 6.

Example 6: Production of gene modified blood derived monocytes appropriate for the
treatment of patients suffering from renal carcinoma and brain metastases

Blood derived monocytes of a patient suffering from renal carcinoma and optionally suffering
from brain metastases, are transduced with a lentiviral vector encoding interferon-gamma

under control of the miR223 promoter according to SEQ 1D NO: 1.

Example 7:Experiments using lentiviral-SIN vectors for phagocyte-specific transgene

expression

Testing of transduction of cell lines

The developed lentiviral SIN-vectors enable phagocyte-specific transgene expression and
may therefore be used for applications in human diseases in which phagocytes are the disease-
causing cells, or in which phagocytes can provide therapeutic elements to cure or treat these
disecases. This is the case for disorders which have their origin in the brain, such as
neurodegenerative disease, or brain cancer or mectastasis, as well as for disorders outside of

the brain, such as immunodeficiency or cancer.

Transduction with a vector comprising a GRN transgene:

Following cell lines were analyzed:
1. HEK293Tcells (Human embryonic kidney cells) as positive control;
2. THPI1 cells (Human phagocyte cell line) as model for phagocyte correction;
3. Immortalised human microglia cell line (Im-hMicro), in which the GRN gene was

knocked-out (GRN-/-), as disease model.

For transduction of cell lines, a lentiviral self-inactivating (SIN) vector was used, comprising
the miR223 promoter as internal promoter, and hGRN encoding cDNA as transgene, as well

as an EGFP-reporter linked to GRN by the ZA sequence (FIG.1). Transduction experiments
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were conducted at MOI 2 (based on a titer of 6.04*TU/mL) in DMEM medium, supplemented
with 10% FBS without addition of cytokines or transduction enhancers. GFP expression was
measured by FACS 48h after transduction and correlates with the expression of the GRN

transgene.

In the vector construct, miR223 promoter activity led to the translation of one mRNA species
encoding both granulin and GFP, which were co-translated into two separate proteins in a
molecular ratio of 1:1, of which GFP was detected by flow cytomeiry analysis. In all three
cell lines, transduction with the LV-miR223-GRN vector led to high expression levels of
GFP: HEK293T cells, 77% GFP-positive cells (FIG.2); THP1 cells, 88.6% GFP-positive cells
(FIG.3), immortalized human microglia GRN -/- cell line, 63.9% GFP-positive cells (FIG.4).
Accordingly, it has been successfully demonstrated that the promoter miR223 drives

cxpression of transgenes in phagocytic cells as well as in microglia.

Additionally, in the immortalized human microglia GRN -/- cell line, an ELISA assay
measuring the release of the progranulin protein into the cell culture supernatant was
performed 10 days after transduction, showing reconstitution of progranulin protein
production and release from microglia cells (FIG.5). For the ELISA, the culture medium
containing DMEM supplemented with 10% FBS, was exchanged for 24h before analyses for

DMEM medium without FBS. Untransduced cells were compared to transduced cells.

Transduction with IL-12 tragsgene vector:

Following cell lines were analyzed:
1. THPI1 cells (Human phagocyte cell line) as model for phagocyte correction; and
2. Immortalised human microglia cell line (Im-hMicro), in which the GRN gene was

knocked-out (GRN-/-) as model for microglia correction.

For transduction of cell lines, a lentiviral self-inactivating (SIN) vector was used, comprising
the miR223 promoter as internal promoter, and human IL12-beta and IL12-alpha encoding
cDNA subunits fused by a protein linker to one protein with 1L-12 activity, as well as an
mCherry-reporter linked to IL12 subunits preceded by an internal ribosomal entry site (IRES)
(FI1G.6). Experiments were conducted at MOI 2 based on a titer of 3.24*10° TU/mL, in

DMEM medium, supplemented with 10% FBS without addition of cytokines or transduction
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enhancers. mCherry expression was measured by FACS 48h after transduction and correlates

with the expression of the TL12 transgene.

In both cell lines, transduction with the LV-miR223-1L12 vector led to high expression levels
of mCherry: THP1 cells, 98.7% mCherry-positive cells (FIG.7), immortalized human
microglia GRN -/~ cell line, 99.7% GFP-positive cells (FIG.8). Accordingly, it has been
successfully demounstrated that the promoter miR223 drives expression of transgenes in

phagocytic cells as well as in microglia.

Example 8: Analysis of additional promoters in a phagocytic cell line

It has been demonstrated in Example 7 that the promoter miR223 can drive expression in
human phagocytic cells as well as in human microglia. In this Example, the activity of

additional promoters was tested in phagocytic cells.

The following lentiviral constructs were tested:

e [V-miR223-hGRN-2A-EGFP-NLS-WPRE (FIG.1)

s LV-miR223-TMEM]119-hGRN-2A-EGFP-NLS-WPRE (FIG.9A)
e LV-ITGAM-hGRN-2A-EGFP-NLS-WPRE (F1G.9B)

e LV-miR223-P2RY12-hGRN-2A-EGFP-NLS-WPRE (FIG.9C)

¢ LV-miR223-OLFML3-hGRN-2A-EGFP-NLS-WPRE (FIG.9D)

THP-1 cells were seeded in a 96-well plate in a density of 40.000 cells per well. Transduction
was carried out right afier seeding by adding the appropriate amount of virus (MOI 2) and
resuspending the cells in the well. For differentiation of untransduced or transduced THP-1
cells, cells were cultured in differentiation medium (RPMI 10% FBS, 1X GlutaMAX, 1X
PenStrep, 10 ng/mL PMA) and incubated for 72 hours. Adherent cells were detached with
StemPro Accutase and cells were washed with PBS, For analysis, Fc receptor was blocked by
FcR blocking reagent at a dilution of 1:20, cells were strained with LIVE/DEAD Fixable
Violet dye (1:1000 ) and PE-Cy7-CD11b (1:200) followed by a analysis in a LSR 1I Fortessa
flow cytometer. Only single and viable cells (negative for LIVE/DEAD Fixable Violet
staining) were analyzed. Differentiation to macrophages was followed by quantification of

PE-Cy7-CD11b staining increasing upon differentiation to macrophages. GRN/GFP co-
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expression was assayed by quantification of GFP fluorescent signal intensity. All experiments

were performed in duplicatcs.

All tested promoter variants resulted in high transgene expression in THP-1 cells. The results

of this assay are summarized in FIG.10 and FIG.11.

Example 9: Analysis of additional promoters in microglia

Activity of the lentiviral constructs described in Example 8 was also tested in microglia

For that, immnortalized human microglia were seeded in a 96-well plate in a density of 40.000
cells per well. Transduction was carried out right after seeding by adding the appropriate
amount of virus (MOI 2) and resuspending the cells in the well. Adherent cells were detached
with TrypLE Express and cells were washed with PBS. For analysis, cells were strained with
LIVE/DEAD Fixable Violet dye (1:1000 ) followed by a analysis in a LSR Il Fortessa flow
cytometer. Only single and viable cells (negative for LIVE/DEAD Fixable Violet staining)
were analyzed. GRN/GFP co-expression was assayed by quantification of GFP fluorescent

signal intensity.

For quantification of granulin secretion upon gene therapy treatment of granulin-deficient
human microglia, cells were seeded at a density of 150.000 cells per well in a 24-well plate in
500 pL of medium. 24 hours after seeding, the culture medium was removed and replaced by
500 pL of fresh, antibiotics-free medium. Conditioned medium was collected after 24 hours
of culture, debris were removed by centrifugation at 17’000 g for 10 minutes and samples
were stored at -20°C until processing. For quantification of granulin protein concentration,
supernatant samples were concentrated with Amicon Ultra-0.5 3K centrifugal filter devices
and the concentration of PGRN was determined with Progranulin (human) ELISA Kit
(Adipogen, cat. # AG-45A-0018YEK-KI01) following the manufacturer’s protocol. Results in
ng represent total ng of PGRN released by 150.000 cells into 500 pL of medium within 24

hours. All experiments were performed in duplicates.

All tested promoter variants resulted in high transgene expression in microglia. The results of
this assay are summarized in FIG.12 and FIG.13. Restoration of granulin secretion in GRN-/-

cells is shown in F1G.14.
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Example 10: Transduction of human CD34+ bone marrow cells followed by

differentiation to monocytes

Commercially available human CD34- bone marrow cells were thawed and taken into culture
(day 0) in X-VIVO 20, HSA 1%, SCF 300 ng/mL, Fit3-L. 300 ng/mL, TPO 100 ng/mL. On
day 1 and day 2, cells were transduced with MOI3 in the presence of protamine sulfate 4
pg/mL and amphotericin B 1 pg/mlL. Cells were re-plated in expansion medium (X-VIVO 20,
HSA 1%, PenStrep 1X, SCF 100 ng/ml., FIt3-L 100 ng/mlL, TPO 100 ng/ml.) on day 3. On
day 5, medium was changed to pro-myelocytes expansion medium (IMDM, HEPES 5 mM,
GlutaMax 2 mM, FBS 10%, PenStrep 0.5X, SCF 100 ng/mL, IL-3 100 ng/mL). And on day 8
to pro-myelocytes differentiation medium (IMDM, HEPES 5 mM, GlutaMax 2 mM, FBS
10%, PenStrep 0.5X, SCF 50 ng/mL, IL-3 20 ng/ml, GM-CSF 20 ng/mL, M-CSF 100
ng/mlL}. Cells were analyzed on day 12 for lineage markers and for marker gene expression

by flow cytometry analysis.

Analysis of differentiated cells for CD11b and CD14 expression revealed more than 80%
differentiated monocytes. Within the monocytic cell populations, GFP marker gene

expression co-expressed with granulin was analyzed (see F1G.15 and 16).

Example 11: Analysis of additional premofers in CD34+ cells

Human CD34+ cells were thawed (day 0) and taken into culture (in X-VIVO 20, HSA 1%,
SCF 300 ng/ml, PFl3-L 300 ag/ml, TPO 100 ng/ml). On day 1 and 2, cells were
consecutively transduced three times with wviral infectious particles (in presence of
transduction enhancers (Amphotericin B or Lentiboost)). From end of day 2 to day 5, cells
were cultured n pro-myelocytes expansion medium (IMDM, FBS 10%, PenSirep 0.5X, SCF
100 ng/mL., IL-3 100 ng/mL). On day 5, cells were re-plated in pro-myelocytes differentiation
medium (IMDM, FBS 20%, PenStrep 0.5X, SCF 100ng/mL, IL-3 100 ng/mL, G-CS8F 20
ng/mL). GFP marker expression was quantified by FACS analysis on day 7 (FIG.17); VCNs
were quantified on days 12 of culture (FIG.18).

Example 12: Vector copy number determination in transduced CD34+ cells
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- Cells at day 12 of the differentiation protocol were pelleted and the cell pellets were
stored at -20°C until processing.

- Genomic DNA was isolated from the cell pellets using the QlAamp® DNA Blood
Mini Kit (Qiagen, Hilden, Germany) following the manufacturer’s protocol.

- VCN was determined by gPCR with the delta-deita Ct method, using FOXP2 as
reference gene and WPRE for the integrated vector gene.

- Clone H10 carrying 2 vy integrations was used as a reference.

The results are summarized in FIG.19 and 20.

Example 13: Transgene expression in HSPCs and myeloid cells

p47phox-deficient iPSCs were transduced with lentiviral vectors encoding p47phox under
control of the miR223 promoter or under control of the constitutively active SFFV promoter.
Cells were differentiated to embryoid bodies and further to monocytes and macrophages.
iPSCs (CD133+). CD34-positiv cells as iPSC-derived homolog to haematopoietic stem cells
in embryoid bodies, monocytes (CD14+) and macrophages (CD206) were analyzed for

transgenic p47phox expression.

FIG.21 shows that the miR223 promoter is active in monocytes and macrophages, but

inactive in iPSC-derived homologs to haematopoietic stem cells.
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Clairns

A viral vector comprising a nucleic acid molecule encoding a therapeutic polypeptide or
a combination of therapeutic polypeptides under coutrol of a promoter or promoter
fragment, wherein the promoter or promoter fragment drives expression of the
therapeutic protein or the combination of therapeutic proteins in myeloid cells and
microglia, and wherein the promoter or promoter fragment is inactive in progenitor

and/or stem cells.

The viral vector according to claim 1, wherein the promoter is

a) a miR223 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO: 1, or a functional
fragment thereof; or

b} an ITGAM promoter or a promoter having at least 93%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO: 6, or a functional
fragment thereof; or

¢) an AIF1 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or 100%
sequence identity to the sequence shown in SEQ 1D NO: 5, or a functional fragment
thereof: or

d) a TMEM119 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ 1D NO: 3, SEQ 1D NG:23 or
SEQ ID NO:24, or a functional fragment thereof; or

¢) a P2RY 12 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO: 2, SEQ ID INO: 21 or
SEQ ID NO: 22, or a functional fragment thereof; or

f) an OLFML3 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO: 4 or SEQ ID NO:25, or
a functional fragment thereof; or

g) a fusion promoter comprising a miR233 promoter, or a promoter having at least 95%,
96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ ID

NO: 1, or 2 functional fragment thereof operably linked to
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i) a TMEM119 promoter, or a promoter having at least 95%, 96%, 97%, 98%,
99% or 100% sequence identity to the sequence shown in SEQ 1D NO: 3, SEQ
ID NO:23 or SEQ ID NO:24, or a functional fragment thercof;, and/or

i) a P2RY12 promoter, or a promoter having at least 95%, 96%, 97%, 98%,
99% or 100% sequence identity to the sequence shown in SEQ 1D NQ: 2, SEQ
ID NO: 21 or SEQ ID NO:22, or a functional fragment thereof; and/or

iii) an OLFML3 promoter, or a promoter having at least 95%, 96%, 97%, 98%,
99% or 100% sequence identity to the sequence shown in SEQ ID NO: 4 or
SEQ ID NO:25, or a functional fragment thereof; and/or

iv) an ITGAM promoter, or a promoter having at least 95%, 96%, 97%, 98%,
99% or 100% sequence identity to the sequence shown in SEQ ID NO:6, or a
functional fragment thereof, and/or

v) an AIF1 promoter or a promoter having at least 95%, 96%, 97%, 98%., 99%
or 100% sequence identity to the sequence shown in SEQ ID NO:5, or a

functional fragment thereof.

3.  The viral vector according to claim 1 or 2, wherein the viral vector comprises at least
one transcriptional regulatory element, wherein said at least one transcriptional
regulatory element is arranged such that it inhibits or activates a transcriptional activity

of the promoter.

4.  The viral vector according to claim 3, wherein the at least one transcriptional regulatory
element comprises a binding site for a transcriptional activator or repressor, in particular
wherein the transcriptional activalor or repressor Comprises:

i) an antibiotic-binding domain, in particular a tetracycline/doxycycline-binding
domain, a macrolide-binding domain or a pristinamycin-binding domain;
ii) a hormone-binding domain, in particular a RU486-binding domain or an
abscisic acid-binding domain;

iii) a steroid-binding domain, in particular an ecdysone-binding domain; or
iv) a dimerizer system, in particular a rapamycin-based of rapalog-based

dimerizer system.

5.  The viral vector according to any one of claims 1 to 4, wherein the viral vector encodes

a riboswitch, wherein the riboswitch controls translation of an mRINA encoding the
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therapeutic protein or the combination of therapeutic proteins.

The wviral vector according to any one of claims 1 to 5, whercin the therapeutic
polypeptide is
i) a polypeptide that restores a cellular function and/or elicits a cellular response
in a cell; or

ii) a polypeptide that enables and/or increases target specificity of a cell.

The viral vector according to claim 6, wherein the polypeptide that restores a cellular
function and/or elicits a cellular response in a cell comprises at least a fragment of one
or more polypeptides selected from the group consisting of: PGRN, Presenilinl,
Presenilin 2, I1-2, IL-12, IL-15, IL-21, IFN-alpha, IFN-alpha Receptor, IFN-gamma,
IFN-gamma Receptor, FasL/Fas, CD11b, selectins, such as L-Selectin or P-Selectin,
PSGL (P-Selectin Ligand), TRAIL, TRAIL-R, Lymphotoxin beta (LT-B), LT-BR,
decoyreceptors 1-3, TNF-alpha, TNF-alphaR, MSH, G-CSF, GM-CSF, IL-1, IL-6, IL-7,
IL-8, IL31, ILIR, IL31R, IL-10, IL-23, CXCR3 ligands such as CXCL9 and CXCL-10,
PD-1, PD-1L, PD-2 (PDC2), PD-2L, Granzyme B, Granulysine, CD11b, TIGIT, CD
112, CD 155, nitric oxide synthase, DNA methyltransferase 3b (DNMT3b), Jumonji
domain-containing protein 1A (JMJID1A), somatostatine, histone deacetylases (HDAC)
such as HDAC3 or HDAC 9, CS8F1 receptor (CSF1R), 11.-34, TAM, all chemokines and

chemokine receptors, all cytokines and cytokine receptors.

The viral vector according to claim 6, wherein the polypeptide that enables and/or
increases target specificity of a cell enables and/or increases specificity to a tumor
antigen, in particular wherein the tumor antigen is VEGF, a VEGF-Receptor, an
antagonists to a metalloproteinase (e.g. MMP-9), CD40/CD40L, EGFR, Annexinl,
FGFR-1, Her2, St6galnac5, MMP1-28, TIMPS1-4, Melanotransferrin, alpha4-betal
Integrin, VCAM-1, E-cadherin, Alpha-v-beta3 integrin, Alpha-v-beta$S integrin, Alpha-
v-beta6 integrin, Alpha-v-beta8 integrin, CCND1, BRCA, CEA, cancer-related antigen
72-4 (CA 72-4), cancer-related antigen 19-9 (CA 19-9), WT1, CD 11b, L-Selectin, NY-
ESO-1, or a fragment thereof.

A viral vector comprising a transgene under control of one or more promoters, wherein

the transgene encodes
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a) PGRN, or a functional fragment thereof; or

b} a polypeptide having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity
to the sequence shown in SEQ ID NO: 7, SEQ ID NO: 8 or SEQ ID NO: 9, or a
functional fragment thereof.

A viral vector comprising a transgene under control of one or more promoters, wherein
the transgene encodes

a) IL-12, or a functional fragment thereof; or

b) a polypeptide having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity
to the sequence shown in SEQ ID NO: 11, or a functional fragment thereof; and/or a
polypeptide having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity to
the sequence shown in SEQ 1D NO: 12, or a functional fragment thereof.

A viral vector comprising a transgene under control of one or more promoters, wherein
the transgene encodes

a) IFN-gamma, or a functional fragment thereof; or

b) a polypeptide having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity
to the sequence shown in SEQ ID NO: 10, or a functional fragment thereof.

A viral vector comprising a transgene under control of one or more promoters, wherein
the transgene encodes

a) GM-CSF, or a functional fragment thereof; or

b) a polypeptide having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity
to the sequence shown in SEQ ID NO: 13, or a functional fragment thereof.

A viral vector comprising a transgene under control of one or more promoters, wherein
the transgene encodes

a) G-CSF, or a functional fragment thereof; or

b) a polypeptide having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity

to the sequence shown in SEQ ID NO: 14, or a functional fragment thereof.

A viral vector comprising a transgene under control of one or more promoters, wherein
the transgene encodes

a) GM-CSF and [FN-gamma, or functional fragments thereof; or
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b) a polypeptide having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity
to the sequence shown in SEQ ID NO: 15, or a functional fragment thereof.

A viral vector comprising a transgene under control of one or more promoters, wherein
the transgene encodes

a) G-CSF and IFN-gamma, or functional fragments thereof; or

b) a polypeptide having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity
to the sequence shown in SEQ ID NO: 16, or a functional fragment thereof.

A viral vector comprising a transgene under control of one or morc promoters, whercin
the transgene encodes

a) IL-2, or a functional fragment thereof; or

b) a polypeptide having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity
to the sequence shown in SEQ ID NO: 17, or a functional fragment thereof.

A viral vector comprising a transgene under control of one or more promoters, wherein
the transgene encodes

a) IL-15, or a functional fragment thereof; or

b) a polypeptide having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity
to the sequence shown in SEQ ID NO: 18, or a functional fragment thercof.

A viral vector comprising a transgene under control of one or more promoters, wherein
the transgene encodes

a) IL-21, or a functional fragment thereof; or

b) a polypeptide having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity
to the sequence shown in SEQ ID NO: 19, or a functional fragment thereof.

A viral vector comprising a transgene under control of one or more promoters, wherein
the transgene encodes

a) IFN-alpha, or a functional fragment thereof; or

b) a polypeptide having at least 95%, 96%, 97%, 98%, 99% or 100% sequence identity
to the sequence shown in SEQ ID NO: 20, or a functional fragment thereof.

The viral vector according to any one of claims 9 to 19, wherein the one or more
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Promoters comprise:

a) a myelo-specific promoter, or a functional fragment thereof; and/or

b) a microglia-specific promoter, or a functional fragment thereof; and/or

¢) a fusion promoter comprising or consisting of
i) a first promoter, wherein said first promoter is a myelo-specific promoter or a
microglia-specific promoter, or a functional fragment thereof; and

i) a second promoter.

The viral vector according to claim 20, wherein the myelo-specific promoter is

a) a miR233 promoter, or a functional fragment thereof; or a promoter having at least
95%,, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
ID NO: 1, or a functional fragment thereof;

b) an AIF1 promoter, or a functional fragment thereof, or a promoter having at least
95%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
ID NO:5, or a functional fragment thereof; or

¢) an ITGAM promoter, or a functional fragment thereof; or a promoter having at least
095%, 96%, 97%, 98%, 99% or 100% sequence identity to the sequence shown in SEQ
ID NQO:6, or a functional fragment thereof.

The viral vector according to claim 20 or 21, wherein the microglia-specific promoter is
a) a TMEM119 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the seguence shown in SEQ 1D NO:3, SEQ ID NO:23 or
SEQ ID NO:24, or a functional fragment thereof; or

b) a P2ZRY12 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO: 2, SEQ ID NO:21 or
SEQ ID NO:22, or a functional fragment thereof;

¢) an OLFML3 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO:4 or SEQ ID NO:25, 0r a
functional fragment thereof.

The viral vector according to any one of claims 20 to 22, wherein the first promoter is a
myelo-specific promoter and wherein the second promoter is a microglia-specific

promoter, or vice versa.
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24. The viral vector according to any one of claims 20 to 23, wherein the first promoter is a
miR233 promoter, or a promoter having at least 95%, 96%, 97%, 98%, 99% or 100%
sequence identity to the sequence shown in SEQ ID NO: 1, or a functional fragment
thereof; and wherein the first promoter is operably linked to

i) a TMEM119 promoter, or a promoter having at least 95%, 96%, 97%, 98%,
99% or 100% sequence identity to the sequence shown in SEQ ID NO: 5, SEQ
ID NO:6 or SEQ ID NO:7, or a functional fragment thereof;

ii) a P2RY12 promoter, or a promoter having at least 95%, 96%, 97%, 98%,
99% or 100% sequence identity to the sequence shown in SEQ ID NO: 2, SEQ
ID NO: 3 or SEQ ID NO: 4, or a functional fragment thereof;

iii) an OLFML3 promoter, or a promoter having at least 95%, 96%, 97%, 98%,
99% or 100% sequence identity to the sequence shown in SEQ [ID NO: 8 or
SEQ ID NO:9, or a functional fragment thereof

iv) an ITGAM promoter, or a promoter having at least 95%, 96%, 97%, 98%,
99% or 100% sequence identity to the sequence shown in SEQ ID NO: 11, 0ra
functional fragment thereof, and/or

v) an AIF1 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99%
or 100% sequence identity to the sequence shown in SEQ ID NO: 10, or a

functional fragment thereof,

25. The viral vector according to any one of claims 9 to 24, wherein the viral vector
comprises at least one transcriptional regulatory element, and wherein said at least one
transcriptional regulatory element is arranged such that it inhibits or activates a

transcriptional activity of the promoter.

26. The viral vector according to claim 25, wherein the at least one transcriptional
regulatory element comprises a binding site for a transcriptional activator or repressor,
in particular wherein the transcriptional activator or repressor comprises:

i) an antibiotic-binding domain, in particular a tetracycline/doxycycline-binding
domain, a macrolide-binding domain or a pristinamycin-binding domain;
ii) a hormone-binding domain, in particular a RU486-binding domain or an
abscisic acid-binding domain;
iii) a steroid-binding domain, in particular an ecdysone-binding domain;
iv) a dimerizer system, in particular a rapamycin-based of rapalog-based
147
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dimerizer system.

The viral vector according to any one of claims 9 to 26, wherein the viral vector
encodes a riboswitch, and wherein the riboswitch controls translation of an mRNA

encoding the therapeutic protein or the combination of therapeutic proteins.

The viral vector according to any one of claims 1 to 27, wherein the viral vector is

a) a retroviral vector, in particular a lentiviral vector, more particularly a lentiviral SIN
vector; or

b) a foamy viral vector; or

¢) a viral vector selected from the group consisting of: an adenoviral vector, an adeno-
associated viral vector, a herpes viral vector, a parvoviral vector, a coronaviral vector,

and an alpha-retroviral vector.

A fusion promoter comprising

a) a miR223 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO: 1, or a functional
fragment thereof, and

b) a microglia-specific promoter, or a functional fragment thereof;

wherein the miR223 promoter or the promoter having at least at least 95%, 96%, 97%,
98%, 99% or 100% sequence identity to the sequence shown in SEQ ID NO: 1, or the
functional fragment thereof, is operably linked to the microglia-specific promoter, or the

functional fragment thereof.

The fusion promoter according to claim 29, wherein the microglia-specific promoter is
a) a TMEM119 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO:3, SEQ ID NO:23 or
SEQ ID NO:24, or a functional fragment thereof;

b) a P2ZRY 12 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO: 2, SEQ ID NO: 21 or
SEQ ID NO: 22, or a functional fragment thereof;

¢) an OLFML3 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO:4 or SEQ ID NO:25, or a

functional fragment thereof,
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d) an AIF1 promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or 100%
sequence identity to the sequence shown in SEQ ID NO:5, or a functional fragment
thereof’ or

e) an ITGAM promoter or a promoter having at least 95%, 96%, 97%, 98%, 99% or
100% sequence identity to the sequence shown in SEQ ID NO:6, or a functional

fragment thereof.

31. The fusion promoter according to claim 29 or 30, wherein the fusion promoter
comprises at least one transcriptional regulatory element, wherein said at least one
transcriptional regulatory element is arranged such that it inhibits or activates a

transcriptional activity of the promoter.

32. The fusion promoter according to claim 31, wherein the at least one transcriptional
regulatory element comprises a binding site for a transcriptional activator or repressor,
in particular wherein the transcriptional activator or repressor comprises:

i) an antibiotic-binding domain, in particular a tetracycline/doxycycline-binding
domain, a macrolide-binding domain or a pristinamycin-binding domain;
ii) a hormone-binding domain, in particular a RU486-binding domain or an
abscisic acid-binding domain;

iii) a steroid-binding domain, in particular an ecdysone-binding domain;
iv) a dimerizer system, in particular a rapamycin-based of rapalog-based

dimerizer system.

33. The fusion promoter according to any one of claims 29 to 32, wherein the fusion
promoter
a) comprises any one of the sequences set forth in SEQ ID NO:26-29: or
b) comprises a sequence having 90%, 91%, 92%, 93%, 94% or 95% sequence identity
with any one of the sequence set forth in SEQ ID NO: 26-29, wherein the promoter

drives expression in microglia and/or myeloid cells.

34. A host cell comprising the viral vector according to any one of claims 1 to 28.

35. The host cell according to claim 34, wherein the host cell is a hematopoietic stem cell,

preferably a hematopoietic stem cell of a CD34-positive enriched cell population, or
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wherein the host cell is a myeloid cell.

A pharmaceutical composition comprising the viral vector according to any one of

claims 1 to 28 and/or the host cell according to claim 34 or 35.

The viral vector according to any one of claims 1 to 28, the host cell according to claim

32 or 33 or the pharmaceutical composition according to claim 36 for use in medicine.

The viral vector according to any one of claims 1 to 28, the host cell according to claim
34 or 35 or the pharmaceutical composition according to claim 36 for use in the
treatment of a disease or disorder which has its origin or a manifestation in the brain or

is brain-based.

The viral vector according to any one of claims 9 or 20 to 28, the host cell according to
claim 34 or 35 or the pharmaceutical composition according to claim 36 for use in the
prevention and/or treatment of a PGRN-associated disease or disorder, in particular

wherein the viral vector encodes PGRN, or a functional fragment thereof.

The viral vector, the host cell or the pharmaceutical composition for use according to
claim 39, wherein the PGRN-associated disease or disorder is a neurodegenerative

disease or disorder.

The viral vector, the host cell or the pharmaceutical composition for use according to
claim 40, wherein the neurodegenecrative disease or disorder is a degenerative disease or

disorder.

The viral vector, the host cell or the pharmaceutical composition for use according to
claim 41, wherein the degenerative disease or disorder is selected from the group
consisting of: Alzheimer's disease, amyotrophic lateral sclerosis, neuronal ceroid

lipofuscinosis and Parkinson’s disease.

The viral vector according to any one of claims 10 to 28, the host cell according to
claim 34 or 35 or the pharmaceutical composition according to claim 36 for use in the

treatment of cancer, lymphoma and/or sarcoma in particular wherein the viral vector
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encodes at least one of 1L-12, IFN-gamma, G-CSF, GM-CSF, IL-2, [L-15, IL-21 and/or
IFN-alpha; or functional fragments thereof.

The viral vector, the host cell or the pharmaceutical composition for use according to
claim 43, wherein the cancer, lymphoma and/or sarcoma is a brain tumor or a brain

metastasis,

The viral vector, the host cell or the pharmaceutical composition for use according to
claim 44, wherein the brain tumor is selected from the group consisting of:
glioblastoma, glioma, ganglioneuroblastoma, astrocytoma, oligodendroglioma, PNET
(primitive neuroectodermal tumor), medulloblastoma, CNS lymphoma, meningioma,

retinoblastoma and neurcblastoma.

The viral vector, the host cell or the pharmaceutical composition for use according to
claim 44, wherein the brain tumor is a metastatic tumor originating from any form of
breast cancer, lung cancer, colon cancer, testicular cancer, renal carcinomas, melanoma,
ovary carcinomas, prostate carcinoma, neuroendocrine tumors or any other solid tumor
or any sarcoma, or any hematologic tumor, comprising all forms of leukemia and

Iyvmphomas.

The viral vector, the host cell or the pharmaceutical composition for use according to
any one of claims 37 to 46, wherein the viral vector, the host cell or the pharmaceutical
composition is administered in conjunction with a therapy that reduces the integrity of
the blood-brain-barrier, in particular wherein the therapy that reduces the integrity of the
blood-brain-barrier is a bone marrow conditioning therapy, a CNS conditioning therapy,

and/or a blood-brain-barrier conditioning therapy.

The viral vector, the host cell or the pharmaceutical composition for use according to
claim 47, wherein the bone marrow conditioning therapy comprises the use of cytotoxic
agents, alkylating agents, Busulphan, Treosulfan, Etoposide, Lomustin, radiotherapy,
targeted radiotherapy (e.g. Yttrium-90 labeled anti-CD45 antibody, or Ytirium-90
labeled anti-CD66 antibody), ACKZ (anti-c-kit antibody), CD117 antibody-drug-
conjugates, CD45-SAP, colony-stimulating factor 1 (CSF1) specific agents, PLX3397,

BLZ9445, PLX5622, RG7155, PLX647, Ki20227, GW2580, IL-34 and/or desatinib.
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The viral vector, the host cell or the pharmaceutical composition for use according to

claim 47 or 48, wherein the CNS conditioning therapy comprises the use of Busulphan.

The viral vector, the host cell or the pharmaceutical composition for use according to
any one of claims 47 to 49, wherein the blood-brain-barrier conditioning therapy

comprises radiotherapy or targeted radiotherapy.

The viral vector, the host cell or the pharmaceutical composition for use according to
any one of claims 47 to 50, wherein the viral vector, the host cell or the pharmaceutical
composition is administered after the therapy that reduces the integrity of the blood-
brain-barrier, in particular wherein the viral vector, the host cell or the pharmaceutical
composition is administered not earlier than half a day after the therapy that reduces the

integrity of the blood-brain-barrier.

The viral vector according to any one of claims 1 to 28, the host cell according to claim
34 or 35 or the pharmaceutical composition according to claim 36 for use in the

treatment of autoimmune diseases.

The viral vector according to any one of claims 1 to 28, the host cell according to claim
34 or 35 or the pharmaceutical composition according to claim 36 for use in the

treatment of autoinflammatory diseases.

The viral vector according to any one of claims 1 to 28, the host cell according to claim
34 or 35 or the pharmaceutical composition according to claim 36 for use in the

treatment of allergic diseases.

The viral vector according to any one of claims 1 to 28, the host cell according to claim
34 or 35 or the pharmaceutical composition according to claim 36 for use in

hematopoietic and solid organ transplantation.

A method for treating a disease or disorder which has its origin or a manifestation in the
brain or is brain based in a subject in need, the method comprising the steps of:

a) genetically modifying a hematopoietic stem cell and/or a population of enriched
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CD34-positive bone marrow cells, the modification step comprising a step of contacting
the hematopoietic stem cell and/or the population of enriched CD34-positive bone
marrow cells with the viral vector according to any one of claims 1 to 28; or genetically
modifying a myeloid cell and/or a population of enriched myeloid cells, the
modification step comprising a step of contacting the myeloid cell and/or the population
of enriched myeloid cells with the viral vector according to any one of claims 1 to 28;

b) administering the genetically modified cells from step (a) intravenously to the subject
in need; and

¢) treating a disease or disorder which has its origin or a manifestation in the brain or is

brain based in the subject in need.

The method according to claim 56, wherein the hematopoietic stem cell and/or the
population of enriched CD34-positive bone marrow cells, or the myeloid cell and/or the
population of enriched myeloid cells have been obtained from the subject in need or

from a foreign donor.

A method for treating a disease or disorder which has its origin or a manifestation in the
brain or is brain based in a subject in need, the method comprising the steps of:

a) mobilizing hematopoietic stem cells in the subject in need;

b) administering the viral vector according to any one of claims 1 to 28 intravenously to
the subject in need subsequent to the mobilization of hematopoietic stem cells in step
{a); and

¢) treating a disease or disorder which has its origin or a manifestation in the brain or is

brain based in the subject in need.

The method according to claim 58, wherein the mobilization of hematopoietic stem

cells in the subject in need comprises the administration of G-CSF and/or Plerixafor.

The method according to any one of claims 56 to 59, wherein the disease or disorder
which has its origin or a manifestation in the brain or is brain based is a PGRN-
associated disease or disorder, in particular wherein the PGRN-associated disease or
disorder is a neurodegencrative disease or disorder, in particular wherein the
neurodegenerative disease or disorder is a degenerative disease or a neurcodegenerative

disorder, in particular wherein the degenerative disease or neurodegenerative disorder is
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selected from the group consisting of Alzheimer's disease, amyotrophic lateral
sclerosis, neuronal ceroid lipofuscinosis, and Parkinson’s disease, in particular wherein

the viral vector encodes PGRN, or a functional fragment thereof.

The method according to any one of claims 56 to 59, wherein the disease or disorder
which has its origin, or a manifestation, in the brain or is brain based is a brain tumor, in
particular wherein the brain tumor is selected from the group consisting oft glioma,
glioblastoma, ganglioneuroblastoma, astrocytoma, oligodendroglioma, PNET (primitive
neuroectodermal tumor), medulloblastoma, CNS lymphoma, and neuroblastoma; or
wherein the brain tumor is a metastatic tumor originating from any form of breast
cancer, lung cancer, colon cancer, testicular cancer, renal carcinomas, melanoma,
prostate cancer, or any other solid tumor or any sarcoma, or any hematologic tumor,
comprising all forms of leukemia and lymphomas, in particular wherein the viral vector
encodes I1L-12, IFN-gamma, GM-CSF, G-CSF, 1I-2, IL-15, IL-21 and/or IFN-alpha, or
functional fragments thereof.

The method according to any one of claims 56 to 61, wherein the method comprises an
additional step of reducing the integrity of the blood-brain-barrier, in particular wherein
reducing the integrity of the blood-brain-barrier comprises a bone marrow conditioning

therapy, a CNS conditioning therapy, and/or a blood-brain-barrier conditioning therapy.

The method according to claim 62, wherein the therapy that reduces the integrity of the
blood-brain-barrier is performed prior to the administration of the genetically modified
cells to the subject in need, in particular wherein the time interval between the therapy
that reduces the integrity of the blood-brain-barrier and the administration of the
genetically modified cells is carried out after the therapy that reduces the integrity of the

blood-brain-barrier.

A method for treating cancer in a subject in need, the method comprising the steps of

a) mobilizing hematopoietic stem cells in the subject in need;

b) administering the viral vector according to the invention intravenously to the subject
in need subsequent to the mobilization of hematopoietic stem cells in step (a); and

¢) treating cancer in the subject in need.

154



66.

07.

68.

69.

CA 03165462 2022-7-20

WO 2021/239308 PCT/EP2021/059070

The method according to claim 64, wherein the mobilization of hematopoietic stem

cells in the subject in need comprises the administration of G-CSF and/or Plerixafor.

A method for expressing a transgene in the brain and/or CNS of a subject, the method
comprising the steps of:

a) genetically modifving a hematopoietic stem cell and/or a population of enrnched
CD34-positive bone marrow cells, the modification step comprising a step of contacting
the hematopoietic stem cell and/or the population of enriched CD34-positive bone
marrow cells with the viral vector according to any one of claims 1 to 26; or genetically
modifying a myeloid cell and/or a population of enriched myeloid cells, the
modification step comprising a step of contacting the myeloid cell and/or the population
of enriched myeloid cells with the viral vector according to any one of claims 1 to 28;

b) administering the genetically modified cells from step (a) intravenously to the subject
in need; and

¢) expressing the transgene encoded by the viral vector in the brain and/or CNS of the

subject.

The method according to claim 66, wherein the hematopoietic stem cell and/or the
population of enriched CD34-positive bone marrow cells; or wherein the myeloid cell
and/or the population of enriched myeloid cells has been obtained from the subject or

from a foreign donor.

A method for expressing a transgene in the brain and/or CNS of a subject, the method
comprising the steps oft

a) mobilizing hematopoietic stem cells in the subject;

b) administering the viral vector according to any one of claims 1 to 28 intravenously to
the subject in need subsequent to the mobilization of hematopoietic stem cells in step
{a); and

¢) expressing the transgene encoded in the viral vector in the brain and/or CNS of the

subject.

The method according to claim 68, wherein the mobilization of hematopoietic stem

cells in the subject comprises the administration of G-CSF or Plerixafor.
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The method according to any one of claims 66 to 69, wherein the method comprises an
additional step of reducing the integrity of the blood-brain-barrier, in particular wherein
reducing the integrity of the blood-brain-barrier comprises a bone marrow conditioning

therapy, a CNS conditioning therapy, and/or a blood-brain-barrier conditioning therapy.

The method according to claim 70, wherein the therapy that reduces the integrity of the
blood-brain-barrier is performed prior to the administration of the genetically modified
cells to the subject in need, in particular wherein the time interval between the therapy
that reduces the integrity of the blood-brain-barrier and the administration of the
genetically modified cells is carried out after the therapy that reduces the integrity of the

blood-brain-barrier,

A method for treating a disease or disorder which has its origin or a manifestation in the
brain or is brain based in a subject in need, the method comprising the steps of:

a) administering the viral vector according to any one of claims | to 28 into the brain of
the subject in need or intrathecally; and

b) treating a disease or disorder which has its origin or a manifestation in the brain or is

brain based in the subject in need.

The viral vector according to claim 72, wherein the viral vector is an AAV-based viral

vector.
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FIG. 11 A

THP-1 cells {differentiated)
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FIG.11 B

THP-1 cells {differentiated)
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FIG.12 A-B
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FIG.13 A
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FIG.13 B
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FIG.14 A

Restoration of GRN secretion
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FIG.14B-C

Mean (MFI/VCN)

300

250

200

150

100

50

Mean (GRN (ng) / (% GFP * VCN))

21/29

CA 03165462 2022-7-20



WO 2021/239308

PCT/EP2021/059070
FIG.15 A-C
Comp-GFP+
0O73
s 1 ]
wt w0°
Comp-FITC-A
Comp-GFP+
070
i L]
1* w®
CompFITC-A
0K Comp-GFP+
138
150K =
=
%
100K
50K =
[
¥ ]
w0t 10°

Comp-FITC-A

22/29

CA 03165462 2022- 7- 20 SUBSTITUTE SHEET (RULE 26)



CA 03165462 2022-7-20

WO 2021/239308

FIG.15 D-F
K = Comp-GFPe
030
150K~
<
8 10 =
HK »
L.
£ ] i
nt 105

SEC-A

WOK +=

0K =

200K ™

180K

SSC-A

100K =

Comp-FITC-A

23/29

SUBSTITUTE SHEET (RULE 26)

PCT/EP2021/059070



WO 2021/239308 PCT/EP2021/059070

FIG.16

% positive monocytes upon differentiation of transduced
CD34+cells
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FIG.18

Transduction of CD34+ cells {3x)
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FIG.20

GFP expression / VCN in Myeloid cells
(CD11b+/CD14+) obtained {day 7) from
transduced hum CD34+ bone marrow cells
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