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TREATMENT OF CANCER ASSOCIATED WITH VARIANT NOVEL OPEN READING FRAMES

CROSS-REFERENCE TO RELATED APPLICATIONS
This application ciaims the benefit of L. 8. Provisional Application No. 63/126,371 filed on

December 16, 2020, which is incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION
Many cancers are caused by genetic mutations thatl present, at face, {0 be benign to the gene
or the canonical protein encoded by the gene that is associated with the cancer. Thus, it is unclear
how certain benign genetic variants contribute 1o cancer pathology under these circumstances.
Furthermore, as it is unclear how these mutations contribute to the underlying cancer pathaology,
providing an effective therapeutic remains a challenging endeavor. Accordingly, new methods of
diagnosis and treatment are nesded o betier understand how thasa benign variants cause a wide

range of cancers.

SUMMARY OF THE INVENTION

in one aspect, the invention features a method of treating a cancer in a subject by identifying
a sequence variant of a novel open reading frame (ORF) and a cancer associated therewith,
wherein the sequence of the nORF is distinct from a canonical open reading frame (cORF) of a gene.
The nORF is present in (i} an overiapping region of the cORF in an alternate reading frame, (i} a &
untranstated region (UTR) of the cORF, (iii} a 3 UTR of the cORF, (v} an intronic region of the cORF,
{v) an intergenic region of the cORF, or {vi} a region not associated with the cORF or the gene, and
wherein the variant nORF has increased expression relative to the nORF. The method further
includes administering to the subject an inhibitor that reduces expression of the variant nORF to treat
the cancer.

in ancther aspect, the invention {satures a method of trealing a cancer in a subject by
administering {o the subject an inhibitor that reduces expression of a variant nORF. The subject may
have previously been identified with a sequence variant of the nORF and a cancar associatad
therewith, wherein the sequence of the nORF is distinct from a ¢cORF of a gene, wherein the nORF is
present in (i) an overlapping region of the cORF in an alternaie reading frame, (i} a 5 UTR of the
cORF, or (vi) a region not associated with the CORF or the gene, and wherein the variant nORF has
increased expression relative to the nCRF.

in some embodimeants of either of the foregoing aspects, the methoed reduces exprassion of
the nORF, e.g., by at least 5%, 10%, 15%, 20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%,
97%, or 89%. The nORF may exhibit an increase (e.g. by at least 5%, 10%, 15%, 20%, 25%, 30%,
40%, 50%, 60%, 70%, B0%, 90%, 100%, 200%, 300%, 400%, 500%, or mare) in expression, e.¢., as
compared o the WT nORF or as compared to the variant nORF in normal {(e.g., noncancerous)

tissue.
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in some embodimeants of either of the above aspects, the inhibitor is a small molecule, a
polynucieotide, or a polypeptide. The polynuclectide may include, 2.g., a miRNA, an antissnse RNA,
an shRNA, or an siRNA. The polypeptide may include, e.g., an antibody or antigen-binding fragment
thereof (e.g., an scFv).

in some embodiments, the inhibitor is encoded by a vector, such as a viral vector. The viral
vector may be selected, for example, from the group consisting of a Retraviridas family virus, an
adenovirus, a parvovirus, a coronavirus, a rhabdovirus, a paramyxovirus, a picornavirus, an
alphavirus, g herpes virus, and a poxvirus. The parvovirus viral vector may be, for example, an
adeno-associated virus (AAV) vector.

in some embodimants, the viral vecior is a Retroviridae family viral vector (e.g., & lentiviral
vector, an alpharetroviral vector, or a gammaretroviral vecior). The Retroviridae family viral vector
may inciude, e.g., one or more of the foliowing: a central polypurine tract, a woodchuck hepatitis virus
posi-transcriptional regulatory element, a §'-LTR, HiV signal sequance, HIV Psi signal 5'-splice site,
delta-GAG slement, 3'-splice site, and a 3'-self inactivating LTR.

in some embodimants, the viral vecior is a pseudolyped viral vector. The pseudotyped viral
vector may be selected, for example, from the group consisting of a pssudotyped adenovirug, a
pseudotyped parvovirus, a pseudotyped corcnavirus, a pseudotyped rhabdovirus, a pseudotyped
paramyxovirus, a pseudotypead picornavirus, a pseudotypad alphavirus, a pseudotyped harpes virus,
a pseudotyped poxvirus, and a pseudotyped Retroviridae family virus., The pseudotyped viral vector
may be, e.g., a lentiviral vector,

in some embodimeants, the pseudotyped viral vector includes one or more envelope proteins
from a virus selected from vesicular stomatitis virus (VSV), RD114 virus, murine lsukemia virus
(MLV}, feline leukemia virus (FelV), Venezuelan equine encephalitis virus (VEE)}, human foamy virus
(HFV), walleye dermal sarcoma virus (WDSV), Semliki Forest virus {SFV), Rabies virus, avian
leukosis virus {ALV), boving immunodeficiency virus (BIV), bovine leukemia virus (BLV), Epstein-Barr
virus (EBV), Gaprine arthritis encephalitis virus {CAEV), Sin Nombre virus (SNV), Cherry Twisted Leal
virus (ChTLV), Simian T-cell leukemia virus (STLV), Mascon-Pfizer monkey virus (MPMV), squirre
monkeay retrovirus (SMRV), Rous-associaled virus (RAV), Fujinami sarcoma virus (FuSVY), avian
carcinoma virus (MH2), avian encephalomyelitis virus (AEV), Alfa mosaic virus (AMV), avian sarcoema
virus CT10, and equine infectious anemia virus (EIAV).

in some embodiments, the pseudotyped viral vector includes a VSY-G envelope protain.

in ancther aspect, the invention fealures a method of treating a cancer in a subject by
identilying a sequence variant of a nORF and a cancer associated therewith, wharein the sequence of
the nORF is distinct from a ¢cORF of a gene. The nORF is present in (i) an overlapping region of the
cORF in an alternate reading frame, (i) a 5 UTR of the cORF, (iil} a 3 UTR of the ¢cORF, (iv) an
intronic region of the cORF, (v) an intargenic region of the cORF, or {vi} a region not associated with
the cORF or the gene, and wherein the variant nORF has decreased expression relative {0 the nORF.
The method further includes administering to the subject an activator that increases expression of

variant nORF to treat the cancer.
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in ancther aspect, the invention features a method of treating a cancer in a subject by
adrninistering to the subject an activator that increases expression of a variant nORF. The subject
may have previcusly been identified with a sequence variant of the nORF and a cancer associated
therewith, wherein the sequence of the nORF is distinct from a cORF of a gane, wherein the nORF is
present in (i) an overlapping region of the cORF in an alternate reading frame, (i) 2 5 UTR of the
cORF, (i) a 3 UTR of the cORF, (iv) an intronic region of the cORF, (v) an intergenic region of the
cORF, or (vi) a region not associated with the cORF or the gens, and wherein the variant nORF has
decreased expression relative 1o the nORF.

in some embodiments of either of the foregoing aspects, the method increases expregsion of
the nORF, e.g., by at least 5%, 10%, 15%, 20%, 25%, 30%, 40%, 50%, 80%, 70%, 80%, 30%, 100%,
200%, 300%, 400%, 500%, or more. The nORF may exhibit a decrease {&.g., by at least 5%, 10%,
15%, 20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 87%, or 99%,) in expression, e.g., as
compared 1o the WT nORF or as compared to the variant nORF in normal (e.g., noncancerous)
tissue.

in some embodiments, the activaler is a small molecuie, a polynuclectide, or a polypeptide.
The polynuciactide may include, e.g., an antisense BNA. The polypeptide may include, e.¢., an
antibody or antigen-binding fragment thereof (e.g., an scFv}.

n some embodiments, the aclivator is encodad by a vedtor, such as a viral vector. The viral
vactor may be selected, for sxample, from the group consisting of a Retroviridae family virus, an
adenovirus, a parvovirus, a coronavirus, a rhabdovirus, a paramyxovirus, a picernavirus, an
alphavirus, a harpes virus, and a poxvirus. The parvovirus viral vector may be, for exampie, an AAY
vector.

fn some embodiments, the viral vector is a Retroviridas family viral vector (e.g., a lentiviral
vector, an alpharetroviral vector, or a gammaretroviral vector). The Retroviridae family viral vector
may inciude, &.g., one or more of the following: a central polypurine tract, 8 woodchuck hepatitis virus
post-transcriptional regulatory element, a §-LTR, HIV signal sequence, HIV Psi signal 5'-gplice site,
delta-GAG element, 3-splice site, and a 3'-self inactivating LTR.

fn some embodiments, the viral vector is a pseudotyped viral vector. The pseudotyped viral

ector may be selected, for example, from the group consisting of a pseudotyped adenovirus, a
psaudotypad parvovirus, a pseudotyped corgnavirus, a pseudotyped rhabdovirus, a pseudotypad
paramyxovirus, a pseudotyped picornavirus, a pseudotyped alphavirus, a pseudotyped herpeas virus,
a pseudolyped poxvirus, and a pseudotyped Retroviridae family virus. The pseudotyped viral vector
may be, e.g., a lentiviral vector.

in some embodimants, the pseudolyped viral vector includes one or maore envelope proteins
from a virus selected from VSV, RI2114 virus, MLV, FelV, VEE, HFV, WDSYVY, SFV, Rabies virus,
ALV, BiV, BLV, EBV, CAEV, SNV, ChTLV, STLV, MPMV, SMRYV, RAV, FuSV, MH2, AEVY, AMV,
avian sarcoma virus CT10, and EIAV.

fn some embodiments, the pseudotypad viral vactor includes a VSV-G envelope protein.

in ancther aspect, the invention features a method of treating a cancer in a subject by

identifying a seguence variant of a nORF and a cancer associated therewith, wherein the sequence of
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the nORF is distinct from a ¢cORF of a gene. The nORF is present in (i) an overlapping region of the
cORF in an alternate reading frame, (i) a 5 UTR of the cORF, (i) a 3 UTR of the ¢ORF, (v} an
intronic region of the cORF, (v) an intargenic region of the cORF, or {vi} a region not associated with
the cORF or the gene, and wherein the variant nORF has decreased expression relative {0 the nORF.
The method further includes providing a protein encoded by the nORF to the subject treat the cancer.

in ancther aspect, the invention featuras a method of treating a cancer in a subject by
providing a protein encoded by a nORF to the subject. The subject may have previcusly baen
identified with a sequence variant of the nORF and a cancer asscciated therewith, wherein the
sequence of the nORF is distinct from a ¢cORF of a gene, wherein the nORF is present in (i} an
overlapping region of the cORF in an alternate reading frame, (il) a 5 UTR of the cORF, (i) a 3 UTR
of the ¢cORF, (v} an intronic region of the ¢ORF, (v} an intergenic region of the cORF, or (vi} a region
not asscociated with the cORF or the gene, and wherein the variant nORF has decreased expression
rafative to the nORF.

in some embodiments of aither of the foregeing aspects, the method includes restoring the
encoded protein product of the WT nORF without the sequence variant. The method may inciude,
2.9.. providing the protein product or a polynuclectide encoding the proiein product. The method may
include, e.g., providing a vector (e.g., a viral vector} inciuding the polynuclectide encoding the protein
product,

in some embodiments, the viral vector may be selected, for example, from the group
consisting of a Retroviridae family virus, an adenovirus, a parvovirus, a coronavirus, a rhabdovirus, a
paramyxovirus, a picornavirus, an alphavirus, a herpes virus, and a poxvirus. The parvovirus viral
vector may be, for example, an adeno-associated virus {AAV) vector.

fn some embodiments, the viral vector is a Retroviridas family viral vector (e.g., a lentiviral
vector, an alpharetroviral vector, or a gammaretroviral vector). The Retroviridae family viral vector
may inciude, for example one or maore of the following: a central polypurine tract, a woodchuck
hepatitis virus post-transcriptional reguiatory element, a 5-LTR, HIV signal sequence, HIV Psi signal
&'-gplice site, delta-GAG slement, 3'-splice site, and a 3'-self inactivating LTR.

in some embodiments, the viral vector is a pseudotyped viral vector. The pseudotyped viral

ector may be selected, for example, from the group consisting of a pseudotyped adenovirus, a

psaudotypad parvovirus, a pseudotyped corgnavirus, a pseudotyped rhabdovirus, a pseudotypad
paramyxovirus, a pseudotyped picornavirus, a pseudotyped alphavirus, a pseudotyped herpeas virus,
a pseudolyped poxvirus, and a pseudotyped Retroviridae family virus. The pseudotyped viral vector
may be, for example, a lentiviral vector.

in some embodimeants, the pseudotyped viral vector includes one or more envelope proteins
from a virus selected from VSV, RI2114 virus, MLV, FelV, VEE, HFV, WDSYVY, SFV, Rabies virus,
ALV, BiV, BLV, EBV, CAEV, SNV, ChTLV, STLV, MPMV, SMRYV, RAV, FuSV, MH2, AEVY, AMV,
avian sarcoma virus CT10, and EIAV.

fn some embodiments, the pseudotypad viral vactor includes a VSV-G envelope protein.

in some embodimants of any of the above aspects, the enceded protein product of the nORF
is less than about 100 amino acids.
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in some embodiments, the method further includes performing a statistical analysis between
the variant in the nORF and the cancer. The statistical analysis may measure a positive or negative
asscciation hetween the variant in the nORF and the cancer.

in some embodiments, the cancer is stomach adenccarcinoma. In some embodiments, the
cancer is jung adenoccarcinoma.

in some embodimants, the nORF has at least 80%, 85%, 90%, 85%, 97%, or 39% identity (o
SEQ 1D NO: 1. For example, the nORF may have the sequence of SEQ ID NO: 1. In some
emboediments, the nORF has at isast 80%, 85%, 30%, 95%, 97%, or 89% identity to SEQ 1D NC: 2.
For example, the nORF may have the sequence of SEQ ID NO: 2.

in some embodimants, the nCRF is not HOXB-AS3.

in some embodimeants, the cancer is not colorectal cancer.

in some embodiments, the nORF is not PINT87aa (LINC-PINT}.

n some embodiments, the cancar is not glioblastoma.

in some embodimants, the small molecule is N

in some embodimeants, the small moleculs is G

in some embodimants, the small molecule is

DEFINITIONS

As used herein, a "novel open reading frame” or "'nORF” refers to an open reading frame that
is transcribed in a cell and consisis of a sequence that is distinct from a cancnical open reading frame
{CORF) transcribed from a gene. The nORF may be present in (i} an overlapping region of the cORF
in an alternate reading frame, (ii) a 5 untransiated region (UTR) of the cORF, (il) a 3 UTR of the
cORF, (iv) an intronic region of the cORF, (v) an intergenic region of the cORF, or {vi) a ragion not
associatad with a ¢cORF or the gene. The nORF may be any unannotated genetic sequence that is
franscribed in a cell.

As used herein, a "canocnical open reading frama” or "cORF” refers to an open reading frame
that is transcribed in a cell and its associated genetic slements, including the 5 UTR, the 3 UTR, the
intronic regions, the exonic regions, and the intergenic regions Hlanking the gene comprising the
cORF. A cORF includes either the primary open reading frame that is expressed from a gene, the

maost abundantly expressed open reading frame expressed from a gene, or an ORF that is annotated
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in a publicly available database as the primary and/or most abundantly expressed open reading frame

from a gene.

BRIEF DESCRIPTION OF THE DRAWINGS

FiG. 1 is a graph showing nORFs that are dysregulated in cancer. Analysis of Xena's TCGA-
TARGETY-GTEX dataset to study the expression of the 14 probable 'cancer markers’ which are
axpressed differentially in 18 cancers. These 14 markers are non-protein-coding transcripts that
ranslate low-noise nORFs in 11 cell lines as observed from analyzing the ribo-ORF datasets from
RPFdb. Shown are transcripts that are not expressed in both the tumor and matched normal
samples; transcripts that are not expressed cnly in twmor samples; transcripts that are exprassed only
in twmor samplas; no differantial exprassion of transcript between the tumor and normal samples; and
differential expression of transcript between the tumor and normal samples (a transcript is defined to
be expressed if it has non-zero exprassion in al least 25% of the samples).

FiG. 2 is a set of structures showing compounds 8462, 1491, and 1355 in complax with the
predicted struciure of nORF ENSTO0000427352.1.

DETAILED DESCRIPTION

Daescribed herein are mathods of diagnosing and treating a cancer associated with a genstic
variant. Many cancers are caused by a seemingly benign mutation, e.g., in a gene, that is asscciated
with the cancer. However, it was previously unclear how certain benign genetic variants contribute o
cancar pathology. The present invention is premised, in part, upon the discovery that certain genetic
variants are also present in a novel open reading frame (nORF) that is distinct from a canonical open
reading frame (CORF) of the gane. In these instances, the genetic variant imparts a deleterious effect
on the nORF, with or without substantially impacting the protein encoded by the cORF. In particular,
the present invention feaiures methods of treating cancer associated with a variant nORF in which the
mutation causes differential expression (s.g., increassd or decreased exprassion) of the nORF.
When the mutation causes increased or decreased expression, the gene product encoded by the
variant nORF is increased or decreased as comparad o the WT nORF. Howevar, the variant may
have no substantial effect on the ¢cORF as the mutation may be conservative or silent to the gene or
the protein encoded by the cORF, if the mutation is presant within the cORF. The methods of

diagnosis and treatment are described in more detall below.

Methods of Diagnosis

Genetic testing offers one avenue by which a patient may be diagnosed as having or is at risk
of developing a particular cancer. For example, a genetic analysis can be used to determing whether
a patient has a mutation in an endogenous gene associated with a cancer. The mutation may be
present in any region of the gene, such as within the cORF, a % untransiated region (UTR) of the
cORF, a 3 UTR of the cORF, an intronic region of the cORF, or an interganic region of the cORF,
The mutation is also present in an nORF. The nORF may be present within an overlapping region of

the cCRF in an alternats reading frame, a § UTR of the ¢cORF, a 3 UTR of the cORF, an intronic
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region of the cORF, or an intergenic region of the cORF. The nORF may be present in a regicn that
is not associated with the ¢ORF or the gene.

Exempiary genetic tests that can be used to determine whether a patient has such a mutation
in the gene or the nORF include polymerase ¢hain reaction (PCR) methads known in the art, such as
DNA and BNA sequencing. In some embodiments, the subject is identified as having a certain
mutation in a gane, and this mutation may be annotaiad in a publicly available database as being
associated with a certain cancer. nORF seguances may be identified de nove, e.g., using
computational or statistical methods. Furthermore, nORF sequences may be identified from publicly
available databases in genomic sequences in which the nORF was not previously identified and/or
annotated as a sequence that was expressed and/or transiale

ORF sequences may be identifiad as being linked 10 a particular cancer by using a statistical
analysis between the variant in the nORF and the cancer. The statistical analysis may, for example,
measure a positive or negative association beiween the variant in the nORF and the cancer {ses,
e.g., Exampia 1). To examine the functional importance of a nORF separataly from a canonical
coding sequence, variant frequencies from datasets, such as the Genome Aggregation Dalabase,

may be usad.

Methods of Treatment

The invention features meathods of treating a subject having a cancer associated variant in an
nORF that causes differential expression {(e.g., increased or decreased expression). The variant
nORF may exhibit an increase {8.g. by at least 8%, 10%, 15%, 20%, 25%, 30%, 40%, 50%, 60%,
70%. 80%, 90%, 100%, 200%, 300%, 400%, 500%, or more} in expression, e.¢., as compared to the
WT nORF or as comparad to the variant nORF in normal (e.g., noncancercus) tissug. The variant
nORF may exhibit a decrease {(g.q., by at least 5%, 10%, 158%, 20%, 25%, 30%, 40%, 50%, 60%,
70%, 80%, 90%, 95%, 37%, or 99%;) in exprassion, e.¢., as compared o the WT nORF or as
compared to the variant nORF in normal (e.g., noncancerous) tissua. The subject may be first
determined to have the variant and then may be subseguently be treated for the cancer. The subject
may have previously been determined {o have the variant and is then treated for the cancer. The
treatment varias according to the variant nORF associated with the cancer. For example, t
treatment may include an inhibitor that targets the variant nORF to decrease (e.g., by at least 5%
10%, 15%, 20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 85%, 97%, or 89%) expression of an
upregulated variant nORF. The treatment may include an activator that targets the variant nCRF to
increase (e.g., by at least 5%, 10%, 15%, 20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%,. 90%, 100%
200%, 300%, 400%, 500%, or more) expression of a downregulated variant nORF. Alternatively, or
in agdition, the treatment may include providing the WT nORF or a proiein encoded by the WT nORF

without the sequence variant to restore levels of the nORF.

inhibitors
The metheds of treatment and diagnosis described herein may include providing an inhibitor

that targets the variant nORF. The inhibitor may reducs (e.g., by at least 5%, 10%, 15%, 20%. 25%,
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30%, 40%, 0%, 80%, 70%, 80%, 90%, 95%, 97%, or 98%) an amount or activity of the variant
nORF, such as to prevent the deleterious effect of the variant nORF. Tha inhibitor may target the
polynucieotide containing the nORF or the protein encoded by the nORF. The inhibitor may be, for
example, a small molecule, a polynuclectide, or a polypeptide. Suitable small molecuies may be
determined or identified, for example, by using computational analysis based on the structure of the
variant nORF as determined by a protein folding algorithm. The small malecule may target any region
of the variant nORF. The srnall molacule may target the nORF or the protein encoded by the nORF.
Suitable polypeptides for reducing an activity or amount of the variant nORF include, for example, an
antibody or antigen-binding fragrment thereof that binds to the varlant nORF (e.g., a single chain
anticody or antigen-binding fragment thereof). Suitable polynuclectides that can reduces an amount or
activity of the variant nORF include RNA. For exarnple, an BRNA for reducing an activity or amount of
the variant nORF may be, for example, a miRNA, an antisense RNA, an shRNA, or an siRNA. The
miRNA, antisense BNA, shRNA, or siRNA may target a region of RNA {e.q., variant nORF gene) 1o
raduce expression of the variant nORF. The polynucleotide may be, e.g., an aptamer, e.g., an BNA
aptamer that binds to and/or reduces an amount and/or activity of the variant nORF or the protein
encoded by the variant nORF. The inhibitor may be provided directly or may be providad by a vector
{e.g., a viral vector) encoding the inhibitor. The inhibitor may be formulated, e.g., in a pharmaceutical
compaosition containing a pharmaceutically acceptable carrier. The compuosition can be administered
by any suitable method known in the art to the skilled artisan. The composition {e.g., avector,e.g., a

viral vecter) may be formulated in a virus or a virus-like particle.

Nucleic Acid Mediated Knockdown

Using the compositions and methods described herein, a patient with a cancer may be
administered an interfering RNA molecule, a compaosition containing the same, or a vector encoding
tha same, $0 as (o reduce or suppress the expression of g variant nORF. Exemplary interfering RNA
molecules that may be used in conjunclion with the compaositions and mathods described herein are
siRNA maolecules, miRNA molecules, shRNA molecules, and antisense RNA molecules, among
othars. Inthe case of siRNA molecules, the siRNA may be single strandad or double stranded.
miRNA molecules, in contrast, are single-stranded molecules that form a hairpin, thereby adopting a
hydragen-bonded struciure reminiscent of a nucleic acid duplex. In either case, the interfering RNA
may contain an antisense or “guide” strand that anneals {e.g., by way of complementarity) to the
repeat-expanded mutant RNA farget. The interfering RNA may also contain a "passenger” strand that
is complementary to the guide strand and, thus, may have the same nucleic acid sequence as the
RNA target.

siRMNA s a class of short (e.g., 20-25 nt) double-stranded non-cading RNA that cparates
within the RNA interference pathway. siRNA may interfere with expression of the variant nORF gene
with complementary nuclectide sequencas by degrading mRNA (via the Dicer and RiSC pathways)
after transcription, thereby preventing translation. miRNA is another short (e.g., about 22 nuclectides)
non-coding BNA molecule that functions in RNA silencing and post-transcriptional regulation of gene

aexpression. miBNAs function via base-pairing with complementary sequences within mRNA
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molecules, thereby leading fo cleavage of the mBNA strand into two pieces and destabilization of the
mRNA through shortening of its poly(A) tail. shRNA is an artificial RNA molecule with a tight hairpin
turn that can be used to silence {arget gene expression via RNA interference. Antisense RNA are
also short single stranded molecuies that hybridize to a target RNA and pravent translation by
occiuding the transiation machinery, thereby reducing expression of the target (e.g., the variant
nORF).

Antibody Mediated Knockdown

Using the compositions and methods described herein, a patient with a cancer may be
provided an antibody or antigen-binding fragment thereof, a compaosition containing the same, a
vector encoding the same, or a compaosition of calls containing a vector encoding the same, s0 asio
suppress or reduce the activity of the variant nORF. In some embodiments of the compasitions and
methods described herain, an antibody or antigen-biding fragment thereof may be used that binds {0
and reduces or gliminates the activity of the variant nORF. The antibody may be, for example,
monocional or polycional. In some embodiments, the anfigen-binding fragment is an antibody that
lacks the Fc portion, an F{ab')2, a Fab, an Fv, or an sckv. The antigen-binding fragment may be an
schv.

One of erdinary skill in the art will appreciate that an antibody may inciude four polypeptides:
two identical copies of a heavy chain polypeptide and two copies of a light chain polypeptide. Each of
the heavy chains contains one N-terminal variable (Vn) region and three C-terminal constant (CH1,
CH2 and CH3) regions, and sach light chain contains one N-terminal variable (V1) ragion and one G-
terminal constant (Cu) region. Thus, one of skill in the art would appreciate that as described hersin, a
vactor that includes a transgene thal encodes a polypeptide that is an antibody may be a single
fransgene that encodes a plurality of polypeptides. Also contemplated is a vector that includes a
plurality of transgenes, sach transgene encoding a separate polypeptide of the antibody. Al
variations are contemnplaied herein. The variable regions of each pair of light and heavy chains form
the antigen binding site of an antibody. The fransgene which encedes an antibody directed against
the variant nORF can include one or more fransgena sequences, each of which encodes one or maore
of the heavy and/or light chain polypeptides of an antibody. in this respact, the fransgene sequence
which encodes an antibody diraclted against the variant nORF can include a single transgene
sequence that encodes the two heavy chain polypeptides and the two light chain polypeptides of an
antibedy. Alternatively, the fransgene sequence which encodes an antibody directed against the
variant nORF can include a first transgens seguence that encodses both heavy chain polypeptides of
an antibody, and a second transgene sequence that encodes both light chain polypeptides of an
anticody. In yet ancther embodimeant, the transgene seguence which encodes an antibody can
include a first transgene sequence encoding a first heavy chain polypeptide of an antibody, a second
transgensa sequenca encoding a second heavy chain polypeptide of an antibody, a thirg transgens
saquence encoding a first light chain polypeptide of an antibody, and a fourth transgene sequence

ancoding a second light chain polypeptide of an antibody.
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in some embodimeants, the transgene that encodes the antibody includes a single open
reading frame encoding a heavy chain and a light chain, and each chain is saparated by a protease
cleavage site.

in some embodiments, the transgene encades a single open reading frame encoding both
heavy chains and both light chains, and each chain is separate by protease cleavage site.

in some embodimants, fulllength antibody expression can be achieved from a single
fransgene cassetie using 2A peptides, such as foot-and-mouth disease virus (FMDV) equine rhinilis
A, porcine teschovirus-1, and Thosea asigna virus 24 peptides, which are used to link two or more
genes and allow the translated polypeptide to be self-cleaved into individual polypeptide chains (s.g.,
heavy chain and light chain, or two heavy chains and two light chains). Thus, in some embodiments,
the fransgene encodes a 2A peptide in between the heavy and light chains, optionally with a flexible
linker flanking the 2A peptide (2.g., GSG linker}. The transgene may further include one or more
enginaered cleavage sequenceas, e.¢., a furin cleavage seguence to ramove the 2A peptide residues
attached o the heavy chain or light chain. Exemplary 2A peptides are described, e.g., in Chng at al
MAbhs 7. 403-412, 20115, and Lin et al. Front. Plant Sci. 9:1378, 2018, the disclosures of which are
hereby incorporated by reference in their entirety.

in some embodiments, the antibody is a single-chain antibody or antigen-binding fragment

thereof expressed from a single transgena.

Activators
The methods of treatment and diagnosis described herein may include providing an activator

that targets the variant nORF. The activator may increase {(e.g., by at least 5%, 10%, 15%, 20%,
25%, 30%, 40%, 50%, 80%, 70%, 80%, 80%, 100%, 200%, 300%, 400%, 500%, or more} an amount
or activity of the variant nORF, such as to prevent the deleterious efiect of the variant nORF. The
activator may target the polynucleotide containing the nORF or the protein encedad by the nORF.
The activaior may be, for example, a small molecule, a polynuclactide, or a polypeptids. Suitabls
small molecules may be determined or identified, 2.q., by using computational analysis based on the
structure of the variant nORF as determined by a wrotein folding algorithm. The small molecule may
target any region of the variant nORF. The small molecule may target the nORF or the profein
encoded by the nORF. Suitable polypeptides for increasing an activity or amount of the variant nORF
include, for exampie, an antibody or antigen-binding fragment thereof that binds to the variant nORF
{2.g., a single chain antibody or antigen-binding fragment thereof). Suilable polynuciectides that can
increase an amournt or activity of the variant nORF include BNA. For example, an RNA for increasing
an activity or amount of the variant nORF may be, for example, an antisense RNA. The antisense
RNA may target a region of RNA {(e.qg., variant nORF gene) upstream of the primary nORF apen
reading frame to reduce expression of the upstream nORFs, thereby dedicating the translation

rachinery to the primary nORF in order to increase expression of the variant primary nORF. The
polynucisotide may be an aptamer, e.g., an BNA aptamer that bindsg to and/or increases an amount
and/or activity of the variant nCRF or the protein encoded by the variant nORF. The activator may be

provided directly or may be provided by a vector (s.9., a viral vector) enceding the activator. The
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activator may be formulated, e.¢., in a pharmaceutical composition containing a pharmaceutically
acceptable carrier. The composition can be adminisiered by any suitable method known in the artto
the skilled artisan. The composition {e.g., a vector, e.g., a viral vector) may be formulated in a virus or

a virus-like particle.

nORF Heplacement

The present invention also features methods of treating a cancer by administering or
providing a WT nORF or a protein encoded by the WT nQORF. The therapy may restore the encoded
protein product of the WT nORF without the sequence variant, such as to replace the WT nORF that
is no longer present due to the mutation. The therapy may include, for example, providing the protein
praduct or a polynucleotide encading the protein product. The method may include providing a vector
{e.g., a viral vector) that encodes the protein product. Alternatively, the protein encoded by the nORF

ray be administered directly, e.g.. as an enzyme replacement therapy. The WT nORFora

polynucisotide encoding the WT nORF (s.g., a vactor, e.g., a viral vector) may be formulated, e.g., in
a pharmaceutical composition containing a pharmaceutically acceptable carrier. The compasition can
be administered by any suitable method kKnown in the art to the skilled artisan. The composition may
be formulated in a virus or a virus-like particle.

fn some embodiments, the length of the WT nORF is less than about 100 amino acids (e.qg.,
from about 50 to 100, 50 to 20, 50 to 80, 60 to 86, 60 to 80, 70 to 100, 70 to 30, 70 to 80, 80 to 100,

or 90 to 100 amino acids).

¥Yiral Vectors for Expression

Viral genomas provide a rich source of vectors that can be used for the efficient delivery of
exogenous genes into a mammalian cell. The gene to be delivered may include, for example, an
activator or inhibiter that targets a variant nORF, such as an RNA {g.g., an aptamer, a miRNA, an
antisense RNA, an shBNA, or an siRNA). Alternatively, the gene 1o be deliversd may include the WT
nCRF for replacemeant. Viral genomes are particularly ussful vectors for gene delivery as the
polynucieotides contained within such genomeas are typically incorporated into the nuclear genome of
a mammalian cell by generalized or specialized fransduction. These processes occur as part of the
natural viral repiication cycle, and do not require added prataing or reagents in order 1o induce gene
integration. Examples of viral vectors are a retrovirus {e.q., Retroviridae family viral vector),
adenovirus (e.g., Ad5, AdZ26, Ad34, Ad3E, and Ad48), parvovirus {(e.g., an adenoc-associated viral
(AAV) vecior), coronavirus, negative strand BNA viruses such as orthomyxovirus (e.g., influenza
virus), rhabdovirus (2.g., rabies and vesicular stomatitis virus), paramyxovinus (e.qg. measles and
Sendal), positive strand RNA viruses, such as picornavirus and alphavirus, and double stranded DNA
viruses including adenovirus, herpesvirus (e.g., Herpes Simplex virus types 1 and 2, Epstein-Barr
virus, cylomegalovirus), and poxvirus (e.¢., vaceinia, maogdified vaccinia Ankara (MVA), fowlpox and
canarypox). Other viruses include Norwalk virus, togavirus, flavivirus, reoviruses, papovavirus,
hepadnavirus, human papilloma virus, human foamy virus, and hepatitis virus, for example.

Examples of retroviruses are: avian leukosis-sarcoma, avian C-type viruses, mammalian C-type, B-
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type viruses, D-type viruses, oncoretroviruses, HTLV-BLV group, lentivirus, alpharetrovirus,
gammaretrovirus, spumavirus (Colfin, J. M., Retroviridae: The viruses and their replication, Virclogy,
Third Edition (Lippincott-Raven, Philadeiphia, (1898))). Other examples are murine leukemia viruses,
MUrine sarcoma viruses, mouse mammary twmaor virus, bovine leukemia virus, felineg lsukemia virus,
feline sarcoma virus, avian leukemia virus, human T-cell leukemia virus, baboon endogenous virus,
Gibbon ape leukemia virus, Mason Plizer monkey virus, simian immunadeficiency virus, simian
sarcoma virus, Rous sarcorma virus and lentiviruses. Other examplss of vectors are describaed, for
example, in McVey et al., (LS 5,801,030), the teachings of which are incorporated herein by

reference.

Retroviral vectors

The delivery vector used in the methods described herein may be, for example, a retroviral
vactor. One type of retroviral vector that may be used in the methods and compositions described
herein is a lentiviral vecior. Lentiviral vectors (LVs), a subset of retroviruses, transduce a wide range
of dividing and non-dividing cell types with high efficiency, conferring stable, long-term expression of
the transgene encoding the polypeptide or RNA. An overview of optimization strategiss for packaging
and transducing LVs is provided in Delenda, The Journal of Gene Medicine §: $125 (2004), the
disclosure of which is incorporated herein by reference.

The use of lentivirus-based gens {ransfer techniques relies on the in vitro production of
recombinant lentiviral particies carrving a highly deleted viral genome in which the agent of interest is
accommodaied. In particular, the recombinant lentivirus are recovered through the in trans
coaxpression in a permissive cell line of {1) the packaging constructs, i.e., a vector expressing the
Gag-Pol precursors together with Rev {alternatively exprassed in trans); (2) a vector expressing an
envelope receptor, generally of an heterologous nature; and (3) the transfer vector, consisting in the
viral cDNA deprived of all open reading frames, but maintaining the sequences required for
replication, encapsidation, and expression, in which the sequences 1o be expressed are inserted.

A LV used in the methods and compositions described herein may inchude, for example, one
or mare of a 5'-Long terminal repeat (LTR), HIV signal sequence, HIV Psi signal 5'-splice site (SD),
delta-GAG element, Rev Responsive Element (RRE), 3'-splice site (8A), elongation factor (EF) 1-
alpha promoter and 3'-self inactivating LTR (SIN-LTR}. The lentiviral vector aptionally includas a
central polypurine tract (cPPT) and a woodchuck hepatitis virus post-transcriptional reguiatory
element (WPRE), as described in US 6,136,597, the disciosure of which is incorporated herein by
reference as it pertaing to WPRE. The lentiviral vector may further include a pHE' backbone, which
may inciude for exampie as provided below,

The Lentigen LV dascribed in Lu et al., Journal of Gene Medicine §:963 (2004) may be used
to express the DNA molecuies and/or transduce cells. A LV used in the methods and compositions
described harein may a §'-Long terminal repeat (LTR}, HIV signal sequence, HIV Psi signal 5'-splice
site (8D), delta-GAG elsment, Rev Responsive Element (RRE), 3'-splice site (BA)}, slongation factor

(EF) 1-alpha promoter and 3-self inactivating L TR (SIN-LTR). [t will be readily apparent to one
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skilled in the art that optionally ane or more of these regions is substituted with another region
performing a similar function.

Enhancer elements can be used 1o increase expression of modified DNA molecules or
increase the lentiviral integration efficiency. The LV used in the meathods and compositions described
herein may include a nef sequence. The LV used in the methods and compositions described herein
may inciude a ¢PPT saquence which anhances vector integration. The oPPT acts as a second origin
of the (+)-strand DNA synthesis and intreduces a partial strand overiap in the middie of its native HIV
genome. The introduction of the ¢PPT sequence in the transter vecior backbone strongly increased
the nuclear transport and the total amount of genome integrated into the DNA of target calls. The LV
used in the methods and compasitions described herein may include a Woodchuck
Posttranscriptional Regulatory Element (WPRE). The WPRE acts at the transcriptional level, by
promoting nuclear export of transcripts and/or by increasing the efficiency of polyadenyiation of the
nascent transcript, thus increasing the total amount of mRBNA in the cells. The addition of the WPRE
to LV results in a substantial improvement in the level of expression from several different promoters,
both in vitro and in vivo. The LV used in the methods and compaositions described herein may include
both a ¢PPT sequence and WPRE sequence. The vecior may also include an IRES sequence that
permits the expression of multiple polypeptides from a single promoter.

in addition to IRES saguences, other elements which permit expression of multiple
polypeptides are useful. The vector used in the methods and compaositions described herein may
include multiple promaoters that permit expression maore than one polypeptide. The vector used inthe
methods and compositions described herein may include a protein cleavage site that allows
expression of more than one polypeptide. Examples of protein cleavage sites that aliow expression of
more than one polypeptide are described in Kiurnp et al., Geneg Ther.; 8:811 (2001), Osborn et al.,
Molecular Therapy 12:569 (2005), Szymczak and Vignali, Expert Opin Biol Ther. 5:627 (2005), and
Szymezak et al., Nat Biotechnol. 22:589 (2004), the disciosures of which are incorporated herein by
reference as they periain to protein cleavage sites that allow sxpression of more than one
polypeptide. it will be readily apparent to one skilled in the art that other elements that permit
expression of multiple polypeptides identified in the fulure are useful and may be utilized in the
vectors suitable for use with the compositions and methods described herein.

The vecior usad in the methads and compositions described harein may, be a clinical grade
vector.

The viral vectors {e.g., retroviral vectors, e.g., lentiviral vectors) may include a promoter
operably coupled 1o the transgene encoding the polypeptids or the polynuciectide encoding the BRNA
to control expression. The promoter may be, for example, a ubiguitous promoter. Alternatively, the
promoter may be a tissue spacific promater, such as a myeloid celi-specific or hepatocyie-specific
promoter. Suitable promoters that may be used with the compaositions described herein include
CD11ib promoter, sp146/047 promoter, CDE8 promoter, spl46/g09 promater, elongation factor 1 a
{EF1g) promoter, EF1a short {orm (EFS) promoter, phosphoglycerate kinase (PGK) promoter, a-
globin promoter, and B-globin promoter. Other promoters that may be used include, e.g., DC172

promoter, human serum albumin promoter, alphatl antitrypsin promoter, thyroxine binding globulin
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promoter. The DC172 promoter is described in Jacob, et al. Gene Ther. 15:584-603, 2008, hersby
incorporaied by reference in its entirety.

The viral vectors {e.g., retroviral vectors, e.g., lentiviral vectors) may inciude an enhancer
operably coupled 1o the fransgene encoding the polypeptide or the polynuclectide encoding the RNA

to control expression. The enhancer may include a B-globin locus control region (BLCRY).

Methods of Measuring nORF Gene Expression

Preferably, the compositions and methods of the disclosure are used to facilitate expression
of a WT nORF at physiologically normal levels in a patient {e.¢., a human patient), decrease
expression of an upreguiated nORF, or increase expression of a downregulated nORF. The
tharapeutic agents of the disclosure, for exampie, may reduce the variant nORF expression in a
human subject. For example, the therapeutic agents of the disclosure may reduce variant nORF
expression e.g., by about 1%, 2%, 3%, 4%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 80%, 85%, 37%, 98%. or 89%. Altarnatively, the therapeutic
agents of the disciosure, for example, may increase the variant nORF expression in & human subject.
For example, the therapeutic agents of the disclosure may increase variant nORF exprassion, e.g., by
at least 5%, 10%, 15%, 20%, 25%, 30%, 40%, 50%, 80%, 70%, 80%, 80%, 100%, 200%, 300%,
400%, 500%, or more.

The expression level of the nORF expressed in a patient can be ascertained, for example, by
avalualing the concentration or relative abundance of mRNA transcripts derived from transcription of
the nORF. Additionally, or alternatively, expression can be determined by evaluating the
concentration or relative abundance of the nORF following transcription and/or translation of an
inhibitor that decreases an amount of the variant nORF. Protein concentrations can also be assessed
using functional assays, such as MDP detection assays. Expression can be evaluated by a number
of methodologiss known in the art, including, but not limited to, nucleic acid sequencing, microarray
analysis, protecmics, in-situ hybridization (e.g., fluorescence in-situ hybridization {(FISH)),
amplification-based assays, in situ hybridization, fluorescence activated cell sorting (FACS), northern

analysis and/or PCR analysis of mRNAs,

Nucleic acid detection
Nucleic acid-based methods for determining expression (e.g., of an RNA inhibitor or an BNA

encoding the WT nORF) detection that may be used in conjunction with the compositions and
methods described herein includs, for example, imaging-based techniques (g.g., Northern biotting or
Southern blotting). Such techniques may be performed using cells obtained from a patient following
administration of the polynuclectide encoding the agent. Northarn biot analysis is a conventional
technigue well known in the art and is described, for example, in Molecular Cloning, a Laboratory

Aanual, second edition, 1888, Sambrook, Fritch, Maniatis, Cold Spring Harbor Press, 10 Bkyline
Orive, Plainview, NY 11803-2500. Typical protocols for evaluating the status of genes and gene
products are found, for example in Ausubel et al., eds., 1995, Current Protocols in Molecuiar Biclogy,

Units 2 (Northern Blotting), 4 (Scuthern Blotting), 15 (immuncblotiing) and 18 (PCR Analysis).
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Detection technigues that may be used in conjunction with the compositions and methods
described herein to evaluate nORF expression further include microarray seguencing experiments
{e.g., Sanger sequencing and nexi-generation sequencing methods, also known as high-throughput
saquencing or deep sequencing). Exemplary next generation sequencing technologies include,
without Himitation, Hlumina sequencing, lon Torrent sequencing, 454 sequencing, SOLID seguencing,
and nanopore saguencing platiorms. Additional meathods of sequencing known in the art can also be
used. For instance, expression at the mRNA level may be determined, e.g., using RNA-8eq (e.g., as
described in Mortazavi et al., Nat. Methods 5:621-628 (2008) the disclosure of which is incorporated
harein by reference in their entirety). RNA-Seq is a robust technology for monitoring sxpression by
direct sequencing the RMNA molecules in a sample. Brigfly, this methedology may involve
fragmentation of RNA to an average length of 200 nucleotides, conversion to cDNA by random
priming, and synthesis of double-stranded ¢cDNA {e.q., using the Just cDNA DoubleStrandad cDNA
Synthesis Kit from Agilent Technology). Then, the ¢cDNA is converted into a molecular library for
saquencing by addition of sequance adapters for each library {8.g., from lllumina®/Solexa), and the
resulting 50-100 nuclectide reads are mapped onto the genome.

Expression lsvels of the nORF may be determinad, for example, using microarray-based
platforms {e.g., single-nuclectide polymorphism arrays), as microarray technology offers high
rasolution. Details of various microarray methods can ba found in the literature. See, for example,
UL.S. Pat. No. 6,232,068 and Pollack et al., Nat. Genat. 23:41-4€6 (19389}, the disclosures of each of
which are incorporated herein by reference in their entirety. Using nucleic acid microarrays, mRNA
samples are reverse transcribed and labeled to generate CONA. The probes can then hybridize to
one or more complementary nucleic acids arrayed and immobilized on a solid support. The array can
be configurad, for example, such that the sequence and position of each membar of the array is
known. Hybridization of a labeled probe with a particuiar array member indicates that the sample
from which the probe was derived expressas that gene. Exprassion level may be quantified, for
axample, according to the amount of signal detectad from hybridized probe-sample complexes. A
typical micrearray experimant involves the following steps: 1) preparation of Hiuorescently labeled
target from RNA isolaled from the sampie, 2} hybridization of the labeled target to the microarray, 3)
washing, staining, and scanning of the array, 4) analysis of the scanned image and 5) generation of
gene expression profiles. One example of a microarray processor is the Affymetrix GENECHIP®
system, which is commercially avaliable and comprises arrays fabricated by direct synthesis of
oligonucleotides on a glass surface. Other systems may be used as known o one skilied in the art.

Ampiification-based assays also can be used to measure the expression level of the nORF or
RNA in g target cell following delivery to a patient. In such assays, the nucleic acid sequences of the
gene act as a ternplate in an ampilification reaction (for example, PCR, such as gFCR}. Ina
quantitative ampiification, the amount of ampiification product is proportional to the amount of
template in the original sampie. Comparison to appropriate controls provides a measure of the
expression ievel of the gene, corresponding o the specific probe used, according to the principles
described herein. Methods of real-time gPCR using TagMan probes are well known in the art.

Detailed protocols for real-time gPCR are provided, for exampile, in Gibson et al., Genome Res.
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6:995-1001 {1988), and in Heid et al., Genome Res. 5:986-394 (1996), the disciosures of each of
which are incorporated herein by referance in their entirety. Levels of gene expression as described
herein can be determined by RT-PCR technology. Probes used for FCR may be labeled with a
datactable marker, such as, for exampie, a radicisctops, flucrescant compound, bioluminescent

compound, a chemiluminescent compound, metal chelator, or enzyme.

Protein detection

Expression of the nORF can additionally be determined by measuring the concentration or
refative abundance of a corresponding protein product {e.g., the WT nORF or the variant nORF).
Protein levels can be assessed using slandard detection techniques known in the art. Protein
expression assays suitable for use with the compositions and methods described herein include
proteomics approaches, immunohistochemical and/or western blot analysis, immunopracipitation,
molacuiar binding assays, ELISA, enzyme-linked immunofiliration assay (ELIFA), mass spactrometry,
mass spectrometric immunoassay, and biochemical enzymatic activity assays. in particular,
proteomics methods can be used to generate large-scale protein expression datasets in multiplex.
Proteomics methods may utilize mass spectrometry {o datect and quantily polypeptides {e.g.,
proteins) and/or peptide microarrays ulilizing capture reagents {e.g.. antibodies) specific to a panel of
target proteins to identify and measure expression levels of proteing expressaed in a sample (2.9, a
single cell sample or a multi-cell population).

Exemplary peptide microarrays have a substrate-bound plurality of polypeptides, the binding
of an oligonuclectide, a peptide, or a protein to each of the plurality of bound polypeptides being
separately detectable. Alternatively, the peptide microarray may inciude a plurality of binders,
including, but not imited to, monoclonal antibodies, polvclonal antibodies, phage display binders,
yeast two-hybrid binders, aptamers, which can specifically detect the binding of specific
oligonuclectides, peptides, or proteins. Examples of paptide arrays may be found in U.S. Patent Nos.
5,268,210, 5,766,260, and 5,143,854, the disclosures of each of which are incorporated herein by
refarence in their entirety.

Mass spectrometry (MS) may be used in conjunction with the methods described herein to
identify and characterize expression of the nORF in a cell from a patient {s.g., a human patient)
following delivery of the transgane encoding the nORF. Any method of MS known in the art may be
used fo determine, detect, and/or measure a protein or peptide fragment of interest, e.g., LC-MS, ESI-

AS, ESI-MS/MS, MALDI-TOF-MS, MALDI-TOF/TOF-MS, tandem MS, and the like. Mass
spectrometers generally contain an fon source and optics, mass analyzer, and data processing
glectronics. Mass analyzers include scanning and ion-beam mass spectrometers, such as time-of-
fight {TOF) and guadruple (), and trapping mass specirometers, such as ion trap (IT), Orbitrap, and
Fourier transform ion cyclotron rescnance {(FT-ICR), may be used in the methods described herein.
Jetails of varicus MS methods can be icund in the literature. See, for exampie, Yates et al., Annu.
Rev. Biomed. Eng. 11:48-79, 2009, ths disclosure of which is incorporated herain by reference in its

antirety.
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Prior to MS analysis, proteins in a sample obtainad from the patisnt can be firs{ digested into
smaller peptides by chemical {.9., via cyanogen bromide cleavage) or enzymatic (e.q., frypsing
digestion. Complex peptide samples also beneafit from the use of front-end separation technigues,
e.g., 2D-PAGE, HPLC, RPLC, and affinity chromatography. The digested, and optionally separated,
sample is then ionized using an ion source 1o create charged molecules for further analysis.
lonization of the sample may be performed, e.g., by electrospray onization {(ES!), atmosphaeric
pressure chemical ionization (APCH), pholoignization, electron ionization, fast atorn bombardment
{FAB)iquid secondary ionization (LSIMS), malrix assisted laser desorption/ionization (MALD), field
ionization, field desorption, thermospray/plasmaspray lonization, and particle beam ionization.
Additional information relating 1o the choice of ionization method is known o those of skill in the art.

After ionization, digested peptides may then be fragmeniad to generate signature MS/MS
spectra. Tandsm MS, also known as MS/MS, may be particularly usefu! for analyzing complex
mixivres. Tandem MS invoives multipie steps of MS selection, with some form of ion fragmentation
occurring in between the stages, which may be accompilished with individual mass specirometer
slements separated in space or using a single mass specirometer with the MS steps separated in
time. In spatially separated tandem M3, the slements are physically separated and distinet, with a
physical connection between the elements to maintain high vacuum. in temporally separated fandem
M8, separation is accomplished with lons trapped in the same place, with multiple separation steps
taking place over tims. Signature MS/MS spectra may then be compared against a peptide sequence
database (e.g., SEQUEST). Post-transiational modifications to peptides may also be determined, for

axample, by searching spectra against a database while allowing for specific peptide modifications.

Cancer

A number of cancers are known in the art that are associated with a variant. However, the
present invention contemnplates treatment of a cancer in which the variant may be benign in the
associated cancnical ORF of the gens but has a delsterious effect in the nORF. The skilled artisan
practicing the invention can identify the variant in the nORF using the methods describad herein.
Alternatively, the skilled artisan could identify a benign variant in a ¢cORF and determine whather that
cORF contains an associated nCRF. The skilled person may further determing whether the variant is
present within the nORF and whether this variant causes increased or decreased expression of the
variant nORF.

The methed may, for example reduce the size (e.g., by 5%, 10%, 15%, 20%, 25%, 30%,
40%, 50%, 60%, 70%, B0%, 90%, 95%, 87%, or 99%;) of a tumor. The method may, for example
decrease or slow (e.g., by atleast 5%, 10%, 15%, 20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, 30%,
95%, 97%, or 89%) the progression of cancer. The method may, for example, decrease {e.g., by at
least 5%, 10%, 15%., 20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 85%, 97%, or 99%) the risk
of developing cancer. The method may decrease (e.g., by at lsast 5%, 10%, 15%, 20%, 25%, 30%,
40%, 50%, 60%, 70%, 80%, 90%, 95%, 87%, or 99%;) the risk of developing cancer.

in some embodiments, the cancer is stomach adenccarcinema. n some embodiments, the

cancer is lung adengcarcinoma.
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in some embodimeants, the nORF has least 80%, 85%, 90%, 95%, 97%, or 98% identity to
SEQ 1D NO: 1 or 2. For example, the nORF may have the sequence of SEQ ID NO: for 2.

in some embodiments, the nORF is not HOXB-AS3.

in some embodiments, the cancer is not colorectal cancer.

in some embodiments, the nORF is not PINT87aa (LING-PINT).

in some embiodimants, the cancer is not glicblastoma.

in some embodiments, the small moleculs is:

| )—NH ¢
o |
HNT
v OH
N P o
MN\)\ | f
o Ry OH
f
O ,oF
= NH
=N

EXAMPLES
The following examples further illustrate the invention but should not be construed as in any

way lirniting its scope.

Example 1. Dysreguiation of nORFs in cancer and screen for inhibitors

To show that novel proteins are dysregulated in cancer we identified 14 novel ORFs that are
identified 10 be transiated with ‘low-naise’ in 11 human cell lines from the ribo-ORF datasets 24. The
expression of these 14 transcripts in cancer was then analyzed using the USCS Toll Recompute and
found 1o be differentially expressed in 198 of the 33 cancer types, in spite of using a very stringent
criteria for this analysis (FIG. 1). This indicates that they might be dysregulated and have some role in
cancer.

interestingly, ENST00000484282.1 is exprassed only in tumar samples and not in their
matched healthy tissues across almost 70% of the TCGA cancer types (FIG. 1). Encedead by the
DOP1A gene (DOP1 leucine zipper like protein A; ENSGOG000083097), ENSTO0000484282.1 is
annotated as a procassed transcript, and therefore, by deiinition does not contain an ORF. Analysis
with the RPFdbv2.0 datasets showed that this transcript transiates a 'low noise’ ORF with an ATG
start codon in all the 11 human cell lines analyzed {many of which are cancer cell lines). Thus, this
transcript, which is expressed only in tumor samples may potentially express nORF with some

spacific function in tumaors.
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Additionally, {0 investigate whether novel proteins dysreguiated in cancer can be used as therapeutic
targets, we predicted structure of the human ortholog of a nORF, mPLsORFG000447 155, identified in
our B and T cell study, translated from ENST00000427352.1, and identified to be expressed only in
the twmor samples of Stomach adenocarcinoma and Esophageal carcinoma and with two noncoding
mutations mapped to them (COSN19210254; COEN8491742;) of which; COSNB421742 is identified
in only lung samples (Table 1). We than screened for highest scoring ligands from the asinex library
against Immuno Oncology (8462 compounds), targetad Oncology (1421 compounds), Signaling
pathway inhibitors (1355 compounds). We also identified the top scoring ligands for the above
categories. These resulis reveal that novel proteins are not only dysregulated in cancer but can also

be used for diagnostic and for therapeutic purposes.

Table 1. List of cosmic mutations

Mutation iD{(s) Change Effect on nORF nORF secondary
struciure

COSN19210254 115553735 T>A KoK C

#OOSNB481742 115553987 C>A AB9>T C

Tabie 1 shows the list of cosmic mutation 1Ds for COSN18210254 and COSNB491742along with the
nucleic acid change, predicted amino acid change according 1o the standard amino acid code, and

the predicted secondary structure of the protein at that position. C = Coll.

Mouse nORFs structure prediction and mutation mapping

Human ortholog transcript of one mouse nORF that is transiated in mouse B and T celis was
identified, its structure was predicled, and inhibitors were screened against it. The details are as
follows.
Human ortholog of mPLsORFG000447155 nORF was identified using tbiastn+liftover {e-valus: 4.00E-
19, length: 90, pident: 21.11, mismatch: 8), and it maps 10 a genomic location of a human transcript
ENSTO0000427352.1; chw5:115553723-1 158553592:- (GRCh37). This transcript
'ENSTO0000427352.17, annotated Is ‘processed_pseudogens’, is expressed only in the tumor
samples of Stomach adenocarcinoma, Esophageal carcinoma, acute myeloid leukemia and is
expressed only in the normal samples of Testicular germ cell tumor. We call a transcript expressed in
particular condition if it has non-zero expression in more than 10% of the samples. We mapped two
cosmic noncading mutations 1o this ranscript. Structure of the hurnan nORF was predicted using
Eviold pipeline with the following parameters: Bit score = 0.2, seglen = 80, N_efi/iL = 3.85, number of

affective sequencas = 342, number of sequences in alignment (num_segs) = 1083, perc_cov = 0.844.

inhibitor screens for the two nORFs identified to be disrupted in cancers
Structure predicted from ENSTC0000427352.1 (human ortholog of mPLsORF0000447155
nJRF) was chosen for drug screening study. Briefly, structure based virtual screening analysis was

performed using Virtual screening workflow of Schrédinger software suite. First in the protein
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preparation step, the structure was minimized using protein preparation wizard in massiro 12,1
{Schrodinger) applying force field OPLS3 with default parameters. Next, the active sites were
predicted using SiteMap (Schrodinger) and CastP. The grid was generated at all the active site

rasidues of the topmost scoring pockeat identified by the two toois.

mPLsORF0000447155:
MPKRKAEGDAKGDKTKVKDEPQRRSARLSAKPAPPKPEFKPKKAPAKKGEKVPKGKKGKRADAGKD
ANNPAENGDAKTDQAGKAEGAGDAK (SEQ ID NGO 1)

Peptide sequence of the product translated from ENSTO0000427352.1:
MPKRKAEGDAKGDKAKVKDEPQRRSARLSAKPASPKIPEPRPKKAPAKKGEKVPKGRKGKADAGKE

GNNPAENGDVKTDQAQKAEGAGGAK (SEQ 1D NO: 2).

Table 2. Predicted active Site Residues used in docking

o

~
nJ

[$)]

Software Residues Residues selected for docking
Castp Pro2, Alag, Gilu7, Gly8, Lys1t Pro2, Alag, Glu7, Giv8, Lys1i,
Glyi2, Lys14, Gin22, Arg23, Giy12, Aspi3, Thri5,
Arg24 Gin22, Arg23, Arg24
Ala30, Pro32, ARG40, Pro41, Ala30, Pro3z2, ARG40, Prodi,
LysS1, Argh6, Lysh7, Alabg, LysS1, Arghg, lysh7, Alagl,
Asn72, Gly73, Vai7h, Lys76, Asn72, Giy73, Val75, Lys78,
Thr77, Alag0, Gin81 Thr77, Ala80, Gin81
SiteMap Pro2, Glu7, Giy8, Aspi13, Thri5,
Alab0, AlaB0,GIn81

Eviold predicted structure of the translated product of ENST0O0000427352.1 with the marked

aclive site residues. The virtual screening involved the following three stages: 1. HTVS (High

throughput virtual screening), 2. SP {Standard Precision)}, and 3. XP (Extra Precision) docking. The

amall molscules of the following three libraries obtained from Asinex library was used for docking:

Immuno oncology {11346) compounds (asinex.com/iwp-content/uploads/2017/01/2016-11-Aginex-

Immuno-Oncology-11348.zip), targeted oncology (6728) compounds {(asinex.com/wp-

content/uploads/2016/11/2016-11-Asinex-Targeted-Oncology-6728.zip) and signal pathway inhibitors

e Ya

(5923) (hasinex.com/wp-conient/uploads/Z2017/01/2016-11-Asinex-Signal-Pathway-Inhibitors-

59283 .zip). The 2D SDF format of all the compounds structuras in these libraries were convertad into

3D format using Schradinger’s LigPrep module with OPLSS Force Field (FIG. 2). A three-stap

docking mathodology was used - Glide HTVS, 8P and XP. Listed below are the details of the

predicted best hit compounds searched from the three asinex libraries.
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Table 3. ImmunoOncology library

Compound ID | Docking Scora
84562 -7.011
11233 -6.438
10977 -6.028
11188 -5.998
10976 -5.678
11212 -5.473
4865 -5.187
8554 -4.966
10035 -4.774
8994 -4.698
11188 -4.689
10516 -4.433
9087 -4.399
10922 -4.390
10413 -4.387
10547 -4.263
11232 -4.214

We identified the structure of the predicted best hit molecule (compound 8462} and its compiex with
5  the target protein. The Interacting residues are Asn 72, Arg 40 and Met 1. Tabulated below are the

MM-GBSA binding energies, which estimate relative binding affinities for the few best hit compounds.

Table 4. MMGESA Energy Calculation

Top Compounds | Binding ensrgy{Kcal/mol}
B462 -38.68
11233 -45.76
10877 -45.53
11188 -33.22

10 Table 5. Docking scores

Compound id | Docking Score

1491 -7.114

139 -5.883

1479 -6.739
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700 -6.662
140 -6.486
3256 -6.268
5649 -5.897
4095 -5.887
1561 -5.974
3104 -5.959
4068 -5.852
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Structure of the predicted best hit molecule {(compound 1491) {(bottorn) and its complex with the farget

protein (fop). The interacting residues are Givg, Argd0, Lys81, Lysb7 and Gin81.

Tabuiated below are the MMGBSA binding energies and docking scores for the few top hits.

Table 6. MMGBSA energy calculation

Top Compounds | Binding Energy (Kcai/mol}
1431 -44 731
139 -35.59
1479 -43.03
700 -38.03
140 -47.83

Table 7. Bocking scores

Compound id | Docking Score
1355 -7.238
129 -5.883
887 8.6862
1347 -6.631

We predicted the structure of the predicted best hit molecule {compound 1355) and its compilex with

the target protein. The interacting residues are Gly8, ARG 40 and Ging1
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Table 8. MMGBSA energy calculations for few fop compounds

Top Compounds | Binding snergy(Kcal/mol)
1355 -7.238
129 -6.883
687 -6.662
1347 -8.631

The structures of compounds 8462, 1481, and 1355 are as follows:

14591

10

OTHER EMBODIMENTS

PCT/1B2021/061804

While the invention has been described in connection with specific embodiments thereof, it

any variations, uses,

15 will be understood that it is capabile of further madifications and this application is intended to cover

or adaptations of the invention following, in general, the principles of the

invention and including such departures from the invention that come within known or customary

practice within the art to which the invention pertaing and may be applied 10 the essential fealures

hereinbefore set forth, and follows in the scope of the claims.

20 Other embodiments are within the claims.
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CLAIMS
1. A msthod of treating a cancer in a subject comprising:

(a) identifying a sequence variant of a novel open reading frame (nORF) and a cancer
associated therewith, wherein the sequence of the nORF is distinct from a canonical open reading
frame (CORF) of a gene, wherein the nORF is present in (i} an overlapping region of the cORF in an
alternate reading frame, (i} a 8’ untransiated region (UTR) of the cORF, (i) a 3 UTR of the cORF, (iv)
an intronic region of the cORF, (v) an intergenic region of the ¢ORF, or (vi} a region not associated
with the cORF or the gene, and wherein the variant nORF has increased expressicon relative to the
nORF; and

(b) administering to the subject an inhibitor that reduces exprassion of the variant nORF o

treat the cancer.

2. A method of treating a cancer in g subject comprising administering o the subject an inhibitor that
raduces exprassion of a variant nORF; wherein the subjact has previously been identifiad with a
sequence variant of the nORF and a cancer associated therewith, wherain the sequence of the nORF
is distinct from a cORF of a gene, wharein the nORF is present in (i} an overlapping region of the
cORF in an alternate reading frame, (i) a 5 UTR of the cORF, {fi) a 3 UTR of the cORF, (iv) an
intronic region of thae cORF, (v} an intergenic region of the cORF, or (vi} a region not associated with

the ¢cORF or the gene, and wherein the variant nORF has increased expression relative to the nORF.

3. The msthod of any one of claim 1 or 2, wherein the inhibitor comprises a small moleculs, a

polynucieotide, or a polypeptide.

4. The method of claim 3, wherein the polynucleotide comprises a miRNA, an antisense RNA, an
shRNA, or an siINA.

5. The method of claim 3, wherein the polypeptide comprises an antibody or antigen-binding

fragment thereof.

6. The method of claim 5, wherein the antigen-binding fragment thereof is an scFv.

7. The method of any one of ¢laims 3 o 6, wherein the inhibitor is encoded by a vector.

8. The method of ¢laim 7, wherein the vector is a viral vector.

9. The method of claim 8, wherein viral vector is selected from the group consisting of a Retroviridas

family virus, an adenovirus, a parvovirus, a coronavirus, a rhabdovirus, a paramyxovirus, a

picornavirus, an alphavirus, a8 herpes virus, and a poxvirus,
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10. The method of claim 8, wherein the parvovirus viral vector is an adeno-associated virus (AAV)

vecior.

11. The method of claim 10, wherein tha viral vector is a Retroviridas family viral vector.

12. The method of claim 11, wherain the Retroviridae family viral vector is a lentiviral vector.

13. The method of claim 11, wherein the Relroviridae family viral vector is an alpharetroviral vector or

a gammaretroviral vector.

14, The method of any ane of claims 10 to 13, wherein the Retroviridae family viral vector comprises
a central polypurine tract, a8 woodchuck hepatitis virus post-transcriptional reguiatory element, a &-
LTR, HIV signal sequence, HIV Psi signal §'-splice site, delta-GAG elemant, 3'-splice site, and a 3'-

salf inactivating LTR.

15. The method of any one of claims 10 to 14, wherein the viral vector is a pseudotyped viral vector.

16, The method of claim 15, wherein the pssudotypead viral vactor is salectad from the group
consisting of a pseudotyped adenovirus, a pseudotyped parvovirus, a pseudotyped coronavirus, a
pseudotypad rhabdovirus, a pseudotypead paramyxovirus, a pseudotyped picornavirus, a pseudotyped
alphavirus, a pseudotyped herpes virus, a pseudotyped poxvirus, and a pseudotyped Retroviridas

family virus.

17. The method of claim 16, wherein the pseudotyped viral vector is g lentiviral vector.

18. The method of any one of claims 15 1o 17, wherein the pseudolyped viral vector comprises one
or more envelope proteins from a virus selected from vesicular stomatitis virus (V38V), RD114 virus,
murine leukamia virus (MLV)}, feline leukemia virus (Fel V), Venezuelan equine encephalitis virus
(VEE), human foamy virus {(HFV), walleye dermal sarcoma virus (WDSV), Semliki Forest virus (SFV),
Rabies virus, avian leukosis virus (ALY}, bovine immunodeadiciency virus (BIY), bovine leukemia virus
{BLV), Epstein-Barr virus (EBV), Caprine arthritis encephalitis virus (CAEV), Sin Nombre virus (SNV),
Cherry Twisted Leaf virus (ChTLV), Simian T-cell leukemia virus (STLV), Mascon-Pfizer monkey virus
(MPMV), squirrel monkey retrovirus (SMRV), Rous-associated virug (RAV), Fujinami sarcoma virus
(FuBV), avian carcinoma virus (MHZ2), avian encephalomyelitis virus (AEV), Alfa mosaic virus (AMV),

avian sarcoma virus CT10, and esquine infectious anemia virus (EIAV),

H

19. The method of claim 18, wherein the pseudotyped viral vector comprises a VSV-G envelope

protein.
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20. A method of treating a cancer in g subject comprising:

(a) identifying a sequence variant of a nORF and a cancer associated therewith, whersin the
sequence of the nCRF is distinct from a cORF of a gene, wherein the nCRF is present in (i) an
of the cORF, (iv) an intronic region of the cORF, (v} an intergenic region of the cORF, or (vi) a region
not associated with the cCRF or the gene, and wherein the variant nORF has decreased expression
relative to the nORF; and

{b} administering to the subject an activator that increases expression of variant nORF 1o treat

the cancer.

21. A method of treating a cancer in a subject comprising administering to the subject an activator
that increases expression of a variant nCRF; wherein the subject has previously been identified with a
sequence variant of the nORF and a cancer associated therewith, wherein the sequence of the nORF
is distinct from a cORF of a gena, wherein the nORF is present in (i} an overlapping region of the
cORF in an alternate reading frame, (i) a 5 UTR of the cORF, {iii} a 3 UTR of the cORF, (iv) an
intronic region of the ¢cORF, {v) an intargenic region of the cORF, or (vi} a region not associated with
the cORF or the gene, and wherein the variant nORF has decreased exprassion relative to the nORF.

22. The method of claim 20 or 21, wherein the activator comprises a small molecule, a

polynuciectide, or a polypeptide.

23. The method of claim 22, wherein the polynuclectide comprisas an antisense RNA.

24. The method of claim 22, wherein the polypeptide comprises an antibody or antigen-binding

fragment thereof.

25. The method of claim 24, wherein the antigen-binding fragment thereof is an scFv.

26. The method of any one of claims 20 o 25, wherein the activator is encoded by a vector.

27. The method of ¢claim 286, wherein the vector is a viral vactor.

28. A method of treating a cancer in a subject comprising:

(a) identifying a sequence variant of & nORF and a cancer associated therewith, wherein the
sequence of the nORF is distinct from a cORF of a gene, wherein the nORF is present in (i) an
overlapping region of the cORF in an alternate reading frame, {ii) a 5 UTR of the cORF, (ii) a3’ UTR
of the cORF, (iv) an intronic region of the cORF, (v} an intergenic region of the cORF, or (vi) a ragion
not associated with the ¢ORF or the gene, and wherein the variant nORF has decreased axpression
relative to the nORF,; and

(b} providing a protein encoded by the nORF to the subject treat the cancer.
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29. A method of treating a cancer in a subject comprising providing a protein encoded by a nORF to
tha subject; wherein the subject has previcusly been identified with a seguance variant of the nORF
and a cancer associated therewith, wherein the sequence of the nCRF is distinct from a cORF of a
gene, wherein the nORF is present in (i) an overlapping region of the cORF in an alternate reading
frame, (i) a & UTR of the cORF, {ili) a 3’ UTR of the ¢cORF, (iv) an intronic region of the cORF, (v} an
intergenic region of the cORF, or (vi} a region not associated with the cORF or the gene, and wherein

the variant nORF has decreased expressicn ralative to the nORF.

30. The method of claim 28 or 29, wherein the method comprises rasioring the encoded protein

product of the WT nORF without the sequence variant.

31. The methad of claim 30, wherain the therapy comprises providing the protein product ora

polynucieotide encoding the protein product,

32. The method of claim 31, wherain the method comprises providing a vector comprising the

polynucieotide encoding the protein product.

33. The method of claim 32, wherein the vector is a viral vector.

34. The method of claim 33, wherain viral vector is selected from the group consisting of a

Retroviridae {family virus, an adenovirus, a parvovirus, a coronavirug, a rhabdovirus, a paramyxovirus,

a picornavirus, an alphavirus, a herpes virus, and a poxvirus.

35. The method of claim 34, wherein the parvovirus viral vector is an AAY vector.

36. The method of claim 35, wherain the viral vector is a Retroviridae family viral vector.

37. The method of claim 38, wherein the Relroviridae family viral vector is g lentiviral vector,

38. The method of claim 36, wherain the Retroviridae family viral vector is an alpharetroviral vector or

a gammaretroviral vector.

39. The method of any one of claims 34 to 37, wherein the Reltroviridae family viral vector comprises
a central polypuring tract, a woodchuck hepatitis virus post-transcriptionat reguiatory element, a 5'-

LTR, HIV signal seguence, HIV Psi signal 5'-splice site, delta-GAG elament, 3'-splice site, and a 3'-

self inactivating LTR.

40. The method of any one of claims 33 to 38, wherein the viral vector is a pseudotyped viral vector.
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41. The method of claim 40, wherein the pseudotyped viral vector is selected from the group
consisting of a pseudotyped adenovirus, a pseudotyped parvovirus, a pseudolyped corgnavirus, a
pseudotyped rhabdovirus, a pseudotyped paramyxovirus, a pseudotyped picornavirus, a pseudotyped
alphavirus, a pseudotyped harpes virus, a pseudotyped paxvirus, and a pseudotyped Retroviridae

family virus.

42. The method of claim 41, wherein the pseudotyped viral vector is a lentiviral vector.

43. The method of any one of claims 38 to 42, wherein the pseudotyped viral vector comprises one
or more envelope proteins from a virus selected from vesicular stomatitis virus VSV, RD114 virus,
MLV, FelV, VEE, HFV, WDSV, SFV, Rabies virus, ALV, BIY, BLV, EBV, CAEV, 8NV, ChTLV, §TLV,

MPMV, SMRY, RAV, FuSY, MH2, AEV, AMV, avian sarcoma virus CT10, and EIAV.

44. The method of claim 43, wherein the pssudotyped viral vector comprises a V8V-G envelope

protein.

45, The method of any one of claims 1 to 44, wherein the encoded protein product of the nORF is

less than about 100 amino acids.

46. The method of any one of claims 1 to 45, further comprising performing a statistical analysis

between the variant in the nORF and the cancer.

47. The method of claim 46, wherein the statistical analysis measures a positive or negative

association between the variant in the nORF and the cancer.

48. The method of any one of claims 1 to 47, wherein the cancer is stomach adenocarcinoma.

49. The method of any cne of claism 1 to 47, wherein the cancer is lung adenocarcinoma.

50. The method of claim 48 or 49, wherein the nORF has at least 80%, 85%, 80%, 95%, 897%, or
99% identity to SEQ 1D NO: 1 or 2.

51. The method of claim 50, wherein the nORF has the sequence of SEQ D NO: 1 or 2.

52. The method of any ¢ne of claims 3-19 or 22-27, wheraein the small molecule is:
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INTERNATIONAL SEARCH REPORT

PCT/IB2021/061804

Box No. | Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:

a. D forming part of the international application as filed:
I:’ in the form of an Annex C/ST.25 text file.

D on paper or in the form of an image file.

b. furnished together with the international application under PCT Rule 13ter.1(a) for the purposes of international search
only in the form of an Annex C/ST.25 text file.

c. furnished subsequent to the international filing date for the purposes of international search only:

in the form of an Annex C/ST.25 text file (Rule 13ter.1(a)).

I:l on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section 713).

2. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:

Form PCT/ISA/210 (continuation of first sheet (1)) (January 2015)
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INTERNATIONAL SEARCH REPORT
Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

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

1. D Claims Nos.:

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

2. D Claims Nos.:

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

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking {Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

-

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. E No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims;; it is covered by claims Nos.:

1-19 (completely); 45-52(partially)

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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International Application No. PCT/1B2021 /061804

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-19 (completely); 45-52(partially)

A method of treating a cancer in a subject comprising:

(a) identifying a sequence of a novel open reading frame
(nORF) and a cancer associated therewith, wherein the
sequence of the nORF is distinct from a canonical open
reading frame (cORF) of a gene, wherein the nORF is present
in (i) an overlapping region of the cORF in an alternate
reading frame, (ii) a 5' untranslated region (UTR) of the
cORF, (iii) a 3' UTR of the cORF, (iv) an intronic region of
the cORF, (v) an intergenic region of the cORF, or (vi) a
region not associated with the cORF or the gene, and wherein
the nORF has increased expression relative to the nORF in a
noncancerous cell; and

(b) administering to the subject an inhibitor that reduces
expression of the nORF to treat the cancer.

2. claims: 20-27 (completely); 45-52 (partially)

A method of treating a cancer in a subject comprising:

(a) identifying a sequence of a nORF and a cancer associated
therewith, wherein the sequence of the nORF is distinct from
a cORF of a gene, wherein the nORF is present in (i) an
overlapping region of the cORF in an alternate reading
frame, (ii) a 5' UTR of the cORF, (iii) a 3' UTR of the
cORF, (iv) an intronic region of the cORF, (v) an intergenic
region of the cORF, or (vi) a region not associated with the
cORF or the gene, and wherein the nORF has decreased
expression relative to the nORF in a noncancerous cell; and
(b) administering to the subject an activator that increases
expression of nORF to treat the cancer.

3. claims: 28-44 (completely); 45-52 (partially)

A method of treating a cancer in a subject comprising:

(a) identifying a sequence of a nORF and a cancer associated
therewith, wherein the sequence of the nORF is distinct from
a cORF of a gene, wherein the nORF is present in (i) an
overlapping region of the cORF in an alternate reading
frame, (ii) a 5' UTR of the cORF, (iii) a 3' UTR of the
cORF, (iv) an intronic region of the cORF, (v) an intergenic
region of the cORF, or (vi) a region not associated with the
cORF or the gene, and wherein the nORF has decreased
expression relative to the nORF in a noncancerous cell; and
(b) providing a protein encoded by the nORF to the subiject
treat the cancer.
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Information on patent family members

International application No

PCT/IB2021/061804
Patent document Publication Patent family Publication
cited in search report date member(s) date

WO 2020081556 A2 23-04-2020 uUs 2021388040 Al 16-12-2021
WO 2020081556 A2 23-04-2020
US 2020318196 Al 08-10-2020 CN 109563549 A 02-04-2019
EP 3464638 Al 10-04-2019
SG 11201810694W A 28-12-2018
Us 2020318196 Al 08-10-2020
WO 2017209697 Al 07-12-2017
WO 9902724 A2 21-01-199%9 AU 8203598 A 08-02-1999
WO 9902724 A2 21-01-1999

Form PCTASA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - wo-search-report
	Page 34 - wo-search-report
	Page 35 - wo-search-report
	Page 36 - wo-search-report
	Page 37 - wo-search-report

