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ABSTRACT

A method for preventing and treating micrometastasis in a
patient with cancer, especially breast cancer or glioblastoma
tumors, by silencing TRAF3IP2 before during or in connec-
tion with treatment as described herein.
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METHOD AND COMPOSITIONS FOR
PREVENTING TUMOR DEVELOPMENT
AND METASTASIS

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This application claims priority to U.S. App. No.
63/174,527, filed on Apr. 13, 2021, which is incorporated
herein in its entirety for all purposes.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

Field of the Invention

[0002] The present invention relates to novel methods to
prevent tumor metastasis and suppress tumor growth, espe-
cially of solid tumors, by interfering with tumor communi-
cation and its environment and by impacting the formation
and development of the tumor microenvironment.

BACKGROUND OF THE INVENTION

[0003] Cancer mortality and the multitude of unsuccessful
treatments primarily originate not from the growth of the
primary tumor but from metastases. In many cases the
metastatic spread is induced by manipulation on a tumor,
predominantly by an operation or diagnostic procedure.
Tumor development occurs following the accumulation of
genetic and epigenetic alterations in tumor cells. It has been
demonstrated that tumor growth is strongly influenced by
non-malignant cells that together with the tumor cells form
the tumor microenvironment.

[0004] Micrometastasis refers to a small collection of
cancer cells that have been shed from the original tumor and
spread to another part of the body through the blood or
lymph nodes. The cancer cells group together and form a
second tumor that is not yet detectable with imaging test,
such as mammogram or MRI, but can only be seen under a
microscope. The clusters of cancer calls are between 0.2 mm
to 2.0 mm in diameter.

[0005] It has been reported that the metastatic possess
consists of three steps. First tumor cells have to enter the
systemic circulation, which is difficult for them without
manipulation. Then, circulating cells need to leave the
circulatory system and to cross the endothelial barrier.
Lastly, the cancer cells need to migrate through tissue in
order to encraft and to form tiny micrometastases. While
very few cells are at all capable to form a metastasis,
primarily and most likely only the so-called tumor stem cells
are capable to initiate the metastatic process.

[0006] Current mortality statistics and tumor statistic evi-
dence that the metastatic occurrence often results in a
time-dependent manner related to an intervention such as an
operation, intervention or biopsy. For example, from opera-
tive resections of colon cancer—that initially at time of the
operation had no evident metastasis—it is known, that in
30% of these patients a liver metastasis 3 to 6 month after
an operation occurs. It has been proposed that surgery may
cause or facilitate metastasis by allowing the cancer stem
cells to enter the circulation. Baum et al., (2005); Retsky et
al., (2005). Further, it is also proposed that chemotherapy
may activate cancer stem cells. Lathia (2015). That suggests
that the metastatic process is triggered or enhanced by the
operation.
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[0007] Additionally, TRAF3 Interacting Protein 2
(TRAF3IP2), an upstream regulator of both transcription
factors NF-kB and AP-1-responsive genes, has been pro-
posed to be a target of reducing tumor growth by inhabiting
NF-kB and pro-inflammatory/pro-tumorigenic mediators in
glioblastoma. Alt et al. (2018).

[0008] Although the importance of microenvironmental
alterations in tumor development is recognized, the molecu-
lar mechanisms underlying these changes are only now
beginning to be understood. Detailed molecular character-
ization of various cell types from normal breast tissue, ductal
carcinoma, and invasive breast tumors has revealed that
gene expression changes occur in all cell types during breast
tumor progression.

[0009] The present invention provides novel compositions
and methods to affect the interactions between a tumor and
its microenvironment to prevent, reverse, and/or reduce
metastasis.

BRIEF SUMMARY OF THE DISCLOSURE

[0010] The present disclosure provides a novel method for
preventing micrometastasis caused by invasive procedures.
The method includes administering a pharmaceutical com-
position to a patient undergoing an invasive procedure in a
cancer before, during or in connection to the intervention, in
which TRAF3IP2 is overexpressed at least 5 fold compared
to a non-cancerous somatic cell of the patient. The pharma-
ceutical composition comprises at least one silencing
sequence for TRAF3IP2 in a pharmaceutically acceptable
carrier in an amount effective for the prevention of micro-
metastasis. In some embodiments, the silencing sequence
reduces the expression of the TRAF3IP2 gene by at least
5-fold as compared to without the silencing sequence for
TRAF3IP2. This disclosure describes the causal relationship
between TRAF3IP2 and metastasis, as well as the reduction
in metastasis and neoangiogenesis by silencing TRAF31P2
in the tumor tissue.

[0011] In another aspect of this disclosure, a method of
treating cancer is described, wherein the cancer overex-
presses at least 5-fold of TRAF3IP2 as compared to a
control. The method comprises administering a pharmaceu-
tical composition to a subject having the cancer, followed by
performing at least one of surgery, chemotherapy, radiation
therapy, immunotherapy or targeted therapy.

[0012] For tumors, especially solid tumors, including
breast cancers or glioblastomas, by interfering with tumor
communication with the tumor environment and/or by
regressing formation of the microenvironment, thereby pre-
venting or reversing tumor metastasis and suppressing tumor
growth

[0013] Silencers can be delivered to a tumor in a number
of ways, including at least:

[0014] 1) Delivering silencing RNA by injecting an
expression vector encoding the silencer to the tumor site,
e.g., directly into a tumor site under visual, ultrasound,
fluoroscopy, CT or MRI guidance or other imaging modali-
ties, or indirectly through blood vessels or ducts that lead to
the tumor.

[0015] 2) Use of silencing RNA delivered by tumor tar-
geting cells, such as migratory stem cells, e.g., MSCs, or any
type of cells that due to their nature preferably migrate and
engraft to the tumor site. Such cells would contain therein
either an expression vector or a genomic copy of the
sequence encoding the silencer.
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[0016] 3) Delivering encapsulated or otherwise protected
silencing RNA to the tumor site. The silencing RNA is for
example encapsulated into microspheres (i.e. exosomes) or
micelles, liposomes and the like. The microspheres will be
delivered by direct or indirect injection to the tumor site
either through a transcutaneous injection or through a vessel
or duct supplying the tumor site. Preferably, such RNAs will
be RNAse resistant, and if so, naked RNA may be used.
[0017] 4) Silencing RNA linked to a specific tumor
directed antibody or protamine coupled construct to increase
the tumor specific concentration and to enhance the local
effect of the silencing RNA within the tumor site.

[0018] 5) Achieving a selective effect targeting the tumor
cells and virtually avoiding an effect on non-tumor cells by
i) increasing the local concentration within the tumor by
selective delivery means as described above, ii) by the fact
that the respective genes of TRAF3IP2 and of Rab27a are
significantly up to 250 times (respectively) upregulated in
tumor, especially in tumor stem cells, compared to normal
stem cells, and iii) the silencer is released in a (transactiva-
tor)-inducible manner (such as IL1B), thus expression is
activated mainly in the tumor.

[0019] 6) Combinations and variations of the above.
[0020] After the silencing RNA has been delivered to the
tumor site, surgery and/or chemotherapy can be performed.
This is because silencing TRAF3IP2 in tumor cells confines
cytokine expression and ultimately limits the development
of the tumor microenvironment that could facilitate micro-
metastasis, and eventually slows or prevents tumor growth
and restrains tumor metastasis. The tumor cells exhibit
significantly higher levels of exocytosis activities compared
to non-malignant cells.

[0021] For the actual silencer sequence used in this dis-
closure, an shRNA having the sequence of SEQ ID NO. 1,
or an anti-sense oligonucleotide having the sequence of SEQ
ID NO. 2 is used. However, any type of silencer for
TRAF3IP2 could be used.

[0022] Basic design rules for the various types of silencers
are available, and once designed the silencers can be tested
for eflicacy according to the methods discussed herein and
in the literature.

[0023] For example, a short hairpin silencer (shRNA)
generally has about 18-30 nucleotides (nt), preferably 21 nt,
comprising a unique sense strand of target mRNA beginning
with AA linked to a loop (3-9 nt) linked to an complement
of the unique sense strand and finishing with polyT, thus
forming a hairpin. An initiating G nt could also be used.
[0024] Another type of silencer, is the siRNA of about
18-30 nt, preferably 21 nt, comprising a unique sense strand
of the target mRNA beginning with AA and finishing with
polyT.

[0025] Another type of silencer is the antisense sequence.
These can be a unique antisense sequence from the target, or
an RNAse resistant 18-30 nt antisense RNA sequence from
the target. Effective antisense silencers may also be located
in exons, but close to the acceptor splice site (SS).

[0026] miRNAs generally work when about 21-23 nt and
have complementarity maintained in the first third of the
small RNA and target mRNA, but mismatches arise in the
remainder of the aligned sequence.

[0027] The above rules are guidelines only, however, and
there is certainly variability in approaches. Therefore, it is
typical to design 4-6 such silencers using the basic rules and
then test each for activity, e.g., in an ex vivo system.
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Therefore, given the validity of the target, silencers can be
readily be designed using the target sequence.

[0028] There are also non-viral methods of silencer deliv-
ery, including e.g, injecting naked DNA/RNA into a tumor,
injected protected RNA into tumors, electrotransfection, the
use of polymers, liposomes, and the like, to protect the
nucleic acids, or to stabilize the silencer through linking it to
Protamin.

[0029] Lentiviral vectors were used herein to encode the
silencer sequences for TRAF3IP2. Although data show that
there is specificity for CD45+ cells transduction in vivo
when administering lentiviral vectors, MDA-MB231 and
SW620 cells are highly transducible with lentiviral vectors.
Thus, these vectors were useful for proof of concept studies.
However, any suitable expression vector may be used
herein, or the gene can be introduced into the genome of a
homing cell (e.g., by homologous recombination), such as
the MSCs discussed herein.

[0030] Common vectors are based on herpes simplex type
1 recombinant vector (HSV-1); adenovirus, adeno-associ-
ated viral vector (AAV); alpha virus; vaccinia virus; pox
virus; sendai virus; plasmids; retrovirus; ssDNA vectors; and
the like. To date, adenovirus, retrovirus and naked plasmid
DNA have made up more than half of the vectors tested in
clinical trials of various gene therapies.

[0031] An IL1B transactivator-inducible system is a pre-
ferred promoter for use in our lentiviral vector. The ILIB
promoter activates the expression of silencer RNA by bind-
ing the endogenous ILIB, which is highly produced by cells
within tumor microenvironment. However, this promoter is
exemplary only and there are many to choose from, includ-
ing several antibiotic resistance or drug responsive promot-
ers that can be safely used in humans (e.g., tamoxifen,
tetracyclin, ampicillin and the like).

[0032] The disclosure provides one or more of the follow-
ing embodiments, in any combinations(s) thereof:

A method of preventing surgery and inter-
vention related micrometastasis on a
subject having cancer, wherein the cancer
cells have increased TRAF3IP2 expression
comparing to a normal cell, said method
comprising the steps of: a) administering
a pharmaceutical composition into a
subject, and b) performing (i) surgery to
treat the cancer, (ii) diagnostic for the
cancer, or (iii) intervention to treat the
cancer; wherein the pharmaceutical compo-
sition comprises at least one targeting
sequence for TRAF3IP2 in a pharmaceutically
acceptable carrier in an amount effective
for the prevention of micrometastasis,
wherein said silencing sequence reduces
the expression of the TRAF3IP2 gene by at
least 5-fold as compared to without the
silencing sequence for TRAF3IP2.

Any method herein described, wherein the
cancer is breast cancer or glioblastoma
multiforme.

Any method herein described, the targeting
sequence for TRAF3IP2 is selected from the
group consisting of: siRNA, an miRNA, an
shRNA, an antisense RNA, or an antisense
oligonucleotide.

Any method herein described, the composition
comprises an expression vector encoding the
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-continued

Jun. 20, 2024

-continued

targeting sequence for TRAF3IP2 operably
coupled to an inducible promoter.

Any method herein described, the targeting
sequence for TRAF3IP2 is
CCGGCATGGAACTATCATTACCATTCTCGAGAATGGTAATGAT
AGTTCCATGTTTTTT (SEQ ID NO: 1).

Any method herein described, the targeting
sequence for TRAF3IP2 is an anti-sense
oligonucleotide having the sequence of:
mG*MG*MUAMG*MG*G*CHA*CHA* TG CHTHC*mCrmU*
mU*mC*mU (SEQ ID NO: 2).

Any method herein described, wherein the
micrometastasis of the cancer is reduced by
at least 50% as compared to without adminis-
tering the pharmaceutical composition.

Any method herein described, wherein the
administering step is parenteral administra-
tion, including direct injection into a
tumor or its metastasis site by transcu-
taneous, intraarterial, intraductal
intravenous, intradermal, intramuscular,
intraperitoneal, or subcutaneous
administration.

Any method herein described, wherein the
targeting sequence reduces the expression
of the TRAF3IP2 gene in the tumor by at
least 5-fold as compared to without the
targeting sequence for TRAF3IP2.

A method of treating a cancer having in-
crease in TRAF3IP2 expression comparing
to a normal cell, said method comprising
the steps of: a) administering a pharma-
ceutical composition into a subject be-
fore, during or in connection with at
least one of the following procedure:
surgery, diagnostic or therapeutic in-
tervention, chemotherapy, radiation
therapy, immunotherapy or targeted in-
tervention; wherein the pharmaceutical
composition comprises at least one
targeting sequence for TRAF3IP2 in a
pharmaceutically acceptable carrier in
an amount effective for the prevention
of micrometastasis.

Any method herein described, wherein
glycolytic activity of the cancer cells
is reduced by 50%.

Any method herein described, wherein
mTOR activation in the cancer cells is
inhibited

Any method herein described, wherein
NF-kB activity in the cancer cells is
inhibited.

Any method herein described, wherein
tumor growth is inhibited.

Any method herein described, wherein
the procedure in step (a) is chemo-

therapy, and wherein a chemotherapy

agent is used.

Any method herein described, wherein
the chemotherapy agent is selected
from: Actinomycin, All-trans
retinoic acid, Azacitidine,
Azathioprine, Bleomycin, Bortezomib,

Carboplatin, Capecitabine, Cisplatin,
Chlorambucil, Cyclophosphamide,
Cytarabine, Daunorubicin, Docetaxel,
Doxifluridine, Doxorubicin, Epirubicin,
Epothilone, Etoposide, Fluorouracil,
Gemcitabine, Hydroxyurea, Idarubicin,
Imatinib, Irinotecan, Mechlorethamine,
Mercaptopurine, Methotrexate,
Mitoxantrone, Oxaliplatin, Paclitaxel,
Pemetrexed, Teniposide, Tioguanine,
Topotecan, Valrubicin, Vemurafenib,
Vinblastine, Vincristine, and
Vindesine.

A method of sensitizing a tumor prior
to treating a patient with the tumor,
comprising the steps of: a) adminis-
tering a pharmaceutical composition
into a subject before at least one of
the following procedures for treating
the tumor: chemotherapy, radiation
therapy, immunotherapy or targeted
intervention, wherein the pharmaceu-
tical composition comprises at

least one silencing sequence for
TRAF3IP2 in a pharmaceutically
acceptable carrier in an amount
effective for sensitizing the tumor;
and b) performing the procedure for
treating the tumor.

Any method described herein, wherein
the procedure for treating the tumor
is chemotherapy.

Any method described herein, wherein
Paclitaxel, Temozolomide or Iguratimod
is used for the chemotherapy.

A method of determining malignancy of

a tumor in a patient, comprising the
steps of: obtaining a biological

sample from a patient; and detecting
presence of SEQ ID NO: 3-4 in the
biological sample; wherein the presence
of SEQ ID NO: 3-4 in the biological
sample indicates malignancy of the
tumor.

Any method described herein, wherein
the biological sample is a bodily fluid
sample.

Any method described herein, wherein
the tumor is breast cancer or
glioblastoma.

Any method described herein, wherein
the bodily fluid sample is blood sample.

[0033] As used herein, the term “expression vector”
means a DNA or RNA into which a sequence of interest can
be inserted that operably linked to a promoter such that the
sequence will be transcribed or expressed from the promoter
in the host cell/animal of interest. Thousands of such vectors
are available. See e.g., Addgene.org which provides both a
repository and a searchable database allowing vectors to be
easily located and obtained from colleagues. See also Plas-
mid Information Database (PlasmID) and DNASU having
over 191,000 plasmids. A collection of cloning vectors is
also kept at the National Institute of Genetics as a resource
for the biological research community. Furthermore, vectors
(including particular ORFS therein) are usually available
from colleagues.
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[0034] As used herein, the term “targeting” refers to a
nucleic acid sequence specifically complementary to and
hybridize with at least a portion of a target gene.

[0035] As used herein, the term “increased TRAF3IP2
expression” refers to the level of TRAF3IP2 in a cancer cell
being higher than a normal cell. In one embodiment, it refers
to at least 20% increase of the level of TRAF3IP2. In another
embodiment, it refers to at least 30%, 40%, 50%, 100%,
200% or 100% increase of the level of TRAF3IP2 compar-
ing to a normal cell.

[0036] As used herein, the term “silencing” refers to the
down-regulation of gene expression. At least 65%, 70%,
75%, 80% reduction should be achieved, but preferably, this
term refers to the ability of a cell to prevent the expression
of a certain gene. Gene silencing can occur during either
transcription or translation and is often used in research and
gene therapies.

[0037] As used herein, the term “suppressing” refers to
down-regulating gene expression by at least 30%, and
preferably at least 40%, 45%, 50%, 55% or 60% down-
regulation should be achieve.

[0038] By “preventing” gene expression, we mean no
detectable intact gene expression is detected when assayed
by Northern blot using a radioactively end-labeled oligomer
that is complementary to the gene being silenced. Nonethe-
less, there may be minute amounts of expression that could
be detected by extremely sensitive methods.

[0039] The term “silencer” as used herein refers to an
exogenous sequence that can be introduced into cells and
used to silence gene expression in that cell. There are several
different types of silencers, including at least antisense
oligonucleotides, ribozymes, RNA interference, and the like.
Genes can be silenced by e.g., dsRNA that decomposes
mRNA, siRNA molecules that cause the endonucleatic
cleavage of the target mRNA molecules or by miRNA
molecules that suppress translation of the mRNA molecule
or by shRNA, as well as by endoribonuclease-prepared
siRNAs (esiRNAs), which are a mixture of siRNA oligos
resulting from cleavage of long double-stranded RNA
(dsRNA) with an endoribonuclease such as Escherichia coli
RNase III or dicer. The term “silencer” is not limited to any
one particular methodology, unless so specified.

[0040] The term “inhibit” or inhibition refers to the down-
regulation of the expression of a target gene or the reduction
of a phenotype, by at least 10%, or at least 33%, or at least
50%, or at least 80% of its gene expression relative the
control.

[0041] By “exosomes” what is meant herein are cell-
derived vesicles that are present in many and perhaps all
biological fluids, including blood, urine, and cultured
medium of cell cultures.

[0042] As used herein, the expressions “cell”, “cell line”
and “cell culture” are used interchangeably and all such
designations include progeny. Thus, the words “cells” and
similar designations include the primary subject cell and
cultures derived therefrom without regard for the number of
transfers. It is also understood that all progeny may not be
precisely identical in DNA content, due to deliberate or
inadvertent mutations that arise after genetic engineering is
concluded. Mutant progeny that have the same function or
biological activity as screened for in the originally trans-
formed cell are included. Where distinct designations are
intended, it will be clear from the context.
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[0043] The term “sensitizing” refers to the synergistic
induction of apoptosis in tumor cells by combining different
therapies. For example, by modulating the DNA repair
pathways inside the tumor cells, it is possible to sensitize
cancer cells.

[0044] The terms “operably associated” or “operably
linked,” as used herein, refer to functionally coupled nucleic
acid sequences.

[0045] As used herein “recombinant” is relating to,
derived from, or containing genetically “engineered” mate-
rial. In other words, the genome was intentionally manipu-
lated by the hand of man in some way.

[0046] “Reduced activity” or “inactivation” is defined
herein to be at least a 75% reduction in protein/gene activity,
as compared with an appropriate control species. Preferably,
at least 80, 85, 90, 95% reduction in activity is attained, and
in the most preferred embodiment, the activity is eliminated
(100%). Proteins can be inactivated with inhibitors, by
mutation, or by suppression of expression or translation, and
the like. A negative superscript, as in ACT1", indicates
reduced activity.

[0047] As used herein, “pharmaceutically acceptable car-
rier” refers to any carrier that is capable of delivering
oligonucleotide to target cells. Examples of the pharmaceu-
tically acceptable carrier include, but not limited to, nucleic
acid carrier, cationic lipids, peptide-mediated carrier such as
cell-penetrating peptides, nanogel carrier, liposomes, small
molecule tags (including cholesterol-modification, mem-
brane-permeant peptides, folate, antibiotics, VITE, and
VITA), and cationic polymers.

[0048] As used herein, “biological sample” refers to
samples taken from a subject, including but not limited to
bodily fluids, tissue, bone marrow, cell lines, exhaled air,
feces, hair, nail, etc. The term “bodily fluids” refers to blood,
urine, saliva, sweat, semen, mucus, vaginal fluids, fluids
from cytology (ascites, pleural fluid, synovial fluid, etc.).
[0049] As used herein the specification, “a” or “an” may
mean one or more. As used herein in the claim(s), when used
in conjunction with the word “comprising”, the words “a” or
“an” may mean one or more than one. As used herein
“another” may mean at least a second or more.

[0050] The term “about” means the stated value plus or
minus the margin of error of measurement or plus or minus
10% if no method of measurement is indicated.

[0051] The use of the term “or” in the claims is used to
mean “and/or” unless explicitly indicated to refer to alter-
natives only or if the alternatives are mutually exclusive.
[0052] The terms “comprise”, “have”, “include” and “con-
tain” (and their variants) are open-ended linking verbs and
allow the addition of other elements when used in a claim.
[0053] Wherever any of the phrases “for example,” “such
as,” “including” and the like are used herein, the phrase “and
without limitation” is understood to follow unless explicitly
stated otherwise. Similarly, “an example,” “exemplary” and
the like are understood to be non-limiting.

[0054] The term ‘‘substantially” allows for deviations
from the descriptor that do not negatively impact the
intended purpose. Descriptive terms are understood to be
modified by the term “substantially” even if the word
“substantially” is not explicitly recited. Therefore, for
example, the phrase “wherein the lever extends vertically”
means “wherein the lever extends substantially vertically”
so long as a precise vertical arrangement is not necessary for
the lever to perform its function.

<

2
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[0055] The disclosure may use one or more of the follow-
ing abbreviations:
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Abbreviation Meaning
ASO Anti-sense Oligonucleotides
BC Breast cancer
bi-shRNA bifunctional shRNA
esiRNA Endoribonuclease-prepared siRNAs
GBM Glioblastoma.
GFP Green fluorescent protein
KD Knock down (refers to silencers herein)
miRNA microRNA
MSC Mesenchymal stem cells
NK Natural killer
RFP Red fluorescent protein
RNAi RNA interference
shRNA Small hairpin RNA
siRNA Small interfering RNAs
TAM Tumor associated macrophages
TILs Tumor infiltrating lymphocytes
TNBC Triple negative breast cancer
TRAF3IP2 TRAF3-INTERACTING PROTEIN 2 aka NUCLEAR FACTOR
KAPPA-B ACTIVATOR 1 or ACT1 (UniProt 043734)
TME Tumor microenvironment

BRIEF DESCRIPTION OF THE DRAWINGS

[0056] FIG. 1. Targeting TRAF3IP2 reduces cell prolif-
eration, angiogenesis and metastasis.

[0057] FIG. 2A-B. TRAF3IP2 expression in breast cancer
cells and tissues.

[0058] FIG. 3A. Subcutaneous treatment of tumor in PDX
model between TRAF3IP2 shRNA-LV and SCR shRNA-
LV.

[0059] FIG. 3B. Intraperitoneal treatment of tumor in PDX
model between TRAF3IP2 shRNA-LV and SCR shRNA-
LV.

[0060] FIG. 4A. Detection of micrometastasis based on
human-specific alpha-satellite region on chromosome 17.
[0061] FIG. 4B. Detection of Micrometastasis based on
estimated number of human cells detected in a total of 4x10*
cells.

[0062] FIG. 4C-D. Exosome characterization between
subcutaneous treatment and intraperitoneal treatment of
TRAF3IP2 shRNA-LV/SCR shRNA-LV/no treatment.
[0063] FIG. 4E. Detection of micrometastasis using PCR.
Key TNBC metastatic niches were analyzed for microme-
tastasis using primers directed towards a human-specific
alpha-satellite DNA sequence of the centromere region of
human chromosome 17. No human specific DNA sequence
was detected in the most common metastatic sites in
TRAF3IP2-AO treated animals.

[0064] FIG. 5A-B. Silencing TRAF3IP2
reduces tumor size.

[0065] FIG. 6. Silencing TRAF3IP2 inhibits malignant
metabolism in TNBC cells.

[0066] FIG. 7. A) RT-gPCR revealed the expression of
genes related to inflammation, angiogenesis, cell cycle and
apoptosis, and exosome release in tumors of TRAF3IP2-AO
treated animals (vs. SCR-AO). B) Western Blotting Analysis
of tumor lysates demonstrates significantly reduced levels of
pro-tumorigenic proteins in animals treated with
TRAF3IP2-AO. C, D) Immunohistochemical analysis of
tumor tissue revealed reduced expression of pro-tumori-
genic proteins (C) and human-specific mitochondrial mark-
ers in TRAF3IP2-AO treated animals (vs. SCR-AQ; scale

in tumors

bar 100 um). GAPDH: 36 kDa; TRAF31P2: 65 kDa; 1L8: 11
kDa; NFkB: 60 kDa; VEGF: 25 kDa.

[0067] FIG. 8. Effect of targeting TRAF3IP2 on
chemoresistance.

[0068] FIG. 9. Treatment of late stage metastatic TNBC.
[0069] FIG. 10. Effect of TRAF3IP2 silencing on angio-
genesis.

[0070] FIG. 11. Effect of targeting TRAF31P2 using anti-

sense oligonucleotide on angiogenesis in vivo.

[0071] FIG. 12. TRAF3IP2 expression in glioblastoma
cells and tissues.

[0072] FIG. 13. Silencing TRAF3IP2 suppresses glioblas-
toma sumorigenesis.

[0073] FIG. 14. Targeting TRA3IP2 by Antisense Oligo-
nucleotide suppresses glioblastoma growth.

[0074] FIG. 15. Detection of Intracranial Dissemination.
[0075] FIG. 16. Silencing of TRAF3IP2 enhances the
effect of igurotimod on glioblastoma and on triple negative
cancer cell growth.

[0076] FIG. 17. Targeting TRAF3IP2 causes change in
anti-tumor immune response.

DETAILED DESCRIPTION OF THE
DISCLOSURE

[0077] Detailed descriptions of one or more preferred
embodiments are provided herein. It is to be understood,
however, that the present invention may be embodied in
various forms. Therefore, specific details disclosed herein
are not to be interpreted as limiting, but rather as a basis for
the claims and as a representative basis for teaching one
skilled in the art to employ the present invention in any
appropriate manner.

[0078] Furthermore, while the invention is exemplified in
breast cancer cell lines injected into mice with particular
vectors and silencers, this is for proof of concept only, and
the methods are expected to work in many different tumors
with a variety of silencer delivery methods and with a
variety of silencer sequences.

[0079] TRAF3IP2 mediates IL.-17-dependent NF-kB acti-
vation and inflammatory signaling, suggesting its potential
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in BC development and progression. TRAF3IP2 is also an
upstream regulator of INK, a stress-activated protein kinase
involved in AP-1 activation, suggesting that increased
TRAF3IP2 expression enhances inflammation via NF-kB-
and AP-1-dependent mechanisms. By regulating inflamma-
tory signaling, TRAF3IP2 plays a crucial role in TME
formation. The TME, a highly dynamic space evolved in
relation to tumor over time, regulates bidirectional commu-
nication between malignant and adjacent non-malignant
cells, including neoangiogenesis and malignant metabolism.
High energy demand of BC cells enhances glycolytic flux
particularly in a harsh hypoxic environment. BC cells
exploit oxidative phosphorylation pathways to dynamically
adapt its metabolic processes to TME. Rapid tumor growth
creates a hypoxic TME, activates HIF1-o expression,
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ized 10 and 4 weeks post-injection, respectively (Al & BI).
Significant gross metastasis was found in various tissues.
The extent of metastasis in abdomen, liver, kidneys and
lungs (arrows) of MDA, 01 shanva OF HCcloumorsnrnia
injected animals are shown (Al &BI).

[0083] Both MDA /1 ;73700 zp OF 41Crp s r3m0 xp INjected
animals showed minimal tumor growth upon euthanasia
after week 52 (AIl and BII). Further, no metastasis was
detected in liver, kidneys and lungs in both groups. In other
words, administration of TRAF3IP2-silenced TNBC cell
line (MDA g, r3mxp) and TNBC  primary cells
(41C g 4p3poxp) INto @ mouse mammary fat pad prevents
tumor growth, inhibits metastasis, and prolongs survival
(FIG. 3A-II and 3B-II).

[0084] The following materials were used herein:

MDA-MB231 cells
MDA xp1g4r310> Cells

A human breast cancer cell line, available from Sigm-Aldrich ®
MDA-MB231 cells transformed with a lentiviral vector encoding a
TRAF3IP2 silencer.

MDA gpraro7 cells MDA-MB231 cells transformed with a lentiviral vector encoding RAB27A

184A1 cells

Lentiviral vector

4IC

silencer
A human mammary gland cell lines, established by chemical
transformation (ATCC ® CRL-8798)

A lentiviral-based vector (e.g. pLKO.1-puro or pLKO.1-puro-CMV-
TurboGFP ™), preferably having a transactivator inducible promoter, such
as IL1B promoter which will be activated in presence of excessive
amounts of IL1B within tumor microenvironment.

Primary TNBC cell line

increases VEGF levels, and promotes neoangiogenesis, thus
facilitating further tumor growth and metastasis. Activation
of HIF-1a also drives the metabolic transition to aerobic
glycolysis. Therefore, metabolic alterations in cancer make
significant contributions to the metastatic phenotype and
neoangiogenesis.

[0080] The data shows that targeting and silencing
TRAF3IP2 decreases aerobic glycolysis, leading to reduced
neoangiogenesis and metastasis, thus strongly linking
increased TRAF3IP2 expression to metabolic alterations
and neoangiogenesis, tumor growth and metastasis. See
FIG. 1. The preliminary data also indicate that silencing
TRAF3IP2 promotes BC cell senescence. Senescence
induces an inflammatory response and inflammatory cell
infiltration. Canonical senescence is precipitated by nuclear
damage and results in a senescence-associated secretory
phenotype (SASP), and is associated with the secretion of
proteases, cytokines, growth factors, and pro-angiogenic
mediators.

TRAF3IP2 Causes Tumorigenesis in Breast Cancer In Vitro
and In Vivo

[0081] Analyzing the TRAF3IP2 expression level in dif-
ferent cells shows significantly increased level of TRAF3IP2
in primary human breast cancer tissue, see FIG. 2(A). FIG.
2(B) shows representative sections from four independent
“Triple Negative Breast Cancer” (TNBC) tissues, wherein
increased TRAF3IP2 expression (brown) is stained by IHC,
counterstained with hematoxylin (blue).

[0082] Female 4-6 weeks old NSG mice were injected
intra-mammary with MDA 1z 375 z2n OF 41C % s 3100 20
cells (1x106 cells in PBS and Martigel) and compared to
control group (MD AControl shRN4 OF 4ICComrol shRNA)(n:l()/
group). Due to large tumor growth in animals injected with
MDA o,uir01 shrnva OF 4C coriror snrna C€lls, they were euthan-

Micrometastasis Detection

[0085] Genomic DNA from samples was extracted using
the QIAmp DNA Mini Kit (Qiagen). Presence of human
DNA was demonstrated using Quantitative Real-Time PCR,
detecting a human-specific a.-satelite region on chromosome
17. The RT-PCR reaction mixture contained 250 ng genomic
DNA template, 250 nM of each primer and iTaq™ Universal
SYBR® Green Supermix (BioRad) following the manufac-
turer’s protocol. An initial DNA denaturation and Taq acti-
vation at 95°C for 5 min was followed by 35 one-minute
cycles of denaturation at 95° C., annealing at 57° C. and
extension at 72° C. Each sample was tested in triplicate.

[0086] Amplified DNA fragments were analyzed by elec-
trophoresis through 1% agarose gel, followed by ethidium
bromide staining and visualization through ultraviolet light
(BioRad ChemiDoc Imaging System) to assure the correct
band size. Genomic DNA samples from human 293T cells
served as the positive control, NSG mouse liver tissue as the
negative control. Several dilutions of human in mouse DNA
created a calibration curve.

[0087] Human-specific a-satellite region on chromosome
17 is used to distinguish human DNA from mouse DNA. As
shown in FIG. 4A, genomic DNA samples from human
293T cells served as the positive control, NSG mouse liver
tissue as the negative control. Several dilutions of human in
mouse DNA created a calibration curve.

[0088] With an assumption of 6 pg DNA per cell, roughly
40000 cells were analyzed for human origin in the 250 ng
DNA template. The dilution of 0.002% human DNA is
therefore equivalent to one cell human cell in the template,
represented by a Ct value of 26.3. Following that division,
Ct values under 26.3 demonstrate definite human cells and
can be interpreted as micrometastasis in the respective
analyzed tissue.
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[0089] 2/3 mice were analyzed. Mice euthanized on day
29 post tumor induction (all animals of control group, 3/6
animals of treatment group) Limited amount of animals
available due to FFPE fixation of organs from 3/6 mice. FIG.
4B shows the estimated number of human cells detected in
atotal of 4x10* cells. As can be seen, TRAF3IP2 shRNA-LV
treated mice show significantly lower human DNA in brain,
bone marrow or omentum.

[0090] Additionally, exosome characterization was used
to determine metastatic abilities of the tumors in different
treatment groups. Exosomes are the main insoluble compo-
nents of the tumor microenvironment. Exosomes are small
membranous extracellular vesicles (40-140 nm in diameter)
that are released in extracellular space. In addition to pro-
duction by tumor cells, exosome-like vesicles are produced
by various non-malignant cell types. Structurally, these
vesicles consist of a lipid bi-layer membrane similar to the
cellular membrane, proteins, including host specific pro-
teins, mRNA, microRNA (miRNA) and transcription fac-
tors.

[0091] Exosomes can affect various cell types by trans-
ferring their content to various cells. The growing interest in
the characterization of exosome-like vesicles in cancer
research arises from their potential role in carrying a large
array of oncogenic elements released by malignant cells,
such as oncogenic proteins and miRNAs. Such oncogenic
proteins and miRNAs can traverse the tumor microenviron-
ment and can be taken up by recipient non-malignant cells;
this can result in the transfer of oncogenic activity.

[0092] Nanoparticle tracking analysis-based exosome
characterization utilizes the properties of both light scatter-
ing using a light microscope (composition), and Brownian
motion of individual vesicle is tracked by software (size) in
order to obtain the particle size distribution of samples in
liquid suspension. Total concentration is also calculated.
[0093] Analysis of EV extracted from plasma in different
groups showed that EV of the TRAF3IP2 shRNA-LV treated
groups were significantly larger than those of the control
group, measured by mode diameter and volume of particles.
EV of all PDX groups, no matter what treatment received,
were significantly larger than EV of untreated NSG control
mice without any induced tumor (FIG. 4C).

[0094] The concentration of particles per mL was signifi-
cantly lower in SCR shRNA-LV treated mice, compared to
both the TRAF3IP2 shRNA-LV treated animals (sc. injec-
tions p=0.0166; ip. injections p=0.0002) and the untreated
control group without tumor (sc. injections p=0.0024; ip.
injections p<0.0001).

[0095] Combining data on EV size and concentration
results in reporting the fraction of EV in total plasma
volume. In subcutaneous TRAF3IP2 shRNA-LV treated
mice EV constitute 0.048% of plasma volume, whereas in
SCR shRNA-LV treated animals the volume of EV deter-
mines only 0.016% (p=0.0097). See FIG. 4D. Groups of
intraperitoneal injections show a similar trend: EV of
TRAF3IP2 shRNA-LV treated mice define 0.028% of
plasma volume, whereas the number drops to 0.010% (p=0.
0003) in the SCR shRNA-LV treated animals. The lowest
percentage (0.003%) is observed in untreated NSG mice
without tumor and is considered as the baseline of EV
release.

[0096] Results therefore indicate an increased level of
apoptotic cells in TRAF3IP2 shRNA-LV treated animals,
represented by larger plasma EV.

Jun. 20, 2024

[0097] Moreover, PCR using primers that specifically
detect human-specific a-satellite DNA sequence of the cen-
tromere region of human chromosome 17 indicated no
micrometastasis in the treated group. In contrast, SCR-AO
treated mice showed metastasis in lung, liver, bone, kidney
and spleen.

Silencing TRAF3IP2 in Triple-Negative Breast Cancer PDX
Model

[0098] The effects of targeting and silencing TRAF31P2
on tumor growth and metastasis of patient-derived TNBC
tissues (TNBC PDX cells (TU-BeX-49S, TU-BeX-4QAN,
TU-BeX-56S) in PDX models was evaluated. The results of
this study determines whether silencing TRAF3IP2 will
suppress tumor growth, inhibit metastasis, and extend sur-
vival of PDXs.

[0099] 24 animals developed tumor, and were divided in 4
treatment groups. Animals of the control group needed to be
sacrificed on Day 29, due to extremely large tumors that
impaired movement. Survival Curve was created as Kaplan
Meyer based on the Date of Death of the animals. Animals
were euthanized when condition and/or tumor size made it
necessary. Censored animals also included: TRAF31P2 KD
animals sacrificed at same day as Control for Pathology
study.

[0100] FIGS. 5A-B display the fraction survival over time
for the Subcutaneos and Intraperitoneal Treatment. Tumor
mass Day 29 post surgery was measured (measurements at
the same time for all treatment groups).

[0101] The results were compared based on the method of
delivery between Subcutaneous (SC) and Intraperitoneal
treatment (IP). Average tumor reductions for SC treatment is
65.3%, whereas average tumore reduction for IP Treatment:
is 60%

[0102] For max tumor reduction, SC Treatment achieved
a 92.3% reduction, whereas IP Treatment was 77.1%. There-
fore, it is clearly shown that in PDX model, targeting and
silencing TRAF3IP2, regardless of method of delivery,
successfully reduces tumor size.

Effects of Silencing TRAF3IP2 on Malignant Metabolism in
Breast Cancer

[0103] In vitro and in vivo assays are designed for gen-
eration of total ROS and superoxide in BCTRAF3IP2 KD
cells, to assess the levels of NADPH oxidase 2 (Nox2), a
potent producer of superoxide. To confirm the role of
superoxide in TRAF3IP2-silencing mediated mitochondrial
damage, the cells were treated with a free radical scavenger
(i.e. glutathione) and investigate whether (a) mitochondrial
damage can be prevented and (b) mitochondrial function can
be restored.

[0104] FIG. 6(A) shows Glycolysis analysis in
41C rrur3rps xp VS. 4IC_ 101 snrnva Cells. As seen in FIG.
6(A), silencing TRAF3IP2 inhibits glycolytic activity by
50%. FIG. 6(B) shows the results of Seahorse assay to assess
the effects of TRAF3IP2 silencing on mitochondrial func-
tion. Results indicate significant changes in TNBC metabo-
lism following TRAF3IP2 silencing. FIG. 6(C) shows the
results of membrane potential assay indicates that silencing
TRAF3IP2 decreases membrane potential, implying mito-
chondrial damage. Notably, the addition of FCCP, a potent
uncoupling agent, does not decrease mitochondrial mem-
brane potential, further suggesting that TRAF3IP2 knock-
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down is highly effective in reducing membrane potential and
thus inducing mitochondrial dysfunction.

Effects of Silencing TRAF3IP2 on Inflammatory Signaling
in Breast Cancer

[0105] As shown above, targeting and silencing
TRAF3IP2 significantly reduces NF-kB activation, inhibits
expression of inflammatory cytokines (such as IL-6 and
IL-8), and reduces mTOR activation. The PI3K/AKT/
mTOR pathway has been shown to: (1) phosphorylate and
degrade IkB (inhibitor of KB), thus activating NF-kB and
inflammation and (2) activate HIF-la. and subsequently
results in VEGF-driven angiogenesis. It is therefore pro-
posed that targeting TRAF3IP2 in TNBC samples would
coordinately suppresses inflammation, downstream pro-tu-
morigenic metabolism, angiogenesis, and tumor growth in
the PDX model. The inflammatory signaling pathway is
studied in BCrryrszps xp VS. BCoonmor shraia

[0106] In FIG. 7(A) RT-qPCR revealed the expression of
genes related to inflammation, angiogenesis, cell cycle and
apoptosis, and exosome release in tumors of TRAF31P2-AO
treated animals (vs. SCR-AO). In FIG. 7(B), Western Blot-
ting Analysis of tumor lysates demonstrates significantly
reduced levels of pro-tumorigenic proteins in animals
treated with TRAF3IP2-AO. In FIG. 7(C, D), Immunohis-
tochemical analysis of tumor tissue revealed reduced expres-
sion of pro-tumorigenic proteins. FIG. 7(C) shows human-
specific mitochondrial markers in TRAF3IP2-AO treated
animals (vs. SCR-AQ; scale bar 100 pm).

[0107] Post-mortem analysis of residual tumor confirmed
that targeting TRAF3IP2 suppresses inflammation, angio-
genesis, cell cycle and apoptosis, and genes involved in
exosome release (FIG. 7(A)). Protein expression analysis
showed that tumors treated with TRAF3IP2-AO displayed
significantly lower levels of TRAF3IP2, IL8, IL1b, and
VEGF. Together, these molecular data confirm the crucial
role of TRAF3IP2 in malignant inflammation and angiogen-
esis, and strongly suggest the mechanistic involvement of
TRAF3IP2 in regulating multiple protumorigenic pathways
(FIG. 7(B)). In addition, immunohistochemical analysis
showed decreased levels of TRAF3IP2 and IL8 and
increased Caspase 3, which is associated with tumor regres-
sion in the treated group (FIG. 7(C)). Analysis of residual
mass indicated that cells from the host had infiltrated the
tumor site forming the greatest majority of the cells (FIG.
7(D)), whereas human breast cancer cells were sparse (nega-
tive for human-specific mitochondrial marker; FIG. 7(D)).

Silencing TRAF3IP2 and Chemoresistance

[0108] Whether silencing TRAF3IP2 would successfully
reduce tumor growth, combining TRAF3IP2 silencer with
chemotherapy agents may have improved or synergistic
effect on tumor treatment. One chemotherapy agent being
tested is Paclitaxel. Preliminary results show that targeting
TRAF3IP2 enhances the efficacy of Paclitaxel in TNBC
cells, resulting in maximally suppressed tumor growth. In
that experiment, 41C were isolated from a TNBC patient that
showed limited response to chemotherapy, silenced for
TRAF3IP2 (4ICTRAF3IP2 KD; cells transduced with
scrambled shRNA served as a control, 4ICControl shRNA),
treated with Paclitaxel and analyzed for cell cycle profile in
vitro. Paclitaxel has been previously shown to arrest cell
cycle progression at the G2/M phase, resulting in apoptosis.
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Our data show that Paclitaxel treatment alone increased the
proportion of cells in G2 by 23%, as compared to a 12%
increase from TRAF3IP2 knockdown alone. Importantly,
targeting TRAF3IP2 reduced the proportion of cells in S
phase by 3%. Notably, combining paclitaxel with
TRAF3IP2 knockdown completely prevented entry into S
phase, and arrested cells in the G2/M checkpoint (FIG.
8A-D).

[0109] We next examined whether the combination
therapy (Paclitaxil+TRAF3IP2 knockdown) is equally
effective in vivo. At first, tumors were induced using wild
type 4IC cells using a similar set up described in FIG. 5.
After tumor induction, each group was treated with one of
the following: SCR-AO (4IC SCR-AO Treated), SCR-AO
and Paclitaxel (SCR-AO+Paclitaxel Treated), TRAF31P2-
AO Treated, or TRAF3IP2-AO and Paclitaxel (TRAF31P2-
AO+Paclitaxel Treated). Animals in the SCR-AO group had
to be euthanized by day 28 due to increased tumor burden.
Paclitaxel reduced tumor volume by 42% and targeting
TRAF3IP2 reduced tumor size by 78%. Their combination
totally eliminated the tumor (FIG. 8E). These clinically
relevant in vitro and in vivo data indicate that combining
paclitaxel with TRAF3IP2 knockdown is superior and will
overcome the challenges associated with cancer cell
responses to standard chemotherapies. In other words, the
COMBINATION OF

Sensitization of Tumor Cells with TRAF3IP2 Silencing

[0110] The targeting and silencing of TRAF3IP2 not only
prevents the growth of a tumor and prevents metastasis and
micromestastasis, but it also sensitizes tumors in a syner-
gistic way to the treatment with other cytostatic, cytotoxic,
oncolytic or immunmodulatory drugs or radiation treatment.
An example of these drugs or treatments are for example
Paclitaxel, Temozolomide, Iguratimod plus additional or
without additional radiation treatment.

[0111] Indeed as shown above, the combination of
TRAF3IP2 silencing and administration of Paclitaxel can
completely eliminate the tumor as shown in FIG. 8E. It is
therefore possible to silence TRAF3IP2 in the tumors first,
followed by other cytostatic, cytotoxic, oncolytic, immuno-
modulatory agents or radiation treatments.

[0112] Additionally, Iguratimod (N-[7-(methanesulfona-
mido)-4-ox0-6-phenoxychromen-3-yl]formamide, IGU), a
small drug, can be used as a potent anti-inflammatory
molecule. IGU has various mechanisms of actions including
disrupting IL-17R pathway, and effectively impairs the
interaction between TRAFS5 and TRAF31P2. It also has well
established capacities of minimizing TRAF3IP2-mediated
NF-xB activation. We therefore hypothesized that IGU
could be utilized as a TRAF3IP2-suppressing agent that
would reduce malignant tumor growth and metastasis in
TNBC and GBM cells.

[0113] In vitro investigations were carried out using trans-
duced TNBC cell line (MDAMB-231) and patient derived
TNBC cells (41C), pediatric GBM cell line (KNS), and adult
GBM cell line (U87) by targeting and suppressing/silencing
TRAF3IP2 expression using shRNA Lentiviral vector
(TRAF3IP2KD) versus shRNA control (SCR). Using MTT
assay, we treated malignant cells with low and high con-
centrations of IGU to test cell proliferation, viability, and
apoptosis compared to vehicle (DMSO) treated cells. It is
shown in FIG. 16 that the silencing of TRAF3IP2 enhances
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the effect of IGU on adult glioblastoma cells (U87), pediatric
glioblastoma cells (KNS) and on triple negative cancer cell
growth (data not shown).

[0114] Particularly regarding U87, at 24 hours post treat-
ment, the two concentration groups in U87 and
US87 rr4rarpaxp Show similar cell viability. At 48 hours, in
C2 (224.823 mM IGU) the control group has about 50%
viability, whereas U874, z3/pox5 has about 40% viability.
Similarly at 72 hours, in C2 the control group has about 40%
cell viability, whereas in U87TRAF3IP2KD has about 20%
cell viability.

[0115] Regarding KNS, at 24 hours post treatment, in C2
the KNS control has about 65% cell viability, whereas in
KNS ;g imammoxn it shows about 55% cell viability. At 48
hours post treatment, in C1 the KNS control has about 55%
cell viability, whereas in KNS, 0k it shows about
45% cell viability. At 72 hours post treatment, in C2 the
KNS control shows about 40% cell viability, whereas in it
shows about 25% cell viability.

[0116] Taken together, it is shown that targeting and
suppressing/silencing  TRAF3IP2  expression indeed
enhances IGU’s effect on glioblastoma and triple negative
breast cancer cells.

Treatment of Late Stage Triple-Negative Breast Cancer

[0117] To see if targeting and silencing TRAF3IP2 elimi-
nates metastatic tumors in advanced metastatic TNBC, PDX
model were used. 4IC tumors were induced intramammary
into mice using 4IC cells [carrying a luciferase-expressing
gene for ‘bioluminescence imaging’. Treatment was initi-
ated in late stage BC indicated by advanced metastasis
detectable by luciferase imaging (day 42). Animals were
treated with TRAF3IP2-AO (100 pg in 50 ul) administered
interperitoneally every 48 hours. Control group received
SCR-AO in the same fashion (Data not shown). Represen-
tative images showing the extend of metastasis after treat-
ment 1(T1), TS5, T10, and T15. The control animals were
treated with SCR-AO only on T1 and were euthanized due
to the increasing tumor growth.

[0118] The results indicate a marked reduction of lucifer-
ase signal, reaching undetectable levels after 15 treatments
(FIG. 9). This is evidence that solid tumors may be treated
or eliminated by targeting and silencing TRAF3IP2.

Effects of Silencing TRAF3IP2 on Angiogenesis in Breast
Cancer

[0119] Increased angiogenesis contributes to reduced
patient survival. NF-kB is involved in angiogenesis in breast
cancer. Blockade of NF-kB signaling significantly inhibits
TNBC growth and angiogenesis through reduction of VEGF
and IL-8. However, sole targeting of NF-kB in a clinical
setting yielded disappointing results. We reported that tar-
geting and silencing TRAF31P2 expression decreases VEGF
expression, and inhibits 1) angiogenesis in vitro and 2)
neoangiogenesis in vivo. In vivo data indicate that treating
tumors have reduced mTOR-driven HIF-la activation and
downstream VEGF driven neovascularization. Therefore,
we hypothesize that TRAF3IP2 is a key coordinator of
neoangiogenesis in BC.

[0120] Therefore, the effects of targeting and silencing
TRAF3IP2 on angiogenesis in BC PDX models is studied
and compared with tumors induced by BCTRAF3IP2 KD
and BC,_,,,,0; shrva cells for each primary BC specimen.
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Effect of TRAF31IP2 silencing on angiogenesis: HBEC cells
were incubated with conditioned media from 41Cp, ;473702
and 4IC._,.,.oisnrnva Cultures. The level of tube formation is
shown in HBEC cells incubated with 41C__,,,,.nra cOndi-
tioned media (MDAControl shRNACM) (A) and condi-
tioned media  from MDAz, rmxp  cultures
(MDA 1 4r3260CM). There is significantly fewer tube
formation in HBEC cells incubated with 41C /» 4 73 o2 xpCM
(B). The angiogenesis is restored when recombinant VEGF
was added to the 41C x4 z37p2xp conditioned media (C and
D). The graph shows the total tube formation, total branch-
ing points, loops, and total net in HBEC incubated with each
ACrprrarspCM and 41C_ ..o CM, and addition of
VEGF to each conditions (E).

[0121] As shown in FIG. 10, primary human breast epi-
thelial cells (HBEC) display increased angiogenesis when
treated with conditioned media from 4ICcontrol shRNA
cultures. However, the HBEC angiogenesis is significantly
reduced when incubated with conditioned media from
Crrarsrraxp HNCrrarsrpaxpens)- 10 addition, angiogen-
esis is restored when recombinant VEGF is added to HBEC
cells incubated with 41Cxprrsrapacar

[0122] Further, in vivo data indicate that treating TNBC
with TRAF3IP2-AO results in reduced tumor growth.
Immunohistochemical analysis of the vessel structure within
the TRAF3IP2-AO treated tumors revealed lower blood
vessel density/angiogenesis in TRAF3IP2-AO treated
tumors (Arrows in FIG. 11), indicated by reduced CD31
staining (an epithelial marker) compared to SCR-AO treated
tumors. In addition, staining for human-specific mitochon-
dria showed significantly less number in TNBC cells (hu-
man cells) in residual TRAF3IP2-AO treated tumor tissue.
This demonstrates a critical role for TRAF3IP2 in neoan-
giogenesis. Also, it is notable that TRAF3IP2 induces the
expression and release of pro-angiogenic mediators into the
TME, activating endothelial cells to promote neo-vascular-
ization. TRAF3IP2 silencing.

TRAF3IP2 Expression in Glioblastoma

[0123] Expression of TRAF3IP2 in U87, U118 and
SVGpl2 was analyzed and shown in FIG. 12. The expres-
sion of TRA3IP2 is significantly higher compared to
SVGpl2, a non-malignant glial cell line. TRAF3IP2 mRNA
expression in TRAF3IP2 knockdown in U87 and U118 cells
was compared to the control cells (Ul18control shRNA,
U87, U87control  shRNA, UIISTRAF3IP2 KD,
US7TRAF3IP2 KD) and SVG pl2 cells by RI-qPCR.
Results were normalized to values obtained in U87 and
U118 cells respectively (n=9/cell type; P<0.05). B) Repre-
sentative sections from glioblastoma tissues from ten
patients show increased TRAF3IP2 expression (brown) by
THC, counterstained with hematoxylin (blue). Scale bar, 100
pm.

Silencing TRAF3IP2 Suppresses Glioblastoma
Tumorigenesis
[0124] To explore the role of TRAF3IP2 in glioblastoma

tumorigenesis, the following was performed, and the results
are shown in FIG. 13. Histology on primary glioblastoma
tissue (BN2) shows high expression of TRAF3IP2 compared
to adjacent nontumor tissue. Sections were counterstained
with hematoxylin (blue). Scale bar 100 mm (A). mRNA
analysis indicates higher expression of TRAF3IP2, proin-
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flammatory, and angiogenesis genes compared to U87 cells
(B). Silencing TRAF3IP2 in BN2 cells suppresses the
expression of TRAF3IP2 proinflammatory, and angiogen-
esis markers compared to BN2Control shRNA (C). Schema
of the experimental procedure used for establishing glio-
blastoma brain model in left SSCx (D). Administration of
BN2TRAF3IP2 KD (3x105 cells in PBS and Martigel) were
injected into the injected into the left SSCx of NSG mice
(n=9/group). Due to significant neurologic symptoms
including, neuronal dysfunction, grip strength test, and
deficit in the rotarod tasks, (in addition to weight loss, and
blindness) in the animals injected with BN2Control shRNA,
they were euthanized 28 days post-injection. The experi-
ment was terminated on day 72 for the BN2Tx r37m0 xp
injected animals. A significantly larger tumor was observed
in BN2Control shRNA tumor on day 28 post tumor induc-
tion compare to the BN2;4 ;. KD injected mice on day
72 on the tumor induction (E). Photomicrographs of histol-
ogy of BN2 . rms xp (bottom panel) and BN2Control
shRNA tumors (top panel) immunohistochemical detection
of TRAF3IP2, Ki67, 1L-8, and VEGF in these tumors,
analyzed on day 28 (for BN2Control shRNA injected mice)
and day 72 (for BN2,z ,z375 xp Injected mice) posttumor
induction. Scale bar, 20 um (F).

Silencing TRAF3IP2 Inhibits
Inhibiting HIF1-aExpression

[0125] Our data show that targeting TRAF3IP2 suppresses
the pro-angiogenic NF-kB and mTOR, and inhibits angio-
genic processes in glioblastoma3 1. Our in vivo data indicate
that treating glioblastoma PDX with TRAF3IP2-AO results
in reduced tumor growth. Immunohistochemical analysis of
the vessel structure within the TRAF3IP2-AO treated
tumors revealed lower blood vessel density/angiogenesis in
TRAF3IP2-AO treated tumors, indicated by reduced CD31
staining (an epithelial marker) compared to SCRAO treated
tumors. In addition, staining for human-specific mitochon-
dria showed significantly less number in glioblastoma cells
(human cells) in residual TRAF3IP2-AO treated tumor
tissue. This demonstrates a critical role for TRAF3IP2 in
neoangiogenesis.

[0126] Also, it is notable that TRAF3IP2 induces the
expression and release of pro-angiogenic mediators into the
TME, activating endothelial cells to promote neo-vascular-
ization.

Neoangiogenesis by

Silencing TRAF3IP2 Suppresses Tumor Growth in PDX
Model

[0127] For the experiments reported here, the BN2 glio-
blastoma specimen was used in xenograft studies, and the
results are shown in FIG. 14. Glioblastoma was induced by
intracranial injection of tumor cells (into the left SSCx of
NSG mice; 3x105 cells in PBS+Martigel; n=5 mice/group)
isolated from primary glioblastoma tissue. At the time of the
injection, a chronic cranial window was installed on the left
side of the animal’s skull that allowed in vivo 2PE imaging
of tumor evolution.

[0128] For intracerebroventricular (ICV) administration
of AO targeting TRAF3IP2 (TRAF3IP2-AO) or control
scrambled AO (SCR-AO), a brain cannula was stereotaonc-
tically implanted into the contralateral (right) ventricle (FIG.
14-A). Treatment of mice started on day 10 post-tumor
induction with 5 pl every 48 h; 30 nanomolar AO (FIG.
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14-B). The results indicate a marked reduction in tumor size
following administration of TRAF3IP2-AO (vs. SCR-AO)
(FIG. 14-BIII & BVI).

[0129] Using in vivo 2PE microscopy, angiograms of
microvessels in glioblastoma tumors were captured through
a cranial window after i.v. injection of fluorescein isothio-
cyanatedextran for visualization of blood vessels (green
signal). Images correspond to day 24 post-tumor induction,
after 8 ICV treatments with either SCR-AO (B, I1&II; control
group), or TRAF3IP2-AO (B IV&V). As demonstrated in
FIG. 10B III& V], tumors treated with TRAF31P2-AO (FIG.
14B VI) showed significantly less growth and smaller vol-
umes and displayed less vascularization compared to control
scrambled (SCR)-AO treated mice (p<0.01) (FIG. 14-B I1I),
demonstrating the efficacy of targeting and silencing
TRAF3IP2 in suppressing tumor growth.

[0130] Protein expression in residual tumors confirmed
that targeting TRAF3IP2 suppresses inflammation, neoan-
giogenesis, cell cycle and apoptosis (FIG. 14-D). Post-hoc
histological analysis of the brain sections of TRAF3IP2-AO
treated animals showed remarkable changes in tumor tissue
compared to animals treated with SCR-AO (FIG. 14-CIII
&CIV). The comparison of tissue sections with normal
mouse brain shows a significantly smaller number of infil-
trating cells in subcortical areas in TRAF3IP2-AO treated
animals, while showing accumulation of pyknotic and apop-
totic cells. Together, these histological and molecular data
confirm the crucial role of TRAF3IP2 in malignant metabo-
lism, inflammation and angiogenesis, and strongly suggest
the mechanistic role of TRAF3IP2 in regulating multiple
pro-tumorigenic pathways.

Silencing TRAF3IP2 in Glioblastoma Prevents Intracranial
Dissemination

[0131] To detect intracranial micrometastasis, the animals
in experiments detailed in FIG. 14 were biopsied from
adjacent sections of brain. The biopsy specimen were sub-
jected to PCR assay using primers that specifically detect
human-specific a-satellite DNA sequence of the centromere
region of chromosome 17. Areas evaluated include the left
parietal lobe, at a distance of 2 mm from the focus of initial
tumor inoculation (Area I) and the right SSCx equidistant
from the interhemispheric fissure relative to the focus of
initial tumor inoculation (Area II) (FIG. 15).

[0132] Results demonstrate markedly reduced metastasis
at both sites in the TRAF3IP2-AO treated group as com-
pared to control SCR-AO treated group (FIG. 15), demon-
strating the role of TRAF3IP2 in metastasis and dissemina-
tion.

Antisense Oilgonucleotide

[0133] Oligonucleotides are unmodified or chemically
modified single-stranded DNA molecules. In general, they
are relatively short (13-25 nucleotides) and hybridize (at
least in theory) to a unique sequence in cells. Anti-sense
oligonucleotides (ASOs) are single strands of DNA or RNA
that are complementary to a chosen sequence. In the case of
antisense RNA they prevent protein translation of certain
messenger RNA strands by binding to them. If binding takes
place, this DNA/RNA hybrid can be degraded by the
enzyme RNase H. While the oligonucleotide may be sus-
ceptible to rapid degradation by nucleases, a 2'-methoxy-
ethyl (2'-MOE) modified or 2'-O-methyl (2'-OMe) modified
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ASO is resistant to nucleases and has enhanced target
binding and pharmacokinetics comparing to DNA. There-
fore, the ASOs employed herein can be 2'-MOE or 2'-OMe
modified or unmodified.

[0134] The inventors therefore investigated the possibility
of silencing TRAF3IP2 with oligonucleotides and especially
with more degradation-resistant oligonucleotides, as well as
the suitable target binding sites within the gene.

[0135] Several variants of NM_147200.2 (SEQ ID NO.
10) were investigated, including XM_011535386.2 (SEQ ID
NO. 11), NM_1476863 (SEQ ID NO. 12),
NM_001164281.2 (SEQ ID NO. 9), XM006715319.4 (SEQ
ID NO. 13), and NM_001164283.2 (SEQ ID NO. 14).
Highly conserved regions appear in these sequences, as
shown in FIG. 17A, suggesting that target binding sequence
may be available within the conserved regions. TRAF3IP2
gene has 10 exons, among which exons 9 and 10 are
conserved across the known variants. By targeting the most
conserved regions across all variants, these oligonucleotides
are believed to be able to block most of the TRAF3IP2
activity. Therefore, anti-sense oligonucleotides (ASOs) can
be designed to specifically target these exons to obtain more
universal applicability.

[0136] Experiments can also be designed to test the silenc-
ing effect of the ASOs across different cell lines from
different tissues, in order to validate their efficacy on the
TRAF3IP2 variants. It is expected that similar silencing of
TRAF3IP2 expression can be achieved because these ASOs
are designed to target only the conserved regions across
known variants.

[0137] It is also contemplated that personalized silencing
can be achieved, as the cost of producing the silencing
sequences will continue to decline. As such, the need to
target only the conserved regions across TRAF3IP2 variants
may be obviated. Certain regions within TRAF31P2 may be
even more susceptible to silencing on an individualized
basis, and the inventive concept described herein can be
readily applied.

Determining Malignancy of Tumor

[0138] TRAF3IP2 has different variants due to its splicing
pattern. The inventors discovered certain unspliced
TRAF3IP2 variants are more frequently present in cancer
cells, particularly breast cancer and glioblastoma. The dif-
ferentiation between non-malignant somatic cells and malig-
nant cells is based on the cellular quotient of unspliced (very
rare in normal cells) and the amount of spliced TRAF3IP2
expression, which is significantly greater in malignant cells.
[0139] As initially with a growing tumor, there are little or
no tumor cells outside of a beginning and growing tumor to
be found in circulation. To be able to detect these early
tumor cells would be beneficial in early cancer detection.
The detection is based on the fact that even tiny tumors
develop a central necrosis that is cleaned up by macro-
phages. These macrophages go back in circulation and can
be found and isolated from blood, where the macrophages
migrate to the spleen discharge the dead tumor cells that still
contain the genetic materials of the tumor. Therefore, by
identifying the unspliced TRAF3IP2 gene, one can confirm
that a malignant event is ongoing inside the patient. Further
genetic analysis of the tumor cell material can yield indica-
tion as to the type and location of the tumor.

[0140] For example, SEQ ID NO. 3-4 are found in malig-
nant tumor cells. (SEQ ID NO. 3: NP_671733.2; SEQ ID
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NO. 4: NM_147200.3; SEQ ID NO. 5: NP_679211.2; SEQ
ID NO. 6: NM_147686.4) It is therefore possible to deter-
mine the malignancy of a tumor by detecting the presence of
at least a portion of SEQ ID NO. 3-4. More specifically, the
presence of the first nine amino acids in SEQ ID NO. 3
(mppqlgetr, SEQ ID NO. 7), as well as bp 196-222 in SEQ
ID NO. 4 (atgcec tectcagett caagaaacta ga, SEQ ID NO. 8) are
of particular interest, and can be used as the basis for
detection.

[0141] The first step is to collect a biological sample from
a subject having tumor, such as blood, bodily fluids, tumor
tissue, etc. Then the biological sample is tested for the
presence for SEQ ID NO. 7 or 8 to determine whether the
tumor is malignant. This way it is possible to detect and
determine the presence of malignant tumor cells in the
subject before the tumor is discovered.

[0142] Optionally, it is possible to isolate the macrophages
from the biological sample by targeting the macrophage-
specific cell surface markers, such as CD14, CD16, CD64,
CD68, Cd71 and CCRS. Other markers known to a person
skilled in the art can also be used without deviating from the
spirit of this disclosure. An antibody specifically binding to
SEQ ID NO. 7 can be used for detecting the presence of the
peptide in the sample. Alternatively, qPCR or similar tech-
niques can be used to detect the presence of SEQ ID NO. 8.
[0143] Once the amount of unspliced TRAF3IP2 in the
sample is determined, a sample ratio of unspliced
TRAF3IP2 to spliced TRAF3IP2 can be established. The
sample ratio can then be compared to a baseline ratio
previously established in normal somatic cells. A significant
increase, such as an increase of 20%, 30%, 40%, 50% or
more, would indicate that there is already malignant tumor
cells inside the subject’s body. Additional samples cam be
collected to determine the type and location of the tumor
cells to further facilitate early cancer detection.

[0144] The are other TRAF3IP2 variants that may be used
to detect the malignant type of tumors, and their detection
can also be used for early diagnosis and treatment.

Targeting TRAF3IP2 Improves Anti-Tumor Immune
Responses
[0145] The hallmark immunosuppressive microenviron-

ment in breast cancer and GBM is characterized by
decreased CD8 tumor infiltrating lymphocytes (TILs),
decreased natural killer (NK) cell function, and increased
immunosuppressive  tumor  associated = macrophages
(TAMs). These changes, the decreased immune response
during aging, the rise in uncontrolled inflammation (SASP),
and the increased risk of breast cancer and GBM in aging are
critical barriers to the use of immunotherapy for treating
these malignancies.

[0146] Current immunotherapy involves immune check-
point inhibition. PD-L1 expressed on tumor cells inhibits the
anti-tumor cytotoxic CD8 T cells; blockade of PD-L1
through a monoclonal antibody has shown some promise in
improving the anti-tumor immune response, but it has been
faced with immunotherapeutic resistance and lack of endog-
enous immune stimulation and response. Indeed, to achieve
a functional cure, it is likely necessary to engage additional
immune responses with greater potency.

[0147] The inventors showed that targeting TRAF3IP2
significantly reduces endogenous PD-L1 expression of
tumor cells, which removes the possibility of the tumor cell
endogenously enhancing PD-L1 expression due to a nega-
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tive feedback mechanism from monoclonal antibody target-
ing PD-L1. This change will result in significantly increased
anti-tumor CD8 T cell activity, and increased TILs in the
microenvironment, and provide synergy with PD-L.1 block-
ing drugs.

[0148] Next, it is demonstrated that targeting TRAF3IP2
will lead to enhanced NK cell mediated tumor killing via
multiple mechanisms. First, targeting TRAF3IP2 signifi-
cantly reduces expression of HLA-E on tumor cells. HLA-E
is overexpressed in malignant cells and protects cancer cells
from NK cell mediated destruction. For example the expres-
sion of HLA-E directly correlated with glioma grade(1).
These make HLA-E an ideal target for improving tumor
susceptibility to NK cell mediated tumor killing. Secondly,
NK cells kill tumor cells through an antigen-independent
manner, a scenario in which loss of MHC class 1 proteins
causes loss of self-recognition by NK cells and triggers
cytotoxic mediators to kill tumor cells(2). It was recently
shown that a decrease of all MHC I class molecules (HLA-
A, HLA-B, and HLA-C) is necessary to enable tumors to be
susceptible to all NK cells, and to avoid development of
tumor resistance to NK cell immunity(2).

[0149] It is shown that, referring to FIG. 17, targeting
TRAF3IP2 in tumors downregulates all MHC I class mol-
ecules (HLA-A, HLA-B, and HLA-C), thus rendering
tumors susceptible to NK cell killing. It has been confirmed
that targeting TRAF3IP2 significantly reduces HLA-A,
HLA-B, and HLA-C coordinately and consistently using
immunohistochemistry (IHC) on tumors with TRAF3IP2
silenced vs control tumors.

[0150] Next, it is demonstrated that targeting TRAF3I1P2
results in a significant upregulation of IL12A, a potent
activator of both anti-tumor cytotoxic and T-helper cells as
well as NK cells; therefore it is expected that this mecha-
nisms would enhance ability of targeting TRAF3IP2 to
enhance anti-tumor immunity. For example, intratumoral
1L-12 increased efficacy of immunotherapy in GBM, and
decreased the immunosuppressive microenvironment
through decreasing inhibitor Tregs. MICA is a ligand
expressed by cells and acts as a “kill me” signal for primarily
NK cells through engagement of the NKG2D receptor.
Tumor cells downregulate MICA for immune evasion and
resistance to NK and cytotoxic T cell killing. Indeed,
approaches to upregulate or prevent the downregulation of
MICA have improved NK-mediated anti-tumor responses.
The data demonstrates that targeting TRAF3IP2 signifi-
cantly upregulates MICA, and will therefore enhance NK-
cell mediated tumor killing.

[0151] Overall, these data suggest that targeting
TRAF3IP2 can transform the immunosuppressive tumor
microenvironment into an immunostimulatory microenvi-
ronment with effective tumor killing. Therefore, the
TRAF3IP2-targeting composition can be used prior to, con-
currently with, or after administration of cancer immuno-
therapeutic agent known to persons skilled in the art. Non-
limiting examples of cancer immunotherapeutic agent
include: alemtuzumab (monoclonalantibody against CD52),
atezolizumab (MAb against PD-L1), aveluman (MAb
against PD-L1), ipilimumab (MAb against CTLA4),
elotuzumab (MAb against SLAMF7), ofatumumab (MAb
against CD20), nivolumab (MAb against PD-1), pembroli-
zumab (Mab against PD-1), rituximab (Mab against CD20),
and durvalumab (Mab against PD-L1).
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Therapeutic Significance of Targeting TRAF3IP2 in the
Regression of Pre-Existing Glioblastoma and Breast Cancer

[0152] Based on the data described above, it is shown that
TRAF3IP2 plays an important role in tumorigenesis, angio-
genesis, metastasis and cancer cell metabolism, especially in
breast cancer or gliobastoma as well as other possible
cancers that overexpresses TRAF3IP2. The data also shows
that targeting and silencing TRAF3IP2 in the cancer cells
leads to suppression of tumor growth and reduces metasta-
sis. Therefore, to prevent metastasis triggered by invasive
procedures, it is proposed that a targeting/suppression/si-
lencing step of TRAF3IP2 in the tumor can be performed
prior to the invasive procedures to reduce or prevent metas-
tasis.

[0153] The results show that treating existing tumors

formed by the wild type U87 glioblastoma cells with

TRAF3IP2 shRNA significantly reduces tumor size in the

flank xenograft model.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 14

<210> SEQ ID NO 1

<211> LENGTH: 58

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

ceggcatgga actatcatta ccattctcga gaatggtaat gatagtteca tgtttttt 58
<210> SEQ ID NO 2

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

gmgmumgmgm gcacatgcete cmumumemum 30
<210> SEQ ID NO 3

<211> LENGTH: 574

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

Met Pro Pro Gln Leu Gln Glu Thr Arg Met Asn Arg Ser Ile Pro Val
1 5 10 15

Glu Val Asp Glu Ser Glu Pro Tyr Pro Ser Gln Leu Leu Lys Pro Ile
20 25 30

Pro Glu Tyr Ser Pro Glu Glu Glu Ser Glu Pro Pro Ala Pro Asn Ile
35 40 45

Arg Asn Met Ala Pro Asn Ser Leu Ser Ala Pro Thr Met Leu His Asn
50 55 60

Ser Ser Gly Asp Phe Ser Gln Ala His Ser Thr Leu Lys Leu Ala Asn
65 70 75 80

His Gln Arg Pro Val Ser Arg Gln Val Thr Cys Leu Arg Thr Gln Val
85 90 95

Leu Glu Asp Ser Glu Asp Ser Phe Cys Arg Arg His Pro Gly Leu Gly
100 105 110

Lys Ala Phe Pro Ser Gly Cys Ser Ala Val Ser Glu Pro Ala Ser Glu
115 120 125

Ser Val Val Gly Ala Leu Pro Ala Glu His Gln Phe Ser Phe Met Glu
130 135 140

Lys Arg Asn Gln Trp Leu Val Ser Gln Leu Ser Ala Ala Ser Pro Asp
145 150 155 160

Thr Gly His Asp Ser Asp Lys Ser Asp Gln Ser Leu Pro Asn Ala Ser
165 170 175

Ala Asp Ser Leu Gly Gly Ser Gln Glu Met Val Gln Arg Pro Gln Pro
180 185 190
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-continued

His Arg Asn Arg Ala Gly Leu Asp Leu Pro Thr Ile Asp Thr Gly Tyr
195 200 205

Asp Ser Gln Pro Gln Asp Val Leu Gly Ile Arg Gln Leu Glu Arg Pro
210 215 220

Leu Pro Leu Thr Ser Val Cys Tyr Pro Gln Asp Leu Pro Arg Pro Leu
225 230 235 240

Arg Ser Arg Glu Phe Pro Gln Phe Glu Pro Gln Arg Tyr Pro Ala Cys
245 250 255

Ala Gln Met Leu Pro Pro Asn Leu Ser Pro His Ala Pro Trp Asn Tyr
260 265 270

His Tyr His Cys Pro Gly Ser Pro Asp His Gln Val Pro Tyr Gly His
275 280 285

Asp Tyr Pro Arg Ala Ala Tyr Gln Gln Val Ile Gln Pro Ala Leu Pro
290 295 300

Gly Gln Pro Leu Pro Gly Ala Ser Val Arg Gly Leu His Pro Val Gln
305 310 315 320

Lys Val Ile Leu Asn Tyr Pro Ser Pro Trp Asp His Glu Glu Arg Pro
325 330 335

Ala Gln Arg Asp Cys Ser Phe Pro Gly Leu Pro Arg His Gln Asp Gln
340 345 350

Pro His His Gln Pro Pro Asn Arg Ala Gly Ala Pro Gly Glu Ser Leu
355 360 365

Glu Cys Pro Ala Glu Leu Arg Pro Gln Val Pro Gln Pro Pro Ser Pro
370 375 380

Ala Ala Val Pro Arg Pro Pro Ser Asn Pro Pro Ala Arg Gly Thr Leu
385 390 395 400

Lys Thr Ser Asn Leu Pro Glu Glu Leu Arg Lys Val Phe Ile Thr Tyr
405 410 415

Ser Met Asp Thr Ala Met Glu Val Val Lys Phe Val Asn Phe Leu Leu
420 425 430

Val Asn Gly Phe Gln Thr Ala Ile Asp Ile Phe Glu Asp Arg Ile Arg
435 440 445

Gly Ile Asp Ile Ile Lys Trp Met Glu Arg Tyr Leu Arg Asp Lys Thr
450 455 460

Val Met Ile Ile Val Ala Ile Ser Pro Lys Tyr Lys Gln Asp Val Glu
465 470 475 480

Gly Ala Glu Ser Gln Leu Asp Glu Asp Glu His Gly Leu His Thr Lys
485 490 495

Tyr Ile His Arg Met Met Gln Ile Glu Phe Ile Lys Gln Gly Ser Met
500 505 510

Asn Phe Arg Phe Ile Pro Val Leu Phe Pro Asn Ala Lys Lys Glu His
515 520 525

Val Pro Thr Trp Leu Gln Asn Thr His Val Tyr Ser Trp Pro Lys Asn
530 535 540

Lys Lys Asn Ile Leu Leu Arg Leu Leu Arg Glu Glu Glu Tyr Val Ala
545 550 555 560

Pro Pro Arg Gly Pro Leu Pro Thr Leu Gln Val Val Pro Leu
565 570

<210> SEQ ID NO 4
<211> LENGTH: 5944
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-continued
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 4
gttcttctac ttacctggge ccggagaagg tggagggaga cgagaagcecg ccgagagcecyg 60
actaccctec gggceccagte tgtctgtecg tggtggatcet aagcectcatce tgtatcctet 120
tgtgatggeg tgaaggaaag ccatggcaga tttccagect ggtgatgetg tacagaacac 180
aggtggcctyg cttccatgec tectcagett caagaaacta gaatgaaccg aagcattcect 240
gtggaggttg atgaatcaga accataccca agtcagttgc tgaaaccaat cccagaatat 300
tcceceggaag aggaatcaga accacctgct ccaaatataa ggaacatggce acccaacagce 360
ttgtctgcac ccacaatgct tcacaattce tccggagact tttctcaage tcactcaacc 420
ctgaaacttyg caaatcacca gcggcectgta tcccggcagg tcacctgect gegcactcaa 480
gttctggagg acagtgaaga cagtttctge aggagacacc caggcctggg caaagcttte 540
ccttetgggt getctgeagt cagegagect gegtctgagt ctgtggttgyg agecctcect 600
gcagagcatc agttttcatt tatggaaaaa cgtaatcaat ggctggtatc tcagctttca 660
geggettete ctgacactgg ccatgactca gacaaatcag accaaagttt acctaatgec 720
tcagcagact ccttgggcegg tagccaggag atggtgcaac ggccccagcece tcacaggaac 780
cgagcaggece tggatctgee aaccatagac acgggatatg attcccagece ccaggatgte 840
ctgggcatca ggcagctgga aaggccectg cccectcacct cegtgtgtta cccccaggac 900
cteccccagac ctctecaggte cagggagttce cctcagtttg aacctcagag gtatccagea 960

tgtgcacaga tgctgcctcecce caatctttcecce ccacatgctce catggaacta tcattaccat 1020
tgtcctggaa gtcccgatca ccaggtgcca tatggecatg actacccteg agcagcectac 1080
cagcaagtga tccagccgge tctgectggg cageccctge ctggagecag tgtgagagge 1140
ctgcaccctg tgcagaaggt tatcctgaat tatcccagec cctgggacca cgaagagagg 1200
cccgcacaga gagactgctce cttteegggg cttccaagge accaggacca gccacatcac 1260
cagccaccta atagagctgg tgctcetggg gagtecttgg agtgccctge agagctgaga 1320
ccacaggttc cccagcctcee gtccccaget gectgtgecta gaccccctag caaccctceca 1380
gccagaggaa ctctaaaaac aagcaatttyg ccagaagaat tgcggaaagt ctttatcact 1440
tattcgatgg acacagctat ggaggtggtg aaattcgtga actttttgtt ggtaaatggce 1500
ttccaaactg caattgacat atttgaggat agaatccgag gcattgatat cattaaatgg 1560
atggagcgct accttaggga taagaccgtg atgataatcg tagcaatcag ccccaaatac 1620
aaacaggacg tggaaggcgc tgagtcgcag ctggacgagg atgagcatgg cttacatact 1680
aagtacattc atcgaatgat gcagattgag ttcataaaac aaggaagcat gaatttcaga 1740
ttcatccectyg tgctecttecee aaatgctaag aaggagcatg tgcccacctg gecttcagaac 1800
actcatgtct acagctggcc caagaataaa aaaaacatcc tgctgcgget gctgagagag 1860
gaagagtatg tggctcctece acgggggcct ctgcccacce ttcaggtggt tcecttgtga 1920
caccgttcat ccccagatca ctgaggccag gccatgtttg gggceccttgtt ctgacagcat 1980
tctggctgag getggteggt agcactcctg getggttttt ttetgttect ccccgagagg 2040
ccctetggee cccaggaaac ctgttgtgca gagetcttec ccggagacct ccacacacce 2100

tggctttgaa gtggagtctg tgactgctcect gcattctctg cttttaaaaa aaccattgca 2160
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-continued

ggtgccagtg tcccatatgt tcctecctgac agtttgatgt gtccattctg ggectcetcag 2220
tgcttagcaa gtagataatg taagggatgt ggcagcaaat ggaaatgact acaaacactc 2280
tcctatcaat cacttcagge tacttttatg agttagccag atgecttgtgt atcctcagac 2340
caaactgatt catgtacaaa taataaaatg tttactcttt tgtaagatta tgttttactt 2400
atctcaaagg agatacatat aatttataat gatatgggca gttgcttcca gggacatcaa 2460
caaagctgcet tagatataat attagataaa tataacagac cactctgtat taatggatta 2520
aagccagcta gttaaacaac cctttttaac cataatcatg gaagctttat tcttgcaata 2580
aagattttta ggctgggcge agtgactcac acctgtaatc ccagcacttt gggaagctaa 2640
ggcaggcaga tcatttgagg tcaggagttt gagaccagcc tggccaacat ggtgaaaccc 2700
catctctget aaaattacaa aaaagttagce cgggcatggt ggtgtgcacc tgtaatccca 2760
gctacteggg aggctgagge aggagaatca cttgaacceg ggaggcagag gttgcagtga 2820
gccgagatca tgtcactgca ctctagettyg ggagacagag cgagactccg tctcaaaaaa 2880
caaacaaaca aataaaaaca cccattttta acaaaacaac tttatatagc atacagccat 2940
gattctaaat agtatgatta tggttctcag gatctgacta cataggtaaa aatatttgca 3000
tatgtgtatg aagtgttggg ggatgtaggc tagaattgta gtctgtgttc taattttggt 3060
tctaccacca attagctgta tgacctttag caagtccttt aacttttctt agattccagg 3120
gactcattta taaaatgaca tggacaaaag catctctaat cactctaaaa gatttgaagt 3180
ctaggaccta aattctaaat actcttttga ggagtgactg agttttcatt ttcataatta 3240
tgtctctcag aggacaaatt tacattttct taacagagac attttcttcet tetttttttt 3300
tgtttgagac agagtctcgc tctgtegtec aggctggagt gcagtgetgce aatcttgget 3360
cactgcaacc tgcgcctcect gggttcaagt gattcttctg cctcaacctc ccaagtaget 3420
agacctatag gcgcctgcca ccatgcccag ctaatttttg tatttttagt agagacaggg 3480
tttcatattg gccagactgg tctcgaactc ctgaccttgt gatccgeccca ccteggecte 3540
ccaaagtgct gggattacag gtgtgagcca ccacacccag ccaacatttt cctcttttaa 3600
aaaatatctt ctcacgcctg taatcccage actttgggag gctgaggcag gcggatcatg 3660
aggtcaggag atcaagacca tcctggctaa cacggtgaaa ctccatctct actaaaaata 3720
caaaaaaaat agccgggcegt ggtggcagge gectgtagte ccagetactg gggaggctga 3780
ggcaggaaaa tggtgtcaac ccgggaggcg gagcttgcag tgagccgaga ttgcgccact 3840
gcactccage ctgggcaata gagtgagact ccgtctcaaa aaaaaaaaaa aaaaaaaaaa 3900
cttcaacaat accctcaggt tgataatttt ggatatctat ctgtatctat atatcttgtt 3960
tacctggtct ccagaaaaag aacacataca catatccata tataaaatat gtatacatgt 4020
atcaaatcta cgtaaactat aaaggtggga tggctttaat tatggcccaa gctactaaga 4080
caatgaagac tttttggggc tgcaagctac tgcttcectt ctttatctac tagcctctta 4140
aacaaggctc acttgtgcta caagacagtc caccgttttg tttttttttt cttttttttg 4200
agacagggtc tcactctttc ccaggctgca gtacagtgac acagtctcag ctcactgcag 4260
ctttgacctt gccgggctca ggtgaccctt acacttcage ctcccaagta gcagggacta 4320
taggtgtgca ccaacatgct tggttaattt ttgtattttt tgtagagaca gggttttgcc 4380

atgttgtcca ggctagtcte gaattcctgg gctcaagtga ttcacctgec ttggectcece 4440



US 2024/0200074 Al Jun. 20, 2024
18

-continued

aaagtgctag gattacagat gggagccacc acgcccagcec cagtccaget cttatatgta 4500
gcacagggaa aggacaaata cttgtcaact ataaataaga aacattgcta atgcattgca 4560
aagaacacta gtttcattta ctttataact tagatgtcta ctgggtgaga cgaatgtctt 4620
tgttctttaa aaaataggaa aagagaagaa aaactagcat aacataagta ctcatttgta 4680
agactttctg acatgtaaca ttagttccgt agttttgaga cctggtagaa ctgactttca 4740
tatttggata acctggaaaa cacccaaaca caaacttcaa gtcttcetttce tcecttttttca 4800
ttatcttttt tagtctgagg tgacaccatc attaaggatt cgacacccgt ttgtaaataa 4860
aatgacatca gcaattactc tgaaatgttt ctagtttgca aagacttagc aatgtgatgt 4920
tattaaccct tccteccctte agagacctgt cctaagctect gaaccactca ttecttcecac 4980
tcttettace ccaggtggtt gatgagcagt ggtccecctggt gttcecacaaa gagtcattaa 5040
agtgttacag ctggtagcac tggtagcaaa aaaacaaacc aaaaagtaca cacagacaca 5100
cacacacaca cgcacacata cacacacaca cgcacttggc caagtgacaa aagcttggcec 5160
cctgaaattt ctatgagatc cgatgaccac caacatcaaa gcattttttt tttttttttt 5220
ttgagacgta gtctcgctct gtcacccagg ctagagtgca gtggtgcaat cacagctcac 5280
tgcaacctce acctcceggg ttcaagcgat tctcecctgect cagectcecteg agtagetgtg 5340
actacaggca cctgccacca tgcccggcta attttttgta tttttagtag agacggggtt 5400
tcaccgtgtt agccaggatg gtcttgatct cctgaccteg tgatccatcc gectecggect 5460
cccaaattgc tgggattaca ggcatgagcc accacgcccg gcccatcaaa ggaattgtaa 5520
caactatttg agagcactga caataagatt aacactcggt tgatttagat gttatgctgg 5580
tcctcaggca ttcatcttta gatatttttg gggtggaagt ggggtagggce tgacttagta 5640
aaaataacct cttagcccaa aggctttatt cagacttaca ccgatttgag gggtgggttt 5700
gtggaatgca aggttaggtt cttacctaat atttgatgac taatttagaa ttttaaatgt 5760
aattttaaat tttagtgact ggtttcaaat ctattttaac ttctagattg ttcaaagagg 5820
tctcagtaca tggctacaat caaagtatta gactagctat ttctcagctc agtgctcaga 5880
aaaattatta ctgttgatac ctttttcttt gtttcctgtt aaataaatca cctctttaaa 5940
gaca 5944
<210> SEQ ID NO 5

<211> LENGTH: 565

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 5

Met Asn Arg Ser Ile Pro Val Glu Val Asp Glu Ser Glu Pro Tyr Pro
1 5 10 15

Ser Gln Leu Leu Lys Pro Ile Pro Glu Tyr Ser Pro Glu Glu Glu Ser
20 25 30

Glu Pro Pro Ala Pro Asn Ile Arg Asn Met Ala Pro Asn Ser Leu Ser
35 40 45

Ala Pro Thr Met Leu His Asn Ser Ser Gly Asp Phe Ser Gln Ala His
50 55 60

Ser Thr Leu Lys Leu Ala Asn His Gln Arg Pro Val Ser Arg Gln Val
65 70 75 80
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-continued

Thr Cys Leu Arg Thr Gln Val Leu Glu Asp Ser Glu Asp Ser Phe Cys
85 90 95

Arg Arg His Pro Gly Leu Gly Lys Ala Phe Pro Ser Gly Cys Ser Ala
100 105 110

Val Ser Glu Pro Ala Ser Glu Ser Val Val Gly Ala Leu Pro Ala Glu
115 120 125

His Gln Phe Ser Phe Met Glu Lys Arg Asn Gln Trp Leu Val Ser Gln
130 135 140

Leu Ser Ala Ala Ser Pro Asp Thr Gly His Asp Ser Asp Lys Ser Asp
145 150 155 160

Gln Ser Leu Pro Asn Ala Ser Ala Asp Ser Leu Gly Gly Ser Gln Glu
165 170 175

Met Val Gln Arg Pro Gln Pro His Arg Asn Arg Ala Gly Leu Asp Leu
180 185 190

Pro Thr Ile Asp Thr Gly Tyr Asp Ser Gln Pro Gln Asp Val Leu Gly
195 200 205

Ile Arg Gln Leu Glu Arg Pro Leu Pro Leu Thr Ser Val Cys Tyr Pro
210 215 220

Gln Asp Leu Pro Arg Pro Leu Arg Ser Arg Glu Phe Pro Gln Phe Glu
225 230 235 240

Pro Gln Arg Tyr Pro Ala Cys Ala Gln Met Leu Pro Pro Asn Leu Ser
245 250 255

Pro His Ala Pro Trp Asn Tyr His Tyr His Cys Pro Gly Ser Pro Asp
260 265 270

His Gln Val Pro Tyr Gly His Asp Tyr Pro Arg Ala Ala Tyr Gln Gln
275 280 285

Val Ile Gln Pro Ala Leu Pro Gly Gln Pro Leu Pro Gly Ala Ser Val
290 295 300

Arg Gly Leu His Pro Val Gln Lys Val Ile Leu Asn Tyr Pro Ser Pro
305 310 315 320

Trp Asp His Glu Glu Arg Pro Ala Gln Arg Asp Cys Ser Phe Pro Gly
325 330 335

Leu Pro Arg His Gln Asp Gln Pro His His Gln Pro Pro Asn Arg Ala
340 345 350

Gly Ala Pro Gly Glu Ser Leu Glu Cys Pro Ala Glu Leu Arg Pro Gln
355 360 365

Val Pro Gln Pro Pro Ser Pro Ala Ala Val Pro Arg Pro Pro Ser Asn
370 375 380

Pro Pro Ala Arg Gly Thr Leu Lys Thr Ser Asn Leu Pro Glu Glu Leu
385 390 395 400

Arg Lys Val Phe Ile Thr Tyr Ser Met Asp Thr Ala Met Glu Val Val
405 410 415

Lys Phe Val Asn Phe Leu Leu Val Asn Gly Phe Gln Thr Ala Ile Asp
420 425 430

Ile Phe Glu Asp Arg Ile Arg Gly Ile Asp Ile Ile Lys Trp Met Glu
435 440 445

Arg Tyr Leu Arg Asp Lys Thr Val Met Ile Ile Val Ala Ile Ser Pro
450 455 460

Lys Tyr Lys Gln Asp Val Glu Gly Ala Glu Ser Gln Leu Asp Glu Asp
465 470 475 480

Glu His Gly Leu His Thr Lys Tyr Ile His Arg Met Met Gln Ile Glu
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485 490 495

Phe Ile Lys Gln Gly Ser Met Asn Phe Arg Phe Ile Pro Val Leu Phe
500 505 510

Pro Asn Ala Lys Lys Glu His Val Pro Thr Trp Leu Gln Asn Thr His
515 520 525

Val Tyr Ser Trp Pro Lys Asn Lys Lys Asn Ile Leu Leu Arg Leu Leu
530 535 540

Arg Glu Glu Glu Tyr Val Ala Pro Pro Arg Gly Pro Leu Pro Thr Leu
545 550 555 560

Gln Val Val Pro Leu
565

<210> SEQ ID NO 6

<211> LENGTH: 940

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 6

gttettetac ttacctggge cecggagaagg tggagggaga cgagaagecyg cegagagecg 60
actaccctece gggcccagte tgtctgteceg tggtggatct aagaaactag aatgaaccga 120
agcattcctyg tggaggttga tgaatcagaa ccatacccaa gtcagttget gaaaccaatce 180
ccagaatatt ccccggaaga ggaatcagaa ccacctgcete caaatataag gaacatggcea 240
cccaacaget tgtcetgcace cacaatgett cacaattect ceggagactt ttetcaaget 300
cactcaaccc tgaaacttgce aaatcaccag cggectgtat cccggcaggt cacctgectg 360
cgcactcaag ttctggagga cagtgaagac agtttctgea ggagacacce aggectggge 420
aaagctttee cttetgggtyg ctctgcagte agegagectg cgtcetgagte tgtggttgga 480
geccteccty cagagecatca gttttcattt atggaaaaac gtaatcaatg getggtatet 540
cagctttcag cggcttctee tgacactgge catgactcag acaaatcaga ccaaagttta 600
cctaatgect cagcagacte cttgggeggt agecaggaga tggtgcaacyg gecccagect 660
cacaggaacc gagcaggcct ggatctgceca accatagaca cgggatatga ttcccagecc 720
caggatgtce tgggecatcag gecagetggaa aggeccctge ccctcaccte cgtgtgttac 780
ccecaggace tccccagace tctcaggtec agggagttee ctcagtttga acctcagagyg 840
tatccagcat gtgcacagat getgectcce aatctttece cacatgetece atggaactat 900
cattaccatt gtcctggaag tcccgatcac caggtgecat 940

<210> SEQ ID NO 7

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 7
Met Pro Pro Gln Leu Gln Glu Thr Arg

1 5

<210> SEQ ID NO 8

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 8
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atgcctcecte agcttcaaga aactaga 27
<210> SEQ ID NO 9
<211> LENGTH: 6241
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 9
aatgctgatg ttttaagcag ttagaggagg tggaagaagc tcgactccct cttcttccce 60
attatctgcc cacaatccce tcctttggag ctgctaatga ttactaattc ttaacattcg 120
agttcaatct cctcccggag acaccctcec aggcgaggge actgcgacta cactgaggtt 180
ctgcccacte ctgggcaget tcttagetgg gtggcgaaaa caaaaatgec gectaattgg 240
tcactggccc tttctcatga atgaaggagg tttctgtttt aagaaataaa gtgactcctc 300
agccgttgat tcactgccca cagggagatt ttgagcagag gcttectagg ctccgtagaa 360
atttgcatac agcttccact tcctgcttca gagcctgtte ttctacttac ctgggcccgg 420
agaaggtgga gggagacgag aagccgccga gagccgacta cecteccggge ccagtctgte 480
tgtccgtggt ggatctaaga aactagaatg aaccgaagca ttcctgtgga ggttgatgaa 540
tcagaaccat acccaagtca gttgctgaaa ccaatcccag aatattcccc ggaagaggaa 600
tcagaaccac ctgctccaaa tataaggaac atggcaccca acagcttgtc tgcacccaca 660
atgcttcaca attcctcegg agacttttct caagctcact caaccctgaa acttgcaaat 720
caccagcgge ctgtatcccg gcaggtcacce tgectgegea ctcaagttct ggaggacagt 780
gaagacagtt tctgcaggag acacccaggce ctgggcaaag ctttccctte tgggtgetet 840
gcagtcagcg agectgegte tgagtctgtg gttggagcce tccctgcaga gcatcagttt 900
tcatttatgg aaaaacgtaa tcaatggctg gtatctcage tttcagegge ttctectgac 960
actggccatg actcagacaa atcagaccaa agtttaccta atgcctcagc agactccttg 1020
ggcggtagece aggagatggt gcaacggecce cagcctcaca ggaaccgagce aggcctggat 1080
ctgccaacca tagacacggg atatgattcc cagccccagg atgtcctggg catcaggcag 1140
ctggaaaggc ccctgeccect caccteegtg tgttacccece aggacctcecc cagacctcete 1200
aggtccaggg agttccctca gtttgaacct cagaggtatc cagcatgtgce acagatgcetg 1260
ccteccaate tttceecccaca tgctceccatgg aactatcatt accattgtec tggaagtcecce 1320
gatcaccagg tgccatatgg ccatgactac cctcgagcag cctaccagca agtgatccag 1380
ccggetetge ctgggcagece cctgectgga gceccagtgtga gaggectgca ccctgtgeag 1440
aaggttatcc tgaattatcc cagccecctgg gaccacgaag agaggcccgc acagagagac 1500
tgctecttte cggggcttee aaggcaccag gaccagcecac atcaccagec acctaataga 1560
gctggtgete ctggggagtce cttggagtge cctgcagage tgagaccaca ggttccccag 1620
cctecegtece cagctgectgt gectagacce cctagcaacc ctccagceccag aggaactcta 1680
aaaacaagca atttgccaga agaattgcgg aaagtcttta tcacttattc gatggacaca 1740
gctatggagg tggtgaaatt cgtgaacttt ttgttggtaa atggcttcca aactgcaatt 1800
gacatatttg aggatagaat ccgaggcatt gatatcatta aatggatgga gcgctacctt 1860
agggataccg tgatgataat cgtagcaatc agccccaaat acaaacagga cgtggaaggc 1920
gctgagtcege agectggacga ggatgagcat ggcttacata ctaagtacat tcatcgaatg 1980
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atgcagattg agttcataaa acaaggaagc atgaatttca gattcatccc tgtgctctte 2040
ccaaatgcta agaaggagca tgtgcccacc tggcttcaga acactcatgt ctacagctgg 2100
cccaagaata aaaaaaacat cctgctgcgg ctgctgagag aggaagagta tgtggctcect 2160
ccacgggggc ctctgcccac ccttcaggtg gttcecttgt gacaccgttc atccccagat 2220
cactgaggcc aggccatgtt tggggcecttg ttctgacage attctggetg aggctggtceg 2280
gtagcactcc tggctggttt ttttectgtte ctccccgaga ggccctcectgg cccccaggaa 2340
acctgttgtg cagagctctt ccccggagac ctccacacac cctggectttg aagtggagtce 2400
tgtgactgct ctgcattcte tgcttttaaa aaaaccattg caggtgccag tgtcccatat 2460
gttcctecctg acagtttgat gtgtccattce tgggecctcecte agtgcttage aagtagataa 2520
tgtaagggat gtggcagcaa atggaaatga ctacaaacac tctcctatca atcacttcag 2580
gctactttta tgagttagcc agatgcttgt gtatcctcag accaaactga ttcatgtaca 2640
aataataaaa tgtttactct tttgtaagat tatgttttac ttatctcaaa ggagatacat 2700
ataatttata atgatatggg cagttgcttc cagggacatc aacaaagctg cttagatata 2760
atattagata aatataacag accactctgt attaatggat taaagccagc tagttaaaca 2820
acccttttta accataatca tggaagcttt attcttgcaa taaagatttt taggctgggce 2880
gcagtgactc acacctgtaa tcccagcact ttgggaagct aaggcaggca gatcatttga 2940
ggtcaggagt ttgagaccag cctggccaac atggtgaaac cccatctctg ctaaaattac 3000
aaaaaagtta gccgggcatg gtggtgtgca cctgtaatcc cagctactcg ggaggctgag 3060
gcaggagaat cacttgaacc cgggaggcag aggttgcagt gagccgagat catgtcactg 3120
cactctagct tgggagacag agcgagactc cgtctcaaaa aacaaacaaa caaataaaaa 3180
cacccatttt taacaaaaca actttatata gcatacagcc atgattctaa atagtatgat 3240
tatggttctce aggatctgac tacataggta aaaatatttg catatgtgta tgaagtgttg 3300
ggggatgtag gctagaattg tagtctgtgt tctaattttg gttctaccac caattagctg 3360
tatgaccttt agcaagtcct ttaacttttc ttagattcca gggactcatt tataaaatga 3420
catggacaaa agcatctcta atcactctaa aagatttgaa gtctaggacc taaattctaa 3480
atactctttt gaggagtgac tgagttttca ttttcataat tatgtctctc agaggacaaa 3540
tttacatttt cttaacagag acattttctt cttcectttttt tttgtttgag acagagtctce 3600
gctectgtegt ccaggctgga gtgcagtget gcaatcttgg ctcactgcaa cctgegecte 3660
ctgggttcaa gtgattctte tgcctcaacce tceccaagtag ctagacctat aggcgectge 3720
caccatgccce agctaatttt tgtattttta gtagagacag ggtttcatat tggccagact 3780
ggtctecgaac tcctgacctt gtgatccgee cacctcecggece tceccaaagtg ctgggattac 3840
aggtgtgagc caccacaccc agccaacatt ttcctcetttt aaaaaatatc ttctcacgee 3900
tgtaatccca gcactttggg aggctgaggc aggcggatca tgaggtcagg agatcaagac 3960
catcctgget aacacggtga aactccatct ctactaaaaa tacaaaaaaa atagcecgggce 4020
gtggtggcag gcgcctgtag tcccagctac tggggaggcet gaggcaggaa aatggtgtca 4080
acccgggagg cggagcttgce agtgagccga gattgcgeca ctgcactcca gectgggcaa 4140
tagagtgaga ctccgtctca aaaaaaaaaa aaaaaaaaaa aacttcaaca ataccctcag 4200

gttgataatt ttggatatct atctgtatct atatatcttg tttacctggt ctccagaaaa 4260
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agaacacata cacatatcca tatataaaat atgtatacat gtatcaaatc tacgtaaact 4320
ataaaggtgg gatggcttta attatggccc aagctactaa gacaatgaag actttttggg 4380
gctgcaaget actgetteccce ttetttatct actagectet taaacaagge tcacttgtge 4440
tacaagacag tccaccgttt tgtttttttt ttettttttt tgagacaggg tctcactctt 4500
tcccaggetg cagtacagtg acacagtctce agctcactge agectttgacc ttgecgggcet 4560
caggtgaccc ttacacttca gecctcccaag tagcagggac tataggtgtg caccaacatg 4620
cttggttaat ttttgtattt tttgtagaga cagggttttg ccatgttgtc caggctagtc 4680
tcgaattcct gggctcaagt gattcacctg ccttggccte ccaaagtgct aggattacag 4740
atgggagcca ccacgcccag cccagtccag ctcttatatg tagcacaggg aaaggacaaa 4800
tacttgtcaa ctataaataa gaaacattgc taatgcattg caaagaacac tagtttcatt 4860
tactttataa cttagatgtc tactgggtga gacgaatgtc tttgttcttt aaaaaatagg 4920
aaaagagaag aaaaactagc ataacataag tactcatttg taagactttc tgacatgtaa 4980
cattagttcc gtagttttga gacctggtag aactgacttt catatttgga taacctggaa 5040
aacacccaaa cacaaacttc aagtcttctt tctectttttt cattatcttt tttagtctga 5100
ggtgacacca tcattaagga ttcgacaccc gtttgtaaat aaaatgacat cagcaattac 5160
tctgaaatgt ttctagtttg caaagactta gcaatgtgat gttattaacc cttcctccct 5220
tcagagacct gtcctaagct ctgaaccact cattccttec actcttcetta ccccaggtgg 5280
ttgatgagca gtggtccctg gtgttccaca aagagtcatt aaagtgttac agctggtage 5340
actggtagca aaaaaacaaa ccaaaaagta cacacagaca cacacacaca cacgcacaca 5400
tacacacaca cacgcacttg gccaagtgac aaaagcttgg cccctgaaat ttctatgaga 5460
tccgatgacce accaacatca aagcattttt tttttttttt ttttgagacg tagtctcget 5520
ctgtcaccca ggctagagtg cagtggtgca atcacagctc actgcaacct ccacctcccg 5580
ggttcaagcg attctectge ctcagectcet cgagtagetg tgactacagg cacctgccac 5640
catgcccgge taattttttg tatttttagt agagacgggg tttcaccgtg ttagccagga 5700
tggtcttgat ctectgacct cgtgatccat ccgectecgge ctcecccaaatt getgggatta 5760
caggcatgag ccaccacgcc cggcccatca aaggaattgt aacaactatt tgagagcact 5820
gacaataaga ttaacactcg gttgatttag atgttatgcet ggtcctcagg cattcatctt 5880
tagatatttt tggggtggaa gtggggtagg gctgacttag taaaaataac ctcttagccc 5940
aaaggcttta ttcagactta caccgatttg aggggtgggt ttgtggaatg caaggttagg 6000
ttcttaccta atatttgatg actaatttag aattttaaat gtaattttaa attttagtga 6060
ctggtttcaa atctatttta acttctagat tgttcaaaga ggtctcagta catggctaca 6120
atcaaagtat tagactagct atttctcagc tcagtgctca gaaaaattat tactgttgat 6180
acctttttet ttgtttcctg ttaaataaat cacctcttta aagacagaaa aaaaaaaaaa 6240

a 6241

<210> SEQ ID NO 10

<211> LENGTH: 2474

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 10
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ggagattttg agcagaggct tcctaggctce cgtagaaatt tgcatacage ttccacttece 60
tgcttcagag cctgttette tacttacctg ggcccggaga aggtggaggg agacgagaag 120
cegecgagag ccgactacce tccgggecca gtcetgtetgt cegtggtgga tctaagecte 180
atctgtatcce tcttgtgatg gcgtgaagga aagccatgge agatttccag cctggtgatg 240
ctgtacagaa cacaggtggc ctgcttccat gcctectcag cttcaagaaa ctagaatgaa 300
ccgaagcatt cctgtggagg ttgatgaatc agaaccatac ccaagtcagt tgctgaaacce 360
aatcccagaa tattcceccgg aagaggaatc agaaccacct gctccaaata taaggaacat 420
ggcacccaac agcttgtcetg cacccacaat gcttcacaat tectceecggag acttttetea 480
agctcactca accctgaaac ttgcaaatca ccageggect gtatccecgge aggtcacctg 540
cctgegeact caagttectgg aggacagtga agacagttte tgcaggagac acccaggect 600
gggcaaagct ttcecttetg ggtgetcetge agtcagegag cctgegtetg agtcetgtggt 660
tggagccecte cctgcagage atcagtttte atttatggaa aaacgtaatc aatggetggt 720
atctcagett tcageggett ctectgacac tggecatgac tcagacaaat cagaccaaag 780
tttacctaat gecctcagecag actccttggg cggtagccag gagatggtge aacggceccca 840
gectcacagg aaccgagcag gcectggatct geccaaccata gacacgggat atgattccca 900
gcecccaggat gtectgggca tcaggcaget ggaaaggccce ctgeccctca ccteegtgtyg 960

ttacccccag gacctcccca gacctctcag gtccagggag ttccecctcagt ttgaacctca 1020
gaggtatcca gcatgtgcac agatgctgcce tcccaatctt tcecccacatg ctceccatggaa 1080
ctatcattac cattgtcctg gaagtcccga tcaccaggtg ccatatggcc atgactaccce 1140
tcgagcagcec taccagcaag tgatccagec ggctctgect gggcageccce tgcctggage 1200
cagtgtgaga ggcctgcacce ctgtgcagaa ggttatcctg aattatccca gcccctggga 1260
ccacgaagag aggcccgcac agagagactg ctecttteeg gggcttccaa ggcaccagga 1320
ccagccacat caccagccac ctaatagagce tggtgctcct ggggagtcect tggagtgecce 1380
tgcagagctyg agaccacagg ttccccagece tceccgtcccca getgetgtge ctagacccce 1440
tagcaaccct ccagccagag gaactctaaa aacaagcaat ttgccagaag aattgcggaa 1500
agtctttatc acttattcga tggacacagc tatggaggtg gtgaaattcg tgaacttttt 1560
gttggtaaat ggcttccaaa ctgcaattga catatttgag gatagaatcc gaggcattga 1620
tatcattaaa tggatggagc gctaccttag ggataagacc gtgatgataa tcgtagcaat 1680
cagccccaaa tacaaacagg acgtggaagg cgctgagteg cagctggacg aggatgagca 1740
tggcttacat actaagtaca ttcatcgaat gatgcagatt gagttcataa aacaaggaag 1800
catgaatttc agattcatcce ctgtgctett cccaaatget aagaaggagce atgtgceccac 1860
ctggcttcag aacactcatg tctacagctg gcccaagaat aaaaaaaaca tcctgctgeg 1920
gctgctgaga gaggaagagt atgtggctce tccacggggg cctcectgccca ccecttcaggt 1980
ggttceettg tgacaccgtt catccccaga tcactgagge caggccatgt ttggggectt 2040
gttctgacag cattctgget gaggctggte ggtagcactce ctggctggtt tttttetgtt 2100
cctcecccgag aggccctetg gecccccagga aacctgttgt gcagagetcet tccccggaga 2160
cctccacaca ccctggettt gaagtggagt ctgtgactge tctgcattet ctgcttttaa 2220

aaaaaccatt gcaggtgcca gtgtcccata tgttcectceet gacagtttga tgtgtecatt 2280
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ctgggcctet cagtgcttag caagtagata atgtaaggga tgtggcagca aatggaaatg 2340
actacaaaca ctctcctatc aatcacttca ggctactttt atgagttagc cagatgcttg 2400
tgtatcctca gaccaaactg attcatgtac aaataataaa atgtttactc ttttgtaaaa 2460
aaaaaaaaaa aaaa 2474
<210> SEQ ID NO 11

<211> LENGTH: 2819

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 11

tacaggcgtg agtcaccgeg ctcggcaatg ctgatgtttt aagcagttag aggaggtgga 60
agaagctcga ctcectette ttccccatta tetgeccaca atccectect ttggagetge 120
taatgattac taattcttaa cattcgagtt caatctecte ccggagacac ccteccagge 180
gagggcactyg cgactacact gaggttctge ccactectgg gecagettett agetgggtgg 240
cgaaaacaaa aatgccgect aattggtcac tggeccttte tcatgaatga aggaggttte 300
tgttttaaga aataaagtga ctcctcagec gttgattcac tgcccacagg gagattttga 360
gcagaggctt cctaggetcece gtagaaattt gcatacaget tccacttect gettcagage 420
ctgttcttet acttacctgg geccggagaa ggtggaggga gacgagaage cgccgagage 480
cgactaccct ccgggeccag tetgtetgte cgtggtggat ctaagatgece tctgeagect 540
catctgtate ctecttgtgat ggcgtgaagg aaagccatgg cagattteca gectggtgat 600
gcetgtacaga acacaggtgg cctgetteca tgectectca gettcaagaa actagaatga 660
accgaagcat tcctgtggag gttgatgaat cagaaccata cccaagtcag ttgctgaaac 720
caatcccaga atattccceg gaagaggaat cagaaccace tgctccaaat ataaggaaca 780
tggcacccaa cagcttgtct gcacccacaa tgcttcacaa ttectccgga gacttttete 840
aagctcactc aaccctgaaa cttgcaaatc accagceggee tgtatccegg caggtcacct 900
gectgegeac tcaagttetg gaggacagtg aagacagttt ctgcaggaga cacccaggcec 960

tgggcaaagc tttceccttet gggtgctetg cagtcagcecga gectgegtet gagtectgtgg 1020
ttggagccct ccctgcagag catcagtttt catttatgga aaaacgtaat caatggctgg 1080
tatctcaget ttcageggcet tcetcectgaca ctggcecatga ctcagacaaa tcagaccaaa 1140
gtttacctaa tgcctcagca gactccttgg geggtageca ggagatggtg caacggcccce 1200
agcctcacag gaaccgagca ggectggatce tgccaaccat agacacggga tatgattcce 1260
agccccagga tgtcctggge atcaggcage tggaaaggec cctgecccctce acctecegtgt 1320
gttaccccca ggacctceeccee agacctcetca ggtceccaggga gttceccectcag tttgaaccte 1380
agaggtatcc agcatgtgca cagatgctgce ctcccaatct ttccccacat gctccatgga 1440
actatcatta ccattgtcct ggaagtcccg atcaccaggt gccatatggce catgactacc 1500
ctcgagcage ctaccagcaa gtgatccage cggcetcectgec tgggcagecce ctgectggag 1560
ccagtgtgag aggcctgcac cctgtgcaga aggttatcct gaattatccc agcccctggg 1620
accacgaaga gaggcccgca cagagagact gctcctttece ggggcttcca aggcaccagg 1680
accagccaca tcaccagcca cctaatagag ctggtgctec tggggagtec ttggagtgec 1740

ctgcagagct gagaccacag gttccccage ctecegtecece agetgetgtg cctagacccee 1800
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ctagcaaccc tccagccaga ggaactctaa aaacaagcaa tttgccagaa gaattgcgga 1860
aagtctttat cacttattcg atggacacag ctatggaggt ggtgaaattc gtgaactttt 1920
tgttggtaaa tggcttccaa actgcaattg acatatttga ggatagaatc cgaggcattg 1980
atatcattaa atggatggag cgctacctta gggataagac cgtgatgata atcgtagcaa 2040
tcagccccaa atacaaacag gacgtggaag gcgctgagtce gcagetggac gaggatgage 2100
atggcttaca tactaagtac attcatcgaa tgatgcagat tgagttcata aaacaaggaa 2160
gcatgaattt cagattcatc cctgtgctct tcccaaatge taagaaggag catgtgccca 2220
cctggcttca gaacactcat gtctacagct ggcccaagaa taaaaaaaac atcctgetge 2280
ggctgctgag agaggaagag tatgtggctce ctccacgggg gcectctgece acccttcagg 2340
tggttccectt gtgacaccgt tcatccccag atcactgagg ccaggccatg tttggggect 2400
tgttctgaca gcattctgge tgaggctggt cggtagcact cctggectggt ttttttetgt 2460
tcctecececga gaggceccctcet ggceccccagg aaacctgttg tgcagagcectce ttcececcecggag 2520
acctccacac accctggctt tgaagtggag tctgtgactg ctcectgcattc tcectgetttta 2580
aaaaaaccat tgcaggtgcc agtgtcccat atgttcctec tgacagtttg atgtgtccat 2640
tctgggecte tcagtgctta gcaagtagat aatgtaaggg atgtggcagc aaatggaaat 2700
gactacaaac actctcctat caatcacttc aggctacttt tatgagttag ccagatgctt 2760
gtgtatcctc agaccaaact gattcatgta caaataataa aatgtttact cttttgtaa 2819
<210> SEQ ID NO 12

<211> LENGTH: 6244

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 12

aatgctgatg ttttaagcag ttagaggagg tggaagaagc tcgactccct cttcttccce 60
attatctgcc cacaatccce tcctttggag ctgctaatga ttactaattc ttaacattcg 120
agttcaatct cctcccggag acaccctcece aggcgaggge actgcgacta cactgaggtt 180
ctgcccactce ctgggcaget tcttagetgg gtggcgaaaa caaaaatgec gectaattgg 240
tcactggccc tttctcatga atgaaggagg tttctgtttt aagaaataaa gtgactcctce 300
agccgttgat tcactgccca cagggagatt ttgagcagag gcttectagg ctccgtagaa 360
atttgcatac agcttccact tcctgcttca gagcctgtte ttctacttac ctgggcccgg 420
agaaggtgga gggagacgag aagccgcecga gagccgacta cecteccggge ccagtctgte 480
tgtccgtggt ggatctaaga aactagaatg aaccgaagca ttcctgtgga ggttgatgaa 540
tcagaaccat acccaagtca gttgctgaaa ccaatcccag aatattcccc ggaagaggaa 600
tcagaaccac ctgctccaaa tataaggaac atggcaccca acagcttgtce tgcacccaca 660
atgcttcaca attcctccgg agacttttcet caagctcact caaccctgaa acttgcaaat 720
caccagcegge ctgtatccceg gcaggtcacce tgectgegea ctcaagttcet ggaggacagt 780
gaagacagtt tctgcaggag acacccaggce ctgggcaaag ctttccctte tgggtgetcet 840
gcagtcagceg agectgegte tgagtctgtg gttggagcce tccctgcaga gcatcagttt 900
tcatttatgg aaaaacgtaa tcaatggctg gtatctcage tttcagecggce ttctectgac 960

actggccatg actcagacaa atcagaccaa agtttaccta atgcctcagce agactcecttg 1020
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ggeggtagece aggagatggt gcaacggecce cagcctcaca ggaaccgagce aggcctggat 1080
ctgccaacca tagacacggg atatgattcc cagccccagg atgtcctggg catcaggcag 1140
ctggaaaggc ccctgcccct cacctceegtg tgttacccece aggacctceccc cagacctcecte 1200
aggtccaggg agttccctca gtttgaacct cagaggtatc cagcatgtgc acagatgctg 1260
cctcccaate tttcecccaca tgctccatgg aactatcatt accattgtcec tggaagtccce 1320
gatcaccagg tgccatatgg ccatgactac cctcgagcag cctaccagca agtgatccag 1380
ccggetetge ctgggcagece cctgectgga geccagtgtga gaggcctgca ccctgtgecag 1440
aaggttatcc tgaattatcc cagccectgg gaccacgaag agaggcccgc acagagagac 1500
tgctecttte cggggcttee aaggcaccag gaccagccac atcaccagcc acctaataga 1560
gctggtgete ctggggagtce cttggagtge cctgcagage tgagaccaca ggttccccag 1620
cctecegtece cagcetgetgt gecctagacce cctagcaacc ctccagceccag aggaactcta 1680
aaaacaagca atttgccaga agaattgcgg aaagtcttta tcacttattc gatggacaca 1740
gctatggagg tggtgaaatt cgtgaacttt ttgttggtaa atggcttcca aactgcaatt 1800
gacatatttg aggatagaat ccgaggcatt gatatcatta aatggatgga gcgctacctt 1860
agggataaga ccgtgatgat aatcgtagca atcagcccca aatacaaaca ggacgtggaa 1920
ggcgctgagt cgcagctgga cgaggatgag catggcttac atactaagta cattcatcga 1980
atgatgcaga ttgagttcat aaaacaagga agcatgaatt tcagattcat ccctgtgctce 2040
ttcccaaatg ctaagaagga gcatgtgccce acctggcttce agaacactca tgtctacage 2100
tggcccaaga ataaaaaaaa catcctgetg cggctgctga gagaggaaga gtatgtggcet 2160
cctccacggg ggcctcetgee cacccttcag gtggttcect tgtgacaccg ttcatcccca 2220
gatcactgag gccaggccat gtttggggcece ttgttctgac agcattcectgg ctgaggctgg 2280
tcggtagcac tcctggetgg tttttttetg ttectecceceg agaggccctce tggceccccag 2340
gaaacctgtt gtgcagagct cttcceccgga gacctccaca caccctgget ttgaagtgga 2400
gtctgtgact gctctgcatt ctctgectttt aaaaaaacca ttgcaggtgce cagtgtccca 2460
tatgttccte ctgacagttt gatgtgtcca ttctgggect ctcagtgett agcaagtaga 2520
taatgtaagg gatgtggcag caaatggaaa tgactacaaa cactctccta tcaatcactt 2580
caggctactt ttatgagtta gccagatgct tgtgtatcect cagaccaaac tgattcatgt 2640
acaaataata aaatgtttac tcttttgtaa gattatgttt tacttatctc aaaggagata 2700
catataattt ataatgatat gggcagttgc ttccagggac atcaacaaag ctgcttagat 2760
ataatattag ataaatataa cagaccactc tgtattaatg gattaaagcc agctagttaa 2820
acaacccttt ttaaccataa tcatggaagc tttattcttg caataaagat ttttaggctg 2880
ggcgcagtga ctcacacctg taatcccage actttgggaa gctaaggcag gcagatcatt 2940
tgaggtcagg agtttgagac cagcctggcc aacatggtga aaccccatct ctgctaaaat 3000
tacaaaaaag ttagccgggce atggtggtgt gcacctgtaa tcccagcetac tcegggaggct 3060
gaggcaggag aatcacttga acccgggagg cagaggttgc agtgagccga gatcatgtca 3120
ctgcactcta gcttgggaga cagagcgaga ctccgtctca aaaaacaaac aaacaaataa 3180
aaacacccat ttttaacaaa acaactttat atagcataca gccatgattc taaatagtat 3240

gattatggtt ctcaggatct gactacatag gtaaaaatat ttgcatatgt gtatgaagtg 3300
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ttgggggatg taggctagaa ttgtagtctg tgttctaatt ttggttctac caccaattag 3360
ctgtatgacc tttagcaagt cctttaactt ttcttagatt ccagggactc atttataaaa 3420
tgacatggac aaaagcatct ctaatcactc taaaagattt gaagtctagg acctaaattc 3480
taaatactct tttgaggagt gactgagttt tcattttcat aattatgtct ctcagaggac 3540
aaatttacat tttcttaaca gagacatttt cttcttcttt ttttttgttt gagacagagt 3600
ctcgctetgt cgtccaggcet ggagtgcagt gectgcaatcet tggctcactg caacctgcge 3660
ctcctgggtt caagtgattc ttctgcectca acctcecccaag tagctagacc tataggcgcece 3720
tgccaccatg cccagctaat ttttgtattt ttagtagaga cagggtttca tattggccag 3780
actggtctcg aactcctgac cttgtgatcc gecccaccteg gectcccaaa gtgectgggat 3840
tacaggtgtg agccaccaca cccagccaac attttcctet tttaaaaaat atcttctcac 3900
gcctgtaatce ccagcacttt gggaggctga ggcaggcgga tcatgaggtc aggagatcaa 3960
gaccatcctg gctaacacgg tgaaactcca tctctactaa aaatacaaaa aaaatagccg 4020
ggcgtggtgg caggcegectg tagtcccage tactggggag gctgaggcag gaaaatggtg 4080
tcaacccggg aggcggagcet tgcagtgagce cgagattgeg ccactgcact ccagcctggg 4140
caatagagtg agactccgtc tcaaaaaaaa aaaaaaaaaa aaaaacttca acaataccct 4200
caggttgata attttggata tctatctgta tctatatatc ttgtttacct ggtctccaga 4260
aaaagaacac atacacatat ccatatataa aatatgtata catgtatcaa atctacgtaa 4320
actataaagg tgggatggct ttaattatgg cccaagctac taagacaatg aagacttttt 4380
ggggctgcaa gctactgett cccttettta tctactagec tcttaaacaa ggctcacttg 4440
tgctacaaga cagtccaccg ttttgttttt tttttcetttt ttttgagaca gggtctcact 4500
ctttecccagg ctgcagtaca gtgacacagt ctcagctcac tgcagectttg accttgeegg 4560
gctcaggtga cccttacact tcagecctcce aagtagcagg gactataggt gtgcaccaac 4620
atgcttggtt aatttttgta ttttttgtag agacagggtt ttgccatgtt gtccaggcta 4680
gtctcgaatt cctgggctca agtgattcac ctgccttgge ctcccaaagt gctaggatta 4740
cagatgggag ccaccacgcc cagcccagtce cagctcttat atgtagcaca gggaaaggac 4800
aaatacttgt caactataaa taagaaacat tgctaatgca ttgcaaagaa cactagtttc 4860
atttacttta taacttagat gtctactggg tgagacgaat gtctttgttc tttaaaaaat 4920
aggaaaagag aagaaaaact agcataacat aagtactcat ttgtaagact ttctgacatg 4980
taacattagt tccgtagttt tgagacctgg tagaactgac tttcatattt ggataacctg 5040
gaaaacaccc aaacacaaac ttcaagtctt ctttctecttt tttcattatc ttttttagtce 5100
tgaggtgaca ccatcattaa ggattcgaca cccgtttgta aataaaatga catcagcaat 5160
tactctgaaa tgtttctagt ttgcaaagac ttagcaatgt gatgttatta acccttccte 5220
ccttcagaga cctgtcctaa gcectctgaacce actcattcct tceccactcttce ttaccceccagg 5280
tggttgatga gcagtggtce ctggtgttcece acaaagagtc attaaagtgt tacagcetggt 5340
agcactggta gcaaaaaaac aaaccaaaaa dJtacacacag acacacacac acacacgcac 5400
acatacacac acacacgcac ttggccaagt gacaaaagct tggcccctga aatttctatg 5460
agatccgatg accaccaaca tcaaagcatt tttttttttt tttttttgag acgtagtctc 5520

gctetgtcac ccaggctaga gtgcagtggt gcaatcacag ctcactgcaa cctcecaccte 5580
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ccgggttcaa gcgattctcee tgcectcagec tctcgagtag ctgtgactac aggcacctge 5640
caccatgccc ggctaatttt ttgtattttt agtagagacg gggtttcacc gtgttagcca 5700
ggatggtctt gatctcctga cctcgtgatce catccgecte ggectcccaa attgectggga 5760
ttacaggcat gagccaccac gcccggcecca tcaaaggaat tgtaacaact atttgagagce 5820
actgacaata agattaacac tcggttgatt tagatgttat gctggtcctc aggcattcat 5880
ctttagatat ttttggggtg gaagtggggt agggctgact tagtaaaaat aacctcttag 5940
cccaaaggct ttattcagac ttacaccgat ttgaggggtg ggtttgtgga atgcaaggtt 6000
aggttcttac ctaatatttg atgactaatt tagaatttta aatgtaattt taaattttag 6060
tgactggttt caaatctatt ttaacttcta gattgttcaa agaggtctca gtacatggct 6120
acaatcaaag tattagacta gctatttctc agctcagtgc tcagaaaaat tattactgtt 6180
gatacctttt tctttgtttc ctgttaaata aatcacctct ttaaagacag aaaaaaaaaa 6240
aaaa 6244
<210> SEQ ID NO 13

<211> LENGTH: 909

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 13

ggctgettet tttggaggga gccagtgggg gacgggagtce tcagcagget ggggtgttge 60
acttttcectt ttgtctgcag cctgatgttt getttgtget gaaggaagac cgtgatgata 120
atcgtagcaa tcagccccaa atacaaacag gacgtggaag gcgctgagtc gcagctggac 180
gaggatgagc atggcttaca tactaagtac attcatcgaa tgatgcagat tgagttcata 240
aaacaaggaa gcatgaattt cagattcatc cctgtgctet tcccaaatgce taagaaggag 300
catgtgccca cctggcttca gaacactcat gtctacagct ggcccaagaa taaaaaaaac 360
atcctgetge ggctgctgag agaggaagag tatgtggctce ctceccacgggg gectcectgecce 420
acccttcagg tggttcectt gtgacaccgt tcatccccag atcactgagg ccaggccatg 480
tttggggect tgttctgaca gcattctgge tgaggcetggt cggtagcact cctggetggt 540
ttttttetgt tectccecga gaggcectcet ggcccccagg aaacctgttg tgcagagetce 600
ttccecggag accteccacac accctggett tgaagtggag tctgtgactg ctetgcecatte 660
tctgetttta aaaaaaccat tgcaggtgcc agtgtcccat atgttcctec tgacagtttg 720
atgtgtccat tctgggecte tcagtgectta gcaagtagat aatgtaaggg atgtggcagce 780
aaatggaaat gactacaaac actctcctat caatcacttc aggctacttt tatgagttag 840
ccagatgctt gtgtatccte agaccaaact gattcatgta caaataataa aatgtttact 900
cttttgtaa 909

<210> SEQ ID NO 14

<211> LENGTH: 4523

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 14

ataggaaaga aggaaatgaa ggcggagagt ggggagagag cagcagaatt caatttaatc 60

tgaggccacc ccaagtgttt tgtagaattg ggctgaagag gtttcctagg cagcctcgca 120
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ggctgcacag cacaccaccc ccgagaagac cgtgatgata atcgtagcaa tcagccccaa 180
atacaaacag gacgtggaag gcgctgagtc gcagctggac gaggatgagce atggcttaca 240
tactaagtac attcatcgaa tgatgcagat tgagttcata aaacaaggaa gcatgaattt 300
cagattcatc cctgtgctct tcccaaatgce taagaaggag catgtgccca cctggcettca 360
gaacactcat gtctacagct ggcccaagaa taaaaaaaac atcctgctge ggctgctgag 420
agaggaagag tatgtggctc ctccacgggg gectctgece acccttcagg tggttcecctt 480
gtgacaccgt tcatccccag atcactgagg ccaggccatg tttggggect tgttctgaca 540
gcattctgge tgaggetggt cggtagcact cctggetggt ttttttetgt tectcecccega 600
gaggcecctet ggececcccagg aaacctgttg tgcagagcecte ttcecccggag acctccacac 660
accctggett tgaagtggag tctgtgactg ctcetgeatte tctgetttta aaaaaaccat 720
tgcaggtgcc agtgtcccat atgttcctece tgacagtttg atgtgtccat tctgggecte 780
tcagtgctta gcaagtagat aatgtaaggg atgtggcagce aaatggaaat gactacaaac 840
actctcctat caatcacttc aggctacttt tatgagttag ccagatgctt gtgtatcctce 900
agaccaaact gattcatgta caaataataa aatgtttact cttttgtaag attatgtttt 960

acttatctca aaggagatac atataattta taatgatatg ggcagttgct tccagggaca 1020
tcaacaaagc tgcttagata taatattaga taaatataac agaccactct gtattaatgg 1080
attaaagcca gctagttaaa caaccctttt taaccataat catggaagct ttattcttge 1140
aataaagatt tttaggctgg gcgcagtgac tcacacctgt aatcccagca ctttgggaag 1200
ctaaggcagg cagatcattt gaggtcagga gtttgagacc agcctggcca acatggtgaa 1260
accccatcte tgctaaaatt acaaaaaagt tagccgggca tggtggtgtg cacctgtaat 1320
cccagctact cgggaggctg aggcaggaga atcacttgaa cccgggagge agaggttgca 1380
gtgagccgag atcatgtcac tgcactctag cttgggagac agagcgagac tccgtctcaa 1440
aaaacaaaca aacaaataaa aacacccatt tttaacaaaa caactttata tagcatacag 1500
ccatgattct aaatagtatg attatggttc tcaggatctg actacatagg taaaaatatt 1560
tgcatatgtg tatgaagtgt tgggggatgt aggctagaat tgtagtctgt gttctaattt 1620
tggttctacc accaattagc tgtatgacct ttagcaagtc ctttaacttt tcttagattce 1680
cagggactca tttataaaat gacatggaca aaagcatctc taatcactct aaaagatttg 1740
aagtctagga cctaaattct aaatactctt ttgaggagtg actgagtttt cattttcata 1800
attatgtctc tcagaggaca aatttacatt ttcttaacag agacattttc ttcttetttt 1860
tttttgtttg agacagagtc tcgctctgte gtccaggctg gagtgcagtg ctgcaatcett 1920
ggctcactge aacctgcegece tcectgggtte aagtgattcet tetgectcaa ccteccaagt 1980
agctagacct ataggcgcct gccaccatge ccagctaatt tttgtatttt tagtagagac 2040
agggtttcat attggccaga ctggtctcga actcctgacc ttgtgatccg cccacctegg 2100
ccteccaaag tgctgggatt acaggtgtga gccaccacac ccagccaaca ttttectett 2160
ttaaaaaata tcttctcacg cctgtaatcc cagcactttg ggaggctgag gcaggcggat 2220
catgaggtca ggagatcaag accatcctgg ctaacacggt gaaactccat ctctactaaa 2280
aatacaaaaa aaatagccgg gegtggtgge aggcgectgt agtcccaget actggggagg 2340

ctgaggcagg aaaatggtgt caacccggga ggcggagett gcagtgagec gagattgcege 2400
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cactgcactc cagcctggge aatagagtga gactccgtct caaaaaaaaa aaaaaaaaaa 2460

aaaacttcaa caatacccte aggttgataa ttttggatat ctatctgtat ctatatatct 2520

tgtttacctg gtctccagaa aaagaacaca tacacatatc catatataaa atatgtatac 2580

atgtatcaaa tctacgtaaa ctataaaggt gggatggctt taattatggc ccaagctact 2640

aagacaatga agactttttyg gggctgcaag ctactgette ccttetttat ctactagect 2700

cttaaacaag gctcacttgt gctacaagac agtccaccgt tttgtttttt ttttettttt 2760

tttgagacag ggtctcactc tttcccaggce tgcagtacag tgacacagtc tcagctcact 2820

gcagctttga ccttgcecggg ctcaggtgac ccttacactt cagecctccca agtagcaggg 2880

actataggtg tgcaccaaca tgcttggtta atttttgtat tttttgtaga gacagggttt — 2940

tgccatgttg tccaggctag tctcgaatte ctgggctcaa gtgattcacc tgeccttggece 3000

tcccaaagtg ctaggattac agatgggagc caccacgccc agcccagtcc agctcttata 3060

tgtagcacag ggaaaggaca aatacttgtc aactataaat aagaaacatt gctaatgcat 3120

tgcaaagaac actagtttca tttactttat aacttagatg tctactgggt gagacgaatg 3180

tctttgttect ttaaaaaata ggaaaagaga agaaaaacta gcataacata agtactcatt 3240

tgtaagactt tctgacatgt aacattagtt ccgtagtttt gagacctggt agaactgact 3300

ttcatatttyg gataacctgg aaaacaccca aacacaaact tcaagtette tttetetttt 3360

ttcattatct tttttagtct gaggtgacac catcattaag gattcgacac ccgtttgtaa 3420

ataaaatgac atcagcaatt actctgaaat gtttctagtt tgcaaagact tagcaatgtg 3480

atgttattaa cccttcctcee cttcagagac ctgtcctaag ctctgaacca ctcattcctt 3540

ccactcttet taccccaggt ggttgatgag cagtggtece tggtgttceca caaagagtca 3600

ttaaagtgtt acagctggta gcactggtag caaaaaaaca aaccaaaaag tacacacaga 3660

cacacacaca cacacgcaca catacacaca cacacgcact tggccaagtg acaaaagctt 3720

ggcccectgaa atttctatga gatccgatga ccaccaacat caaagcattt tttttttttt 3780

ttttttgaga cgtagtctcg ctcetgtcace caggctagag tgcagtggtg caatcacagce 3840

tcactgcaac ctccacctce cgggttcaag cgattctcect gectcagect ctcecgagtage 3900

tgtgactaca ggcacctgcc accatgcccg gctaattttt tgtattttta gtagagacgg 3960

ggtttcaccyg tgttageccag gatggtcttyg atctectgac ctegtgatce atccgecteg 4020

gcctceccaaa ttgctgggat tacaggcatg agccaccacg cccggceccat caaaggaatt 4080

gtaacaacta tttgagagca ctgacaataa gattaacact cggttgattt agatgttatg 4140

ctggtcctca ggcattcate tttagatatt tttggggtgg aagtggggta gggctgactt 4200

agtaaaaata acctcttage ccaaaggcett tattcagact tacaccgatt tgaggggtgg 4260

gtttgtggaa tgcaaggtta ggttcttacc taatatttga tgactaattt agaattttaa 4320

atgtaatttt aaattttagt gactggtttc aaatctattt taacttctag attgttcaaa 4380

gaggtctcag tacatggcta caatcaaagt attagactag ctatttctca gctcagtget 4440

cagaaaaatt attactgttg ataccttttt ctttgtttec tgttaaataa atcacctcett 4500

taaagacaga aaaaaaaaaa aaa 4523
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What is claimed is:

1. A method of preventing surgery-, diagnostic- or inter-
vention-related micrometastasis on a subject having cancer,
wherein the cancer cells have increased TRAF3IP2 expres-
sion in comparison with a non-cancer cell, said method
comprising the steps of:

a) administering a pharmaceutical composition into the

subject, and
b) performing (i) surgery to treat the cancer, (ii) diagnostic
for the cancer, or (iii) intervention to treat the cancer;

¢) wherein the pharmaceutical composition comprises at
least one targeting sequence for TRAF3IP2 in a phar-
maceutically acceptable carrier in an amount effective
for the prevention of micrometastasis.

2. The method of claim 1, wherein the cancer is breast
cancer or glioblastoma multiforme.

3. The method of claim 1, wherein the targeting sequence
for TRAF3IP2 is selected from the group consisting of:
siRNA, a miRNA, a shRNA, an antisense RNA, or an
antisense oligonucleotide.

4. The method of claim 3, wherein said composition
comprises an expression vector encoding the targeting
sequence for TRAF3IP2 operably coupled to an inducible
promoter.

5. The method of claim 1, wherein the targeting sequence
for TRAF3IP2 has the following sequence:

(SEQ ID NO: 1)
CCGGCATGGAACTATCATTACCATTCTCGAGAATGGTAATGATAGTTCCA

TGTTTTTT.

6. The method of claim 1, wherein the targeting sequence
for TRAF3IP2 is an anti-sense oligonucleotide having the
sequence of:

(SEQ ID NO: 2)
MG*MGH*MUAMG*MGHG* C¥A* CHA* TG CHTHCHmCHmU*mU*mC*mU .

7. The method of claim 1, wherein the micrometastasis of
the cancer is reduced by at least 50% as compared to the
same treatment without administering the pharmaceutical
composition.

8. The method of claim 1, wherein the administering step
comprises parenteral administration, including injection into
a tumor or its metastasis site by transcutaneous, intraarterial,
intraductal, intravenous, intradermal, intramuscular, intrap-
eritoneal, or subcutaneous administration.

9. The method of claim 1, wherein said targeting sequence
reduces the expression of the TRAF3IP2 gene by at least
5-fold as compared to without the targeting sequence for
TRAF3IP2.

10. A method of treating a patient with cancer, the cancer
having increase in TRAF3IP2 expression as compared to a
normal cell, said method comprising the steps of:

a) administering a pharmaceutical composition into a
subject before, during or in connection with at least one
of the following procedure: surgery, diagnostic or
therapeutic intervention, chemotherapy, radiation
therapy, immunotherapy or targeted intervention;

b) wherein the pharmaceutical composition comprises at
least one targeting sequence for TRAF3IP2 in a phar-
maceutically acceptable carrier in an amount effective
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for prevention of micrometastasis, wherein the target-
ing sequence suppresses expression of TRAF3IP2.

11. The method of claim 10, wherein the cancer is breast
cancer or glioblastoma multiforme.

12. The method of claim 10, wherein the targeting
sequence for TRAF3IP2 is selected from the group consist-
ing of: siRNA, miRNA, shRNA, an antisense RNA, or of an
antisense oligonucleotide.

13. (canceled)

14. The method of claim 10, wherein the silencing
sequence for TRAF3IP2 is a SEQ ID NOs. 1 or 2.

15. The method of claim 10, wherein the procedure in step
(a) is chemotherapy, and wherein a chemotherapy agent is
used, and wherein the chemotherapy agent is selected from
the group consisting of: Actinomycin, All-trans retinoic acid,
Azacitidine, Azathioprine, Bleomycin, Bortezomib, Carbo-
platin, Capecitabine, Cisplatin, Chlorambucil, Cyclophos-
phamide, Cytarabine, Daunorubicin, Docetaxel, Doxifluri-
dine, Doxorubicin, Epirubicin, Epothilone, Etoposide,
Fluorouracil, Gemcitabine, Hydroxyurea, Idarubicin, Ima-
tinib, Irinotecan, Mechlorethamine, Mercaptopurine,
Methotrexate, Mitoxantrone, Oxaliplatin, Paclitaxel, Pem-
etrexed, Teniposide, Tioguanine, Topotecan, Valrubicin,
Vemurafenib, Vinblastine, Vincristine, and Vindesine.

16. (canceled)

17. (canceled)

18. The method of claim 10, wherein mTOR activation in
the cancer cell, the NF-kB activity in the cancer cells, the
tumor growth, or angiogenesis of the cancer is inhibited.

19. (canceled)

20. (canceled)

21. (canceled)

22. (canceled)

23. (canceled)

24. (canceled)

25. (canceled)

26. (canceled)

27. A method of determining malignancy of a tumor in a
patient, comprising the steps of:

a) obtaining a biological sample from a patient; and

b) detecting presence of a unspliced TRAF3IP2 in the

biological sample;
wherein the presence of the unspliced TRAF3IP2 in the
biological sample indicates malignancy of the tumor.

28. The method of claim 27, wherein in step a) the
unspliced TRAF3IP2 is detecting presence of a portion of
SEQ ID NO: 3 or 4 in the biological sample.

29. The method of claim 27, wherein in step b) detects the
presence of SEQ ID NO. 7 or 8.

30. (canceled)

31. The method of claim 27, further comprising the step
of a-1) prior to step b):

a-1) isolating macrophages from the biological sample.

32. The method of claim 27, further comprising the step
of:

c) calculating a ratio of unspliced TRAF3IP2 to spliced

TRAF3IP2.

33. The method of claim 27, wherein the tumor is pan-
creatic cancer, lung cancer, breast cancer, ovarian cancer,
prostate cancer, glioblastoma, liver gastric cancer, bone
cancer.

34. (canceled)

35. (canceled)



