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METHOD AND COMPOSITION FOR EARLY
DETECTION OF MALIGNANCIES

PRIOR RELATED APPLICATIONS

[0001] This invention claims priority to U.S. provisional
application number 63/307,358, filed on Feb. 7, 2022 and
incorporated by reference in its entirety herein for all pur-
poses.

FIELD OF THE DISCLOSURE

[0002] The disclosure generally relates to a method for
synergistic treatment of difficult to treat malignant tumors,
and more specifically to a method of not only detecting early
malignancy of tumors by assessing the expression of
tRAF3IP2, but to treat such otherwise difficult to treat
malignancies by silencing TRAF3IP2 alone, or better in
combination with additional medication that alone has dem-
onstrated or is known to be less or not effective for treatment
of those cancer.

BACKGROUND OF THE DISCLOSURE

[0003] Triple-negative breast cancer (INBC) is the most
aggressive and deadliest subtype of breast cancer and has
limited therapeutic options. The critical barrier to progress is
the lack of targets that prevent and/or eliminate metastasis,
impact on or block cancer stem cell (CSCs) function, to
increase survival. Specifically, in the advanced metastatic
stage, TNBC is managed by a combination chemotherapy,
which is associated with very low response rates and poor
survival benefit.

[0004] Analysis of data from The Cancer Genome Atlas
(TCGA, accessed through GDC, GEPIA, and BreastMark)
indicates an inverse correlation between TRAF3IP2 expres-
sion and disease-free survival (DFS) in TNBC patients (FIG.
1).

[0005] TRAF3IP2 increases pro-inflammatory signaling
through activation of INK, AP-1, and NF-uB. It is reported
that this occurs in many cancers including TNBC and
glioblastoma, and that TRAF3IP2 is a key regulator of the
pro-tumorigenic Tumor Micro Environment (TME) in those
malignant diseases.

SUMMARY OF THE DISCLOSURE

[0006] In one aspect, a method of treating a subject having
cancer, comprising the steps of: a) administering a pharma-
ceutical composition to the subject, and b) optionally along
with additional synergistic measures such as chemotherapy,
or with other immunotherapeutic, antiangiogenic medica-
tion or pharmaceutical composition to reduce the size of the
tumor or eliminate it; ¢) wherein the pharmaceutical com-
position comprises an effective amount of at least one
targeting sequence against at least a portion of TRAF3IP2 in
a pharmaceutically acceptable carrier.

[0007] In another aspect of this disclosure, a composition
for treating a subject having cancer is described. The com-
position comprises a therapeutically effective amount of a
TRAF3IP2 silencer, and a pharmaceutically acceptable car-
rier, wherein the TRAF3IP2 silencer comprises at least one
targeting sequence against at least a portion of TRAF3IP2 to
silence expression of TRAF3IP2 in cancer cells.
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Primary Human TNBC Tumors Express High
Levels of TRAF3IP2 (FIG. 2).

[0008] Using triple-negative breast cancer as an example,
it is reported that TRAF3IP2 plays a critical role in meta-
bolic reprogramming in TNBC. This disclosure also shows
that silencing TRAF3IP2 inhibits mTOR (Mechanistic Tar-
get Of Rapamycin Kinase) and NAMPT (Nicotinamide
Phosphoribosyltransferase), while inducing LKBI1 (liver
kinase B1) and AMPK (AMP-activated protein kinase).
[0009] When TRAF3IP2 expression is silenced in TNBC
cells, senesence is induced without activation of the pro-
inflammatory senescence-associated secretory phenotype
(SASP) due to inhibition of pro-inflammatory cytokine
signaling. This results in reduced cell proliferation and
angiogenesis. In other words, silencing TRAF3IP2 inhibits
angiogenesis, and a patient derived xenograft (PDX) model
is used as an example.

[0010] TRAF3IP2 is a major regulator of cancer stem cells
(CSCs), and suppresses key stem cell maintenance mecha-
nisms, including inhibition of ATP binding cassette (ABC)
transporters and Wnt/B-Catenin signaling and Sox2 levels.
In one embodiment of this disclosure, it is shown that
silencing  TRAF3IP2 suppresses TNBC tumorigenesis,
resulting in inhibition of tumor growth and metastasis.
[0011] Additionally, TRAF3IP2 silencer can have syner-
gistic effect when administered with chemotherapy medica-
tion. In one embodiment, silencing TRAF3IP2 synergizes
with paclitaxel and reverse chemoresistance in a
chemoresistant TNBC PDX model.

[0012] 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.
[0013] 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.

[0014] 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).

[0015] 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.

[0016] 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.
Therefore, given the validity of the target, silencers can be
readily be designed using the target sequence.

[0017] 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.

[0018] An example of the vector is lentiviral vectors or
parvovirus HP1 or Lulll. Lentiviral vectors were used herein
to encode the silencer sequences for TRAF3IP2. Although
data show that there is specificity for CD45+ cells transduc-
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tion in vivo when administering lentiviral vectors, MDA-
MB231 and SW620 cells are highly transducible with len-
tiviral vectors. 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 recombina-
tion), such as the MSCs discussed herein.

[0019] 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.

[0020] The disclosure provides one or more of the follow-
ing embodiments, in any combinations(s) thereof:

Aug. 10,2023

-continued

--Any composition herein described, wherein the cancer is

triple negative breast cancer

(TNBC), glioblastoma, pancreatic cancer or metastatic ovarian cancer.
--Any composition herein described, wherein the anticancer medication is
chemotherapeutic agent, immunotherapeutic agent, antiangiogenic

agent, or combinations thereof.

--A method of sensitizing a tumor prior to treating a patient with the
tumor, comprising the steps of: a)

administering 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 pharmaceutical composition

comprises at least one targeting 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 of sensitizing a tumor herein described, wherein the
cancer is TNBC.

--A method of treating a subject having cancer, comprising the steps
of: a) administering a pharmaceutical

composition to the subject, and b) optionally administering a
chemotherapeutic compound to the subject along with the pharmaceutical
composition; ¢) wherein the pharmaceutical

composition comprises an effective amount of at least one

targeting sequence against at least a portion of TRAF3IP2 in a
pharmaceutically acceptable carrier.

--Any method herein described, wherein the targeting

sequence against at least a portion of TRAF3IP2 is

selected from the group consisting of: a siRNA, a miRNA, a shRNA,
an antisense RNA, or an antisense oligonucleotide.

--Any method herein described, wherein the targeting sequence is
encoded by an expression vector,

wherein the targeting sequence is operably coupled to an inducible
promoter in the expression vector.

--Any method herein described, wherein the cancer is triple negative
breast cancer (TNBC).

--Any method herein described, wherein the chemotherapeutic
compound is selected from the group consisting

of 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.

--Any method herein described, wherein the

subject’s metastasis is reduced by at least

50% as compared to the same treatment without administering

the pharmaceutical composition.

--Any method herein described, wherein the

administering step comprises parenteral

administration, including injection into a tumor or its metastasis site
by transcutaneous, intraarterial, intraductal,

intravenous, intradermal, intramuscular, intraperitoneal, or
subcutaneous administration.

--Any method herein described, wherein Wnt/p-Catenin activation

is reduced or inhibited.

--Any method herein described, wherein Fzd8 expression in cancer cells is
downregulated by at least 50% or inhibited.

--Any method herein described, wherein E-Cadherin expression

is upregulated by at least 50%.

--Any method herein described, wherein tumor growth is inhibited.
--A composition for treating a subject having caner, comprising: a) a
therapeutically effective amount

of a TRAF3IP2 silencer; b) a pharmaceutically acceptable carrier; and
c) one or more anticancer medication, wherein the combination of
the TRAF3IP2 silencer and the anticancer

medication is at least 20% more effective in treating the

cancer than the anticancer medication alone; wherein the

TRAF3IP2 silencer comprises at least one

targeting sequence against at least a portion of TRAF3IP2 to silence
expression of TRAF3IP2 in cancer cells.

[0021] 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.

[0022] 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.

[0023] 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.

[0024] 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.

[0025] 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 achieved.

[0026] 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.

[0027] 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.
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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.

[0028] 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.

[0029] 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.

[0030] As used herein, the terms “operably associated,”
“operably coupled” or “operably linked,” as used herein,
refer to functionally coupled nucleic acid sequences.
[0031] 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.

[0032] The use of the word “a” or “an” when used in
conjunction with the term “comprising” in the claims or the
specification means one or more than one, unless the context
dictates otherwise.

[0033] 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.

[0034] 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.
[0035] 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.
[0036] The phrase “consisting of” is closed, and excludes
all additional elements.

[0037] The phrase “consisting essentially of” excludes
additional material elements, but allows the inclusions of
non-material elements that do not substantially change the
nature of the invention.

[0038] The following abbreviations are used herein:
ABBREVIATION TERM

ABC ATP-binding cassette

AMPK AMP-activated protein kinase

AO Antisense oligonucleotides

Cancer stem cells CsC

DFS Disease-free survival

ECM Extracellular matrix

LKBI1 Liver kinase B1

MRP1 Multi-drug resistant protein 1)

mTOR Mechanistic target of rapamycin kinase
NAMPT Nicotinamide phosphoribosyltransferase

Aug. 10,2023

-continued
ABBREVIATION TERM
oS Overall survival
PARP poly (ADP-ribose) polymerase
PDX Patient derived xenograft
RT-qPCR real time quantitative PCR
SASP Senescence-associated secretory phenotype
SLPI Secretory leukocyte peptidase inhibitor
TME Tumor micro environment
TNBC Triple-negative breast cancer

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] FIG. 1A. High levels of TRAF3IP2 are selectively
associated with decreased disease-free survival (DFS) in
TNBC. Analysis of preexisting data from GDC, GEPIA, and
BreastMark showed a hazard ratio of 1.3 for higher, but not
lower, TRAF3IP2 expression, indicating that higher
TRAF3IP2 expression is associated with significantly lower
DFS in TNBC. DFS and hazard ratio were calculated using
Cox Proportional-Hazards model across TNBC cases;
n=535 high and 535 low TRAF3IP2 in TNBC cases (HR=1.
34, P=0.05).

[0040] FIG. 1B-1C. TRAF3IP2 overexpression in TNBC
and predicts poor survival in basal-like breast cancer. FIG.
1B: Analysis of pre-existing TCGA data showed TNBC has
significantly increased TRAF3IP2 expression compared to
nontriple negative BC(p<0.0009). FIG. 1C: There is a haz-
ard ratio of 1.37 for higher, but not lower, TRAF3IP2
expression (p=0.0043), indicating that higher TRAF3IP2
expression is associated with significantly lower OS in basal
like BC, including TNBC. OS and hazard ratio were calcu-
lated using Cox Proportional-Hazards model across TNBC
cases; n=403 low and 461 high TRAF3IP2. Data accessed
through be-GenExMiner on Feb. 1, 2023.

[0041] FIG. 2. TRAF3IP2 expression is increased in
human primary TNBC tissues. Analysis of primary TNBC
tumor tissues resected from patients revealed increased, but
variable, TRAF3IP2 expression in four different primary
TNBC tissue as shown by immunohistochemistry (IHC;
brown), counterstained with hematoxylin (blue).

[0042] FIG. 3. Silencing TRAF3IP2 inhibits malignant
metabolism in TNBC cells. Analysis of glycolysis in
A1C s arsrps 0 V8- HCopor snrnva CElIS (A). Seahorse assay
showed silencing TRAF3IP2 significant changes in TNBC
metabolism following targeting TRAF3IP2 (B). Membrane
potential assay shows TRAF3IP2 silencing decreases mem-
brane potential, indicating mitochondrial damage (C). Nota-
bly, the addition of FCCP, a potent uncoupler of mitochon-
drial oxidative phosphorylation, does not decrease
mitochondrial membrane potential, suggesting that targeting
TRAF3IP2 effectively reduces membrane potential and
induces mitochondrial dysfunction.

[0043] FIG. 4. Silencing TRAF31P2 increases LKB1 and
AMPK and inhibits cell proliferation. Western blot showing
upregulation of phosphorylated LKB1 (p-LKB1) and
AMPK (p-AMPK) in 41Crzursp2 xp V8- 4C.0nmor snrna
cells.

[0044] FIG. 5. Effect of TRAF31P2 on NAMPT. Targeting
TRAF3IP2 reduces levels of NAMPT in 41C cells (p<0.01).
[0045] FIG. 6. Effect of targeting TRAF3IP2 on TNBC
cancer stem cells. Once cultured in serum free media to
isolate CSCs, the 4ICTRAF3IP2KD cells showed a signifi-
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cant impaired ability to form spheroids, while 4ICControl
cells formed larger spheroids at 48 and 96 hours in culture
(A&B). Flow cytometry showed a significant reduction of
CD44 cells and increased CD24 cells in 4ICTRAF3IP2KD
spheroids (C). Transcriptomic analysis showed a downregu-
lation of inflammatory and angiogenic factors and increased
in apoptosis marker (D).

[0046] FIG. 7. Targeting TRAF3IP2 enhances the efficacy
of Paclitaxel in TNBC, resulting in cell cycle arrest. Cell
cycle profiles of 41CControl shRNA, 4ICControl shRNA+
Paclitaxel, 41C 73700 xp and 41C 4 a0 xptPaclitaxel
(A-D). In Paclitaxel treatment alone, there was increase in
the proportion of cells in G2 by 23%, as compared to a 12%
increase in 41C % yz370» xp- Combined Paclitaxel adminis-
tration and TRAF31P2 silencing completely prevented entry
into S phase and arrested cells in the G2/M checkpoint.
[0047] FIG. 8A-C. Targeting TRAF3IP2 significantly
reduces levels of ABC Transporters (p<0.05).

[0048] FIG. 9. Targeting TRAF3IP2 significantly inhibits
Wat signaling through downregulating FZD8 and upregu-
lating CDH1, evidenced by downregulation of ¢-Myc and
CDK1. (p<0.05)

[0049] FIG. 10. Silencing TRAF3IP2 suppresses TNBC
tumorigenesis. Female 4- to 6-weeks-old NSG mice were
injected intramammary with 41C . ,-31P2 kD cells (1x10°
cells in PBS and Matrigel) and compared to the control
group (41C .. 107 snrnza)(@=10/group). Animals in the control
group were euthanatized 4-weeks post inoculation due to
large tumor growth (I). Significant gross metastasis was
found in these animals in various tissues. The extent of
metastasis in the abdomen, liver, kidneys and lungs is shown
(arrows) (). In contrast, 41C 5 3772 zp-injected animals
showed minimal tumor growth upon euthanasia after week
52 (II). Further, no metastasis was detected in major tissues.
[0050] FIG. 11. Effect of targeting TRAF3IP2 on metas-
tasis. Targeting TRAF3IP2 significantly reduces genes criti-
cal in metastasis (p<0.05).

[0051] FIG. 12. Effect of targeting TRAF3IP2 on TNBC
growth. A) 4IC tumors were induced in mammary fat pad of
NSG mice. Treatment was initiated once measurable tumors
were detected (day 14). Animals were treated with
TRAF3IP2-A0 (100 pg in 50 ), administered subcutane-
ously in the vicinity of the tumors every 48 hours. Control
group received SCRAO. Tumor volume was measured by
calipers (primary tumor was unlabeled) every 48 hours prior
to injection (n=5/group, *p<0.05 and **p<0.01). The image
comparison of tumors treated with TRAF3IP2-AO and
SCR-AO at day 28 post-injection. Size comparison of
tumors shows smaller size and less vascularized tumors of
TRAF3IP2-AO-treated. The study was terminated at day 28
post-injection. B) Comparative analysis of tumor mass was
performed after harvesting. Red plot: Tumors from
TRAF3IP2-AO-treated; Blue: Tumors from SCRAO-
treated group (*p<0.01).

[0052] FIG. 13. Molecular analysis of targeting
TRAF3IP2 in TNBC. 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). B) Western Blotting
Analysis of tumor lysates demonstrates significantly
reduced levels of pro-tumorigenic proteins including
reduced phosphorylated mTORC1 and mTORC?2 in animals
treated with TRAF3IP2-A0O. C) Tumor tissue sections were
stained with DAPI(blue-to show the cellular content),
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human specific mitochondria (redindicating the human/
TNBC cells) and CD31 cells (purple-indicating blood ves-
sels), scale bar 100 um. Yellow arrows show decreased
blood vessels in treated tumors.

[0053] FIG. 14. Detection of micrometastasis using PCR.
Key TNBC metastatic niches were analyzed for microme-
tastasis using primers directed towards a humanspecific
a-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.

[0054] FIG. 15. Treatment of late stage metastatic TNBC.
41C tumors were induced intramammary into mice using
41C cells [carrying a luciferase-expressing gene for ‘biolu-
minescence imaging’. Treatment was initiated in late stage
BC indicated by advanced metastasis detectable by lucifer-
ase imaging (day 42). Animals were treated with
TRAF3IP2-AO (100 m in 50 pl ) administered interperito-
neally every 48 hours. Control group received SCR-AO in
the same fashion (Data not shown). Representative images
showing the extend of metastasis after treatment 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.

[0055] FIG. 16. Effect of targeting TRAF3IP2 on
chemoresistance in vivo. Tumors were induced using 4I1C
cells (n=6 animals/group), and mice were treated with one of
the following: SCR-AO, SCR-AO+Paclitaxel, TRAF31P2-
AO, or TRAF3IP2-AO+Paclitaxel. Animals in the 41C SCR-
AO group were euthanized by day 28 due to increased tumor
n of 1600 mm?. Paclitaxel reduced tumor volume by 42%
and TRAF3IP2 targeting reduced tumor size by 78%. Com-
bination treatment eliminated the tumor size (p<0.05).

DETAILED DESCRIPTION

[0056] The key innovation of our proposal is the identi-
fication of TRAF3IP2 as a key player in TNBC tumorigen-
esis, metabolic reprogramming, cancer stem cell formation
and function, chemoresistance, and metastasis.

[0057] Triple-negative breast cancer (INBC) is the most
aggressive and deadliest subtype of breast cancers with
limited therapeutic options. A critical barrier to its successful
treatment is the lack of targets that prevent or eliminate
metastasis, block the function of cancer stem-like cells
(CSCs), and increase overall survival (OS). Specifically, at
an advanced metastatic stage, though TNBC is managed by
a combination of chemotherapeutics, it is associated with
low response rates and poor OS. Analysis of TCGA data
indicates an inverse correlation between TRAF3IP2 expres-
sion and overall survival in TNBC (basal-like patients, as
shown in FIG. 1B and 1C.

[0058] Our experimental approach utilizes clinically rel-
evant patient derived TNBC xenografts for accurately reca-
pitulating early and metastatic disease to test the hypothesis
that targeting TRAF3IP2 effectively inhibits TNBC, and
TRAF3IP2 silencing is synergistic with current chemothera-
pies.

[0059] Methodologically, we are using advanced biolumi-
nescence imaging to monitor disease (tumor size and macro
and micrometastases in real time).

[0060] For detection of micrometastasis, we are utilizing a
validated, highly sensitive PCR-based approach to detect
human cancer cells in a background of mouse tissue.
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[0061] Our targeting methodology utilizing antisense oli-
gonucleotides (AO) is already optimized and validated, and
is an FDA-approved approved treatment modality.

[0062] If successful, our approach utilizing four distinct
heterogenous patient-derived TNBC specimens will identify
TRAF3IP2 as a critical driver of TNBC growth and metas-
tasis and potentially become a targeted therapy for TNBC,
which is a major gap in the field.

[0063] Innovations include the novel role of TRAF3IP2
in: 1) metabolic reprogramming via coordinating glycolysis,
mitochondrial metabolism, and NAD metabolism and how
this influences cell proliferation and angiogenesis and ii)
CSC formation and function and how this influences tum-
origenesis, chemoresistance, and metastasis.

[0064] The inventors i) delineate the role of TRAF3IP2 in
driving TNBC pathogenesis using PDX models, ii) demon-
strate the utility of targeting TRAF3IP2 in inhibiting cancer
stem cells (CSCs), and iii) demonstrate that targeting
TRAF3IP2 extends overall survival, decreases metastasis,
and reduces chemoresistance in TNBC PDXs.

[0065] Based on our current data, this disclosure utilizes
four biologically distinct patient-derived TNBCs to demon-
strate the causal role of TRAF3IP2 in TNBC pathology,
thereby addressing TNBC heterogeneity. Establishing initial
proof-of-concept by demonstrating the causal role of
TRAF3IP2 in TNBC tumorigenesis, we determined the
efficacy of silencing TRAF3IP2 using TRAF3IP2-shRNA in
a panel of TNBC PDXs established at the Tulane University
School of Medicine (TU-SOM) PDX core (i.e., Tu-BeX-
41C, Tu-BeX-4QAN, TU-BcX-49S, and TU-BcX-56S).

TABLE 1
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TRAF3IP2 in TNBC tumorigenesis. It is anticipated that
restoring TRAF3IP2 may re-enable tumorigenicity. All
Tumors are induced by injecting cells into mammary fat pad
of female NSG mice (1x106 cells suspended in 100 pl of
PBS+Matrigel; n=10/group).

EXAMPLE 1: DETERMINING TRAF3IP2 IN
MALIGNANT METABOLIC
REPROGRAMMING THAT MEDIATES CELL
CYCLE PROGRESSION AND ANGIOGENESIS
IN TNBC

[0067] The key pro-tumorigenic features include malig-
nant metabolism, neoangiogenesis, sustained cell prolifera-
tion, and inflammation. Tumor cells preferentially utilize
glycolysis, rather than mitochondrial oxidative phosphory-
lation to generate and divert metabolic precursors for ana-
bolic processes. These cells also generate large amounts of
lactate (necessary to regenerate NAD+ for continued gly-
colytic activity) for several protumor growth functions,
namely the acidification of the local microenvironment,
which enhances tumor invasion and metastasis. Our current
data conducted on cells derived from a TNBC patient (41C
cells) (26), demonstrate that silencing TRAF3IP2 induces
significant metabolic effects (FIG. 3). Utilizing the Seahorse
Analyzer, we demonstrated that targeting TRAF3IP2 in 41C
cells (41Cx p302xp cells) resulted in i) increased basal
respiration, ii) increased proton leak, iii) decreased ATP
production, and iv) increased non-mitochondrial respiration,
compared to 4IC__,....; snzna C€lls (FIG. 3(B)). The increase

TNBC specimens are derived from patients that were diagnosed with TNBC. Epidemiologic characteristics

and pathologic stage are shown in Table, and demonstrate heterogeneity in the TNBC specimens

Size Nodal
Specimen ER PR HER2 Race  Age (T) status (N) Metastasis
498 Negative Negative Negative Black 36 pT3 pN2a pMX
4I1C Negative Negative Negative White 57 pT4b pNla pM1
56S Negative Negative Negative Black 60 pT2 pN1 pMX
4QAN Negative Negative Negative Black 79 pT4b pN3a pM1
[0066] These specimens represent four distinct TNBC in non-mitochondrial respiration indicates continued tumor

xenografts established from neo-adjuvant therapy-treated
patients that exhibited limited response to chemotherapy.
Immunohistochemistry confirmed the increased expression
of TRAF3IP2 in all TNBC specimens (FIG. 2). Cells from
each of the TNBC PDXs will be silenced for TRAF3IP2
using an already validated and optimized lentiviral vector
carrying TRAF3IP2 shRNA, generating TNBC x4 /m0x0
cells (KD: knockdown). TNBC PDX cells treated with a
nonspecific shRNA, TNBC,,,,,..,, Will serve as controls.
Downregulation of TRAF3IP2 will be determined by real
time quantitative PCR (RT-qPCR) and confirmed by West-
ern Blotting. These experiments occur 72 hours post trans-
fection of TNBC PDX cells with the lentiviral vector. Cells
from the 4IC PDX were used to generate the presented
current data. In all experiments, the expression of
TRAF3IP2 will be restored in TNBC g r302 xp cells
(INBCr4rarparestorea €€lls) using a TRAF31P2 expressing
lentiviral vector. This will further elucidate the causal role of

cell oxygen consumption without corresponding ATP pro-
duction. To link this observation with the lack of ATP
production, despite oxygen usage, we investigated the integ-
rity of the mitochondrial electron transport chain and proton
gradient; we observed a significant decrease in membrane
potential of 4IC % ,zs7p2xp cells resulting in inhibition of
mitochondrial function (FIG. 3(C)). Notably, the addition of
FCCP (an uncoupling agent) to 41Cx 3 m2xp cells did not
decrease membrane potential anymore, indicating that
silencing of TRAF3IP2 is maximally effective in decreasing
membrane potential. Therefore, our current understanding of
the metabolic effects of silencing TRAF3IP2 is that targeting
TRAF3IP2 promotes mitochondrial damage, evidenced by
the dissipation of the mitochondrial membrane potential,
resulting in cellular depletion of ATP. Further, we have
evidence that glycolytic capacity in 41C g 4 z3 25 cells is
significantly reduced compared to 41C_,,...; surnva (FIG.
3(A)). This finding is partially explained by the lack of
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reoxidation of NADH by the mitochondrial electron trans-
port chain, which prevents glycolysis.

1. Effect of TRAF3IP2 on Metabolic Reprograming
Primary TNBCs

[0068] The energy deficient state induced by targeting
TRAF3IP2 is consistent with decreased tumor cell prolif-
eration. Additionally, silencing TRAF3IP2 inhibits induc-
tion of NF-kB and significantly reduces the pro-inflamma-
tory and pro-angiogenic cytokines IL1a, IL1f3, IL6, and IL8.
Here, we test the hypothesis that silencing TRAF3IP2 in
TNBC PDXs induces metabolic injury that results in
decreased tumor cell proliferation and angiogenesis. Studies
in this Aim are performed on cells dissociated from authen-
ticated patient derived TNBC specimens (listed above).
[0069] Cells from each of the TNBC PDXs are analyzed
using Agilent Seahorse XF Real-Time ATP Rate Assay.
TNBC g 4rarmoxp cells are compared with TNBC,_,,,,..; to
determine the impact of targeting TRAF3IP2. In real time,
the assay quantifies production of ATP from OXPHOS
(oxidative phosphorylation) and glycolysis, separately,
revealing the metabolic source of ATP in the cell. We then
perform the Agilent Seahorse XF Cell Mito Stress Test,
which determines mitochondrial function in the tumor cells.
By measuring ATP-linked respiration, proton leak, maximal
respiration, and spare respiratory capacity in
TNBC g 4m310050 Vs- TNBC,,.; cells, the assay reveals the
metabolic consequences of targeting TRAF3IP2 in TNBC
PDX cells.

[0070] It is then determined basal glycolytic activity and
perform a glycolysis stress test to shift metabolism toward
higher glycolytic activity to determine glycolytic reserve
and capacity in TNBC; ,zazpoxn Vs. TNBC,_,,,..; cells. To
determine and show whether silencing TRAF3IP2 induces
alterations in cellular energy substrates, we investigated
changes in glucose, pyruvate, fatty acid, and glutamine
usage (Seahorse Substrate Oxidation Stress Test and Mito
Fuel Flex Test).

2. Effect of Targeting TRAF3IP2 on Cell
Proliferation and Angiogenesis

[0071] Our data show a significant upregulation of phos-
phorylated AMPK in 41C 4305 xp cells (FIG. 4). LKB1
acts a master upstream kinase, directly phosphorylating and
activating AMP-activated protein kinase (AMPK). The
LKB1-AMPK pathway serves as a metabolic checkpoint in
the cell, arresting cell growth in conditions of low intracel-
lular ATP levels, such as in low nutrient conditions. Our data
shows that phosphorylation of both LKB1 and AMPK
increases in response to high AMP:ATP and ADP: ATP ratios
in TRAF3IP2 silenced TNBC cells, signifying an energy
deficient state. AMPK then results in a shift in the metabolic
activity of the cell to favor OXPHOS, rather than the rapid
glycolytic flux that tumor cells utilize during proliferation.
AMPK activation has been shown to induce cell cycle arrest
through activation of the p53/p21 axis. AMPK activation
also results in downstream suppression of mTOR, resulting
in decreased protein synthesis and growth.

[0072] Further, since mTOR activates HIF-la to induce
VEGF expression, we anticipate that targeting TRAF3IP2
also suppresses VEGF resulting in reduced angiogenesis.
Therefore, we hypothesize that targeting TRAF31P2 induces
metabolic injury in cancer cells through mitochondrial dys-
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function and decrease in glycolytic flux, resulting in
increased AMP:ATP ratio which will activate AMPK. Acti-
vated AMPK will induce cell cycle arrest, decreased protein
synthesis and decreased VEGF expression via suppression
of mTOR.

[0073] All experiments are performed in
TNBC gyrsmmoxp Vs- TINBC,,,.,..; cells. Activation of
AMPK will be investigated through Western blot using
antibody against phospho-AMPK (activated) and total
AMPK. Additionally, RT-qPCR will be utilized to determine
expression differences. The serine/threonine kinase LKB1
phosphorylates Thr172 in the activation loop of AMPK, a
reaction necessary for AMPK activation. Therefore, we will
measure levels of LKB1 by RT-gPCR and Western blot.
Activated mTOR (phospho-mTOR) and total mTOR and
VEGF levels will be quantified by Western blot; expression
levels of VEGF and mTOR will also be quantified using
RT-qPCR. MTT assay will be performed to determine cell
viability. Phosphoproteomic assays will be utilized to elu-
cidate the effect of targeting TRAF3IP2 on kinase (MAPK)
signaling, which drives cell cycle in cancer (Human Phos-
pho-MAPK Array Kit, Biotechne). Cell cycle analysis will
be performed to determine the proportion of cells in various
stages of the cell cycle (G1, S, G2, M) and to identify cell
cycle arrest.

[0074] It is anticipated to have consistently decreased
production of ATP from both OXPHOS and glycolysis in
TNBC g 4731001 cells. We also anticipate decreased ATP-
linked respiration and increased proton leak in
TNBCzr4r31m2xp Cells, consistent with metabolic injury. In
TNBCr4r3 0210 cells, we anticipate a decreased glycolytic
reserve and capacity compared to TNBC,_,,,.; cells. In
TNBC g 47310020 C€lls, a decrease in usage of glucose, fatty
acid, and glutamine is anticipated; however, a dispropor-
tionately larger decrease in glucose dependence is more
likely. It is expected that targeting TRAF3IP2 will activate
AMPK; however, the predicted increase in OXPHOS will be
blunted due to mitochondrial injury. We anticipate increased
levels of LKBI1, activated AMPK, and possibly increased
total expression levels of AMPK, in TRAF3IP2-silenced
cells vs. control cells. We predict decreased activation and
levels of mTOR and VEGF. Finally, we anticipate these
molecular changes induced by targeting TRAF3IP2 will
result in decreased cell proliferation (decreased cell viabil-
ity) and cell cycle arrest, evidenced by increased cell pro-
portion in G1 and G2 phases and decreased cell proportion
in S phase and M phase. This would suggest cell cycle arrest
at G1/S and G2/M restriction points.

[0075] Based on the current data, targeting TRAF3IP2 in
heterogenous TNBC samples consistently suppresses pro-
tumorigenic metabolism, cell cycle progression, and angio-
genesis. Moreover, silencing TRAF3IP2 significantly
decreases glycolytic and mitochondrial function, decreases
mTOR activation, and causes ATP deficiency and increase
AMPK in all tested TNBC samples. Targeting TRAF3IP2 in
heterogeneous TNBC consistently inhibits MAPK signaling
and decreases pro-inflammatory cytokine signaling by tar-
geting TRAF3IP2 downstream signaling. We also anticipate
that TRAF31P2 silencing will decrease VEGF expression.

3. TRAF3IP2 is Associated with NAMPT,
Contributing to Metabolic Reprogramming.

Silencing TRAF3IP2 Results in Inhibition of
NAMPT and Induces SASP

[0076] NAMPT is the rate-limiting biosynthetic enzyme
of the NAD+ salvage pathway, which converts nicotinamide
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to nicotinamide mononucleotide, a precursor to NAD+.
Therefore, as a key regulator of the cellular NAD+ pool,
NAMPT plays a critical role in cellular energetic homeo-
stasis. BC cells have increased turnover of NAD+, and
depend on NAMPT for regeneration of NAD+ for glycolysis
and OXPHOS. Inhibiting NAMPT in MCF7 cell line and
MDA-MB231 reduced NAD+ levels, reduced cell viability,
and induced apoptosis. Importantly, the combination of
NAMPT inhibition and PARP inhibitors demonstrated
greater efficacy than either treatment alone in an in vivo
TNBC model. Interestingly, cells treated with this combi-
nation demonstrated increased apoptotic markers, suggest-
ing that NAMPT increased the lethality of PARP inhibitors
to induce DNA damage and trigger apoptosis.

[0077] A major result of commonly used chemotherapeu-
tics, including doxorubicin, cisplatin, methotrexate, taxanes,
and PARP inhibitors, is the induction of cellular senescence
to decrease tumor growth and metastasis. Despite an anti-
proliferative phenotype, senescence is typically accompa-
nied by a pro-inflammatory senescence associated secretory
phenotype (SASP) involving the secretion of various cyto-
kines including IL-6, IL-8, and IL-1b. The SASP has been
associated with a pro-tumorigenic function and acquisition
and enrichment of cancer stemness. Post-chemotherapy,
spontaneous reemergence of enriched “stem-like” cells
accounts of tumor recurrence and chemoresistance, both
significant clinical challenges in the management of TNBC
(39-42). Additionally, activation of the canonical Wnt/j3-
Catenin pathway has been implicated in the generation of
therapy-induced, senescence associated CSCs (41) (We
describe and propose the role of TRAF3IP2 in Wnt signaling
in more detail in Specific Aim 2.2.). In ovarian cancer,
NAMPT inhibition caused suppression of cisplatin induced,
senescence-associated CSCs, a major cause of chemoresis-
tance and tumor recurrence. Additionally, the inhibition of
NAMPT has been linked with the induction of cellular
senescence. NAMPT activity has broadly been associated
with the pro-inflammatory and pro-tumorigenic SASP.
Therefore, an ideal therapeutic strategy is to induce tumor
cell senescence and eliminate the pro-tumorigenic SASP
through downregulation of NAMPT, ultimately decreasing
enrichment of CSCs and preventing development of
chemoresistance and tumor recurrence.

[0078] Our current data indicate that targeting TRAF3IP2
induces mitochondrial dysfunction, partly through disrup-
tion of the mitochondrial membrane potential. This results in
impairment of the electron transport chain and prevents
reoxidation of reduced carriers, namely NADH and FADH2,
thus generating an intracellular lack of NAD+ and impair-
ment of glycolysis. Our data also indicate that targeting
TRAF3IP2 reduces levels of NAMPT (FIG. 5), thus pre-
venting the cancer cell from a feedback increase in NAD+
levels. We hypothesize that, within the cancer cell, the
ensuing severe NAD+ deficiency contributes to further
metabolic depression and initiates cell death or senescence.
Our current data demonstrate TRAF3IP2 knockdown
reduces cancer cell proliferation with concomitant reduction
in secretion of pro-inflammatory cytokines such as IL-6,
IL-8, and IL-1b. We therefore hypothesize that targeting
TRAF3IP2, via inhibition of NAMPT, will induce metabolic
dysfunction and senescence, without a pro-inflammatory
SASP. We further hypothesize that the result of this is
suppressed development of CSCs and chemoresistance.
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[0079] To analyze the effects of targeting TRAF3IP2 on
NAMPT, NAD+/NADH levels and ratios will be studied in
TNBCg4r3m2xp and compared to TNBC.,,,,..; cells from
each of the TNBC PDXs (Table 1) (NAD/NADH-Glo™,
Promega). Cell lysates will be used in a colorimetric
NAMPT activity assay to detect NAMPT activity; we antici-
pate TNBC 1 4 z3p2xp Will display lower NAMPT activity
levels compared to TNBC,,,,.; cells (NAMPT Activity
Assay, colorimetric, Abcam, USA). Additionally, levels of
NAMPT will be analyzed by RT-qPCR and Western blot.
Upon confirmation of reduced NAMPT levels in
TNBC g 47310250 cells, they will be transfected with lenti-
viral vector expressing human recombinant NAMPT to
restore expression. We postulate minimal, non-significant
metabolic recovery as determined by NAD+/NADH levels,
but not reversal of cell senescence and cell cycle arrest. This
is because the independent effect of targeting TRAF3IP2
induces mitochondrial injury, thereby irreversibly injuring
the cell and decreasing cell proliferation. In a parallel setup,
TNBC jg4ms3m2xp and TNBC,,,,..; cells treated with nico-
tinamide mononucleotide (NMN), the reaction product of
NAMPT, to determine the biochemical contribution of
NAMPT inhibition on NAD+ levels.

4. Effect of Targeting TRAF31P2 on TNBC Cell
Senescence

[0080] To determine the effect of targeting TRAF3IP2 on
SASP, sandwich immunoassay for a panel of pro-inflamma-
tory cytokines (IFN-g, IL-1b, IL-2, IL-6, IL-9, and TNF-a)
are performed on conditioned media of TNBC x4z m0x0
and compared to TNBC,,,,.,; cells (V-Plex Proinflamma-
tory Panel 1 Human kit, Mesoscale). In addition, RT-PCR
and Western analysis on the panel of cytokines are also
performed. To determine whether TNBC 3 7m0 and
TNBC,,..r0; are in the senescent phase, the classic colori-
metric cellular senescence assay detecting senescence-asso-
ciated p-galactosidase (SA-f-gal) activity are performed
(Cellular Senescence Assay, Sigma Aldrich). Apoptosis is
assessed by Annexin V staining, in combination with
Caspase 3/7 assay system (Promega). In separate experi-
ments, TRAF3IP2 expression are restored in TNBC 1z ;737>
xp cells using a vector expressing TRAF3IP2
(TNBC 7z 47312 Restorea)s a2d metabolic reprogramming, cell
cycle profile, SASP, and angiogenesis is analyzed as
described in corresponding studies.

[0081] Severely reduced NAD/NADH
decreased NAMPT expression/activation in
TNBC jryrsmaxp VS- TNBCc,,.00r Cells are expected. It is
theorized that TNBC ;% 4737225, DUt not TNBC,,,,.; cells,
will have a significant portion of senescent cells. We antici-
pate decreased NAMPT activity, and decreased NAD+/
NADH ratios in TNBC 4 4z37m0xp VS. TNBC,,,.; cells,
signifying metabolic dysfunction. TNBC ;¢ 4737022 but not
TNBCc,,o; cells display lower levels and secretion of
pro-inflammatory cytokines typical of SASP. The distinction
between senescence and apoptosis is important and difficult
to dissect, since senescence cells may undergo apoptosis.
Because we are working with bulk tumor cells, which
include inherently more resistant cells and less resistant
cells, targeting TRAF31P2 may induce apoptosis in the less
resistant cells and senescence in the more resistant cells. To
account for this, we have included both senescence and
apoptosis assays in further study below.

levels and
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[0082] With regards to the experiments that TRAF3IP2 is
restored (added back), the effects of TRAF3IP2 on meta-
bolic reprograming, cell proliferation, SASP, NAMPT
expression and angiogenesis will be restored in TNBC cells.
However, it is possible that the silencing of TRAF3IP2 cause
irreversible injury in the TNBC malignant pathways that
cannot be reversed by restoration of TRAF3IP2. This latter
finding would suggest TRAF3IP2 silencing results in rela-
tively irreversible suppression of key malignant pathways in
TNBC cells.

EXAMPLE 2: DETERMINE THE ROLE OF
TRAF3IP2 IN CSC-MEDIATED
TUMORIGENESIS AND CHEMORESISTANCE

[0083] CSCs are largely responsible for tumorigenesis,
metastasis, development of chemoresistance and recurrence
in TNBC. Neoadjuvant with or without adjuvant chemo-
therapy remain standard therapeutic regimens in TNBC. In
the neoadjuvant setting, chemotherapy serves to debulk the
tumor in preparation for surgical resection, while adjuvant
chemotherapy aims to eliminate residual cancer post-resec-
tion. Neoadjuvant chemotherapy tends to eliminate non-
stem bulk tumor cells, while selecting for and enhancing
tumor initiating CSCs, which are inherently more resistant
to cytotoxic and cytostatic chemotherapy. Likewise, adju-
vant therapy is not maximally effective in eliminating CSCs
post-resection, as evidenced by chemotherapy refractory and
recurrent TNBC disease. Our data show that targeting
TRAF3IP2 reduces the spheroid formation ability of TNBC
cells indicating reduced CSCs numbers. CSCs are identified
by the CD44+4/CD24- signature. Targeting TRAF3IP2 sig-
nificantly reduces CD44 and increased CD24, suggesting
suppression of the CSC phenotype (FIG. 6). Also, transcrip-
tomic analysis showed a reduction of inflammatory and
angiogenesis markers in CSCs (FIG. 6).

[0084] Our current results also show that targeting
TRAF3IP2 enhances the efficacy of Paclitaxel in TNBC
cells, resulting in suppressed tumor growth. In that experi-
ment, tumor was isolated from a TNBC patient that showed
limited response to chemotherapy (4IC PDX), silenced for
TRAF3IP2 (41C 1z 43102 x» Was done, and cells transduced
with scrambled shRNA served as a control, 41C .07 snrna)s
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.
Our data show that Paclitaxel treatment alone increases 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 4%. Notably, combining paclitaxel with
TRAF3IP2 knockdown completely prevented entry into S
phase, and arrested cells completely in the G2/M checkpoint
(FIG. 7(A)-(D)).

[0085] As shown in FIG. 8, the data demonstrate that
targeting TRAF3IP2 decreases the expression levels of ABC
transporters, which efflux chemotherapeutics and produce
chemoresistance. In FIG. 9, we demonstrate that targeting
TRAF3IP2 alters Wnt/B-Catenin signaling and reduces
Sox2, a critical marker of CSCs. Here, we hypothesize that
silencing TRAF3IP2 effectively targets CSCs, and therefore
will enhance chemosensitivity to commonly used chemo-
therapeutics. In Example 2, we will determine the effects of
targeting TRAF31P2 on ABC transporters and chemoresis-
tance to mainstay chemotherapeutics. In Example 2, we also
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investigate the effect of targeting TRAF3IP2 on Wnt sig-
naling, a major signaling pathway that maintains CSCs. We
demonstrate that TRAF3IP2-silenced CSCs have markedly
reduced tumorigenicity. We anticipate that these studies will
identify targeting TRAF3IP2 as an adjunct treatment
enhancer to neoadjuvant and adjuvant chemotherapies, and
will significantly reduce CSC enrichment, eliminating dis-
ease progression and recurrence.

[0086] Bulk TNBC sz.z3702xp cells and TNBC ., ,,,.; cells
were cultured in serum-free media to isolate the CSCs.
Subsequent flow cytometry selecting for CD44*/CD24~ and
ALDH1"&" was done to confirm the identity of the CSCs.
All studies are performed on TNBC 3750z and TNBC-
contror DULK cells and respective CSCs. The comparison of
these groups clearly dissected the effects of targeting
TRAF3IP2 on CSCs.

5. Effect of TRAF3IP2 on CSCs in TNBC,
Silencing TRAF3IP2 Inhibits the Levels and
Function of Major ATP Binding Cassette (ABC)
Transporters, Implicated in Development of
Chemoresistance, in a Panel of TNBC PDXs

[0087] ABC cassette transporters utilize ATP to efflux
various chemotherapeutic agents from tumor cells, thus
generating chemoresistance. Members of the ABC cassette
transporter family are distinguished by their substrate speci-
ficity (Table 2). Our current data indicate that targeting
TRAF3IP2 reduces the expression of key ABC transporters,
including ABCG2 (MRP1, multi-drug resistance protein 1),
ABCC4, and ABCC1 (FIG. 8A). Additionally, experiments
involving Hoechst staining, a substrate of the ABC trans-
porters, demonstrated that TRAF3IP2 silenced TNBC had
increased intracellular dye penetration, confirming a
decrease in ABC transporter level and/or activity. In addi-
tion, targeting TRAF3IP2 reduces mitochondrial function,
thus reducing ATP necessary for ABC transporter activity
(FIG. 3 and FIG. 8A). These transporters have also been
linked to development and maintenance of CSCs in TNBC.
Hereby we demonstrate that targeting TRAF3IP2 reduces
the levels and activity of ABC transporters, and as such
consequently reduces chemoresistance in primarily non-
responsive cancer cells.

TABLE 2

Substrates tested to assess the role of
selected ABC transporters on TNBCyz 4za7poxp and

TNBC,,....s bulk cells and CSCs
Transporter Selected substrates References
ABCC1/MRP1 Anthracyclines, Taxanes, 50, 51
Mitoxantrone, Methotrexate
ABCG2/BCRP 5-Fluorouracil, Methotrexate, 51
anthracyclines, irinotecan,
mitoxantrone
ABCC11/MPR8  5-Fluorouracil and Methotrexate 50, 52
ABCB1/PGP Anthracyclines, Taxanes, 53
Vinca Alkaloids
[0088] As shown in FIG. 8B, Western blot analysis

showed a significant reduction of CD44 and Sox2 levels and
increased CD24 cells in 4ICTRAF3IP2KD spheroids. Also,
this data showed a significant inhibition of Wnt/B-Catenin
signaling by downregulating FZD8 and upregulating p53
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and CDHI, as evidenced by downregulation of c-Myc and
CDKI1 (n=5 independent experiments).

[0089] Our current data also indicates that TRAF3IP2
plays a critical role in metabolic reprogramming in TNBC.
Silencing TRAF3IP2 inhibits mTOR (Mechanistic Target Of
Rapamycin Kinase) and NAMPT (Nicotinamide Phospho-
ribosyl Transferase), while inducing LKB1 (Liver Kinase
B1) and AMPK (AMP-activated Protein Kinase). Shown in
FIG. 8C is the Western blot showing down regulation of
NAMPT and upregulation of phosphorylated AMPK
(p-AMPK) and phosphorylated LKB1 (p-LKBI1) in
4ICTRAF3IP2 KD vs. 4ICcontrol shRNA cells, indicating
inhibition of cell proliferation (n=5 independent experi-
ments) (¥p<0.05, **p<0.01, ***p<0.001).

6. Effect of Targeting TRAF3IP2 on ABC
Transporters

[0090] Expression of ABCC1, ABCG2, ABCC11, and
ABCBI includes analyzing RT-PCR and Western blot on
TNBC g irsreorp and TNBC.,,,.; bulk and respective
CSCs. Hoechst staining is performed to determine func-
tional status of the ABC transporters (Hoechst 33342 Solu-
tion, Thermo Fisher Scientific).

7. Effect of Targeting TRAF3IP2 on
Chemoresistance

[0091] Testing the effect of targeting TRAF3IP2 on
enhancing chemosensitivity to paclitaxel, doxorubicin, and
cisplatin, three mainstay chemotherapies used in manage-
ment of TNBC with associated development of chemoresis-
tance. (Table 3). Relevant ranges of concentration respon-
sible for 50% growth inhibitory effect (GI50) of paclitaxel,
doxorubicin, cisplatin have previously been reported.
TNBC girameorp and TNBC.,,,.; bulk and respective
CSCs are to be cultured in media (DMEM, 10% FBS for
bulk cells or 0% for CSCs, 1% P/S) containing individual
chemotherapeutics as detailed in Table 3 for 24, 48, and 72
hours. Cells are harvested by trypsinization and MTT assay
are performed to assess cell viability. Further cell cycle
analysis utilizing flow cytometry are conducted to reveal cell
cycle phase distribution of cells (FxCycle™ Violet Stain,
Thermo Fisher Scientific).

TABLE 3

Experimental setting to assess GI50 on
selected chemotherapeutic concentrations on
TINBCrpspyporpn and TNBC .., bulk and CSCs

Experimental Groups ~ Low Dose Medium Dose High Dose
Paclitaxel 5 nM 12.5 nM 20 nM
Doxorubicin 50 nM 100 oM 300 nM
Cisplatin 5 M 25 M 50 pM
[0092] TNBC & 30250 cells generate lower numbers of

spheroid CSCs, compared to TNBC,,,,,.; cells. Based on
our data, we still obtain enough CSCs from the
TNBC g irsmmoxn Cells to perform further experiments.
However, it is possible that targeting TRAF31P2 will inhibit
the formation of CSCs completely. In this case, we revert to
an earlier stock of cells from the same TNBC PDX or
include an alternative TNBC PDX (available in the lab). We
propose that i) targeting of TRAF3IP2 decreases levels and
activity of ABCC1, ABCG2, ABCC11, and ABCBI in both
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CSCs and bulk tumor cells. ii) Targeting TRAF3IP2
enhances chemosensitivity at all concentrations used and
results in iii) increased cell cycle arrest at G1/S and G2/M
cell cycle checkpoints. iv) Targeting TRAF3IP2 in addi-
tional other PDXs “difficult to treat” cancer cells has dem-
onstrated similar outcomes.

8. Effect of Targeting TRAF3IP2 on Wnt/3-Catenin
Signaling

[0093] Canonical Wnt signaling activates the p-Catenin/
TCF/LEF (T cell factor/lymphoid enhancer factor, respec-
tively) axis resulting in increased breast cancer cell prolif-
eration and maintenance of stemness pathway. The
canonical pathway involves binding of a Wnt ligand to the
Frizzled receptor (Fzd). Upon binding of Wnt to Fzd and the
coreceptor low-density lipoprotein (LRP), f-Catenin is
released from intracellular sequestration, and translocates
into the nucleus, where it serves as a scaffold protein for
TCF and LEF transcription factors. Subsequently, transcrip-
tion co-activators such as CREB binding protein (CBP) are
recruited; the net result is activated transcription of target
genes. [3-Catenin is sequestered intracellular by at least 2
mechanisms: i) a protein complex consisting of Axin, APC,
and the kinases CK1 and GSK3, and ii) the intracellular
domain of E-cadherin binds to §-Catenin. In the absence of
Wat, CK1 and GSK3 phosphorylate 3-Catenin and result in
-Catenin ubiquitination by E3 TrCP ubiquitin ligase, and
subsequent proteasomal degradation. This process is
enabled by the presence of Axin, as scaffold protein which
forms the protein complex. Upon binding of Wnt to Fzd,
GSK3 and CK1 phosphorylate the coreceptor LRP; Axin
then binds the phosphorylated LRP and p-Catenin is not
degraded; instead, p-Catenin accumulates in the cytoplasm
and translocate to the nucleus. In a second mechanism of
B-Catenin activation, loss of E-Cadherin releases intracel-
lular $-Catenin, enabling its translocation to the nucleus and
pro-transcriptional activity.

[0094] Our current data indicate that targeting TRAF3IP2
downregulates Fzd8, a Fzd isoform reported to be selec-
tively increased in TNBCs. Further, Fzd8 is upregulated in
TNBCs in response to chemotherapy, suggesting its role in
chemoresistance. E-cadherin is a cellular adhesion molecule
that forms homotypic interactions between adjacent cells. In
breast cancer, downregulation or loss of E-cadherin results
in loss of cellular adhesion and enables metastasis. Interest-
ingly, our current data indicate that targeting TRAF3IP2
results in upregulation of E-cadherin (FIG. 9). Therefore, we
hypothesize that targeting TRAF3IP2 will inhibit canonical
What signaling through downregulation of Fzd8 and upregu-
lation of E-Cadherin, thereby increasing sequestration and
proteasomal degradation of p-Catenin. These signaling
changes partly explain the decreased tumor cell proliferation
and angiogenesis seen in TRAF3IP2 silenced TNBC.
[0095] Activation of the Wnt/f-Catenin pathway in TNBC
PDX cells (listed in Example 1) are assessed through a
TCF/LEF luciferase reporter assay (BPS Bioscience, Inc.
San Diego, Calif., USA). To determine the efficacy of
TRAF3IP2 knockdown on inhibiting Fzd8/Wnt/B-Catenin
activity, TNBCx 4z37p2x» and TNBCgx control cells are
subjected to two distinct anti-Fzd therapies. Ipafricept
(OMP54F28) is a recombinant Fzd8 receptor and human
IgG1 Fc fusion protein, which binds to free Wnt ligands in
the TME. Therefore, this decoy receptor competes for Wnt
binding with the endogenous plasma membrane Fzd8 recep-
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tor on the cancer cell, and therefore decreases or inhibits
Wnt-driven signaling. In fact, Ipafricept is being studied in
several clinical trials as anti-cancer therapy in solid tumors,
hepatocellular carcinoma, ovarian cancer, and pancreatic
cancers (NCT01608867, NCT02069145, NCT02092363,
NCT02050178). In a parallel setup, TNBC % 31250 cells
and TNBCg control cells will be subjected to OMP-18R5
(vanticumab), a monoclonal antibody which targets Fzdl,
Fzd2, FzdS, Fzd7, and Fzd8, and has been shown to prevent
tumor growth in solid tumor xenografts, including breast
cancer. The study design is summarized in Table 4. Studies
in Table 4 will be replicated in two conditions: 1) recom-
binant Wntl will be added to media to stimulate Fzd or 2)
no exogenous Wntl will be added. This will enable us to
dissect the role of non-cancer derived Wnt and cancer
cell-derived Wnt on net Wnt signaling.

TABLE 4
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make 41C x 3772 xp cells. Lentiviral vector carrying a
non-targeted scrambled shRNA was used to make 41C.,,,,..;
shrna cells to serve as a control. Experimental and control
tumors were induced in NSG animals (FIG. 10). Analysis
showed a markedly decreased tumor weight and volume,
and prolonged survival in 4I1C g 43705 zxp tumors. Also, no
metastases were detected in 41C 473105 xp @animals.

[0099] TNBCyrirspexn 0 TNBCe,,,0; bulk or respec-
tive CSCs will be injected (1x10° cells in 5 pl PBS)
intramammary in female NOD SCID gamma (NSG) mice.
Tumor growth will be measured using a caliper. Based on
previous experiments, tumors are detectable by caliper by 14
days post-tumor induction. Tumor size, as a primary end-
point, will be measured biweekly for 20 weeks (caliper) and
at necropsy. While we showed that silencing TRAF3IP2
reduces CSCs in TNBC cells, we will isolate the limited

Experimental setup for Wnt/B-Catenin signaling studies. Efficacy of targeting TRAF3IP2 on reducing Wnt/B-
Catenin activation compared against clinical drugs OMP-18R5 (monoclonal antibody against FZD8) and
OMP54F28(FZD8 decoy receptor to compete for Wnt binding). Since silencing TRAF3IP2 reduces FZD8
expression and blocks Wnt signaling (FIG. 9), significant reduction in p-Catenin activation and synergy
of combining targeting TRAF3IP2 with the clinical drugs is the assumed reason, Conditions shown are
replicated in two conditions: in the presence (+) or absence (—) of recombinant Wnt.

Experiment 1 Experimetn 2

Experiment 3

Experiment 4

Experimental TNBC- TNBC TNBC- TNBC TNBC- TNBC TNBC- TNBC
SCtLlp TRAF3IP2KD SCR Control TRAF3IP2KD SCR Control TRAF3IP2KD SCR Control IRAF3IP2KD SCR Control
OMP-18R5 - - + + - - + +
OMP54F28 - - - - + + + +

9. Effect of Targeting TRAF3IP2 on E-Cadherin

[0096] TNBC x,r37m2x0 cells and TNBC,,,,,.; bulk and
CSCs are transduced with lentiviral vector carrying shRNA
against E-Cadherin or mock. Levels of TRAF3IP2 and
E-Cadherin will be determined by RTPCR, Western blot,
and immunocytochemistry (ICC). As our current data sug-
gests, TRAF3IP2 knockdown would increase E-Cadherin
levels, which will sequester 3-Catenin and prevent activa-
tion of TCF/LEF.

[0097] The loss of E-cadherin would partially restore
TCF/LEF activation, supporting the notion that targeting
TRAF3IP2 suppresses Wnt signaling partially through
upregulation of E-Cadherin. We anticipate the changes will
be more robust in the CSC population compared to bulk
cells, since Wnt/ §-Catenin is critical to CSC renewal and
migration. These results will be compared to TNBCControl
cells, where we anticipate a malignant signaling profile:
relatively high TRAF3IP2 expression, low E-Cadherin
expression, and high Wnt pathway activation. We do not
anticipate any major problems. While transduction of cells
with two vectors (knockdown of TRAF3IP2 and knockdown
of E-Cadherin) is challenging, we have performed this type
of experiment before, and have troubleshooted potential
problems.

10. Effect of Targeting TRAF3IP2 on TNBC
Cancer Stem Cells In Vivo: Silencing TRAF31P2
Inhibits Tumor Growth and Prevents Metastasis In

Vivo

[0098] Primary TNBC cell line (4IC) was transduced with
lentiviral vector expressing validated TRAF3IP2 shRNA to

number of TNBCx,r37p20n CSCs for restoring add back
(restoring  TRAF3IP2) studies. We  will use
TNBCr4r3m2xp bulk and CSCs for investigations pro-
posed in studies above.

[0100] TNBC,,,,.; CSCs generate significantly larger
tumors than bulk TNBC.,,,..; TNBCc,,,.; (bulk and
CSCs) will generate significantly larger tumors than
TNBCrarsmaxp (bulk and CSCs). It is anticipated that
tumorigenesis will be restored in bulk and CSCs of
TNBC jz 47312> restored-injected animals. It is also possible
that the inhibition of CSCs cannot be reversed by restoration
of TRAF31IP2. This latter finding would suggest TRAF31P2
silencing results in relatively irreversible suppression of cell
proliferation and CSCs in TNBC cells.

[0101] Statistics: Primary endpoint (primary tumor
weight): We aim to find a 0.73 g difference between
TNBCrir3p2x0 0 TNBC 10, timor mass. Assuming the
same distribution and conditions that led to these findings
will hold a 80% power (and alpha=0.05) with n=18/group/
PDX. The tumor weight induced by the CSC populations is
unknown; however, the difference can be significantly larger
than the bulk tumor cells, and therefore since the difference
between the means will be larger, a sample size larger than
n=18/group/PDX will likely not be necessary. Therefore, for
all groups, n=18/group/PDX will be used.

EXAMPLE 3: TARGETING TRAF3IP2 IN
HETEROGENOUS TNBC PDX MODELS ON
CELL SURVIVAL BY PREVENTING
METASTASIS IN TNBC

[0102] Our current data show that targeting TRAF3IP2 in
a single PDX model reduces tumor growth and inhibits
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metastasis in both early and late stages. We also demonstrate
that targeting TRAF3IP2 reduces chemoresistance to pacli-
taxel in a PDX model. We now extend our findings to
additional heterogeneous TNBC PDXs: Tu-BeX-4QAN,
TU-BcX-49S, and TU-BcX-56S. Additionally, our current
data indicates that targeting TRAF3IP2 reduces SLPI (secre-
tory leukocyte peptidase inhibitor) expression by about 10
fold. SLPI has been demonstrated to be a causal factor in
TNBC metastasis (FIG. 11). Further, we demonstrate that
targeting TRAF3IP2 reduces levels of FOXM1, a transcrip-
tion factor upregulated in TNBC that drives pro-tumorigenic
processes, especially metastasis and invasion. Consistently,
MMPY, a target gene of FOXM1 which facilitates extracel-
lular matrix (ECM) degradation and invasion, is downregu-
lated in response to targeting TRAF3IP2. As such we know
that independent of TNBC heterogeneity, targeting
TRAF3IP2: 1) reduces tumor growth and prevents metas-
tasis in early-stage TNBC, 2) reduces tumor growth and
prevents/eliminates metastasis in advanced metastatic
TNBC, and 3) reduces TNBC chemoresistance against panel
of commonly used chemotherapeutic agents.

11. Effect of Targeting TRAF3IP2 on Early Stage
TNBC Growth and Metastasis

[0103] The TU-BcX-4IC (41C) tumor specimen was used
in xenograft studies reported here. The 41C xenograft tumors
were induced by implanting small masses (3 mm dimen-
sions) in mammary fat pad of NSG mice. Treatment regimen
was initiated once the implanted tumors were measurable
and palpable. As demonstrated in FIG. 12(A), tumors treated
with TRAF3IP2-AO showed significantly less growth and
smaller volumes and displayed less vascularization com-
pared to control scrambled (SCR)-AO treated mice (p<O.
01), demonstrating the efficacy of silencing TRAF3IP2 in
suppressing tumor growth. These data indicate that the
designed AO is highly specific, and the method of delivery
is highly efficient. Post-mortem analysis of residual tumor
confirmed that targeting TRAF3IP2 suppresses inflamma-
tion, angiogenesis, cell cycle and apoptosis, and genes
involved in exosome release (FIG. 13(A)). Protein expres-
sion analysis showed that tumors treated with TRAF31P2-
AO displayed significantly lower levels of TRAF3IP2, IL8,
IL1b, and VEGF in addition to decreased expression of
phosphorylated mTORC1 and mTORC2 in TRAF3IP2-AO
treated tumors compared to 41C SCR-AO treated controls.
Together, these molecular data confirm the crucial role of
TRAF3IP2 in malignant inflammation and angiogenesis,
and strongly suggest the mechanistic involvement of
TRAF3IP2 in regulating multiple pro-tumorigenic pathways
(FIG. 13(B)). Analysis of residual mass indicated that cells
from the host had infiltrated the tumor site forming the
greatest majority of the cells (FIG. 13(D)), whereas human
breast cancer cells were sparse (negative for human-specific
mitochondrial marker; FIG. 13(C)).

[0104] Furthermore, TRAF3IP2-AO treated tumors
showed a remarkably lower blood vessel density indicated
by CD31 staining (an epithelial marker), compared to SCR-
AO treated tumors indicating less angiogenesis in
TRAF3IP2-AO treated tumors (Arrows in FIG. 13(C)). In
addition, PCR to detect human-specific a-satellite DNA
sequence of the centromere region of human chromosome
17 indicated no micro-metastasis in the treated group. In
contrast, SCR-AO treated mice showed metastasis in lung,
liver, bone, kidney, and spleen (FIG. 14).
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[0105] Tu-BeX-4IC, Tu-BeX-4QAN, TU-BcX-49S, and
TU-BeX-56S were luciferase-labeled to enable biolumines-
cence imaging. After testing multiple antisense oligonucle-
otides (AO) that specifically target human TRAF3IP2 open
reading frame, we identified TRAF3IP2-AO with the high-
est efficacy and specificity. SCR-AO serves as the control.

[0106] Tumor tissue will be implanted in the mammary fat
pad of female NOD scid gamma (NSG) mice. Following
mammary fat pad implantation of PDX tumors confirmation
of tumor induction (-2 weeks) animals will be treated with
TRAF3IP2-AO or SCR-AQO as control. The AO will be
administered subcutaneously in the vicinity of the tumor
(150 nm AO every 48 h for 40 days) and animals will be
followed for up to 32 weeks. Based on our experience it is
anticipated that control SCR-AO-treated animals will need
to be euthanized by 6-7 weeks post-tumor induction due to
ethical reasons (large tumors); thus, it is expected that most
animals followed to 32 weeks will be in the TRAF31P2-AO
treatment group. (i) The extent of tumor growth will be
measured by a digital caliper. Metastasis will be assessed at
necropsy (macro-metastasis) and by RT-gPCR to detect
human-specific asatellite sequences (micro-metastasis/meta-
static niches) in various organs, including lymph nodes,
brain, spleen, lung, and liver. Primary tumor weight is the
primary endpoint. Overall survival and metastasis are the
secondary endpoints.

[0107] Primary endpoint (primary tumor volume): Since
we do not know how the novel TNBC PDXs behave, we will
power the study to detect a significant difference of at least
800mm3 between animals treated with TRAF3IP2-AO and
SCR-AO. This is achieved with n=16/group/PDX(alpha=0.
05; power=80%).

[0108] Secondary endpoint (overall survival): The sur-
vival rates of the proposed TNBC PDXs are not known.
However, it is our experience that control untreated animals
succumb to disease at a median of 45 days, with a maximum
standard deviation of 7 days. We will power the study to
detect a significant difference of (at least) 7 days between
control and treated animals (alpha=0.05; power=80%). This
is achieved with n=16/group/PDX, which is consistent with
our primary endpoint. Therefore n=16 animals/group/PDX
will power our study to detect significance for both the
primary and secondary endpoints.

[0109] Tertiary endpoint (metastasis): Metastasis will be
assessed by gross organ examination, and micro-metastasis
is assessed by the method in FIG. 14. SCR-AO treated
tumors would exhibit metastasis in lung, liver, bone, spleen,
brain, and kidney at the time of necropsy (euthanization at
~45 days post tumor induction). In our past experience, none
of the TRAF3IP2-A0O treated tumors had metastases (macro
or micro) during the experiment. In order to facilitate the
power calculation, each animal will be assigned a metastasis
score: 1 point for macrometastasis per organ and 1 point for
micrometastasis per organ, for a total of 12 points (see FIG.
14). However, since we do not know how the novel TNBC
PDX will behave, we will power our study to detect a
significant difference of 2 metastasis points (12 points for
SCR-AO, <,=10 points for TRAF3IP2-AO, with a standard
deviation of 2 metastasis points (alpha=0.05; power=80%).
A n=16 animals/group/PDX is required for this and to
maintain consistency with our other endpoints since we will
be using the same animals, a final n=16 animals/group/PDX
will be used.
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12. Effect of Targeting TRAF3IP2 in Advanced
Metastasis in the PDX Model

[0110] For these experiments, breast tumors were induced
by intramammary injection of 1x10° 4IC cells (carrying a
luciferase-expressing gene for ‘bioluminescence imaging’)
in 5 pl PBS in immunodeficient NIHIII mice (n=5). Treat-
ment of mice was initiated following detection of luciferase
signal in secondary sites confirming metastasis (day 42)
(FIG. 15(A)). Animals were treated with intraperitoneal
injection of TRAF3IP2-A0 (100 pg in 50 pl) every 48 hours
(FIG. 15(B)-(E)). The results indicate a marked reduction of
luciferase signal, reaching undetectable levels after 15 treat-
ments (FIG. 15(E)).

[0111] Tumor tissue is implanted as explained in 10 above.
Once tumor growth and metastasis (volume>0.1 cm3 and >2
metastatic foci) are detected by imaging, animals are treated
with TRAF3IP2-AO using the same methods detailed in
item 11 above until metastasis is reduced and eliminated.
The primary tumor will be removed once metastasis is
confirmed. SCR-AO will serve as a control. The major end
points include overall survival and analysis of metastasis.
and neo-angiogenesis in residual tumor tissues of
TRAF3IP2-AO treated animals and angiogenic markers will
be assessed by PCR and THC.

[0112] Primary endpoint (overall survival): The survival
rates of the proposed TNBC PDXs are not known. However,
it is our experience that control (untreated animals) succumb
to disease at median of 45 days, with a maximum standard
deviation of 7 days. We will power the study to detect a
significant difference of (at least) 7 days between control and
treated animals (alpha-0.05; power=80%). This is achieved
with n=16/group/PDX.
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achievable with n=4/group/PDX, and therefore a n=16/
group/PDX is more than sufficient to detect a difference
based on our expectations.

13: Effect of Targeting TRAF3IP2 on TNBC
Chemoresistance

[0114] Targeting TRAF3IP2 enhances the efficacy of
Paclitaxel in TNBC, resulting in maximally suppressed
tumor growth. We examined whether the combination
therapy (Paclitaxel+TRAF3IP2 knockdown) would be
equally effective in vivo. At first, we induced tumors using
wild type 41C cells and a similar set up described in FIG. 12.
After tumor induction, each group was treated with one of
the following: SCR-AO, SCR-AO and Paclitaxel,
TRAF3IP2-A0, or TRAF3IP2-AO and Paclitaxel. 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 TRAF3IP2 targeting reduced tumor size by
78%. Their combination eliminated the tumor (FIG. 16).
These clinically relevant in vitro and in vivo data indicate
that combining Paclitaxel with TRAF3IP2 knockdown is
superior and will overcome resistance of cancer cells to
standard chemotherapies.

[0115] Following tumor induction (as explained in item 11
above), animals are treated with TRAF31P2-AO or SCR-AO
as control, subcutaneously in the vicinity of the tumor (150
nm AO every 48 h for 40 days). Animals are followed for up
to 32 weeks. We test the effects of targeting TRAF3IP2 on
chemoresistance using a panel of commonly used chemo-
therapeutics (all administered intraperitoneal): doxorubicin
(10 mg/kg/weekly), cisplatin (10 mg/kg/weekly), cyclo-
phosphamide (50 mg/kg/weekly) according to Table 5.

TABLE 5

Experimental and control groups for Study 12. Animals are induced with primary TNBC. Treatment
will begin upon tumor detection by imaging (~14 days post tumor induction)

TRAF3IP2-
TRAF3IP2- AO + TRAF3IP2-
TRAF3IP2- AO + Cyclophos- AO + Doxo- Cyclophos-
Experiment AO Doxorubicine  phamide Cisplatin ~ mbicine phamide Cisplatin Saline
Control SCR-AO SCR-AO + SCR-AO + SCR-AO +  Saline Saline Saline  Saline
Doxorubicine Cyclophos- Cisplatin
phamide

[0113] Secondary endpoint (metastasis): In order to facili- [0116] Based on our results, a significant reduction or

tate the power calculation, each animal will be assigned a
metastasis score: 1 point for macrometastasis per organ and
1 point for micrometastasis per organ, for a total of 12 points
(see FIG. 15). However, since we do not know how the
novel TNBC PDX will behave, we will power our study to
detect a significant difference of 2 metastasis points (12
points for SCR-AO, <=10 points for TRAF3IP2-AO, with
a standard deviation of 2 metastasis points (alpha=0.05;
power=80%). A n=16 animals/group/PDX is required for
this. Bioluminesence (FIG. 15) will be used in conjunction
to determine metastasis. Bioluminesence readings can be
quantified and converted to scores of 0 to 5 (1 is no signal,
5 is maximal signal). The study will be powered to detect a
significant difference between SCR-AO (score of 5) and
TRAF3IP2-AO (score of 1), with a standard deviation of 2
score points. With an alpha=0.05; power=80%, this is

complete elimination of metastasis is achievable. While
TNBC is highly metastatic, it is possible that some primary
TNBCs have an exceedingly high proliferation rate and
generate large tumors which necessitate euthanasia at a time
point earlier than when maximal Luciferase-detectable
macro-metastasis has occurred. In these cases, we will
surgically remove the primary tumors and let the metastasis
develop to detectable level. Due to the heterogeneity of
TNBC, we may see different metastatic outcomes following
our initial treatment plan (duration, frequency, and dosage).
In such scenarios, such as persistent metastasis, we will
adjust the frequency of treatments (for example, increasing
the duration, frequency, and dose of treatments). This will
give valuable insight into optimization of the treatment
strategy of heterogenous TNBCs. Further, our data of com-
plete tumor elimination in animals treated with a combina-
tion of TRAF3IP2-A0O and paclitaxel
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[0117] Primary endpoint (tumor size difference between
SCR-AO+Chemotherapy and TRAF3IP2-AO): We antici-
pate finding a 600 mm3 between difference between SCR-
AO+Chemotherapy and TRAF3IP2-AO based on FIG. 16.
Assuming the same conditions that led to these findings
hold, 80% power (and alpha=0.05) would be achieved with
n=7/group/PDX.

[0118] Secondary endpoint (tumor size difference between
TRAF3IP2-AO and TRAF3IP2-AO+Chemotherapy): We
anticipate finding approximately 400mm3 difference
between TRAF3IP2-AO and TRAF3IP2-AO+Chemo-
therapy based on FIG. 16. Assuming the same distribution
and conditions that led to these findings hold, 80% power
(and alpha=0.05) would be achieved with at least n=4/group/
PDX. Therefore n=7/group/PDX will be used, enabling the
study to achieve statistical significance in both primary and
secondary endpoints.

[0119] Data have been analyzed with the help of biostat-
isticians at the Biostatistics Center at Tulane. All data are
summarized using descriptive statistics such as mean,
median, range, quartile, standard deviation, and standard
error. Frequency tables will be drawn up for nominal and
ordinal data. Mean values will be compared by ANOVA.
Bonferroni’s multiple comparison test will be used to com-
pare more than two groups for post-hoc analysis. The
categorical data will be analyzed using logistic regression
methods. The results will be expressed as odds ratios with
the corresponding 95% confidence intervals. The study
hypotheses will be tested at 5% significance. Survival stud-
ies will be analyzed by Kaplan Meier plots with log rank
test, and power analyses for animal groups sizes are included
under respective studies. All statistical analyses will be
performed using SAS (version 9 or higher in a Windows
environment) or R software.

[0120] Despite all data being generated based on TNBC,
the principle of targeting TRAF3IP2 to reduce the effect of
ABC transporters, chemoresistance, metastatic potential,
tumor growth, angiogenesis, cell senescence, inflammation,
mitochondria oxidative phosphorylation, or metabolic
reprogramming is equally applicable to all types of cancers
including but not limited to glioblastoma, pancreatic cancer,
or metastatic ovarian cancer, because the inventors have
shown increased expression of TRAF3IP2 resulting in vari-
ous cancer progression and signaling pathways as discussed
herein.

[0121] REFERENCES: the following references are
incorporated herein in their entirety for all purposes.
[0122] 1.C.Blomqpvist et al., Influence of treatment sched-
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What is claimed is:

1. A method of treating a subject having cancer, wherein
the cancer cells have increased TRAF3IP2 expression, the
method comprising the steps of:

a) administering a pharmaceutical composition to the

subject, and

b) additionally administering a chemotherapeutic com-

pound to the subject along with the pharmaceutical
composition;

¢) wherein the pharmaceutical composition comprises an

effective amount of at least one targeting sequence
against at least a portion of TRAF3IP2 in a pharma-
ceutically acceptable carrier.

2. The method of claim 1, wherein the targeting sequence
against at least a portion of TRAF3IP2 is selected from the
group consisting of: a siRNA, a miRNA, a shRNA, an
antisense RNA, or an antisense oligonucleotide.

3. The method of claim 2, wherein the targeting sequence
is encoded by an expression vector, wherein the targeting
sequence is operably coupled to an inducible promoter in the
expression vector.

4. The method of claim 1, wherein the cancer is triple
negative breast cancer (TNBC), glioblastoma, pancreatic
cancer, or metastatic ovarian cancer.

5. The method of claim 1, wherein the chemotherapeutic
compound is selected from the group consisting of Actino-
mycin, All-trans retinoic acid, Azacitidine, Azathioprine,
Bleomycin, Bortezomib, Carboplatin, Capecitabine, Cispla-
tin, Chlorambucil, Cyclophosphamide, Cytarabine, Dauno-
rubicin, Docetaxel, Doxifluridine, Doxorubicin, Epirubicin,
Epothilone,  Etoposide, Fluorouracil, = Gemcitabine,
Hydroxyurea, Idarubicin, Imatinib, Irinotecan, Mechlore-
thamine, Mercaptopurine, Methotrexate, Mitoxantrone,
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Oxaliplatin, Paclitaxel, Pemetrexed, Teniposide, Tiogua-
nine, Topotecan, Valrubicin, Vemurafenib, Vinblastine,
Vincristine, and Vindesine.

6. The method of claim 1, wherein the subject’s metastasis
is reduced by at least 50% as compared to the same
treatment without administering the pharmaceutical compo-
sition.

7. 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.

8. The method of claim 1, wherein Wnt/B-Catenin acti-
vation is reduced or inhibited.

9. The method of claim 1, wherein Fzd8 expression in
cancer cells is downregulated by at least 50% or inhibited.

10. The method of claim 1, wherein E-Cadherin expres-
sion is upregulated by at least 50%.

11. The method of claim 1, wherein tumor growth is
inhibited.

12. A composition for treating and preventing metastasis
in a subject having a difficult to treat cancer, comprising:

a) a therapeutically effective amount of a TRAF3IP2
silencer; and

b) a pharmaceutically acceptable carrier;

¢) one or more anticancer medication, wherein the com-
bination of the TRAF3IP2 silencer and the anticancer
medication is at least 20% more effective in treating the
cancer than the anticancer medication alone;

d) wherein the TRAF3IP2 silencer comprises at least one
targeting sequence against at least a portion of
TRAF3IP2 to silence expression of TRAF3IP2 in can-
cer cells.

13. The composition of claim 12, wherein the anticancer
medication is chemotherapeutic agent, immunotherapeutic
agent, antiangiogenic agent, or combinations thereof.

14. The composition of claim 12, wherein the cancer is
triple negative breast cancer (TNBC), glioblastoma, pancre-
atic cancer, or metastatic ovarian cancer.

15. A method of sensitizing a tumor prior to treating a
patient with the tumor, comprising the steps of:

a) administering 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
pharmaceutical composition comprises at least one
targeting sequence for TRAF3IP2 in a pharmaceuti-
cally acceptable carrier in an amount effective for
sensitizing the tumor; and

b) performing the procedure for treating the tumor.

16. The method of claim 15, wherein the cancer is triple
negative breast cancer, glioblastoma, pancreatic cancer, or
metastatic ovarian cancer.
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