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INHIBITORS OF EPHRIN B1 FOR TUMOR
TREATMENT

RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Patent Applications 62/462,825 filed Feb. 23, 2017, 62/548,

264 filed Aug. 21, 2017, and 62/616,376 filed Jan. 11, 2018,
cach incorporated by reference herein 1n 1ts entirety.

FEDERAL FUNDING STATEMENT

[0002] This invention was made with government support
under grant number P20GM103548 awarded by the National
Institute of Health. The government has certain rights in the
invention.

BACKGROUND

[0003] Innervated tumors are more aggressive than less
innervated one. For instance, in prostate cancer, recruitment
of nerve fibers to cancer tissue 1s associated with higher
tumor proliferative indices and a higher risk of recurrence
and metastasis. Denervation studies in pre-clinical and
genetically engineered mouse cancer models support a func-
tional contribution of neural elements 1n disease progres-
sion. These studies strongly indicate that the nervous system
1s not a bystander but instead an active participant in
carcinogenesis and cancer progression. However, a mecha-
nistic understanding of how tumors obtain their neural
clements remains unclear. Tumors may acquire imnervation
by growing within innervated tissues; in other words, neural
clements are already present within the microenvironment
and the tumor acquires them by default. However, the
climical findings that some tumors of the same tissue are
more 1nnervated than others indicate instead an active,
tumor-imtiated process, similar to neo-angiogenesis and
lymphangiogenesis. The possibility that tumors invoke their
own 1nnervation, termed neo-neurogenesis, has not been
extensively explored.

SUMMARY

[0004] In one aspect 1s provided a method for tumor
treatment comprising administering to a subject having a
tumor with an amount effective to limit tumor growth or
metastasis of:

[0005] (a) an ephrin B1 inhibitor, or a pharmaceutically

acceptable salt thereof; and/or
[0006] (b) an inhibitor of tumor exosomal release, or a
pharmaceutically acceptable salt thereof.

[0007] In one embodiment, the method limits tumor 1nner-
vation. In another embodiment, the method comprises
administering to the subject an amount eflective of an ephrin
B1 inhibitor, wherein the ephrin B1 inhlibitor i1s selected
from the group consisting ephrin Bl-specific antibodies,
aptamers, small interfering RNAs, small internally seg-
mented interfering RNAs, short hairpin RNAs, microRNAs,
and/or antisense oligonucleotides. In a specific embodiment,
the ephrin B1 inhibitor comprises ephrin B1l-specific anti-
bodies. In another embodiment, the ephrin Bl-specific anti-
bodies bind to one or more epitopes in the extracellular
domain of ephrin Bl. In one embodiment, the method
comprises adminmistering to the subject an amount effective
of an inhibitor of tumor exosomal release. In a further
embodiment, the inhibitor of tumor exosomal release com-

prises an inhibitor of Rab27a and/or an mhibitor of Rab27b.
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In another embodiment, the inhibitor of Rab27a and/or the
inhibitor of Rab27b are selected from the group consisting
Rab27a and/or Rab27b-specific antibodies, aptamers, small
interfering RNAs, small internally segmented interfering
RNAs, short hairpin RNAs, microRNAs, and/or antisense
oligonucleotides. In a still further embodiment, the method
turther comprises administering to the subject an inhibitor of
the interaction between E6 and PTPN13, or a pharmaceu-
tically acceptable salt thereof. In one embodiment, the
method further comprises administering to the subject an
inhibitor of ephrin B1 phosphorylation, or a pharmaceuti-
cally acceptable salt thereof. In various further embodi-
ments, the tumor may be an inervated solid tumor; the
tumor may be selected from the group consisting of head,
neck, breast, lung, liver, ovanian, colon, colorectal, brain,
melanoma, pancreatic, bone, or prostate tumors; the tumor
may be a high-risk human papillomavirus (HPV)-positive
tumor; the HPV-positive tumor may be a tumor of the head
or neck; the human papillomavirus-positive tumor of the
head or neck may comprise a squamous cell carcinoma;
and/or the administering may comprise local delivery to the
tumor.

[0008] In one embodiment, the tumor to be treated has a
low level of PITPN13 expression, protein level, or protein
activity level compared to control.

[0009] In another aspect 1s provided a method for 1denti-
tying compounds to treat a tumor, comprising:

[0010] (a) contacting a first population of tumor cells
with one or more test compounds; and

[0011] (b) comparing activity ol exosomes released
from the first population of tumor cells 1n promoting,
neurite outgrowth to activity of exosomes released
from a control population of tumor cells 1n promoting,
neurite outgrowth;

[0012] wherein test compounds that reduce exosomal-
promoted neurite outgrowth compared to the control
are candidate compounds for treating a tumor.

[0013] In another aspect 1s provided a method for 1denti-
tying compounds to treat a tumor, comprising:

[0014] (a) contacting a first population of tumor cells
with one or more test compounds; and

[0015] (b) comparing exosomal release from the first
population of cells to exosomal release from a control
population of tumor cells,

[0016] wherein test compounds that reduce exosomal
release compared to the control are candidate com-
pounds for treating a tumor.

[0017] In vanious embodiments of either of these aspect,
the first population of tumor cells and the control population
of tumor cells may constitutively expresses ephrin Bl,
and/or the first population of tumor cells and the control
population of tumor cells may be infected with human
papillomavirus (HPV).

[0018] In a further aspect 1s provided a composition com-
prising:
[0019] (a) an ephrin B1 inhibitor, or a pharmaceutically

acceptable salt thereof; and
[0020] (b) an 1mhibitor of Rab27a and/or an inhibitor of
Rab2’/b, or a pharmaceutically acceptable salt thereof.
[0021] In one embodiment, the ephrin B1 inhibitor is
selected from the group consisting ephrin B1-specific anti-
bodies, aptamers, small interfering RNAs, small internally
segmented interfering RNAs, short hairpin RNAs, microR-
NAs, and/or antisense oligonucleotides. In a specific
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embodiment, the ephrin Bl inhibitor comprises ephrin
B1-specific antibodies. In another embodiment, the ephrin
B1-specific antibodies bind to one or more epitopes in the
extracellular domain of ephrin B1. In a further embodiment,
the mhibitor of Rab27a and/or the inhibitor of Rab27b are
selected from the group consisting Rab27a and/or Rab27b-
specific antibodies, aptamers, small interfering RN As, small
internally segmented interfering RNAs, short hairpin RNAs,
microRNAs, and/or antisense oligonucleotides. In another
embodiment, the composition may Ifurther comprise an
inhibitor of the interaction between E6 and PTPNI13, or a
pharmaceutically acceptable salt thereof. In one embodi-
ment, the inhibitor of the interaction between E6 and
PTPN13 comprises a peptide that competes with E6 for
binding to PITPN13 or that competes with PTPN13 for
binding to E6. In a further embodiment, the composition
may further comprise an mhibitor of ephrin B1 phosphory-
lation, or a pharmaceutically acceptable salt thereof. In one
embodiment, the inhibitor of ephrin B1 phosphorylation
may comprise dasatanib, or a pharmaceutically acceptable
salt thereot.

DESCRIPTION OF THE FIGURES

[0022] FIG. 1. Patient data. A) HNSCC: nerve “twigs™ and
“bundle” IHC for (3-III tubulin (scale bar, 50 um), Tyrosine
Hydroxylase (TH), Vasoactive Intestinal Polypeptide (VIP)
and Transient Receptor Potential Vanilloid-type one
(TRPV1)(scale bar, 20 um). Exosome scanning electron
micrograph (scale bar, 200 nm) (B), atomic force micros-
copy amplitude trace (scale bar, 500 nm) (C) and nanopar-
ticle tracking analysis (D). E) Control (Cntl), patient (Pt)
plasma and tissue (Tiss) exosomes (Exos) western blots.
Neurite outgrowth following plasma (F) or tissue (G) exo-
some stimulation. N11, NI2, NI3 controls; Ptl, Pt2, Pt3,
patients; TL, tonsil. Student’s t-test. *, p<0.03; **, p<t0.001.
Error bars, standard deviation.

[0023] FIG. 2. mEERL exosomes and neurite outgrowth.
A) IHC of mEERL tumor. Tyrosine Hydroxylase (TH),
Vasoactive Intestinal Polypeptide (VIP) and Transient
Receptor Potential Vanilloid-type one (TRPV1). Scale bar,
20 um. B) Neurite outgrowth quantification following exo-
some treatment. Statistical analysis: one-way ANOVA, post
hoc analysis by Tukey test. *** p<t0.035; ns, not significant.
N=4 replicates/condition; experiment repeated twice. C)
3-1I1 tubulin positive immunofluorescent PC12 cells (also
nuclear stained with DaP1) following exosome stimulation.
D) Western blot analysis. Whole cell lysate (WCL); Exo-
somes (Exo). E) Western blot analysis of exosomes. Eph-
rinB1-Ex, EphrinB1 extracellular epitope antibody. Eph-
rinB1-In, EphrinB1 intracellular epitope antibody. Error
bars, standard deviation.

[0024] FIG. 3. HPV and neurite outgrowth. Neurite out-
growth following exosome stimulation with: A) HPV nega-
tive (-) or positive (+) human cells; statistical analysis by
one-way ANOVA comparing the four lines with post hoc
Tukey test for diflerences between HPV- and + groups. *,
p<<0.001. B) HTE, human tonsil epithelia; HTE E6AE7, cells
expressing HPV16 E6 deleted of i1ts PDZBM(A) and E7;
HTE E6E7, cells expressing HPV16 E6 and E7. Statlstlcal
analysis by student’s t-test. **, p<0.05; ns, not significant.
Error bars, standard deviation. All assays: N=4 replicates/
condition; experiment repeated twice.

[0025] FIG. 4. Mouse tumors are innervated mn vivo. A)
Western blot analysis for 3-11I tubulin and GAPDH for the
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indicated tumors. B) Densitometric quantification of p-II1
tubulin western blots 1n A. p-III tubulin signal was normal-
ized to GAPDH. N=4 tumors/condition were analyzed.
Statistical analysis by student’s t-test; **, p<<0.05; *, p<t0.01;
ns, not significant. Error bars, standard deviation.

[0026] FIG. 5. Exosomes, innervation and growth. A)
Western blot of exosomes; repeated N=4 with similar
results. B) Particles per producing cell number, repeated
N=6 with similar results. C) Relative fluorescence units of
CFDA-SE labeled exosomes. N=2 samples/condition. D)
Neurite outgrowth following exosome stimulation. N=4
replicates/condition; experiment repeated twice. E) Tumor
growth curves; N=7 mice/condition. F) Proliferation assay.
Repeated N=3 times with similar results. G) Whole tumor
lysate western blot. H) Densitometric quantification of G.
Exosomes normalized to producing cell number. Statistical
analysis by student’s t-test; ns=not significant; p values
indicated; error bars, SEM.

[0027] FIG. 6. PC12 cells were treated with conditioned
media from CT26 (colorectal cancer cell line), B16 (mela-
noma cancer cell line) or 411 (breast cancer cell line) for 24
hours and neurite outgrowth was quantified. PC12 cells
treated with recombinant NGF (NGF) served as a positive
control, while untreated PC12 cells (PC12) served as the
negative control.

[0028] FIG. 7. (A) Graph showing eflect of over-express-

ing EphrinB1 1n an HPV negative squamous cell carcinoma
cell line on neurite outgrowth. (B) Graph showing tumor

growth rate 1 1mmune incompetent NOD SCID mice
implanted with either SCC1 or SCCI1-EphrinB1 cells.

DETAILED DESCRIPTION

[0029] As used herein and unless otherwise indicated, the
terms “a” and “an” are taken to mean “one”, “at least one”
or “one or more”. Unless otherwise requ1red by context,
singular terms used herein shall include pluralities and plural
terms shall include the singular.

[0030] All scienfific and technical terms used in this
application have meanings commonly used 1n the art unless
otherwise specified.

[0031] As used herein, “about” means+/-5% of the recited
dimension or umnit.

[0032] All embodiments of any aspect of the disclosure
can be used i combination, unless the context clearly
dictates otherwise.

[0033] In a first aspect, the disclosure provides methods
for tumor treatment comprising administering to a subject
having a tumor with an amount effective to limit tumor
growth or metastasis of:

b S Y 4

[0034] (a) an ephrin B1 inhibitor; and/or
[0035] (b) an inhibitor of tumor exosomal release.
[0036] As shown in the examples, that follow, the 1nven-

tors have discovered that tumor derived exosomes drive
neo-innervation of tumors and, moreover, that ephrin Bl
within exosomes, directly or indirectly, modulates this activ-
ity. Thus ephrin B1, and/or other inhibitors of tumor exo-
somal release are useful to limit tumor growth or metastasis.

[0037] As used here, the terms “treating tumor growth”
means (1) limiting tumor size, (1) limiting the rate of
increase in tumor size, (111) reducing tumor innervation, (1v)
limiting the rate of increase in tumor mnervation, (v) lim-
iting tumor metastases, (vi) limiting the rate of increase 1n
tumor metastases, (vi1) limiting side eflects caused by
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tumors (1.e., pain, sickness behavior, etc.), and/or (vin)
limiting the rate of increase of side effects caused by tumors.
[0038] The amount eflective of the mhibitor to be admin-
istered 1s any amount that will achieve the goal of treating
the tumor, and can be determined by one of skill 1n the art
(such as an attending physician) in light of all circumstances,
including but not limited to the type of tumor, the subject’s
condition, other therapeutic treatments that the subject i1s
undergoing (1.e.: chemotherapy, radiation therapy, surgery to
remove the tumor, etc.), the specific inhibitor used, and all
other contributing factors.

[0039] As used herein, the term “subject” or “patient” 1s
meant any subject for which therapy 1s desired, including
humans, cattle, dogs, cats, guinea pigs, rabbits, rats, mice,
horses, chickens, and so on. Most preferably, the subject 1s
human.

[0040] In one embodiment, the methods serve to limait
tumor innervation. As used herein, “tumor innervation™ 1s
defined as neural fibers invading 1n, around and/or through

a tumor mass. As used herein, “limiting innervation™ 1s
defined to include any reduction (1.e., 1%, 2%, 3%, 10%.,

15%, 20%, 25%, 30%, 35%, 40%, 50%, or greater reduc-
tion) 1n neo-1nnervation or existing inervation, compared to
no treatment with the inhibitor.

[0041] In one embodiment, the method comprises admin-
istering an inhibitor of ephrin B1l. Any suitable mhibitor of
ephrin Bl may be used. In various non-limiting embodi-
ments, the ephrin B1 inhibitor may include, but 1s not limited
to, ephrin B1-specific antibodies, aptamers, small interfering,
RNAs, small internally segmented interfering RINAs, short
hairpin RNAs, microRNAs, antisense oligonucleotides, or
small molecule inhibitors of ephrin B1. In a specific embodi-
ment, the inhibitor comprises ephrin B1-specific antibodies.
In one non-limiting embodiment, the ephrin Bl-specific
antibodies bind to one or more epitopes 1n the extracellular
domain of ephrin Bl. In other embodiments, the ephrin
B1-specific antibodies may bind to the PDZ binding domain
and/or cytoplasnmic tyrosines (i.e., those not present 1n the
extracellular domain).

[0042] In one embodiment, the ephrin Bl-specific anti-

bodies bind to an ephrin B1 protein having the sequence
shown as SEQ ID NO:1 or SEQ ID NO:2 below.

Mouse Ephrin Bl Amino Acid Sequence

[0043] Extracellular domain bold/underlined; cytoplasmic
domain italicized; transmembrane domain in enlarged/out-
line font

(SEQ ID NO: 1)
MARPGORWLSKWLVAMVVLTLCRLATPLARKNLEPV

SWSSLNPKFLSGKGLVIYPRKIGDKLDIICPRAEAG

RPYEYYKLYLVRPEQAAACSTVLDPNVLVTCNKPH

OEIRFTIKFQEFSPNYMGLEFKKYHDYYITSTSNG

SLEGLENREGGVCRTRTMEKIVMEKVGODPNAVTPEQ

LTTSRPSKESDNTVRKTATQOAPGRGSQGDSDGKHET

VNQEEKSGPGAGGGGSGDSDSFFENSK
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-continued
TVLLLKLRKRHRKHTOORAAALSLSTLASPKGGSG

TAGTEPSDIIIPLRTTENNYCPHYEKVSGDYGHPV

YIVOEMPPQSPANI

YYRV

(The last 4 amino acid residues are the PDZ binding domain)

Human Ephrin B1 Amino Acid Sequence

[0044] Extracellular domain bold/underlined; cytoplasmic
domain italicized; transmembrane domain in enlarged/out-
line font

(SEQ ID NO: 2)
MARPGQRWLGKWLVAMVVWALCRLATPLAKNLEPV

SWSSLNPKFLSGKGLVIYPKIGDKLDI ICPRAERP

YEYYKLYLVRPEQAAACSTVLDPNVLVTCNRPEQE

IRFTIKFOQEFSPNYMGLEFKKHHDYYITSTSNGSL

EGLENREGGVCRTRTMKI IMKVGODPNAVTPEQLT

TSRPSKEADNTVEMATQAPGSRGSLGDSDGKHETV

NOEEKSGPGASGGSSGDPDGFFNSK

VALFAAVGAGCVIFLLITIFL

TVLLLKLRKREARKHTQQORAAALSLSTLASPRKGGSG

TAGTEPSDIIIPLRTTENNYCPHYEKVSGDYGHPV

YIVOEM PPQOSPANIT

YYRV

(The last 4 amino acid residues are the PDZ binding domain)

[0045] In another embodiment, the ephrin Bl-specific
antibodies bind to one or more epitopes 1n the extracellular
domain (ECD) of an ephrin Bl protein, where the ECD
sequence comprises or consists of the sequence shown as
SEQ ID NO:3 or SEQ ID NO:4 below:

(SEQ ID NO: 3; mouse ephrin Bl extracellular
domain)
MARPGORWLS KWLVAMVVLTLCRLATPLAKNLEPVSWSSLNPKFLSGKGL
VIYPKIGDKLDIICPRABAGRPYEYYKLYLVRPEQAAACSTVLDPNVLVT
CNKPHOEIRFTIKFQEFSPNYMGLEFKKYHDYYITSTSNGS LEGLENREG
GVCRTRTMKIVMKVGODPNAVTPEQOLTTSRPSKESDNTVKTATOAPGRGS
OGDSDGKHETVNQEEKSGPGAGGGGSGDSDSEFFNSK ;
(SEQ ID NO: 4; human ephrin Bl extracellular
domain)
MARPGORWLGKWLVAMVVWALCRLATPLAKNLEPVSWSSLNPKFLSGKGL
VIYPKIGDKLDIICPRAERPYEYYKLYLVRPEQAAACSTVLDPNVLVTCN
RPEQEIRFTIKFOEFSPNYMGLEFKKHHDYYITSTSNGSLEGLENREGGY

CRTRTMKI IMKVGOQDPNAVTPEQLTTSRPSKEADNTVKMATQAPGSRGS L

GDSDGKHETVNQEEKSGPGASGGSSGDPDGEFEFNSK.
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[0046] In another embodiment the ephrin B1-specific anti-
bodies bind to an ephrin Bl protein having the amino acid
sequence ol SEQ ID NO:2 but which have one or more of
the following amino acid changes relative to the amino acid

sequence of SEQ 1D NO:2:

[0047] Position 27 P to R
[0048] Position 54 P to L
[0049] Position 62 1to T
[0050] Position 98 L to S
[0051] Position 111 T to 1
[0052] Position 115 Q to P
[0053] Position 119 Pto T
[0054] Position 119 Pto S
[0055] Position 137 T to A
[0056] Position 138 S to F
[0057] Position 131 G to S
[0058] Position 131 Gto V
[0059] Position 133 C to S
[0060] Position 153 CtoY
[0061] Position 155 T to P
[0062] Position 1358 M to ]
[0063] Position 138 M to V
[0064] Position 182 S to R
[0065] These positional changes are present in variants of

the human EphrinB1 protein (SEQ ID NO:2), such as
variants associated with craniofrontonasal syndrome.

[0066] In another embodiment, the methods of the disclo-
sure comprise administering to the subject an amount eflec-
tive of an 1nhibitor of tumor exosomal release. The inhibitor
of tumor exosomal release may be used alone or 1n combi-
nation with the ephrin B1 ihibitor. Any suitable inhibitor of
tumor exosomal release may be used, including but not
limited to inhibitors of Rab27a and/or Rab27b. Rab27a and
Rab27b are members of the small GTPase Rab family that
functions 1n the release of exosomes. In this embodiment,
the mhibitor of Rab27a and/or the inhibitor of Rab27b
include, but are not limited to Rab27a and/or the Rab27b-
specific antibodies, aptamers, small interfering RN As, small
internally segmented interfering RNAs, short hairpin RNAs,
microRNAs, antisense oligonucleotides, and/or small mol-
ecule 1nhibitors. The amino acid sequence of human and

mouse Rab27a and Rab27b are provided below.

Human Rab27a:

(SEQ ID NO: 5)
MSDGDYDYLIKFLALGDSGVGKTSVLYQYTDGKFNSKFITTVGIDFREKR
VVYRASGPDGATGRGORIHLOLWDTAGOERFRSLTTAFFRDAMGFLLLED
LTNEQSFLNVRNWISQLOMHAYCENPDIVLCGNKSDLEDORVVKEEEATA
LAEKYGIPYFETSAANGTNISQATEMLLDLIMKRMERCVDKSWIPEGVVR
SNGHASTDOQLSEEKEKGACGC
Mouge Rab27a:

(SEQ ID NO: 6)
MSDGDYDYLIKFLALGDSGVGKTSVLYOQYTDGKFNSKFITTVGIDFREKR
VVYRANGPDGAVGRGORIHLOLWDTAGOERFRSLTTAFFRDAMGFLLLED
LTNEQSFLNVRNWISQLOMHAYCENPDIVLCGNKSDLEDORAVKEEEARE

LAEKYGIPYFETSAANGTNISHAIEMLLDLIMKRMERCVDKSWIPEGVVER

SNGHTSADQLSEEKEKGLCGC
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-continued
Human Rab27b:

(SEQ ID NO: 7)
MITDGDYDYLIKLLALGDSGVGKTTEFLYRYTDNKFNPKFITTVGIDFREKR

VVYNAQGPNGSSGKAFKVHLOLWDTAGOERFRSLTTAFFRDAMGELLMED

LTSQOSEFLNVRNWMSQLOANAYCENPDIVLIGNKADLPDOREVNERQARE

LADKYGIPYFETSAATGONVEKAVETLLDLIMKRMEQCVEKTQIPDTVNG
GNSGNLDGEKPPEKKCIC

Mouge Rab27b:
(SEQ ID NO: 8)
MTDGDYDYLIKLLALGDSGVGKTTFLYRYTDNKEFNPKFITTVGIDFREKR

VVYDTOGADGASGKAFKVHLOLWDTAGOERFRSLTTAFFRDAMGE LLMED
LTSQOSEFLNVRNWMSQLOANAYCENPDIVLIGNKADLPDOREVNERQARE
LAEKYGIPYFETSAATGONVEKSVETLLDLIMKRMEKCVEKTQVPDTVNG

GNSGKLDGEKPAEKKCAC

[0067] The methods of the disclosure may be used to treat
any suitable tumor type. In one embodiment, the tumor may
be any innervated solid tumor. In various non-limiting
embodiments, the methods may be used to treat head, neck,
breast, lung, liver, ovaries, colon, colorectal, melanoma,
brain or prostate tumors. In a further embodiment, the tumor
may be a human papillomavirus (HPV)-positive tumor,
including but not limited to HPV+ tumors of the head or
neck. In a further non-limiting embodiment, the HPV+
tumor of the head or neck comprises a squamous cell
carcinoma. In another embodiment, the tumor 1s positive for

a high risk HPV, such as HPV16, 18, 16, 18, 31, 33, 35, 39,
45, 51, 52, 56, 58, 59 or 68. High risk HPV subtypes all have
E6 proteins that contain a C-terminal PDZ binding motif
(PDZBM), which binds with PDZ domain-containing pro-
teins, such as protein-tyrosine phosphatase non-receptor
type 13 (PTPN13). The HPV16 E6 oncoprotein interacts
with the cellular phosphatase and tumor suppressor,
PTPN13; this interaction results in degradation of PTPN13.
PTPN13 interacts with ephrin B1 which 1s also a phos-
phatase substrate. Ephrin B1 1s a single pass transmembrane
protein ligand that binds and activates cognate Eph receptor
tyrosine kinases. In addition, ephrin B1 itsell becomes
phosphorylated and 1nitiates 1ts own downstream signaling
events. In HPV-infected cells, PI'PN13 expression 1s com-
promised and thus ephrin B1 phosphorylation persists and
contributes to an aggressive phenotype and disease progres-
sion. Thus, 1n a further embodiment, the methods further
comprise administering to the subject an inhibitor of the
interaction between E6 and PTPN13 (E6 binds to PTPN13
at PDZBM #4 of PTPN13). Any suitable imhibitor may be
used, including but not limited to peptides that compete with
E6 for binding to PTPN13, or that compete with PTPN13 for
binding to E6. In another embodiment, the methods may
further comprise administering to the subject an inhibitor of
ephrin B1 phosphorylation. Any suitable 1nhibitor may be
used, including but not limited to Src kinase inhibitors,
including but not limited to dasatanib (chemical structure
shown below), or a pharmaceutically acceptable salt thereof.
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[0068] In another embodiment, the tumor has Ilow
PTPN13 expression levels or protein/protein activity levels,
such as tumors in which PTPN13 expression levels or
protein levels/activity are low due to promoter methylation,
mRINA degradation, etc. In this embodiment, tumors with
PTPN13 expression or protein level/activity below a thresh-
old level (such as a control of normal levels of PIPNI13
expression) are treated with the methods of the disclosure. In
this embodiment, ephrin B1 phosphorylation would persist
and the methods of the disclosure would be eflective for
treating such tumors. Exemplary tumor types with low to no
PTPN13 expression include, but are not limited to, certain

breast cancers (such as triple negative breast cancers: Revil-
lion F, Puech C, Rabenoelina F, Chalbos D, Peyrat J P, Freiss

G. Int J Cancer. 2009 Feb. 1; 124(3):638-43; Vermeer P D,
Bell M, Lee K, Vermeer D W, Wicking B G, Bilal E, Bhanot
G, Drapkin R I, Ganesan S, Klingelhutz A J, Hendriks W 1,
Lee J H. PLoS One. 2012; 7(1):€30447). See also Science.

2004 May 21; 304(5674):1164-6 1n which PTPN13 may be
mutated 1n colorectal, lung, breast, and gastric cancers,

[0069] The inhibitor(s) may be administered by any suit-
able route, including but not limited to oral, topical, paren-
teral, intranasal, pulmonary, or rectal administration 1n dos-
age unit formulations containing conventional non-toxic
pharmaceutically acceptable carriers, adjuvants and
vehicles. In one embodiment, the inhibitor(s) 1s administered
via local delivery, such as by direct injection mto or peri-
tumorally (i.e.: adjacent to the tumor and contacting the
microenvironment surrounding the tumor, both of which
will have exosomes that are therapy targets).

[0070] The inhibitors may be administered 1n association
with one or more non-toxic pharmaceutically acceptable
carriers and/or diluents and/or adjuvants. The inhibitor(s)
may be administered as the sole therapy, or may be admin-
istered 1 combination with other therapeutic modalities
(1.e.: chemotherapy, radiation therapy, surgical removal of
the tumor, etc.).

[0071] In another aspect, the disclosure provides methods
for 1dentiftying compounds to treat a tumor, comprising:

[0072] (a) contacting a first population of tumor cells
with one or more test compounds: and

[0073] (b) comparing activity of exosomes released
from the first population of tumor cells in promoting
neurite outgrowth to activity of exosomes released
from a control population of tumor cells 1n promoting
neurite outgrowth;

[0074] wherein test compounds that reduce exosomal-
promoted neurite outgrowth compared to the control
are candidate compounds for treating a tumor.

[0075] Ina further aspect, the disclosure provides methods
for 1dentiftying compounds to treat a tumor, comprising:

[0076] (a) contacting a first population of tumor cells
with one or more test compounds; and
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[0077] (b) comparing exosomal release from the first
population of cells to exosomal release from a control
population of tumor cells,

[0078] wherein test compounds that reduce exosomal
release compared to the control are candidate com-
pounds for treating a tumor

[0079] The methods of the disclosure serve to identily
compounds that reduce tumor exosomal release and/or
tumor exosomal-promoted neurite outgrowth, wherein such
compounds can be used to treat tumors, as discussed herein.

[0080] Measuring exosomal release and/or measuring
activity of exosomes released from the first population of
tumor cells 1n promoting neurite outgrowth can be carried
out by standard methods 1n the art, including but not limited
to the methods described in the examples that follow. The
method does not require a specific amount of decrease in
exosomal release and/or measuring activity of exosomes
released from the first population of tumor cells 1n promot-
ing neurite outgrowth compared to control, so long as the
compound(s) promotes a decrease i exosomal release and/
or measuring activity of exosomes released from the first
population of tumor cells in promoting neurite outgrowth
above that seen 1n the absence of test compounds.

[0081] The contacting may be carried out under any
suitable conditions; those of skill in the art will be able to
determine appropriate conditions in light of a specific
experimental design in light of the teachings herein. The
contacting can be in vitro or 1 vivo (eX: 1n an experimental
amimal model). In a specific embodiment, the contacting 1s
done 1n vitro.

[0082] In one embodiment, the first population of tumor
cells and the control population of tumor cells constitutively
express ephrin Bl. The tumor cells may be from any suitable
tumor type. In one non-limiting embodiment, the first popu-
lation of tumor cells and the control population of tumor
cells are infected with human papillomavirus (HPV).

[0083] The disclosure further provides compositions com-
prising;:
[0084] (a) an ephrin B1 inhibitor, or a pharmaceutically

acceptable salt thereof; and

[0085] (b) an inhibitor of Rab27a and/or an inhibitor of
Rab27b, or a pharmaceutically acceptable salt thereof.

[0086] The compositions of the disclosure can be used, for
example, i the methods of the mvention. In various non-
limiting embodiments, the ephrin B1 inhibitor may include,
but 1s not limited to, ephrin Bl-specific antibodies, aptam-
ers, small interfering RNAs, small internally segmented
interfering RNAs, short hairpin RNAs, microRNAs, anti-
sense oligonucleotides, or small molecule inhibitors of eph-
rin Bl. In a specific embodiment, the imhibitor comprises
ephrin Bl-specific antibodies. In one non-limiting embodi-
ment, the ephrin Bl-specific antibodies bind to one or more
epitopes 1n the extracellular domain of ephrin B1l. In other
embodiments, the ephrin B1-specific antibodies may bind to
the PDZ binding domain and/or cytoplasmic tyrosines (1.€.,
those not present in the extracellular domain).

[0087] In various further non-limiting embodiments, the

inhibitor of Rab27a and/or the inhibitor of Rab27b include,
but are not limited to Rab27a and/or the Rab27b-specific
antibodies, aptamers, small interfering RNAs, small inter-
nally segmented interfering RNAs, short hairpin RNAs,
microRNAs, antisense oligonucleotides, and/or small mol-
ecule 1nhibitors.
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[0088] In a further embodiment, the compositions may
turther comprise an inhibitor of the interaction between E6
and PTPN13, or a pharmaceutically acceptable salt thereof.
Any suitable inhibitor may be used, including but not limited
to peptides that compete with E6 for binding to PTPN13, or
that compete with PI'PN13 for binding to E6. In another
embodiment, the compositions may further comprise an
inhibitor of ephrin B1 phosphorylation. Any suitable inhibi-
tor may be used, including but not limited to Src kinase
inhibitors, including but not limited to dasatamb, or a
pharmaceutically acceptable salt thereof.

[0089] The composition may comprise any further com-
ponents as deemed appropriate for an intended use. In
various embodiments, the compositions may further com-
prise (a) a lyoprotectant; (b) a surfactant; (¢) a bulking agent;
(d) a tonicity adjusting agent; (e) a stablhzer (1) a preser-
vative and/or (g) a bufler. In some embodiments, the bufler
in the composition 1s a T

Iris bufler, a hlstldme bufler, a
phosphate bufler, a citrate bufler or an acetate bufler. The
composition may also include a lyoprotectant, e.g. sucrose,
sorbitol or trehalose. In certain embodiments, the composi-
tion includes a preservative e.g. benzalkommum chlonde,
benzethonium, chlorohexidine, phenol, m-cresol, benzyl
alcohol, methylparaben, propylparaben, chlorobutanol,
o-cresol, p-cresol, chlorocresol, phenylmercuric nitrate,
thimerosal, benzoic acid, and various mixtures thereof. In
other embodiments, the composition includes a bulking
agent, like glycine. In yet other embodiments, the compo-
sition includes a surfactant e.g., polysorbate-20, polysor-
bate-40, polysorbate-60, polysorbate-65, polysorbate-80
polysorbate-85, poloxamer-188, sorbitan monolaurate, sor-
bitan monopalmitate, sorbitan monostearate, sorbitan
monooleate, sorbitan trilaurate, sorbitan tristearate, sorbitan
trioleaste, or a combination thereof. The composition may
also include a tonicity adjusting agent, e€.g., a compound that
renders the formulation substantially 1sotonic or 1soosmotic
with human blood. Exemplary tonicity adjusting agents
include sucrose, sorbitol, glycine, methionine, mannitol,
dextrose, inositol, sodium chloride, arginine and arginine
hydrochloride. In other embodiments, the pharmaceutical
composition additionally includes a stabilizer, e.g., a mol-
ecule which, when combined with a protein of interest
substantially prevents or reduces chemical and/or physical
instability of the protein of interest in lyophilized or liqud
form. Exemplary stabilizers include sucrose, sorbitol, gly-
cine, 1nositol, sodium chloride, methionine, arginine, and
arginine hydrochloride.

[0090] The compositions are typically formulated as a
pharmaceutical composition, such as those disclosed above
in dosage unit formulations containing conventional phar-
maceutically acceptable carriers, adjuvants, and vehicles.

EXAMPLES

[0091] We utilize a murine model of human papillomavi-
rus induced (HPV+) oropharyngeal squamous cell carci-
noma (OPSCC) which consists of C57Bl/6 oropharyngeal
epithelial cells stably expressing HPV16 viral oncogenes,
E6 and E7, H-Ras and luciferase (mEERL cells) [18-211.
The HPV16 E6 oncoprotein interacts with the cellular
phosphatase and tumor suppressor, PI'PN13; this interaction
results in PTPN13’s degradation [19, 20]. This 1s relevant
because PTPNI13 interacts with many cellular proteins
including EphrinB1 which 1s also a phosphatase substrate.
EphrinB1 1s a single pass transmembrane protein ligand that
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binds and activates the Eph receptor tyrosine kinases. Here
we show that tumor released exosomes package EphrinB1
and stimulate neurite outgrowth of PC12 cells 1n vitro.
Compromise ol EphrinB1 expression or function signifi-
cantly attenuates this activity. Moreover, exosomes purified
from human squamous cell carcinoma cell lines and from
head and neck cancer patient plasma and tumor also package
EphrinB1 as exosomal cargo and harbor neurite outgrowth
activity. Consistent with these m vitro findings, mEERL
tumors over-expressing EphrinB1 are significantly more
innervated than tumors with compromised EphrinB1 func-
tion or expression. In addition, mEERL tumors genetically
compromised 1n exosome release are sparsely mnervated 1n
vivo and grow slower than controls. Taken together, these
data indicate that tumor released exosomes contribute to
neo-neurogenesis and that exosomal EphrinB1 potentiates
this activity.

Results:

[0092] Patient exosomes induce neurite outgrowth. We
tested whether patient HNSCCs are innervated by 1 LMMUNO-
histochemically (IHC) staining formalin-fixed paratiin
embedded tumor tissue for (3-III tubulin, a neuron specific
tubulin 1soform. {-III tubulin positive fibers are found
coursing throughout the tissue indicating these tumors are
indeed 1mnervated (FIG. 1A, “Nerve twigs”). These p-III
tubulin positive nerve “twigs” cannot be confused with
perineural mnvasion (PNI). PNI refers to tumor invading into
nerves along the perineural space: neo-neurogenesis refers
to nerves mvading into tumor. Within the perineural sheath,
3-1I1 tubulin positive fibers are packed tightly together 1n a
very orgamized manner (FI1G. 1A, “nerve bundle”). The 3-111
tubulin positive nerve fibers we have i1dentified are instead
coursing as individual, unorganized twigs lacking a perineu-
ral sheath (FIG. 1A “nerve twigs”). Additional IHC stainming
shows that HNSCCs are negative for tyrosine hydroxylase
(sympathetic marker) and VIP (parasympathetic marker) but
positive for TRPV1 (sensory marker) (FIG. 1A) indicating
sensory neo-innervation of tumor.

[0093] Prior to testing the contribution of exosomes to
neo-neurogenesis, we performed validations of our differ-
ential ultracentrifugation exosome purification techmique.
For human blood samples, exosomes were purified from
plasma. For human tissue samples, exosomes were similarly
purified from conditioned media collected after 48 hours in
culture. Scanning electron microscopic analysis of our exo-
some preparations purified from normal donor plasma
yielded vesicles consistent 1n shape and size (30-150 nm)
with exosomes (FIG. 1B). Additionally, atomic {force
microscopy confirmed a 65-110 nm size (FIG. 1C) and
nanoparticle tracking analysis for counting and si1zing exo-
somes also indicated a size distribution consistent with
exosomes (FIG. 1D). Taken together, these data indicate that
our purification method yields vesicles consistent in size and
shape with exosomes.

[0094] To test our hypothesis that tumor released exo-
somes mnduce neo-neurogenesis, we utilized PC12 cells, a rat
pheochromocytoma cell line, as an 1n vitro screen. When

stimulated with NGF (100 ng/ml), PC12 cells differentiate
into neuron-like cells and extend neurites. We collected 10
ml of blood along with matched tumor tissue from three
head and neck cancer patients (patient samples Ptl, Pt2,
Pt3). We similarly collected blood from 3 healthy volunteers

(NI11, N12, N13) as well as adult tonsil tissue (TL). The tonsil
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was chosen as control tissue since the majority of HPV+
OPSCCs arise 1n the tonsil. Exosomes were purified, quan-
tified by BCA protein assay and further validated by western
blot analysis for the exosome markers CD9 and CDS81 (FIG.
1E). To test whether they harbor neurite outgrowth activity,
PC12 cells were treated with 3 ug exosomes, fixed 48 hours
later and immunostained for {3-III tubulin. Neurite out-
growth was quantified using the CelllnSight™ CX'/ High
Content Analysis Platform and the number of neurites
compared. The exosome vield from patient Ptl was low
allowing for analysis of only one replicate while quantities
from Pt2 and Pt3 were suflicient for technical replicates.
Consistent with the literature, we found that untreated PC12
cells extend very few (3-1II tubulin positive neurites while
those stimulated with NGF do so robustly. Exosomes from
all three patients (both plasma and tumor) stimulated sig-
nificant neurite outgrowth of PC12 cells while exosomes
from normal plasma and tonsil had mimimal neurite out-
growth activity (FIGS. 1 F, ). These data indicate that
exosomes from head and neck cancer patients harbor neurite
outgrowth activity that 1s absent 1n healthy controls.

T 171

[0095] mEERL exosomes induce neurite outgrowth. To
model the process of neo-neurogenesis, mice were mjected
with mEERL cells into the hindlimb; tumors were later
harvested at endpoint, fixed, embedded and IHC stained for
B3-1I1 tubulin, TH, VIP and TRPV1. Similar to patient
HNSCCs, mEERL tumors harbored {3-III tubulin positive
nerve twigs that were sensory in nature (I RPV1 positive)
(FIG. 2A). To test whether mEERL released exosomes
contribute to neo-neurogenesis, cells were cultured 1n vitro,
exosomes purified from conditioned media and tested on
PC12 cells. To test the function of E JphrmBl in this process,
we generated EphrinB1 modified mEERL cell lines. Stable
over-expression of wild-type EphrinB1 i1s referred to as
mEERL EphrinB1. Utilizing CRISPR/Cas9, we genetically
enginecered mEERL cell lines eempremised in EphrinB1

function or expression. EphrinB1 deleted cells are denoted
as mEERL EphrinB1 Nulll or Null2 while extracellularly

deleted EphrinBl cells are denoted as mEERL
EphrinB1AECD. Exosomes from mEERL parental cells
significantly induced neurite outgrowth of PC12 cells. Over-
expression of EphrinB1 increased this activity. Interestingly,
exosomes from mEERL EphrinB1AECD, Null 1 and Null 2
cells retain the ability to induce neurite outgrowth (FIG. 2B).
Taken together, these data indicate that mEERL released
exosomes promote neurite outgrowth and that while Eph-
rinB1 1s not required for this activity, it significantly poten-
tiates 1it.

[0096] Exosomes induce neurite outgrowth without NGF.
As mEERL cells can produce NGF, we analyzed whole cell
lysates and purified exosomes from mEERL parental and
EphrinB1 cells by western blot for NGF. We confirmed that
mEERL parental and EphrinB1 over-expressing cells pro-
duce NGF (present in whole cell lysate, WCL), but showed
that 1t 1s not packaged within CD9+ exosomes (FIG. 2D).
These data indicate that NGF 1s not required for exosome-
mediated neurite outgrowth activity. Given that exosomes
purified from mEERL EphrinB1 cells potentiate neurite
outgrowth of PC12 cells, we tested whether 1t was packaged
as exosome cargo. Western blot analysis of exosomes indi-
cated that EphrinB1 i1s indeed packaged within exosomes
(FIG. 2E). Moreover, while the extracellular domain of
EphrinB1 1s absent in mEERL EphrinB1AECD exosomes,

the intracellular domain remains as cargo. Importantly, Eph-
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rinB1 was also found 1n patient exosomes (FIG. 1E). As with
our human exosome validation, we similarly validated exo-
somes purified from mEERL cells and found them to be
likewise consistent 1n size and shape with exosomes (data
not shown).

[0097] It has been suggested that more stringent methods
are critical for eliminating other vesicles and cellular debris
from exosome purifications. One such method requires the
addition of density gradient centrifugation. To test whether
this more stringent methodology purifies exosomes with
neurite outgrowth activity, conditioned media from mEERL
EphrinB1 cells was collected, subjected to differential ultra-
centrifugation and subsequently to density gradient centrifu-
gation. Fifteen fractions were collected and fractions 4-13
were analyzed by western blot for CD9 and CD81. Consis-
tent with the published literature, CD9+ and CD81+ vesicles
were present 1n fraction 8; exosomes purified by differential
ultracentrifugation alone (“crude” sample) were also CD9+/
CDg81+(data not shown). Next, to determine which fractions
retained neurite outgrowth activity, fractions 4, 5, 8 and 13
were tested on PC12 cells. “Crude” exosomes were also
tested. While fraction 8 and *“crude” exosomes demonstrate
neurite outgrowth activity, CD9 negative fractions 4, 5 and
13 lacked this activity (data not shown). These data indicate
that inclusion of density gradient centrifugation concentrates
CD9+/CD81+ exosomes to a single fraction which retains
neurite outgrowth activity. The data also indicate that neurite
outgrowth activity 1s retained 1n EphrinB1 positive CD9+/
CD381+ exosomes.

[0098] High-Risk HPV E6 and neurite outgrowth™ The
above studies tested neurite outgrowth activity from mEERL
cells or their derivatives, all of which are HPV+. We next
tested exosomes from two HPV+ (SCC47 and 93-VU-1471-
UP-6) and two HPV - (SCC1 and SCC19) human squamous
cell carcinoma cell lines on PC12 cells and found that the
HPV - exosomes harbor significantly less neurite outgrowth
activity than the HPV+ exosomes (FIG. 3A). Since HPV16
induces OPSCC, 1t 1s considered a high risk HPV. Low risk
HPVs rarely cause cancer. One important diflerence
between high and low risk HPVs 1s found in their E6
proteins. Only high risk E6 contains a C-terminal PDZ
binding motii (PDZBM) which significantly contributes to
oncogenic transformation. To test the contribution of HPV16
E6 to neurite outgrowth, we tested exosomes from primary

human tonsil epithelia (HTE), as well as those stably
expressing HPV16 E6 and E7 (HTE E6E7) or exosomes

from cells 1n which the PDZBM of E6 has been deleted
(HTE E6AE7). We found that expression of full length E6
together with E7 was sutilicient to induce neurite outgrowth
activity while deletion of E6°s PDZBM abrogated this eflect

(FI1G. 3B). Taken together, these data suggest that HPV16 E6
contributes to neurite outgrowth activity.

[0099] Exosomes promote tumor innervation and growth.
To test whether EphrinB1 expression affects tumor innerva-
tion 1 vivo, mice were implanted with either mEERL
parental, EphrinB1, AECD, Nulll or Null 2 cells. Ten days
post-implantation, when tumors were palpable, they were
harvested and whole tumor lysate subjected to western blot
analysis for p-11I tubulin. 3-I1I tubulin signals were normal-
1zed to GAPDH and quantified by densitometry. EphrinB1
and EphrinB1AECD tumors harbor significantly more p-I11
tubulin compared to mEERL parental tumors (FI1G. 4A, 4B).
This 1n vivo capacity to induce tumor innervation was
different from in vitro where EphrinB1AECD exosomes
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induce significantly less neurite outgrowth from PC12 cells
than mEERL parental exosomes (FI1G. 2B). This dlserepaney
likely reflects components within the tumor microenviron-
ment (absent 1 vitro) that also aflect tumor innervation.
Similar to the in vitro data, Null 1 and Null 2 tumors were
not different from mEERL parental (FIGS. 2B, 4A, 4B).
Taken together, these data indicate that full length and
truncated EphrinB1 are suflicient to potentiate tumor 1nner-
vation 1n vivo while 1ts complete deletion cannot.

[0100] To more stringently test the hypothesis that tumor
released exosomes induce tumor 1nnervation in vivo and to
define 1ts contribution to tumor growth, we utilized
CRISPR/Cas9 to genetically modily Rab27A and/or

Rab27B in mEERL parental cells. These two small GTPases
contribute to exosome release and their knock-down com-

promises release of CD9+ exosomes. The clone generated 1s
heterozygous for Rab27A and homozygous deleted for
Rab27B (mEERL Rab27A~* Rab27B~"). Exosome

samples were normalized to producing cell number. Exo-
somes from mEERL parental and Rab27A~* Rab27B~~
cells were purified and analyzed for CD9 and CDS81 by
western blot. Exosomes purified from the Rab27A™"*
Rab27B~'~ expressed less CD9 which is consistent with
previous studies demonstrating a decreased capacity to
release exosomes by cells compromised in Rab27A/B
expression which 1s reflected by decreased CD9 expression
(FIG. 5A). Nanoparticle tracking analysis confirmed the

decreased capacity of mEERL Rab27A~"* Rab27B~"~ cells

to release exosomes (FIG. 5B). Moreover, we labeled exo-
somes with CFDA-SE, a cell permeant fluorescein tracer,
and quantified ﬂuorescence Exosomes from mEERL
Rab27A~"* Rab27B~'~ cells had decreased fluorescence rela-
tive to mEERL parental exosomes (FIG. 5C). As a whole,
these data confirm that modulation of Rab27A/B expression
resulted 1n decreased exosome release. To test whether
compromised exosome release aflects neurite outgrowth of
PC12 cells, mEERL parental and mEERL Rab27A~"*
Rab27B~~ exosomes were normalized to producer cell
number and equivalent volumes applied to PC12 cells. The
neurite outgrowth activity of mEERL Rab27A~"* Rab27B ™'~
exosomes was significantly attenuated compared to that of
exosomes from mEERL parental cells (FIG. 5D). To test
whether compromised exosome release alters innervation in
vivo, mice were implanted with mEERL parental or
Rab27A~"*Rab27B~~ cells and tumor growth monitored.
Rab27A~"* Rab27B~~ tumors grew significantly slower
than mEERL parental tumors 1n vivo (FIG. 5E). Importantly,
in vitro proliferation assays show that cell doubling time was

— -

not significantly different between mEERL parental and
Rab27A~"*Rab27B~~ cells (FIG. 5F). To determine whether
this decreased capacity to release exosomes aflects tumor
innervation in vivo, tumors were harvested from mice and
30 ug of whole tumor lysate quantified by western blot for
B-1II tubulin (FIG. 5G). Due to the delayed growth of the
mEERL Rab27A~"*Rab27B~'~ tumors were harvested at 21

days. Consistent with our hypothesis, Rab27A~"*Rab27B~'~

tumors were significantly decreased in B-III tubulin as
compared to mEERL parental tumors (FIG. SH). These data
support our hypothesis that tumor released exosomes con-
tribute to neo-neurogenesis and also suggest that neo-neu-

[y

rogenesis atlects tumor growth.

Discussion

[0101] Our findings propose a new mechanism for tumor-
induced neo-neurogenesis. We show that human and mouse
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HPV+ HNSCCs are innervated de novo by TRPV1 positive
sensory nerves. Moreover, while mEERL tumors secrete
NGF, it 1s not required for neurite outgrowth activity in our
in vitro assay nor 1s 1t packaged within exosomes. Mecha-
nistically, packaging of full length EphrinB1 as exosome
cargo significantly potentiates neurite outgrowth 1n vitro and
tumor innervation in vivo and its deletion sigmificantly
attenuates both of these activities. Compromising release of
CD9+ exosomes results 1n significantly decreased tumor
growth and innervation in vivo. These pre-clinical studies
are supported by findings with human HNSCC samples
where HNSCC patient plasma and tumor exosomes harbor
neurite outgrowth activity. Taken together, these data indi-
cate that CD9+ exosomes released by HPV+ tumor cells
promote tumor innervation and tumor growth 1n vivo.
[0102] Exosomes containing EphrinB1 further potentiate
this activity. HPV 1nfection could modulate exosome cargo
and, 1n this way, atlect neurite outgrowth activity. Alterna-
tively, the eflects of HPV and EphrinB1 could be related. In
HPYV infected cells, E6’°s interaction with PTPN13 results in
the degradation of this phosphatase. As a consequence,
EphrinB1 phosphorylation persists. Phosphorylated Eph-
rinB1 1interacts with binding partners which could then
shuttle along with 1t into exosomes, a theory supported by
our _JphrmBlAJCD data. If HPV’s contribution to neo-
neurogenesis and disease progression 1s via this mechanism,
it stands to reason that head and neck cancers would harbor
either mutations 1n PIPN13 or EphrinB1 but not both. In
fact, The Cancer Genome Atlas shows that PIPN13 and
EphrinB1 alterations are mutually exclusive mn HNSCC.
This mutual exclusivity extends to breast, ovarian, prostate,
liver, lung cancers. Thus, our findings are significant for
other cancers.

[0103] It 1s possible that tumors induce their own 1nner-
vation to provide a rich blood supply and promote tumor
growth. Our data support this hypothesis. Alternatively,
tumor mnnervation may regulate the local immune response.
Neuro-immune 1nteractions are evolutionarnly conserved
and critical for homeostasis. Recent clinical trials using
clectrical stimulation of the vagus nerve demonstrate attenu-
ation of disease severity 1in rheumatoid arthritis, an autoim-
mune disease. These and other data support the concept that
alterations 1n neuroimmune interactions participate in dis-
case pathogenesis and that therapeutic modulation of these
interactions can restore homeostasis. Thus, tumors may
promote their own innervation as a means to dampen
immune responses, promote tumor tolerance, disease pro-
gression and dissemination.

Methods:

Antibodies

[0104] Antibodies utilized for western blot analysis
included: anti-CD9 (Abcam, 1:1,000), anti-CD81 (clone
B-11, 1:1,000, Santa Cruz), anti-Ephrin B1 (ECD epitope,
R&D Systems, 1:500), anti-human EphrinB1 (ICD epitope,
LifeSpan BioSciences, 1:500), anti-p-I1II Tubulin (2G10,
1:5,000, Abcam), anti-GAPDH (Ambion, 1:5,000). HRP-
coupled secondary antibodies were purchased from Thermo-
Fisher.

[0105] Antibodies utilized for IHC: anti-p-III Tubulin
(2G10, 1:250, Abcam), anti-Tyrosine Hydroxylase (Ab112,
1:750, Abcam), anti-TRPV1 (cat #ACC-030, 1:100, Alo-
mone labs), anti-VIP (ab22736, 1:100, Abcam).



US 2023/0270853 Al

[0106] Antibody utilized for quantification on the CX7:
ant1-p-1II tubulin (Millipore, AB9334).

[0107] Cell lines: All cell lines have been authenticated by
STR (BioSynthesis). In addition, all cell lines have been
confirmed as mycoplasma free as per Uphofil and Drexler (In

Vitro Cell Dev Biol Amim, 2002. 38(2): p. 79-83).

[0108] Human: UM-SCC1 and UM-SCC47 cell lines were
maintained with DMEM with 10% {fetal caltl serum and 1%
penicillin/streptomycin.

[0109] Primary human tonsil epithelia were collected
under an approved IRB protocol and maintained with KSFM
(Gibco, cat #10724-011). HTE E6/E7 and HTE E6A/E7
were generated by retroviral transduction and maintained in
E-media as described above.

vy

Mouse: mEERL cells (parental and all derivatives) were
maintained with E-medium (DMEM (Corning, cat #10-017/-
CV)/Hams F12 (Corning, cat #10-080-CV), 10% exosome
depleted fetal calf serum, 1% penicillin/streptomycin, 0.5
ug/ml hydrocortisone, 8.4 ng/ml cholera toxin, 5 ug/ml
transferrin, 5 pg/ml insulin, 1.36 ng/ml tri-i0do-thyonine,

and 5 ng/ml EGF.

[0110] mEERL EphrinBl1 CRISPR clones: Two distinct

strategies were utilized to generate EphrinB1 null mEERL
cell lines; one strategy employed simultaneous double-
targeting to remove a large portion of gDNA spanning exons
1-5 and one utilized single-targeting to produce frame-shiit
causing indels leading to early termination. Target selection
and guide sequence cloning were carried out using the tools
and protocol of Ran et al. (Nat Protoc, 2013. 8(11): p.
2281-2308). PCR assays for the double targeting strategy
employed primers external to (1-5A Ext.) or within (1-5A
Int.) the predicted deletion site (Table 1). The external assay
should result 1n a 10,485 bp wt amplicon and a 229 bp A
amplicon while the internal assay produces a 330 bp wt
amplicon and no A amplicon. Single target screening utilized
PCR to amplity a 330 bp region surrounding the target site
tollowed by restriction digest with Bsll, the recognition site
of which should be destroyed when double strand breaks are
incorrectly repaired (Table 1).

[0111] Clone mEERL EphrinB1AECD: This clone was

generated from the double-targeting strategy. PCR assays
show the predicted deletion product using primers external
to the targeted region and lack of an amplicon using primers
within the deletion. The sequence data showed that Exons
2-4 are deleted; these exons comprise the majority of the
extracellular domain of EphrinB1 (data not shown). The 5
end of the deletion 1 exon 1 occurs just after the 81gnal
peptide while the 3' end of the deletion 1n exon 5 1s within
the transmembrane (TM) domain. Fight amino acids within
the TM domain are deleted, however, two additional hydro-
phobic alanines are incorporated.

[0112] Clones mEERL EphrinBl Null 1 and Null 2.
mEERL EphrinB1 Nulll and Null 2 clones were generated
with the single targeting strategy. Sequence data from these
clones indicated a 1 bp msertion (Null 2) and 10 bp deletion
(Null 1), both leading to frame shiits and early termination
codons. In the CRISPR strategy employed, positive clones
show a lack of cutting with the restriction enzyme, Bsll.
mEERL EphrinB1 Null 1 and Null 2 clones do not cut with

this enzyme (data not shown).
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TABLE 1

Primer seguences used to screen clones.

Primer Sequence

1-5A Ext. FWD 5'-ATCCTGAACTGCATTCTGCC-23!
(SEQ ID NO: 9)

1-5A Ext. REV 5' -TAGGGTACTGAGCGAGAGG- 3!

(SEQ ID NO: 10)

1-5A Int. FWD 5'-TGGCCTTCACTGTCATAGC -3

(SEQ ID NO: 11)

1-5A Int. REV 5'-TTCCAGGCCCATGTAGTTG-3"

(SEQ ID NO: 12)

[0113] mEERL Rab27 CRISPR clones: Knockouts of
Rab27 in mEERL cells were created using the general
protocol of Ran et al. Brietly, guide sequences targeting
exons of RAB27A, RAB27B, or both were cloned into
pSpCas9(BB)-2A-Zeo and transfected singly or in combi-
nations to produce indels or larger deletions, respectively, in
one or both genes. Following 5 days of Zeocin selection,
single cells were expanded and screened for loss of restric-
tion enzyme sites due to indels or by PCR {for large deletions
induced by double-targeting. Using this strategy, a single
clone was 1dentified for sequencing and further character-
1zation.

[0114] Clone mEERL Rab27A~*Rab27B~": resulted
from a strategy for double knock out of RAB27A and
RAB27B 1n which sgRNA’s targeted to exon 4 of RAB27A,
exon 4 of RAB27B, and a sequence of exon 3 shared by
RAB27A and B were co-transiected. PCR revealed a het-
erozygous, truncated deletion product for Rab27A and the
expected homozygous deletion amplicon for Rab27B (data
not shown). RAB27B sequence data indicated distinct repair
products at the deletion site; although one allele exhibits an
immediate stop codon, 1t 1s unclear where the other might
terminate. However, western blotting confirms lack of
detectable protein (data not shown).

[0115] PC12 cells: PC12 cells were purchased from ATCC
and maintained with DMEM with 10% horse serum (Gibco,
cat #26050-088) and 5% fetal calf serum. When used for

neurite outgrowth assays, PC12 cells were maintained with
DMEM with 1% horse serum and 0.5% {fetal calf serum.

Imaging:

[0116] Electron microscopy: Exosome samples were pro-
cessed and analyzed by the Microscopy and Cell Analysis
Core at Mayo Clinic.

[0117] Atomic Force Microscopy (AFM): Purified exo-
somes were diluted 1:10 1n de-ionized water, added to a
clean glass dish, and allowed to air-dry for 2 hours belore
drying under a gentle stream of nitrogen Exosomes depos-
ited on glass dish were characterized using an AFM (Model:
MFP-3D BIO™, Asylum Research, Santa Barbara, Calif.).
Images were acquired mn AC mode 1 air using a silicon
probe (AC240TS-R3, Asylum Research) with a typical
resonance Irequency of 70 kHz and spring constant of 2
Nm~"'. Height and amplitude images were recorded simul-
taneously at 512x512 pixels with a scan rate of 0.6 Hz.
Image processing was done using Igor Pro 6.34 (WaveM-
etrics, Portland, Oreg.) and analyzed with Image .
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[0118] Immunohistochemistry. Tissues were fixed 1 10%
neutral bullered formalin and processed on a Leica 300 ASP
tissue processor. Human (N=30) and mouse (N=20) tumor
blocks were sectioned at 5 um. The BenchMark® XT
automated slide staining system (Ventana Medical Systems,
Inc.) was used for the optimization and staining. The Ven-
tana 1View DAB detection kit was used as the chromogen
and the slides were counterstained with hematoxylin. Omis-
sion of the primary antibody served as the negative control.
[0119] PC12 assay and (-III tubulin quantification by
CX'7. The CelllnSight CX7 High Content Analysis Platform
performs automated cellular 1maging for quantitative
microscopy which was utilized to quantify neurite out-
growth. 7.5x10% PC12 cells were seeded onto 96 well black
optical bottom, flat bottom plates (ThermoFisher) and 48
hours after treatment were fixed with 4% paraformaldehyde

and then blocked and permeabilized with a solution con-
taining 3% donkey serum, 1% BSA, and 0.5% Triton-X 100.

Staining for [3-11I tubulin (Millipore, AB9354) was followed
by Alexa Fluor™ 488 goat anti-chicken IgG and Hoechst
33342. Washes were performed with PBS. Neurite out-
growth analysis was performed on the Celllnsight™ CX'7/
HCS (ThermoFisher) using the Cellomics Scan Software’s
(Version 6.6.0, ThermoFisher) Neuronal Profiling Bioappli-
cation (Version 4.2). Twenty-five imaging fields were col-
lected per well with a 10x objective with 2x2 binning.
Nuclei were 1dentified by Hoechst-positive staining, while
cell somas and neurites were 1dentified by B-III tubulin-
positive immunolabeling. Cells were classified as neurons 11
they had both a Hoechst-positive nucleus as well as a 3-111
tubulin positive soma. Only neurites longer than 20 um were
included 1n the analysis. All assays utilizing exosomes from
cell lines were run with an N=4 replicates per condition and
repeated at least two times with similar results. Assays
utilizing human samples were limited in materials and
replicates were run to the extent possible as noted 1n the text.

Exosome Purification:

[0120] Diflerential Ultracentrifugation. 500,000 cells were
seeded onto a 150 mm” plate and incubated in medium
contaiming 10% fetal calf serum that was depleted of exo-
somes. Fetal call serum exosome depletion consisted of an
over-night ultracentrifugation at 100,000xg. Conditioned
medium was collected after 48 hours and exosomes were
purified by differential ultracentifugation as described by
Kowal et. al. (Proc Natl Acad Sc1 USA, 2016. 113(8): p.
E968-77) with some modifications. Briefly, conditioned
medium was centrifuged at 300xg for 10 min at 4° C. to
pellet cells. Supernatant was centrifuged at 2,000xg for 20
min at 4° C., transierred to new tubes, and centrifuged for 30
min at 10,000xg, and finally 1n a SureSpin 630/17 rotor for
120 min at 100,000xg. All pellets were washed 1n PBS and
re-centrifuged at the same speed and re-suspended 1n 200 uL

of sterile PBS/150 mm dishes.

[0121] Dafferential ultracentrifugation and optiprep den-
sity gradient. Following differential ultracentrifugation as
described above, a discontinuous i1odixanol gradient was
utilized. Solutions of 5, 10, 20 and 40% 1odixanol were
made by mixing appropriate amounts of a homogemzation
butler [0.25 M sucrose, ] mM EDTA, 10 mM Tris-HCL, (pH
7.4)] and an 1odixanol solution. This solution was prepared
by combining a stock solution of OptiPrep™ (60% (w/v)
aqueous 1odixanol solution, Sigma) and a solution bufler

[0.25 M sucrose, 6 mM EDTA, 60 mM Tris-HCI, (pH 7.4)].
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The gradient was formed by layering 4 mL of 40%, 4 mL of
20%, 4 mL of 10% and 3 mL of 5% solutions on top of each
other 1n a 15.5 mL open top polyallomer tube (Beckman
Coulter). 400 ul of crude exosomes (1solated by diflerential
ultracentrifugation) were overlaid onto the top of the gradi-
ent which was then centrifuged for 18 hours at 100,000 g and
4° C. (SureSpin 630/17 rotor, ThermoScientific™ Sor-
vall™), Gradient fractions of 1 mL were collected from the
top of the self-forming gradient, diluted to 14 mL 1n PBS and
centrifuged for 3 hours at 100,000 g and 4° C. The resulting
pellets were re-suspended 1 100 ul. PBS and stored at —80°
C

[0122] Exosome purification from human plasma. Ten ml
of whole blood were pipetted directly onto Ficoll-loaded
Leucosep tubes and centrifuged at room temperature for 30
minutes at 800xg with the brake ofl. Exosomes were 1solated
from the recovered plasma by differential ultracentrifugation
as described.

[0123] Exosome purification from human tumor. Fresh
tumor tissue was cut 1mnto small pieces and placed in culture
with KSFM (keratinocyte serum iree medium) containming
Fungizone (Thermo Fisher) and maintained 1n culture for 48
hours. Conditioned media was collected and exosomes
harvested by differential ultracentrifugation as described.

Protein Analysis.

[0124] BCA protein assay of exosomes. The standard
BCA protein assay was utilized with modifications to
accommodate the low protein yield from exosome prepara-
tions. Brietly, 5 ul of 10% TX-100 (Thermo Scientific) were
added to an aliquot of 30 ul of purified exosomes and
incubated 10 minutes at room temperature. A working ratio
of 1:11 was used and incubated 1n a 96 well plate for 1 hr
at 37° C. Absorbance at 562 nm was then measured (Spec-
traMax™ Plus 384) and protein concentration estimated
from a quartic model {it to the BSA standard curve.

[0125] Western blot analysis. Sample protein concentra-
tion was determined by BCA protein assay as described.
Equal total protein was separated by SDS-PAGE, transferred
to PVDF membranes (Immobilon™-P, Millipore), blocked
with either 5% Bovine Albumin Fraction V (Millipore) or
5% milk (Carnation instant non-fat dry milk), washed 1n
TTBS (0.05% Tween-20, 1.37M NaCl, 27 mM KCI, 25 mM
Tris Base), and incubated in primary antibody. Washed
membranes were incubated with HRP-conjugated secondary
antibody, incubated with chemiluminescent substrate (Ther-
moScientific, SuperSignal™” West Pico) and imaged using
a UVP Biolmaging System.

[0126] In vivo studies. All animal studies were performed
under approved institutional IACUC protocols and within
institutional guidelines. All animal experiments utilized 4-8
week old male C57Bl/6 mice (The Jackson Laboratory)
which were maintained at the Sanford Research Laboratory
Animal Research Facility 1n accordance with USDA guide-
lines.

[0127] Mouse tumor experiments: Tumors were nitiated
as follows: using a 23-gauge needle, mEERL cells (1x10°
cells) were implanted subcutaneously 1n the right hindlimb
of mice. Tumor growth was monitored weekly by caliper
measurements. Mice were euthanized when tumor volume
was greater than 1.5 cm 1n any dimension. N=4 mice/group
for quantification of (-III tubulin by western blot. N=7
mice/group for tumor growth.
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[0128] Whole tumor lysates. Tumors were harvested 10 or
21 days post-implantation (as per text) and homogenized 1n
lysis bufler on ice using a tissue homogemzer (Omni1 TH
International). The homogenate was then sonicated and
centrifuged at 2000 g for 5 min. The resulting supernatant
was collected and further centrifuged at 13000 g for 10 min
prior to BCA protein concentration estimation. Western blots
were conducted using 30 pg mputs. Beta-111 tubulin western
blots of whole tumor lysates from N=4 tumors/condition.
Signals were quantified by densitometry using Vision-
Works™ LS software and normalized to GAPDH. Group

averages were compared using student’s t-test.

[0129] Human Samples. All human samples were col-
lected under an approved Institutional Review Board pro-
tocol with signed Informed Consent. Samples included adult
(age=18 years) patients of both sexes and all races with a
diagnosis of primary or locally advanced, squamous cell
carcinoma of the head and neck (anatomic sites: oral cavity,
oropharynx, hypopharynx, and larynx).

[0130] Statistical analysis. Data were analyzed and
graphed using PrismGraph™. Descriptive statistics are pre-
sented as mean I SEM or standard deviation (see Figure
legends). Unpaired student’s t-test or one-way ANOVA were
utilized for statistical analysis as indicated in the figure
legends. PC12 assays utilizing exosomes from cell lines
were run with four technical replicates for each condition
and experiments were repeated at least 2 times. PC12 assays
utilizing exosomes from human samples (blood or tumor)
were treated differently as these samples were very limited.
Thus, exosomes for each human sample were tested in
duplicate when possible. When samples were limited (noted
in text) only one well was tested.

Example 2

[0131] This example demonstrates that other solid tumors
(exemplified by colorectal, melanoma and breast tumors)
also release factors which may also include exosomes and
that these factors contribute to tumor innervation. We har-
vested conditioned media from colorectal (CT26), mela-
noma (B16) and breast tumor (411) cell lines and tested on
PC12 cells. CT26 1s a cell line dennved from a BALB/c
mouse that was treated with N-nitroso-N-methylrethane.
This cell line 1s widely used to study colorectal cancer. B16
1s a melanoma mouse cancer cell line that spontaneously
arose 1n a C5/Bl/6 mouse. 1t 1s widely used to study
melanoma. 4T1 1s a 6-thioguamine resistant cell line selected
from the 410.4 (a mouse mammary adenocarcinoma cell
line) tumor without mutagen treatment. When implanted
into BALB/c mice, 411 cells are highly metastatic and go to
the lungs, liver, lymph nodes and brain. This cell line 1s

SEQUENCE LISTING

Sequence total quantity: 12

SEQ ID NO: 1 moltype = AA length = 345

FEATURE Location/Qualifiers
REGION 1..345
note = Synthetic
source 1..345
mol type = proteiln
organism = synthetic construct

SEQUENCE: 1

Aug. 31, 2023

highly used as an animal model of stage IV human breast
cancer. PC12 1s a rat pheochromocytoma cell line and the
cells are undifferentiated unless stimulated with a growth
factor such as nerve growth factor, after which they turn into
neuron-like cells. The CT26, B16 and 4T1 cell lines were
seeded at approximately 40% contluence and conditioned
media harvested 48 hours later (when cells were approxi-
mately 90% contluent). The conditioned media was then
used to treat PC12 cells for 24 hours. After treatment, the
PC12 cells were fixed and stained for beta-III tubulin and
quantified on the CX7.

[0132] In this assay, we put conditioned media on PC12
cells to see i there 1s something released by colorectal,
melanoma and breast tumor cell lines that can induce
neuronal differentiation of the PC12 cells. Following stimu-
lation (24 hour) with the conditioned media from the dii-
ferent cell lines, PC12 cells were fixed and stained for
beta-111 tubulin. The extent of beta-11I tubulin staining was
quantified on the CX7. The total number of beta-111 tubulin
positive neurites per well for each condition are graphed in
FIG. 6. In all such experiment, unstimulated PC12 cells
(PC12) serve as the negative control as they do not extend
many neurites. The positive control consists of PC12 cells
stimulated with 100 ng/ml of recombinant NGF which leads
to robust neurite outgrowth. Following quantification of
beta-111 tubulin staining, the NGF condition 1s set at 100%
and all other conditions are relative to that.

[0133] The experiment was done using conditioned media
from the different cell line. We have since purified exosomes
from these cell lines and tested similarly. The results (data
not shown) demonstrate that exosomes also promote neurite
outgrowth though not to the level that full conditioned media
can, indicating that a combination of exosomes and other
released factors, such as neurotrophic factors, induce neurite
outgrowth from these types of tumors.

Example 3

[0134] Given the effect of E6 on PIPN13 and EphrinB1
activation, we wondered 1I merely over-expressing Eph-
rinB1 1n an HPV negative squamous cell carcinoma cell line,
would be suflicient to promote increased neurite outgrowth.
Thus, we stably over-expressed EphrinB1 1n SCC1 cells and
tested exosomes on PC12 cells. Exosomes from SCCI-
EphrinB1 cells induced significantly more neurite outgrowth
than those from the SCCI1 parental cells (FIG. 7A). To
determine 11 this increased activity similarly affected tumor
inervation, immune mcompetent NOD SCID mice were
implanted with either SCC1 or SCCI1-EphrinB1 cells (N=5
mice/group) and tumor growth momtored for 10 days.
SCCI1-EphrinB1 tumors grew significantly faster than SCCI1
parental tumors (FIG. 7B).

MARPGORWLS KWLVAMVVLT LCRLATPLAK NLEPVSWSSL NPKEFLSGKGL VIYPKIGDKL 60
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DIICPRAEAG
YMGLEFKKYH
PSKESDNTVEK
AAVGAGCVIFE
IIIPLRTTEN

RPYEYYKLYL
DYYITSTSNG
TATQAPGRGS
LLITIFLTVL
NYCPHYEKVS

SEQ ID NO: 2
FEATURE

REGION

SOUrce

SEQUENCE: 2
MARPGORWLG
DIICPRAERP
GLEFKKHHDY
KEADNTVEKMA
AVGAGCVIFL
IIPLRTTENN

KWLVAMVVIWA
YEYYKLYLVR
YITSTSNGSL
TQAPGSRGSL
LITIFLTVLL
YCPHYEKVSG

SEQ ID NO: 3
FEATURE
REGION

SOuUrce

SEQUENCE: 3

MARPGORWLS KWLVAMVVLT
DIICPRAEAG RPYEYYKLYL
YMGLEFKKYH DYYITSTSNG
PSKESDNTVK TATQAPGRGS

SEQ ID NO: 4
FEATURE
REGION

SOuUrce

SEQUENCE: 4

MARPGORWLG KWLVAMVVWA
DIICPRAERP YEYYKLYLVR
GLEFKKHHDY YITSTSNGSL
KEADNTVKMA TQAPGSRGSL

SEQ ID NO: b5
FEATURE
REGION

SOuUurce

SEQUENCE: b5

MSDGDYDYLI KFLALGDSGV
ATGRGORIHL QLWDTAGOQER
AYCENPDIVL CGNKSDLEDOQ
IMKRMERCVD KSWIPEGVVER

SEQ ID NO: o
FEATURE

REGION

SOuUurce

SEQUENCE: 6

MSDGDYDYLI KFLALGDSGV
AVGRGORIHL QLWDTAGQER
AYCENPDIVL CGNKSDLEDOQ
IMKRMERCVD KSWIPEGVVR

SEQ ID NO: 7
FEATURE
REGION

VRPEQAAACS TVLDPNVLVT
SLEGLENREG GVCRTRTMKI
QGDSDGKHET VNQEEKSGPG
LLKLRKRHRK HTOQQORAAALS
GDYGHPVY1V QEMPPQSPAN

moltype = AA length
Location/Qualifiers

1..344
note =
1..344
mol type
organism =

Synthetic

protein
synthetic

LCRLATPLAK
PEQAAACSTV
EGLENREGGV
GDSDGKHETVY
LKLRKRHRKH
DYGHPVY1IVQ

NLEPVSWSSL
LDPNVLVTCN
CRTRTMKIIM
NQEEKSGPGA
TOQORAAALSL
EMPPQSPANI

moltype = AA length
Location/Qualifiers
1. .236

note = Synthetic
1..236

mol type = proteiln
organism = gynthetic

LCRLATPLAK NLEPVSWSSL
VRPEQAAACS TVLDPNVLVT
SLEGLENREG GVCRTRTMKI
QGDSDGKHET VNQEEKSGPG

moltype = AA length

Location/Qualifiers
1. .235

note = Synthetic
1..235

mol type = proteiln
organism = gynthetic

LCRLATPLAK NLEPVSWSSL
PEQAAACSTV LDPNVLVTCN
EGLENREGGV CRTRTMKIIM
GDSDGKHETV NQEEKSGPGA

moltype = AA length
Location/Qualifiers
1. .221

note = Synthetic
1..221

mol type = proteiln
organism = gynthetic

GKTSVLYQYT DGKEFNSKFEIT
FRSLTTAFFR DAMGFLLLED
RVVKEEEATIA LAEKYGIPYF

SNGHASTDQL SEEKEKGACG

moltype = AA length
Location/Qualifiers

1..221

note = Synthetic
1..221

mol type = proteiln
organism = gynthetic

GKTSVLYQYT DGKENSKFEIT
FRSLTTAFFR DAMGFLLLED
RAVKEEEARE LAEKYGIPYFE
SNGHTSADQL SEEKEKGLCG

moltype = AA length
Location/Qualifiers
1..218

12

-continued

CNKPHQEIRF
VMKVGQDPNA
AGGGGSGEDSD
LSTLASPKGG
IYYKV

= 344

construct

NPKFLSGKGL
RPEQEIRFTI
KVGQDPNAVT
SGGSSGDPDG
STLASPKGGS
YYKV

= 236

construct

NPKFLSGKGL
CNKPHQEIRF
VMKVGQDPNA
AGGGGSGDSD

= 235

construct

NPKFLSGKGL

RPEQEIRFTI
KVGQDPNAVT
SGGSSGDPDG

= 221

construct

TVGIDFREKR
LTNEQSFEFLNV
ETSAANGTNI

C

221

construct

TIKFQEFSPN
VIPEQLTTSR
SEENSKVALF
SGTAGTEPSD

VIYPKIGDKL
KEQEFSPNYM
PEQLTTSRPS
FENSKVALFA
GTAGTEPSDI

VIYPKIGDKL
TIKFQEFSPN
VITPEQLTTSR
SEFEFNSK

VIYPKIGDKL
KEFQEFSPNYM
PEQLTTSRPS
FENSK

VVYRASGPDG
RNWISQLOMH
SQAIEMLLDL

TVGIDFREKR VVYRANGPDG
LTNEQSFLNY RNWISQLOQMH
ETSAANGTNI SHAIEMLLDL
C

218

120
180
240
300
345

60

120
180
240
300
344

60

120
180
236

60

120
180
235

60

120
180
221

60

120
180
221
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SOuUurce

SEQUENCE : 7

MTDGDYDYLI KLLALGDSGV
SSGKAFKVHL QLWDTAGQER
AYCENPDIVL IGNKADLPDO
IMKRMEQCVE KTQIPDTVNG

SEQ ID NO: 8
FEATURE
REGION

SOouUurce

SEQUENCE: 8

MTDGDYDYLI KLLALGDSGV
ASGKAFKVHL QLWDTAGOQER
AYCENPDIVL IGNEKADLPDOQ
IMKRMEKCVE KTQVPDTVNG

SEQ ID NO: 9
FEATURE
misc feature

SOuUurce

SEQUENCE: ©
atcctgaagt gcattcectgcec

SEQ ID NO: 10
FEATURE
misc feature

SOuUrce

SEQUENCE: 10
tagggtactg agcgagagg

SEQ ID NO: 11
FEATURE

misc_feature

gsource

SEQUENCE: 11
tggccttcac tgtcatagce
SEQ ID NO: 12
FEATURE

misc feature

source

SEQUENCE: 12
ttccaggccecce atgtagttg

note = Synthetic
1..218

mol type

protein
organism = gynthetic

GKTTEFLYRYT DNKENPKFEIT
FRSLTTAFFR DAMGFLLMED
REVNERQARE LADKYGIPYFE
GNSGNLDGEK PPEKKCIC

moltype = AA length
Location/Qualifiers
1..218

note = Synthetic
1..218

mol type protein

organism = gynthetic

GKTTEFLYRYT DNKENPKFEIT
FRSLTTAFFR DAMGEFLLMED
REVNERQARE LAEKYGIPYF
GNSGKLDGEK PAEKKCAC

13

-continued

construct

TVGIDFREKR VVYNAQGPNG
LTSQOQSFLNYV RNWMSQLQAN
ETSAATGONY EKAVETLLDL

218

construct

TVGIDFREKR VVYDTQGADG
LTSQOSEFLNY RNWMSQLOQAN
ETSAATGONY EKSVETLLDL

moltype = DNA length = 20
Location/Qualifiers

1..20

note = Synthetic

1..20

mol type = other DNA

organism = synthetic construct
moltype = DNA length = 19
Location/Qualifiers

1..19

note = Synthetic

1..195

mol type = other DNA

organism = synthetic construct
moltype = DNA length = 19
Location/Qualifiers

1..19

note = Synthetic

1..1°

mol type = other DNA

organism = synthetic construct
moltype = DNA length = 19
Location/Qualifiers

1..19

note = Synthetic

1..19

mol type = other DNA

organism = synthetic construct

60

120
180
218

60

120
180
218

20

19

19

19
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1. A method for tumor treatment comprising administer-
ing to a subject having a tumor with an amount effective to
limit tumor growth or metastasis of:

(a) an ephrin B1 imhibitor, or a pharmaceutically accept-

able salt thereotf; and/or

(b) an 1inhibitor of tumor exosomal release, or a pharma-

ceutically acceptable salt thereof.

2. The method of claim 1, wherein the method limits
tumor inervation.

3. The method of claim 1, wherein the method comprises
administering to the subject an amount effective of an ephrin
B1 inhibitor, wherein the ephrin Bl inhibitor i1s selected
from the group consisting ephrin Bl-specific antibodies,
aptamers, small interfering RNAs, small internally seg-
mented interfering RN As, short hairpin RNAs, microRNAs,
and/or antisense oligonucleotides.

4. The method of claim 3, wherein the ephrin B1 inhibitor
comprises ephrin Bl-specific antibodies.

5. The method of claim 4, wherein the ephrin B1-specific
antibodies bind to one or more epitopes 1n the extracellular
domain of ephrin B1.

6. The method of claim 1, wherein the method comprises
administering to the subject an amount eflective of an
inhibitor of tumor exosomal release.

7. The method of claim 6, wherein the inhibitor of tumor
exosomal release comprises an 1nhibitor of Rab27a and/or
an 1nhibitor of Rab27/b.

8. The method of claim 6, wherein the inhibitor of Rab27a
and/or the mhibitor of Rab27b are selected from the group
consisting Rab27a and/or Rab27b-specific antibodies,
aptamers, small interfering RNAs, small internally seg-
mented interfering RN As, short hairpin RNAs, microRNAs,
and/or antisense oligonucleotides.

9. The method of claim 1, wherein the method further
comprises administering to the subject an inhibitor of the
interaction between E6 and PTPN13, or a pharmaceutically
acceptable salt thereof.

10. The method of claim 1, wherein the method further
comprises administering to the subject an inhibitor of ephrin
B1 phosphorylation, or a pharmaceutically acceptable salt
thereol.

11. The method of claim 1, wherein the tumor 1s an
innervated solid tumor.

12. The method of claim 1, wherein the tumor 1s selected
from the group consisting of head, neck, breast, lung, liver,
ovarian, colon, colorectal, brain, melanoma, pancreatic,
bone, or prostate tumors.

13. The method of claim 1, wherein the tumor 1s a
high-risk human papillomavirus (HPV)-positive tumor.
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14. The method of claim 13 where the HPV-positive
tumor 1s a tumor of the head or neck.

15. The method of claim 14, wherein the human papillo-
mavirus-positive tumor of the head or neck comprises a
squamous cell carcinoma.

16. The method of claim 1, wherein the administering
comprises local delivery to the tumor.

17. The method of claim 1, wherein the tumor has a low
level of PTPN13 expression, protein level, or protein activ-
ity level compared to control.

18. A method for identifying compounds to treat a tumor,
comprising:

(a) contacting a {irst population of tumor cells with one or

more test compounds; and either

(b) (1) comparing activity of exosomes released from the

first population of tumor cells in promoting neurite
outgrowth to activity of exosomes released from a
control population of tumor cells 1n promoting neurite
outgrowth; wherein test compounds that reduce exo-
somal-promoted neurite outgrowth compared to the
control are candidate compounds for treating a tumor,
or (1) comparing exosomal release from the first popu-
lation of cells to exosomal release from a control
population of tumor cells, wherein test compounds that
reduce exosomal release compared to the control are
candidate compounds for treating a tumor.

19.-21. (canceled)

22. A composition comprising:

(a) an ephrin B1 inhibitor, or a pharmaceutically accept-

able salt thereotf; and

(b) an inhibitor of Rab2/7a and/or an 1nhibitor of Rab27b,

or a pharmaceutically acceptable salt thereof.

23. The composition of claim 22, wherein the ephrin Bl
inhibitor 1s selected from the group consisting ephrin
B1-specific antibodies, aptamers, small interfering RINAs,
small internally segmented interfering RNAs, short hairpin
RNAs, microRNAs, and/or antisense oligonucleotides.

24. The composition of claim 23, wherein the ephrin Bl
inhibitor comprises ephrin Bl-specific antibodies.

235. (canceled)

26. The composition of claim 22, wherein the inhibitor of
Rab27a and/or the imnhibitor of Rab2/7b are selected from the
group consisting Rab27a and/or Rab27b-specific antibodies,
aptamers, small interfering RNAs, small internally seg-
mented mterfering RN As, short hairpin RNAs, microRNAs,
and/or antisense oligonucleotides.

277.-30. (canceled)
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