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Fig. 2. mEERL exosomes induce neurite outgrowth. A) IHC (brown) of mEERL tumor. Tyrosine
Hydroxylase (TH), Vasoactive Intestinal Polypeptide (VIP) and Transient Receptor Potential
Vanilloid-type one (TRPV1). Scale bar, 20um. B) Neurite outgrowth quantification following
exosome treatment. Statistical analysis: one-way ANOVA, post hoc analysis by Tukey test. ***,
p<0.05; ns, not significant. N=4 replicates/condition; experiment repeated twice. C) B-III tubulin
positive immunofluorescent (green) PC12 cells following exosome stimulation. Blue, DaPi
nuclear stain. D) Western blot analysis. Whole cell lysate (WCL); Exosomes (Exo). E) Western
blot analysis of exosomes. EphrinB1-Ex, EphrinB1 extracellular epitope antibody. EphrinB1-In,
EphrinB1 intracellular epitope antibody. Error bars, standard deviation.
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Fig. 3. HPV status contributes to neurite outgrowth activity. Neurite outgrowth following
exosome stimulation with: A) HPV negative (-) or positive (+) human cells; statistical analysis
by one-way ANOVA comparing the four lines with post hoc Tukey test for differences between
HPV- and + groups. *, p<0.001. B) HTE, human tonsil epithelia; HTE E6AE7, cells expressing
HPV16 EG6 deleted of its PDZBM(A) and E7; HTE E6E7, cells expressing HPV16 E6 and E7.
Statistical 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.
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Fig 4. Mouse tumors are innervated in vivo. A) Western blot analysis for -111 tubulin and
GAPDH for the indicated tumors. B) Densitometric quantification of B-111 tubulin western blots
in A. B-I11 tubulin signal was normalized to GAPDH. N= 4 tumors/condition were analyzed.
Statistical analysis by student’s t-test; **, p<0.05; *, p<0.01; ns, not significant. Error bars,
standard deviation.
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Fig 5. mEERL tumors compromised in exosome release are sparsely innervated and grow
slower. 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.
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Materials and Methods:
ANTIBODIES:

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-B-111 Tubulin (2G10,
1:5,000, Abcam), anti-GAPDH (Ambion, 1:5,000). HRP- coupled secondary antibodies were
purchased from Thermo-Fisher.

Antibodies utilized for IHC: anti-p-111 Tubulin (2G10, 1:250, Abcam), anti-Tyrosine
Hydroxylase (Ab112, 1:750, Abcam), anti-TRPV1 (cat# ACC-030, 1:100, Alomone labs), anti-
VIP (ab22736, 1:100, Abcam).

Antibody utilized for quantification on the CX7: anti-p-111 tubulin (Millipore, AB9354).

CELL LINES: All cell lines have been authenticated by STR (BioSynthesis). In addition, all
cell lines have been confirmed as mycoplasma free as per Uphoff and Drexler (50).

Human: UM-SCC1 and UM-SCCA47 cell lines were maintained with DMEM with 10% fetal calf
serum and 1% penicillin/streptomycin. 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.

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 pg/ml hydrocortisone, 8.4 ng/ml cholera toxin, 5
ug/ml transferrin, 5 pg/ml insulin, 1.36 ng/ml tri-iodo-thyonine, and 5 ng/ml EGF.

mEERL EphrinB1 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 (as in (51)) and one utilized single-targeting to produce
frame-shift causing indels leading to early termination. Target selection and guide sequence
cloning were carried out using the tools and protocol of Ran et al. (52). 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 in a 10,485bp wt amplicon and
a 229bp A amplicon while the internal assay produces a 330bp wt amplicon and no A amplicon.
Single target screening utilized PCR to amplify a 330bp region surrounding the target site
followed by restriction digest with Bsll, the recognition site of which should be destroyed when
double strand breaks are incorrectly repaired (Table 1).

TABLE 1. Primer sequences used to screen clones.

Primer Sequence

1-5A Ext. FWD 5’-ATCCTGAAGTGCATTCTGCC-3’
1-5A Ext. REV 5- TAGGGTACTGAGCGAGAGG-3'
1-5A Int. FWD 5- TGGCCTTCACTGTCATAGC -3'
1-5A Int. REV 5- TTCCAGGCCCATGTAGTTG-3'
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mEERL EphrinB1AECD clone: 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 (Supplemental Figure 1B). The sequence
data shows that Exons 2-4 are deleted; these exons comprise the majority of the extracellular
domain of EphrinB1 (Supplemental Figure 1A). The 5° end of the deletion in exon 1 occurs just
after the signal peptide while the 3’ end of the deletion in exon 5 is within the transmembrane
(TM) domain. Eight amino acids within the TM domain are deleted, however, two additional
hydrophobic alanines are incorporated.

mEERL Rab27 CRISPR clones: Knockouts of Rab27 in mEERL cells were created using the
general protocol of Ran et al. (52). Briefly, guide sequences targeting exons of RAB27A,
RAB27B, or both were cloned into pSpCas9(BB)-2A-Zeo and transfected singly or in
combinations 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 restriction
enzyme sites due to indels or by PCR for large deletions induced by double-targeting. Using this
strategy, a single clone was identified for sequencing and further characterization.

Clone mEERL Rab27A”*Rab27B™: This clone resulted from a strategy for double knock out of
RAB27A and RAB27B in 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-transfected. PCR revealed a
heterozygous, truncated deletion product for Rab27A (Supplemental Figure 5A) and the
expected homozygous deletion amplicon for Rab27B (Supplemental Figure 5B). RAB27B
sequence data indicated distinct repair products at the deletion site; although one allele exhibits
an immediate stop codon, it is unclear where the other might terminate. However, western
blotting confirms lack of detectable protein (data not shown).

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:

Electron microscopy: Exosome samples were processed and analyzed by the Microscopy and
Cell Analysis Core at Mayo Clinic: http://www.mayo.edu/research/core-resources/microscopy-
cell-analysis-core/overview.

Atomic Force Microscopy (AFEM): Purified exosomes were diluted 1:10 in de-ionized water,
added to a clean glass dish, and allowed to air-dry for 2 hours before drying under a gentle
stream of nitrogen. Exosomes deposited on glass dish were characterized using an AFM (Model:
MFP-3D BIO™, Asylum Research, Santa Barbara, CA). Images were acquired in AC mode in
air using a silicon probe (AC240TS-R3, Asylum Research) with a typical resonance frequency of
70 kHz and spring constant of 2 Nm. Height and amplitude images were recorded
simultaneously at 512 x 512 pixels with a scan rate of 0.6 Hz. Image processing was done using
Igor Pro 6.34 (WaveMetrics, Portland, OR) and analyzed with Image J.

Immunohistochemistry (IHC). Tissues were fixed in 10% neutral buffered formalin and
processed on a Leica 300 ASP tissue processor. All tissues were sectioned at 5 um: N=12 human
HNSCCs stained for TH, VIP and TRPV1 and N= 30 HNSCCs were stained for -I11 tubulin.
N=15 mEERL tumors were stained or TH, VIP and TRPV1 and N=30 mEERL tumors were
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stained for B-111 tubulin. The BenchMarke XT automated slide staining system (Ventana Medical
Systems, Inc.) was used for the optimization and staining. The Ventana iView DAB detection
kit was used as the chromogen and the slides were counterstained with hematoxylin. Omission
of the primary antibody served as the negative control.

PC12 assay and B-111 tubulin quantification by CX7. The CellIinSight CX7 High Content
Analysis Platform performs automated cellular imaging for quantitative microscopy which was
utilized to quantify neurite outgrowth. 7.5 x10* 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 containing 3% donkey
serum, 1% BSA, and 0.5% Triton-X 100. Staining for B-111 tubulin (Millipore, AB9354) was
followed by Alexa Fluor™ 488 goat anti-chicken 1gG and Hoechst 33342. Washes were
performed with PBS. Neurite outgrowth analysis was performed on the Celllnsight CX7 HCS
(ThermoFisher) using the Cellomics Scan Software’s (Version 6.6.0, ThermoFisher) Neuronal
Profiling Bioapplication (Version 4.2). Twenty-five imaging fields were collected per well with a
10x objective with 2x2 binning. Nuclei were identified by Hoechst -positive staining, while cell
somas and neurites were identified by p-111 tubulin -positive immunolabeling. Cells were
classified as neurons if they had both a Hoechst -positive nucleus as well as a B-111 tubulin
positive soma. Only neurites longer than 20 um were included in 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 in the text.

EXOSOME PURIFICATION:

Differential Ultracentrifugation. 500,000 cells were seeded onto a 150 mm? plate and incubated
in medium containing 10% fetal calf serum that was depleted of exosomes. Fetal calf serum
exosome depletion consisted of an over-night ultracentrifugation at 100,000 x g. Conditioned
medium was collected after 48 hours and exosomes were purified by differential
ultracentifugation as described by Kowal et al (31) with some modifications. Briefly, conditioned
medium was centrifuged at 300 x g for 10 min at 4 °C to pellet cells. Supernatant was
centrifuged at 2,000 x g for 20 min at 4 °C, transferred to new tubes, and centrifuged for 30 min
at 10,000 x g, and finally in a SureSpin 630/17 rotor for 120 min at 100,000 x g. All pellets were
washed in PBS and re-centrifuged at the same speed and re-suspended in 200 pL of sterile
PBS/150mm dishes.

Differential ultracentrifugation and optiprep density gradient. Following differential
ultracentrifugation as described above, a discontinuous iodixanol gradient was utilized similar to
Van Deun et al (38) with some modifications. Solutions of 5, 10, 20 and 40% iodixanol were
made by mixing appropriate amounts of a homogenization buffer [0.25 M sucrose, 1 mM EDTA,
10 mM Tris-HCL, (pH 7.4)] and an iodixanol solution. This solution was prepared by combining
a stock solution of OptiPrep™ (60% (w/v) aqueous iodixanol solution, Sigma) and a solution
buffer [0.25 M sucrose, 6 mM EDTA, 60 mM Tris-HCI, (pH 7.4)]. 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 in a 15.5 mL open top polyallomer tube (Beckman Coulter). 400 pl of crude exosomes
(isolated by differential ultracentrifugation) were overlaid onto the top of the gradient which was
then centrifuged for 18 hours at 100,000 g and 4°C (SureSpin 630/17 rotor, ThermoScientific™
Sorvall™), Gradient fractions of 1 mL were collected from the top of the self-forming gradient,
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diluted to 14 mL in PBS and centrifuged for 3 hours at 100,000 g and 4°C. The resulting pellets
were re-suspended in 100 uL PBS and stored at —80°C.

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 800 x g with
the brake off. Exosomes were isolated from the recovered plasma by differential
ultracentrifugation as described.

Exosome purification from human tumor. Fresh tumor tissue was cut into small pieces and
placed in culture with KSFM (keratinocyte serum free medium) containing Fungizone (Thermo
Fisher) and maintained in culture for 48 hours. Conditioned media was collected and exosomes
harvested by differential ultracentrifugation as described.

PROTEIN ANALYSIS.

BCA protein assay of exosomes. The standard BCA protein assay was utilized with
modifications to accommodate the low protein yield from exosome preparations. Briefly, Sul of
10% TX-100 (Thermo Scientific) were added to an aliquot of 50 pl of purified exosomes and
incubated 10 minutes at room temperature. A working ratio of 1:11 was used and incubated in a
96 well plate for 1 hr at 37°C. Absorbance at 562nm was then measured (SpectraMax Plus
384)and protein concentration estimated from a quartic model fit to the BSA standard curve.

Western blot analysis. Sample protein concentration 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 in TTBS (0.05% Tween-20, 1.37M NacCl,
27mM KCI, 25mM Tris Base), and incubated in primary antibody. Washed membranes were
incubated with HRP-conjugated secondary antibody, incubated with chemiluminescent substrate
(ThermoScientific, SuperSignal West Pico) and imaged using a UVP Biolmaging System.

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
C57BI/6 mice (The Jackson Laboratory) which were maintained at the Sanford Research
Laboratory Animal Research Facility in accordance with USDA guidelines.

Mouse tumor experiments:  Tumors were initiated as follows: using a 23-gauge needle,
mMEERL cells (1 x 10° cells) were implanted subcutaneously in the right hind limb of mice.
Tumor growth was monitored weekly by caliper measurements. Mice were euthanized when
tumor volume was greater than 1.5 cm in any dimension. N=4 mice/group for quantification of
B-111 tubulin by western blot. N=7 mice/group for tumor growth.

Whole tumor lysates. Tumors were harvested 10 or 21 days post-implantation (as per text) and
homogenized in lysis buffer on ice using a tissue homogenizer (Omni TH International). The
homogenate was then sonicated and centrifuged at 2000 g for 5min. The resulting supernatant
was collected and further centrifuged at 13000g for 10 min prior to BCA protein concentration
estimation. Western blots were conducted using 30 pg inputs.

Beta-111 tubulin western blots of whole tumor lysates from N=4 tumors/condition. Signals were
quantified by densitometry using VisionWorks LS software and normalized to GAPDH. Group
averages were compared using student’s t-test.
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HUMAN SAMPLES. All human samples were collected under an approved Institutional
Review Board protocol 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).

STATISTICAL ANALYSIS. Data were analyzed and graphed using PrismGraph. Descriptive
statistics are presented as mean = 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.
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