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ABSTRACT OF DISSERTATION

REPOLARIZING TUMOR-ASSOCIATED MACROPHAGES IN OVARIAN
CANCER: A NOVEL IMMUNOTHERAPEUTIC APPROACH

Ovarian cancer, recognized for its high lethality and resistance to conventional
immunotherapies, mandates innovative strategies to confront its intricate challenges. The
tumor microenvironment (TME), orchestrated by tumor-associated macrophages (TAMs),
assumes a pivotal role in disease progression, rendering TAMs an appealing therapeutic
target. This study endeavors to explore the prospect of repolarizing TAMs from a protumor
M2 phenotype to an antitumor M1 state, employing M1 macrophage-derived vesicles
(MEVs) as a groundbreaking immunotherapeutic approach.

The primary objective is to investigate the capacity of M1 MEVs to repolarize M2
macrophages in vitro towards an anti-tumor M1-like phenotype. By inducing human
macrophages to adopt an M1 phenotype and generating MEVs, the study seeks to uncover
their potential to reshape the immunosuppressive TME towards a more favorable antitumor
state.

Concurrently, the research addresses the crucial issue of cancer-targeting properties
for selective chemotherapy delivery, utilizing cisplatin-encapsulated MEVs (cisMEVs).
This dual-focused approach aims to enhance therapeutic precision while mitigating off-
target effects, imperative for overcoming prevalent resistance mechanisms in ovarian
cancer. The comprehensive assessments of cisSMEVs encompass cell viability, dsSDNA
damage, and TAM repolarization, providing a nuanced understanding of their multifaceted
impact on the complex ovarian cancer microenvironment.

Additionally, the study evaluates the in vivo localization of murine-derived M1
MEVs within ovarian cancer tumor xenografts. The promising outcomes in both in vitro
and in vivo settings underscore the potential clinical significance of MEVs in redefining
the ovarian cancer therapeutic landscape.

In conclusion, this study unveils the potential of MEVs as an innovative and
multifunctional avenue for ovarian cancer immunotherapy. By repolarizing TAMs and
enhancing cancer cell targeting, MEVs offer a promising strategy to navigate the
challenges posed by the immunosuppressive TME in ovarian cancer, paving the way for
future therapeutic advancements and improved patient outcomes.
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Macrophages, Vesicles, Immunotherapy
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CHAPTER 1. INTRODUCTION

1.1  Background

Ovarian cancer is the leading cause of death in gynecological cancers. The
American Cancer Society estimates that in 2024 there will be 19,680 new cases of
ovarian cancer and 12,740 deaths [1]. Most patients are diagnosed at an advanced stage,
with a 5-year survival rate of less than 50% [2]. Patients with advanced-stage ovarian
cancer are treated with combination platinum and taxane chemotherapy in the front-line
setting. While many patients initially show a response to chemotherapy, the majority will
ultimately relapse [2, 3]. Unlike other solid tumors, immunotherapy has been largely
ineffective in ovarian cancer [4, 5], emphasizing the need for novel immunotherapies to

treat this disease.

1.2 Tumor-associated macrophages

Recent research suggests that tumor-supportive tumor-associated macrophages
(TAMs) promote tumor vascularization and metastasis and are predominantly anti-
inflammatory, M2-like macrophages [6, 7]. In contrast, pro-inflammatory, M1-like
macrophages can clear cancer cells and are associated with a better prognosis [8-10]. A
recent meta-analysis demonstrated that high numbers of TAMs are negatively associated
with overall survival in multiple solid tumor types, including ovarian cancer [11]. As
macrophages are highly plastic, an area of growing interest is the repolarization of anti-
inflammatory TAMs to pro-inflammatory TAMs as a potential mechanism of increasing
the sensitivity of cancer cells to multiple therapies, including immunotherapy.

Approaches to initiate macrophage repolarization include small molecule



inhibitors, in vitro-transcribed mRNA, toll-like receptor (TLR) agonists, and siRNAs
delivered via nanoparticles, all of which have demonstrated repolarization of M2-like
TAMs to a M1 phenotype, resulting in downregulation of pro-tumor markers, such as
vascular endothelial growth factor (VEGF) and transforming growth factor-beta (TGF-p),
and upregulation of pro-inflammatory markers, including tumor necrosis factor-alpha
(TNF-0) and interferon-y (IFN-y). However, the aforementioned approaches are limited
because they fail to localize to tumor associated cells, and therefore heighten the potential
for off-target side effects [7, 12-14]. Additional approaches include increasing the
antibody-dependent cell-mediated cytotoxicity (ADCC) of TAMs utilizing low-
fucosylated antibodies, such as humanized glyco-engineered anti-AMHRII monoclonal
antibody murlentamab, holds potential promise, via stimulating an antitumor adaptive

immune response via TAM repolarization [15].

1.3 Vesicle therapy

Interest in using vesicles as potential therapeutics has grown significantly in
recent years [16]. Vesicles are structures of varying sizes that are created endogenously
by cells and they can also be bioengineered by several techniques. In biological systems,
vesicles enable cell-to-cell communication, via the transfer of proteins, lipids, and nucleic
acids [17, 18]. As a therapeutic modality, vesicles can encapsulate various therapeutic
agents, while minimizing immunogenicity and can efficiently target the same cell type as
the donor cell [16, 19, 20]. This targeting property has led to the investigation of
endogenous vesicles, exosomes, isolated from cancer cells to target comparable primary
malignant cells [21, 22]. Currently, there is limited data on the role of cancer cell

exosomes to specifically target ovarian cancer. One study examined exosomes from

2



SKOV3 ovarian cancer cells, subsequently loaded with triptolide, an antineoplastic agent,
and demonstrated anti-tumor efficacy in ovarian cancer models [23]. Yet, it should be
noted there are significant theoretical and practical concerns with the utilization of
exosomes derived from cancer cells as prior studies have suggested that tumor cell

exosomes may enhance tumor progression and metastasis [17, 21, 22, 24-31].

Another approach is the utilization of vesicles derived from macrophages to target
the macrophage-abundant tumor microenvironment seen in ovarian cancer [32]. M1-type
exosomes from RAW 264.7 cells, a murine macrophage line, can polarize unstimulated
RAW 264.7 macrophages to the M1 phenotype [33]. However, exosomes are limited in
their therapeutic use due to low production yields and limitations in loading drug cargo.
An alternative approach that has recently shown promise is bioengineering vesicles from
macrophage cell membranes. These macrophages engineered vesicles (MEVs) can be
formed by rupturing the cell membrane into fragments via nitrogen cavitation and
allowing them to reconstitute into smaller distinct vesicle units. Engineered vesicles
derived from the mouse RAW 264.7 cell line show similar properties as macrophage

exosomes and can be loaded with a broad range of cargo, including therapeutics [34, 35].

1.4 Macrophage engineered vesicles

MEVs derived from M1 macrophages can serve dual purposes; they can be used
as a novel delivery vector for chemotherapeutics and can immunomodulate TAMs [35-
37]. Prior studies have demonstrated that mouse-derived M1 MEVs can repolarize mouse
M2 macrophages back to an M1 state in vitro [35, 36]. In addition, mouse M1 MEVs can

be loaded with platinum-chemotherapeutics and have in vitro anti-cancer activity [36].



Additional studies have shown that macrophage-derived vesicles loaded with paclitaxel
have anti-cancer effects against multidrug-resistant cancer cell lines and murine breast

cancer models [38, 39].

1.5 Overview

Here we describe the generation of MEVs from human peripheral blood
mononuclear cells (PBMCs) that have been differentiated into macrophages. This is an
advancement in our prior work by utilizing primary non-tumor human cells from fresh
primary isolations [35, 36]. We show that human M1 MEVs localize to both human
macrophages and cancer cells and can repolarize M2 macrophages to an M1 phenotype.
Human M1 MEVs display anticancer effects in co-culture with ovarian cancer cells.
Cisplatin-loaded MEVs display enhanced cytotoxicity compared to free drug.
Additionally, using ovarian xenografts in mice, we demonstrate localization of

RAW264.7 M1 MEVs to ovarian tumors in vivo.



CHAPTER 2. MATERIALS AND METHODS

2.1 Cell lines

The ovarian adenocarcinoma cell lines: Caov-3, OVCAR3, and SKOV3 along
with the murine macrophage line: RAW264.7, were obtained from ATCC. Caov-3 cells
and RAW264.7 cells were maintained in Dulbecco's Modified Eagle's Medium (DMEM,
ATCC), supplemented with 10% fetal bovine serum (FBS, Sigma). OVCAR3 cells were
maintained in RPMI-1640 medium with glutamine and glucose (ATCC), supplemented
with 10mg/mL insulin from bovine pancreas (Sigma) and 20% fetal bovine serum (FBS,
Sigma). SKOV3 cells were maintained in McCoy's 5a Medium Modified (ATCC),
supplemented with 10% fetal bovine serum (FBS, Sigma). Cells were maintained at 37°C

with 5% COa.

2.2 Human PBMC isolation and differentiation

Human PBMCs were isolated from buffy coats from 4-5 healthy donors
(Kentucky Blood Center, Lexington, KY') by density gradient centrifugation (Ficoll-
Paque Premium, GE Healthcare, Sweden) for each preparation of MEVs. Monocytes
were isolated from PBMCs by immunomagnetic negative selection (EasySep Human
Monocyte Enrichment Kit, Stemcell Technologies, Cambridge, MA). Human PBMC-
derived monocytes were cultured in RPMI-1640 (ATCC) with 10% heat-inactivated Fetal
Bovine Serum (Sigma-Aldrich, St. Louis, MO), 1% penicillin-streptomycin (Gibco), and
recombinant human macrophage colony-stimulating factor (M-CSF, 50ng/mL,
PeproTech, Rocky Hill, NJ) for 5-6 days. Media was replaced every 48 hours. MO

macrophages were stimulated for 24 hours with lipopolysaccharide (LPS, 20ng/mL,



Invivogen) plus recombinant human interferon-y (IFN-y, 20ng/mL, PeproTech) for M1
macrophages or with recombinant human interleukin-4 (IL-4, 20ng/mL, PeproTech) plus
recombinant human interleukin-13 (IL-13, 20ng/mL, PeproTech) for M2 macrophages.

Cells were maintained at 37°C with 5% CQOa.

2.3 Vesicle generation and characterization

M1 MEVs were generated from human M1 macrophages using nitrogen (N2)
cavitation. Cells were washed to remove any remaining cytokines, manually disrupted
from cell flasks using a cell scraper, and then resuspended in phosphate-buffered saline
(VWR) plus protease inhibitor (Thermo Scientific). N2 cavitation was performed by
maintaining cells in a pre-chilled pressurized chamber (Parr Instruments Company, IL,
USA) at 250 psi for 5 minutes at 4 °C. Vesicles were purified from cellular debris by
centrifugation at 4 °C for 20 minutes at 4,000 x g then 10,000 x g. The supernatant was
then withdrawn and ultracentrifuged at 100,000 x g for 1 hour at 4 °C. The subsequent
pellet was washed five times with PBS and resuspended in PBS. Cisplatin-loaded human
M1 MEVs were generated as described above, with the addition that the N2 cavitation
step was performed in an 8.33 mM solution of cisplatin in PBS. Fluorescein-loaded
human M1 MEVs were generated as described above, with the addition that the N2
cavitation step was performed in a ImM solution of fluorescein in PBS. For the complete
removal of free dye, a diluted vesicle suspension was subjected to an additional
ultracentrifugation step at 100,000 x g for 60 minutes at 4 °C. The mean diameter,
concentration, and zeta potential values of MEVs were obtained via particle tracking

analysis using a Zeta View PMX-120 using MEVs generated from 3.1x10” human M1



macrophages. Nanoparticle tracking analysis was performed on human M1 MEVs
generated from 2.8x107 human M1 macrophages to determine the vesicle size distribution

and concentration (NanoSight 300, Malvern Panalytical, United Kingdom).

2.4 Vesicle electron microscopy

The suspended sample of MEVs was fixed with 4% paraformaldehyde for 1 hour
and rinsed with 1X PBS. The sample was serially dehydrated with different
concentrations of ethanol from 30, 50, 70, 75, 80, 90, 95, 100 and 100% for 10
minutes. A droplet of the sample was pipetted and deposited onto a glass cover slip
previously treated with 0.1% solution of poly-L-lysine' to promote adhesion. Before the
sample could fully dry, it was briefly immersed in ethanol (200 proof) and transferred
into a critical point dryer (EM CPD 300, Leica Microsystems, Wetzlar, Germany)
system. After drying, the surface of the sample was metallized by sputter coating 5 nm of
platinum (EM ACE 600, Leica Microsystems, Wetzlar, Germany) to enhance surface
electrical conductivity and subsequently imaged using a field-emission scanning electron
microscope (SEM, Quanta 250 FEG, ThermoFisher Scientific, formerly FEI, Hillsboro,

OR, USA).

SKOV3 cells were incubated with M1 vesicles for 24 hours. After incubation, the
cells were washed with PBS and fixed with 4% paraformaldehyde for 40 minutes at room
temperature (RT). The cells were then processed for immunogold labelled silver
enhancement stain (IGSS). Cells were blocked with 3% BSA for 2 hours and then
incubated with monoclonal rabbit anti-human CD86 (1:250 dilution) overnight at 4°C.

Cells were then incubated with secondary anti-rabbit IgG Alexa Fluor® 647 Fluoro



Nanogold (Nanoprobes) at 1:100 dilution for 2 hours at RT. Silver enhancement was
performed using HQ silver enhancement kit (Nanoprobes) for 5 minutes at RT. The cells
were then washed three times with deionized water and further incubated with 0.2%
osmium tetraoxide in PBS at 4°C for 1 hour. Cell samples were exposed with 0.25%
uranyl acetate for 1 hour at 4°C to preserve the immunogold labelling. Samples were then
dehydrated using serial concentrations of ethanol: 50%, 70%, 90% and 100% (three
times). Samples were then embedded with 100% resin. Samples were washed with resin
twice, with the second wash added to samples and incubated for 45-60 minutes in a 60°C
oven. A final resin polymerization was performed for 48 hours at 60° C. Cultured cells
were then separated from plates and a 100nm section was cut with a microtome and
mounted on FCF-200-Cu grids. Images were acquired using a Thermo Scientific™

Talos™ F200X TEM [40].

2.5 Imaging of Fluorescently-Labeled Vesicles

Fluorescein-labeled vesicles were generated as discussed previously and fixed
onto a glass-bottom dish before imaging using a fluorescence microscope. Fluorescein-
loaded vesicles were imaged using a 488 nm laser of 0.8 mW power and an exposure

time of 200 ms.

2.6  Cytokine analysis

Human PBMC-derived monocytes were plated in 24-well plates at 1 x 10°
cells/well and cultured with M-CSF (50 ng/mL) for six days. Cells were stimulated in

duplicate to M1 or M2 macrophages as previously described. M1 macrophages from the
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same PBMC isolation plated on separate plates were used to generate MEVs. Vesicles
were washed to remove any remaining cytokines, then plated with M2 macrophages.
Media supernatants were collected following a 24-hour incubation period and were
assayed in duplicate using a human TNF-a Quantikine ELISA kit (R&D Systems, Inc.,
Minneapolis, MN). Optical density was measured using a microplate reader (Varioskan

LUX, Thermo Scientific, Finland). Experiments were performed in triplicate.

2.7 Real-time PCR of macrophage biomarkers.

Human peripheral blood monocytes were isolated, plated, and cultured for five
days into differentiated MO macrophages. MO macrophages were plated in a 6-well plate
at a concentration of 5.0 x 10° per well, after which macrophages were polarized to either
an M1 or M2 state using LPS/IFNy or IL4/IL13, respectively. M1 MEVs were prepared
from additional M1 macrophages as previously described and were then used to treat M2
macrophages. Following an additional 24-hour incubation, RNA was purified from
human macrophages (M0, M1, M2, MEV-treated M2) with RNeasy Plus Universal Mini
Kit (Qiagen), and 500 ng of each sample was converted to cDNA using High-Capacity
cDNA Reverse Transcription Kit (ThermoFisher Scientific) with random primers.
TagMan Advanced Master Mix with TagMan Gene Expression Assays (ThermoFisher
Scientific were used to measure gene expression via real-time semi-quantitative PCR.
Expression of human CXCLS (assay ID Hs00174103 ml), CXCL10 (assay ID
Hs00171042_m1), relative to endogenous control GAPDH (assay ID Hs02758991 gl)

were measured in triplicate using a QuantStudio 3 Real-Time PCR instrument (Applied



Biosystems). Relative expression was evaluated across samples with QuantStudio

Software (Applied Biosystems) using the Comparative Ct (AACTt) method.

2.8  Co-culture of human M2 macrophages and cancer cells

For co-culture imaging experiments, human M0 macrophages were plated at 5 x
10* cells/well in a 96-well clear-bottom, black-walled plate. MO cells were stimulated to
M1 or M2 for 24 hours. Caov-3 ovarian adenocarcinoma cells (ATCC) were then plated
at 5000 cells/well with M1 or M2 macrophages. Human M1 MEVs were generated and
labeled with a lipophilic dialkylcarbocyanine fluorescent dye, Dil (1,1'-Dioctadecyl-
3,3,3",3'-Tetramethylindocarbocyanine Perchlorate, Molecular Probes Inc., Invitrogen,
Eugene, OR). Dil labeled vesicles were obtained by incubating MEV-resuspension with 5
uM Dil for 30 minutes at 37 °C. The free dye molecules were separated from the
fluorescently-labeled vesicles using a size exclusion spin column (PD MidiTrap column)
following the manufacturer's protocol. Human M1 Dil-labeled MEVs at a 10% dilution
were added to Caov-3 cells, M2 macrophages, or Caov-3 plus M2 macrophage co-
culture. After a 24-hour incubation period, cells were imaged at 40x with confocal
microscopy (Celllnsight CX7 High-Content Screening Platform). Cells were incubated

with Hoescht (1:2000) for 30 minutes before imaging to label nuclei.

For cell viability experiments, human M0 macrophages were plated at 2.5-5 x 10*
cells/well in a 96-well plate. MO cells were stimulated to M1 or M2 for 24 hours.
Supernatant was then removed and Caov-3 ovarian adenocarcinoma cells (ATCC) were
then plated at 5000 cells/well with M1 or M2 macrophages. M0, M1, and M2

macrophages and Caov-3 controls were each plated in at least duplicate. Supernatants
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were collected after 24 hours. 20% or 10% dilution of human M1 MEVS was added to
Caov-3 cells only and Caov-3 plus M2 cells in duplicate. Supernatants were collected
after 24-hour incubation with MEVs, and wells were replaced with complete media. A
cell viability assay was performed after 96 hours following the addition of MEV's
according to the manufacturer’s instructions (CellTiter-Glo 2.0, Promega). Luminescence
was measured with a microplate reader (Varioskan LUX). This process was repeated in
the same manner with OVCAR3 cells. Experiments for both cell lines were performed in
triplicate. The collected supernatants were assayed in duplicate using a human TNF-a

Quantikine ELISA kit (R&D Systems, Inc., Minneapolis, MN).

2.9 Cisplatin loaded human MEV dose response curves

Ovarian cancer cells (Caov-3, SKOV3, OVCAR3) were plated at 5 x 10”3
cells/well in a 96-well plate and incubated at 37°C for 24 hours. Human macrophages
were generated and cultured as previously noted. Vesicles were generated using nitrogen
cavitation (300psi) in a 8.33mM cisplatin solution (or PBS for unloaded vesicles).
Cisplatin-loaded MEVs were prepared by making serial dilutions in media to 12
concentrations from 20% MEVs to 0.0098% MEVs. The concentration of drug in
cisplatin-loaded MEV's was calculated using mass spectrometry analysis. Free cisplatin
was prepared by making serial dilutions of cisplatin in media, 12 concentrations of free
cisplatin were plated in duplicate on cells, ranging from 100uM - 0.0006uM. Drug free
media was plated with cells as a control. A cell viability assay was performed after 72
hours following the addition of MEVs according to manufacturer’s instructions

(CellTiter-Glo 2.0, Promega). Luminescence was measured with a microplate reader
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(Varioskan LUX). Dose response curves and the IC50 were calculated using combined
triplicate values in GraphPad Prism 5. Statistical significance was calculated using a one-
tailed paired t-test on separate paired experimental IC50s (GraphPad Prism 5). All

experiments were performed in triplicate.

2.10 CX7y-H2AX staining DNA damage assay

Ovarian cancer cells (Caov-3, OVCAR3, SKOV3) were seeded 5x103 cells per
well of black-walled, clear-bottom 96-well plates (ThermoFisher Scientific) in 100uL
complete growth media. Cells were allowed to attach overnight at 37° C with 5% COx.
Human macrophages generated and cultured as previously noted. Vesicles were
generated using nitrogen cavitation (300psi) in a 8.33mM cisplatin solution (or PBS for
unloaded vesicles). Media was then removed and replaced with media containing serial
dilutions of cisMEVs (20-0.08%), 10-5um cisplatin (positive control), or respective cell
media. Cells were incubated another 48 hours at 37° C with 5% COaz. Following
treatment, cells were fixed for 15 minutes at room temperature with 4%
paraformaldehyde, permeabilized for 15 minutes at room temperature with 0.25% Triton
X-100 and blocked for 1 hour at room temperature with 0.1% (w/v) bovine serum
albumin in D-PBS. Nuclei were labeled with Hoechst 33258 and double-strand DNA
breaks were assessed using the HCS DNA Damage Kit (Invitrogen), with a primary
antibody targeting phosphorylated histone H2AX (YH2AX) and an AlexaFluor 555-
conjugated secondary antibody. Cells were imaged with the Celllnsight CX7 High
Content Analysis Platform (ThermoFisher Scientific) and nuclear YH2AX was quantified

using HCS Studio software (ThermoFisher Scientific). Signal intensities were normalized
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to vehicle-treated control and expressed as fold-change relative to control. Signal
differences were analyzed using GraphPad Prism 5. One-way analysis of variance and
Tukey’s multiple comparison tests were used to determine if treatment-induced fold-
change in YH2AX signal within each cell line was significantly different from vehicle-
treated control cells. The concentration of drug in cisplatin-loaded MEVs was calculated
using mass spectrometry analysis. The cisMEV groups with the most comparable
cisplatin concentration to the positive control were analyzed using one-sided t-tests

(GraphPad Prism 5) Experiments were performed in triplicate.

2.11 Murine tumor pathology and staining.

Caov-3 human ovarian cancer cells were transduced with luciferase-expression
vector (pLL-CMV-rFLuc-T2A-GFP-mPGK-Puro) using lentivirus (MOI=15) and grown
in the presence of 500 ng/mL puromycin. Luciferase-positive cells (5x10°) were injected
intraperitoneally in 6-week old female nude mice. Mice were injected with XenoLight D-
Luciferin K+ salt (PerkinElmer) at 150 mg/kg body weight and imaged for
bioluminescence using IVIS Spectrum In Vivo Imaging System (PerkinElmer). Eight
weeks after tumor cell inoculation, xenograft tumor tissue was harvested, fixed in 10%
formalin and embedded in paraffin. Tissue was sectioned and stained with standard
hematoxylin and eosin (H&E) and antibodies specific for human epithelial cells: EPCAM
(Abcam) and mouse macrophages: F4/80 (Abcam) and CD68 (LSBio) for

immunohistochemistry.

13



2.12 RAW264.7 MEV generation and mouse localization experiments:

RAW264.7 cells were maintained at 37 °C with 5% CO2. RAW264.7 cells were
stimulated to an M1 state using LPS/ IFNy at a concentration of 20 ng/ml for 24 hours.
Cells were then manually collected using a cell scraper, and vesicles were generated in
the same manner as described above. The vesicle pellet was resuspended in 2 ml of
sucrose buffer (10 mM HEPES, 250 mM Sucrose pH 7.5). DiR (DilCis(7); 1,1'-
dioctadecyl-3,3,3',3"-tetramethylindotricarbocyanine iodide) (ThermoFisher Scientific)
was utilized as a lipophilic fluorescent dye, with 5 pl of 2 mM added to the vesicle
solution and then incubated for 30 minutes at 37 °C. The vesicle solution was then
layered with a 50% and 10% OptiPrep™ density gradient medium. The combined
solution was then ultracentrifuged at 112,000 x g for 60 minutes at 4 °C. A peristaltic
pump was then used to collect DiR labeled vesicles between the gradients. The collected
vesicles were purified using size exclusion PD Miditrap columns (Cytiva) to remove any

free dye.

Under the University of Kentucky Institutional Animal Care & Use Committee
(IACUC) protocol #2017-2674, we did a transperitoneal injection of 5-week-old female
BALB/c SCID mice (Jackson Lab) with 5 x 10° Caov-3 cells in 100 pl of sterile PBS.
After visible tumor progression, 100-200ul of labeled RAW264.7 MEVs were injected
via lateral tail veins of via intraperitoneal injection in the right lower quadrant. Athymic
nude homozygous 5-week-old female (Jackson Lab) were subcutaneously injected with
2.5-5.0 x 10% SKOV3 cells in 100ul of sterile PBS in the dorsal shoulder region. Mice
were imaged 72 hours post-injection using a LagoX Small Animal Optical Imager

(Spectral Instruments) at a fluorescent excitation wavelength of 710 nm and emission of
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770 nm for 10 seconds. Images were processed with Aura Imaging software (Spectral
Instruments). After euthanasia, necropsy performed with tumor and organs of interest

isolated and imaged independently.
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CHAPTER 3. RESULTS

3.1 Characterization of human MEVs

MEVs are formed via mechanical disruption of macrophage cell membranes with
nitrogen cavitation [35]. The generated cellular fragments subsequently reform into
vesicles in a pressurized chamber. To determine the ability of human MEVs to
encapsulate cargo, human MEVs were generated in the presence of fluorescein, a
fluorescent dye. MEVs were imaged using a fluorescence microscope using a 488 nm
laser of 0.8 mW power with a gain of 990 and an exposure time of 200 ms. MEVs were
visible as bright punctate regions (Fig. 1A). This illustrates that human MEVs can
encapsulate cargo during vesicle generation, similar to MEVs generated from RAW
264.7 cells [35]. To characterize the vesicle size distribution within an individual
preparation of MEVs, we quantified the vesicle diameter and concentration using
multiple particle tracking using a Zeta View PMX-120 (Fig 1B) and Nanosight 300 (Fig.
1C-D). We generated vesicles from 3.1 x 10" human M1 macrophages with a cavitation
pressure of 250 psi, which yielded 6.6 x 10'° vesicles with a mean diameter of 125.1 nm
(SD £ 60.2 nm). Additionally, we measured the Zeta potential at -127mV; a large
negative value is an indicator of stability in an aqueous solution. Additional
characterization performed with Nanosight 300 (Fig. 1C-E) using 2.8 x 10’ human M1

macrophages yielding 6.45x10"' with a mean diameter of 165.1nm (SD + 66.4nm).
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Figure 1. Characterization of human PMBC-derived M1 vesicles

Scanning electron microscopy (SEM) was performed in order to determine the
shape and morphology of the generated MEVs. MEVs were fixed and serially
dehydrated prior to SEM. Examination confirmed the round smooth-edged morphology
with diameter of a single MEV of~200nm (Fig 2A). The dense MEV spherical
morphology suggests a tendency to encapsulate the cargo drug with firm stability.
Utilizing transmission electron microscopy (TEM), M1 vesicles were then identified
using CD86 monoclonal antibody. CD86 is a known glycoprotein found in the
membrane of the antigen presenting cells, such as blood monocytes and macrophages.
Fig 2B shows positive immunogold staining of M1 MEVs (positive for CD86) as seen as
dark black silver particles within a SKOV3 cell. The SKOV3 cell membrane and nucleus

containing chromatin were also visible.
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Figure 2. Scanning electron microscopy vesicle imaging

3.2 M1 MEVs are taken up by M2 macrophages and cancer cells

Next, we examined if M1 MEVs can localize to M2 macrophages and ovarian
carcinoma cells. We generated M1 MEVs labeled with Dil, a lipophilic fluorescent dye
that is loaded in the membrane. MEV's were incubated with M2 macrophages, Caov-3
cells, and co-culture of M2 macrophages plus Caov-3 cells. Confocal imaging with a
Celllnsight CX7 High-Content Screening Platform demonstrated that both human M2
macrophages and Caov-3 cells uptake MEVs in co-culture (Fig. 3A). Caov-3 cells and
macrophages demonstrated different nuclear sizes when cocultured alone, with Caov-3
nuclei significantly larger. (Fig. 3B). While Caov-3 cells showed a low level of punctate
MEVs co-localizing to the cells, most macrophages, indicated by smaller nuclei, display
a distinctly higher number of MEVs (Fig. 3C). These results show that human MEVs are

capable of localizing to both human macrophages and human ovarian cancer cells in
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Figure 3. Human macrophage display a higher uptake of human M1 MEVs compared to
ovarian cancer cells

3.3 M1 MEVs repolarize M2 macrophages

Next, we tested if human M1 MEVs can repolarize M2 macrophages to an M 1-
like, pro-inflammatory phenotype. We compared the production of the pro-inflammatory
cytokine TNF-a in M1 macrophages, M2 macrophages, and M2 macrophages incubated
with M1 MEVs. We observed high levels of TNF-a, measured via ELISA, in the M1
macrophages and significantly lower TNF-a in the M2 culture and in controls (Mean +
SD pg/ml: M1 vs. M2: 2021 + 383.8 vs. 259.9 + 133.7, p<0.001, M1 MEVs+M2 vs. M2:
787.5 £298.3 vs. 259.9 + 133.7 p<0.05) (Fig. 4a). In contrast, we observed an increase in
TNF-a in M2 macrophages that were incubated with M1 MEVs, indicating that M1
MEVs can repolarize M2 macrophages towards a pro-inflammatory, M1-like macrophage
phenotype. Figure 4b demonstrates the difference in TNF- a levels of M1+M1 MEVs vs
M1 cells alone is not significant. However, M2+ M1 MEVs vs M2 cells is statistically
significant. From this data we’ve concluded that the MEVs alone are not the sole driver

of the experimental increased TNF-a levels, but rather the interaction with the M2 cells
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via repolarization. The comparatively lower TNF-a levels seen in the M1 between Fig 4A

& B is likely secondary to the difference in analyzed time points (24 vs 48 hrs) and

experimental methodology. We subsequently sought to validate M1 MEV repolarization

of M2 macrophages via real-time PCR of mRNA expression of CXCL8 and CXCL10

proteins. Figure 4c shows significant differences in the relative expression of CXCLS in

M2 cells alone compared to M2 cells treated with M1 MEVs (p<0.0001). This finding

was not demonstrated in relative mRNA expression of CXCL10 (Fig 4d). CXCL8

expression is marker for M1 macrophages [41-43]. Therefore, based on CXCL8 mRNA

expression, M1 MEVs can repolarize M2 to an M1 state. Taken together, M1 MEVs can

repolarize M2 macrophages into an M 1-like phenotype based on both cytokine secretion

and mRNA expression profiles.
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Figure 4. Human PMBC-derived M1 vesicles repolarize M2 macrophages
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3.4 Human M1 MEVs repolarize M2 macrophages in co-culture

To test if M1 MEVs can convert M2 TAMs to a pro-inflammatory phenotype, we
cultured human M2 macrophages with the Caov-3 or OVCAR3 ovarian cancer cell lines
and treated the co-cultured cells with M1 MEVs. Co-cultured cells treated with M1
MEVs show an increase in the pro-inflammatory cytokine, TNF-o (Mean + SD pg/ml:
M2+Caov-3+M1 MEVs vs M2+Caov-3; 383.6 + 120.4 vs. 0.1389 + 20.03, p<0.05,
M2+OVCAR3+M1 MEVs vs M2+OVCAR3: 207.1£170.2 vs -45.65+55.35 p=0.18)
(Fig. 5a & d), suggesting that M1 MEVs convert M2 TAMs to an M1 phenotype. The
comparatively lower TNF-a levels seen in the M1 plus cancer cells (Fig. SA & D)
compared to the high levels of TNF-a in the M1 macrophages alone (Fig 4) is likely

secondary to the difference in time points (24 vs 48 hrs) and experimental methodology.

We then tested if M1 MEVs are capable of inhibiting cell viability. M1 MEVs at
high concentrations has an inhibitory effect in both Caov-3 (Mean + SD 100.0 + 8.232 vs
82.27+ 2.853, p<0.0001) and OVCARS3 cell lines (Mean + SD 100.0 + 5.710 vs 87.69+
11.62, p<0.05) (Fig 5B & E), with continued significant decreases appreciated at a lower
dose (10%) in Caov-3 (Mean + SD: 100.0 £ 8.232 vs 87.95+ 6.069, p<0.0001).
Interestingly, in Caov-3 this inhibition appears to be dose-dependent and is significantly
higher in the co-cultured cells as compared to cancer cells alone (Mean = SD 100.0 +
2.930 vs. 70.54 £ 9.955, p<0.0001) (Fig. 5C), indicating that MEVs are more effective in
the presence of pro-inflammatory macrophages. The inhibition seen in OVCAR3 cells
co-cultured with M2 macrophages is more modest but still significant at a high MEV

dose (Mean + SD 100.0+ 6.821 vs 93.61 £ 5.558, p < 0.01) (Fig 5F).
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Figure 5. Human M1 MEVs repolarize M2 macrophages in co-culture

3.5 Cisplatin-loaded vesicles retain cytotoxicity in-vitro at lower concentrations than

free cisplatin

Compared to free cisplatin, cisMEVs demonstrate statistically significant
enhanced inhibition of proliferation in Caov-3 (IC50: 1.262 uM, 95%CI:1.105-1.442 vs
5.734 uM 95%CI: 5.015- 6.556; p=0.0447 ) (Figure 6) and approached significance in
OVCAR3 (2.398 uM, 95%CI: 2.233 - 2.574 vs 3.686 uM, 95%CI: 3.061 - 4.438; p=
0.0772) (Figure 7) and SKOV3 (1.927 uM, 95%CI: 1.544 - 2.406 vs 4.707 uM, 95%ClI:

3.080 - 7.192; p= 0.1079) (Figure 8).
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Figure 8. SKOV3 dose-response cisplatin loaded MEVs

In regards to dsDNA damage assays utilizing a y-H2AX staining levels, one-
ANOVA results demonstrated significant differences in y-H2AX signal across titration

groups in Caov-3 (p<0.0001) (Figure 9), OVCAR3(p<0.0001) (Figure 10), and SKOV3
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(p=0.0002) (Figure 11). Full analysis results with Tukey’s method for multiple

comparison results are available in Appendix 1.
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Figure 9. Caov-3 cisMEV y-H2AX signal dose response
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Figure 11. SKOV3 cisMEV y-H2AX signal dose response

When comparing cisMEV concentrations of 3.9uM (average dose retrospectively

determined via LC/MS) to free cisplatin concentrations of SuM, cisMEVs demonstrated



statistically significant differences in fold change in Caov-3 (Mean fold change + SE
cisSMEV vs cisplatin: 2.812 + 0.3154 vs 1.876 + 0.06574, p=0.0012) (Figure 12) and
OVCAR3 (Mean fold change+ SE cisMEV vs cisplatin: 10.34 +2.613 vs 4.386 = 0.4013,
p=0.0046) (Figure 13), but not significant in SKOV3 ( Mean fold change + SE cisMEV

vs cisplatin: 5.097 = 1.009 vs 4.302 + 0.3408 p=0.1996) (Figure 14).
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Figure 12. Caov-3 cisMEV y-H2AX signal fold change
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3.6 RAW264.7-derived M1 MEVs localize to ovarian xenografts in vivo.

Murine tumors harvested from Caov-3 innoculated nude mice (Figure 15A),
stained positive for EPCAM, a human epithelial marker, indicating a tumor consistent
with a human ovarian epithelial primary (Figure 15B). Additional immunohistochemistry
stains with F4/80 and CD68, demonstrate macrophage infiltration into the tumors (Figure

15 C&D).

Figure 15. Mouse Caov-3 tumor xenograft

As part of a pilot experiment, we sought to demonstrate the localization of M1
MEVs to human tumor xenografts. A BALB/c SCID mouse was injected
transperitoneally with Caov-3 ovarian cancer cells and developed a visible tumor
xenograft in the abdominal right lower quadrant approximately seven months post-
injection. Fluorescent DiR-labelled M1 MEVs were created from RAW264.7 cells and

were injected via lateral tail vein. Importantly, RAW264.7 are a mouse macrophages cell
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line. The mouse was imaged 72hrs post-injection (Fig 16) using appropriate
corresponding emission and excitation wavelengths for DiR. An additional mouse (left)
without a tumor xenograft was not injected was imaged for baseline null comparison
purposes. The dye-labeled MEVs demonstrate precise localization to the tumor (Fig 16.
B&C). Additional pilot experiments were performed with athymic nude mice injected
subcutaneously with SKOV3 ovarian cancer cells xenografts in the mouse scapular
region. Fluorescent DiR-labelled M1 MEVs were created from RAW264.7 cells and were
injected via lateral tail vein (Fig 17) or intraperitoneally (Fig 18). Post-necropsy images
demonstrate localization of M1 MEVs to tumor (Figure 17E). Intermittent fluorescent
signalling demonstrated in the murine cranium at 24 hours is noted, but desists at
72hours. This is suggestive of a transient circulatory phenomenon or may reflect

additional M2 macrophage target populations.

Figure 16. Caov-3 mouse xenograft RAW264.7 vesicle localization
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Postinjection: 24 h Postinjection: 72 h

Figure 18. SKOV3 xenograft intraperitoneal RAW264.7 vesicle localization
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CHAPTER 4. DISCUSSION

4.1 Overview

While there have been several recent advances in immunotherapy for other
gynecological malignancies (cervical [25] and uterine [26]), success in ovarian cancer has
been limited [27]. This lack of activity in ovarian cancer is thought to be related to
infiltration of TAMs, which render cancer “cold” and thus immunotherapy ineffective
[34, 44]. Therefore, strategies to repolarize M2 macrophages to the M1 phenotype may
promote anti-cancer activity. Our study, the first to use MEVs derived from human blood
monocytes, effectively demonstrates that M1 MEVs can localize primarily to M2
macrophages when co-cultured with ovarian cancer cells and treatment with M1 MEVs
repolarizes M2 macrophages to an anti-tumor M1 state with subsequent anti-cancer
activity. This effect was demonstrated both in cancer cells alone and with macrophages
co-cultured in the presence of cancer cells. Since ovarian cancer cells themselves are
significant drivers for macrophage polarization to an M2 state [45], repolarization within
co-culture is particularly salient as it suggests the capacity of MEVs to overcome an

innate preferential differentiation towards the protumor M2 state.

Macrophages are the most abundant immune system cells within the tumor
microenvironment and compose up to 50% of a tumor’s volume [46-48]. A major benefit
of exosome formulations from macrophages is the inherent targeting properties exhibited
by their origin cell [18]. Exosomes derived from human cells are non-immunogenic
compared to liposomal formulation [18]. Therefore, the use of exosome-like MEV's
derived from human blood cells has the potential to avoid off-target immunogenic effects

while honing in on macrophage-laden tissue (e.g., tumors). Additionally, engineered
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macrophage vesicles carry a higher yield potential than other endogenous sources while

avoiding a cancer-derived source that could impact tumorigenesis [27, 49, 50].

4.2  Strengths and limitations

One of the main strengths of this study is the exclusive use of non-carcinoma
human-derived cells. This eliminates any future translational risk of reintroducing tumor-
derived cells into the patient. Another major strength is the immunological and
therapeutic potential of M1 MEVs that is demonstrated using several ovarian cancer cell
lines. Caov-3 and OVCAR3 are both BRCA wild-type, however, Caov-3 is platinum-
sensitive whereas OVCAR3 are platinum resistant. In murine models, SKOV3 is an
aggressive platinum resistant cell line that displays rapid xenograft growth. Interestingly,
cisplatin-loaded MEVs demonstrate enhanced cytotoxicity at lower cisplatin doses both
from IC50 evaluation and mechanistically via y-H2AX staining, a marker of dsSDNA
damage. Additionally, pilot animal data demonstrate precise localization of dye-labeled
mouse M1 MEVs to ovarian cancer tumor xenografts in mice. This is an intriguing
finding and provides further evidence for the tumor precision of MEVs. Localization was
seen in both intravenous and intraperitoneal administration routes. This is of compelling
interest as ovarian cancer is a peritoneal disease and intraperitoneal chemotherapy has a
long-studied role in the treatment of the disease. [51, 52]. Limitations include a lack of in
vivo modeling to demonstrate sustained macrophage repolarization. In terms of
generalization of in vivo models, SCID and nude mice are particularly
immunosuppressed, future modelling using syngeic murine models may more accurately

reflect physiologic conditions and reveal the interplay of circulating MEVs with the
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immune system targets. Additionally, there was high variability and size heterogeneity
seen with the vesicle preparation that may be ameliorated in future studies with further
filtration methods. Additional characterization methods of the vesicles via transmission

electron microscopy is warranted.
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CHAPTER 5. CONCLUSIONS

5.1  Summary

The studies described are the first to demonstrate that human-derived M1 MEVs
can serve as immunomodulatory agents by repolarizing M2 macrophages to an M1-like
state. This effect was seen in M2 macrophages when cultured alone and in co-culture
with ovarian cancer cells. Overall, human-derived M1 MEVs effectively repolarize M2
macrophages. Initial pilot data demonstrates that M1 MEVs target ovarian tumor
xenografts. Future in vivo studies investigating targeting and treatment effect are

warranted.

5.2 Future directions

While promising as a therapeutic avenue, significant obstacles remain prior to
transition from a preclinical to clinical approach, including standardization of MEV
characterization, dosing, precision of imaging localization, and delineation of off-target
effects. Initial experiments involving cisplatin-loaded MEVs were highly promising by
demonstrating cytotoxicity at comparably lower doses than free cisplatin. Future
research will be needed to evaluate the role of drug-loaded MEVs as another therapeutic
approach and evaluate in vivo efficacy in terms of distribution, toxicity, and tumor
response. Expansion of this investigational approach to additional solid tumors is

justified, particularly gynecologic cancers that utilize platinum-based chemotherapy.
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APPENDIX

ANOVA TUKEY’S MULTIPLE COMPARISON TEST RESULTS

A. Caov-3
Tukey’s Multiple Mean Significant?
Comparison Test Diff. P <0.05? Summary | 95% CI of diff
20 vs 6.66 153.7 1.282 | No ns -387.7 t0 695.1
20 vs 2.22 497.4 4.149 | No ns -44.00 to 1039
20 vs 0.74 852.6 7.112 | Yes ol 311.2 t0 1394
20 vs 0.25 1024 8.537 | Yes okl 482.1 to 1565
20 vs 0.08 1108 9.245 | Yes k 567.0 to 1650
20 vs 10um cis 302.5 2.746 | No ns -195.0 to 800.0
20 vs Sum cis 580.1 5.266 | Yes * 82.60 to 1078
20 vs media 931.6 9.316 | Yes HoAk 480.0 to 1383
6.66 vs 2.22 343.7 2.967 | No ns -179.4 to 866.7
6.66 vs 0.74 698.9 6.034 | Yes *K 175.9 to 1222
6.66 vs 0.25 869.8 7.51 | Yes k 346.7 to 1393
6.66 vs 0.08 954.6 8.242 | Yes ok 431.6 to 1478
6.66 vs 10um cis 148.8 1.407 | No ns -328.7 t0 626.2
6.66 vs Sum cis 426.4 4.033 | No ns -51.08 to 903.8
6.66 vs media 777.8 8.181 | Yes ol 348.5 to 1207
2.22 vs 0.74 3553 3.067 | No ns -167.8 to 878.3
2.22 vs 0.25 526.1 4.542 | Yes * 3.078 to 1049
2.22 vs 0.08 611 5.275 | Yes * 87.92 to 1134
2.22 vs 10um cis -194.9 1.843 | No ns -672.4 t0 282.6
2.22 vs Sum cis 82.71 0.7823 | No ns -394.7 to 560.2
2.22 vs media 434.2 4.566 | Yes * 4.809 to 863.6
0.74 vs 0.25 170.9 1.475 | No ns -352.2 t0 693.9
0.74 vs 0.08 255.7 2.208 | No ns -267.3 to 778.7
0.74 vs 10um cis -550.2 5.203 | Yes * -1028 to -72.69
0.74 vs Sum cis -272.5 2.578 | No ns -750.0 to 204.9
0.74 vs media 78.93 0.8301 | No ns -350.4 to 508.3
0.25 vs 0.08 84.84 0.7325 | No ns -438.2 to 607.9
0.25 vs 10um cis =721 6.819 | Yes okl -1198 to -243.6
0.25 vs Sum cis -443.4 4.194 | No ns -920.9 to 34.07
0.25 vs media -91.93 0.9669 | No ns -521.3t0337.4
0.08 vs 10um cis -805.9 7.622 | Yes ok -1283 to -328.4
0.08 vs Sum cis -528.2 4.996 | Yes * -1006 to -50.77
0.08 vs media -176.8 1.859 | No ns -606.1 t0 252.6
10um cis vs Sum cis 277.6 2.936 | No ns -149.4 to 704.7
10um cis vs media 629.1 7.626 | Yes k 256.6 to 1002
Sum cis vs media 351.5 4.261 | No ns -21.05 to 724.0
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B. OVCAR3

Tukey's multiple Mean Significant?

comparisons test Diff. P <0.05? Summary | 95% CI of diff
20 vs 6.66 -1335 3.467 | No ns -3068 to 397.8
20 vs 2.22 199.6 0.5007 | No ns -1594 to 1993
20 vs 0.74 677 1.758 | No ns -1056 to 2410
20 vs 0.25 1057 2.745 | No ns -676.0 to 2790
20 vs 0.08 1413 3.671 | No ns -319.4 to 3146
20 vs 10um cis 125.5 0.357 | No ns -1456 to 1707
20 vs Sum cis 360.4 1.025 | No ns -1221 to 1942
20 vs Media 1879 5.975 | Yes ok 463.8 t0 3294
6.66 vs 2.22 1535 3.85 | No ns -259.0 to 3328
6.66 vs 0.74 2012 5.226 | Yes * 279.3 to 3745
6.66 vs 0.25 2392 6.212 | Yes ok 659.1 to 4125
6.66 vs 0.08 2749 7.138 | Yes ke 1016 to 4481
6.66 vs 10um cis 1461 4.155 | No ns -121.3 to 3042
6.66 vs. Sum cis 1696 4.824 | Yes * 113.6 to 3277
6.66 vs. Media 3214 10.22 | Yes oAk 1799 to 4629
2.22 vs. 0.74 477.5 1.198 | No ns -1316 to 2271
2.22 vs. 0.25 857.3 2.151 | No ns -936.4 to 2651
2.22 vs. 0.08 1214 3.046 | No ns -579.8 to 3008
2.22 vs. 10um cis -74.07 0.2022 | No ns -1722 to 1574
2.22 vs. Sum cis 160.9 0.4392 | No ns -1487 to 1809
2.22 vs. Media 1679 5.076 | Yes * 190.4 to 3168
0.74 vs. 0.25 379.8 0.9864 | No ns -1353 to 2113
0.74 vs. 0.08 736.4 1.912 | No ns -996.5 to 2469
0.74 vs. 10um cis -551.6 1.569 | No ns -2133 to 1030
0.74 vs. Sum cis -316.6 0.9008 | No ns -1899 to 1265
0.74 vs. Media 1202 3.822 | No ns -213.3 t0 2617
0.25 vs. 0.08 356.6 0.926 | No ns -1376 to 2089
0.25 vs. 10um cis -9314 2.65 | No ns -2513 to 650.5
0.25 vs. Sum cis -696.5 1.981 | No ns -2278 to 885.4
0.25 vs. Media 821.8 2.614 | No ns -593.1 to 2237
0.08 vs. 10um cis -1288 3.664 | No ns -2870 to 293.9
0.08 vs. Sum cis -1053 2.996 | No ns -2635 to 528.9
0.08 vs. Media 465.2 1.48 | No ns -949.6 to 1880
10um cis vs. Sum cis 234.9 0.7472 | No ns -1180 to 1650
10um cis vs. Media 1753 6.439 | Yes HAK 527.9 t0 2979
Sum cis vs. Media 1518 5.576 | Yes ok 292.9 to 2744
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C. SKOV3

Tukey's Multiple Mean Significant?

Comparison Test Diff. q P <0.05? Summary | 95% CI of diff
20 vs 6.66 445.1 1.966 | No ns -577.4 to 1468
20 vs 2.22 785.9 3.471 | No ns -236.6 to 1808
20 vs 0.74 1214 5.36 | Yes *K 191.0 to 2236
20 vs 0.25 1363 6.02 | Yes *K 340.6 to 2386
20 vs 0.08 1367 6.038 | Yes ** 344.6 to 2390
20 vs 10um cis 1261 6.103 | Yes ** 328.0 to 2195
20 vs 5um cis 1011 4.804 | Yes * 60.67 to 1961
20 vs media 1142 6.142 | Yes ok 302.2 to 1981
6.66 vs 2.22 340.8 1.505 | No ns -681.6 to 1363
6.66 vs 0.74 768.4 3.394 | No ns -254.0 to 1791
6.66 vs 0.25 918 4.054 | No ns -104.5 to 1940
6.66 vs 0.08 922.1 4.072 | No ns -100.4 to 1945
6.66 vs 10um cis 816.3 3.949 | No ns -117.1 to 1750
6.66 vs Sum cis 565.8 2.689 | No ns -384.4to 1516
6.66 vs media 696.5 3.747 | No ns -142.9 t0 1536
2.22 vs 0.74 427.6 1.889 | No ns -594.9 to 1450
2.22 vs 0.25 577.2 2.549 | No ns -445.3 to 1600
2.22 vs 0.08 581.2 2.567 | No ns -441.3 to 1604
2.22 vs 10um cis 475.5 2.3 | No ns -457.9 to 1409
2.22 vs Sum cis 225 1.069 | No ns -725.2t0 1175
2.22 vs media 355.7 1.914 | No ns -483.7 to 1195
0.74 vs 0.25 149.5 0.6605 | No ns -872.91t0 1172
0.74 vs 0.08 153.6 0.6784 | No ns -868.9t0 1176
0.74 vs 10um cis 47.88 0.2317 | No ns -885.5t0 981.3
0.74 vs Sum cis -202.6 0.9631 | No ns -1153 to 747.6
0.74 vs media -71.93 0.387 | No ns -911.3t0 767.4
0.25 vs 0.08 4.06 0.01793 | No ns -1018 to 1027
0.25 vs 10um cis -101.7 0.4918 | No ns -1035 to 831.7
0.25 vs Sum cis -352.2 1.674 | No ns -1302 to 598.0
0.25 vs media -221.5 1.192 | No ns -1061 to 617.9
0.08 vs 10um cis -105.7 0.5115 | No ns -1039 to 827.7
0.08 vs Sum cis -356.2 1.693 | No ns -1306 to 594.0
0.08 vs media -225.5 1.213 | No ns -1065 to 613.8
10um cis vs Sum cis -250.5 1.325 | No ns -1104 to 603.1
10um cis vs media -119.8 0.743 | No ns -848.0 to 608.4
Sum cis vs media 130.7 0.7874 | No ns -619.0 to 880.4
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