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Comparing 2D Kidney Cell and 3D Kidney Organoid Cul-
tures in Drug Toxicity Assays. DAVIDW. GRAINGER1,2, A.
Astashkina1, B. Brooks1, and H. Ghandehari1,2. Departments
of 1Pharmaceutics and Pharmaceutical Chemistry and 2Bioen-
gineering, University of Utah, Salt Lake City, UT 84112-
5820. Email: david.grainger@utah.edu

Many new 3-D cell culture models seek to preserve
in vivo-like organization within tissue-like or organoid
constructs to elicit more relevant pharmacological toxicity
and toxicity marker up-regulation.(Grainger, Adv. Drug
Del. Rev, 69:vii-xi (2014) Critical receptors and metabolic
pathways responsible for prodrug or parent drug transfor-
mations to active drug forms are often missing in cell line
assays. Validation of 3-D tissue culture models against 2-
D ‘gold standard cultures’ for in vitro toxicological eval-
uation in drug testing should compare clinical toxicity
biomarkers. In vitro 3-D organoid models developed to
date often confirm that systems with native cellular inter-
actions better ensure biological requirements for sustain-
ing tissue relevant responses to drugs. These 3-D cell
culture models can yield better data quality, more accu-
rate, tissue-specific information to significantly improve
the technical output, predictive value, and translation
be tween in v i t ro , an ima l , and c l in i ca l human
studies.(Astashkina and Grainger, Pharmacol Therap
134 (2012) 82–106; Astashkina, and Grainger, Adv. Drug
Deliv. Rev., 69-70 (2014) 1-18) We have used an organoid
kidney proximal tubule (PT) culture comparison against
conventional 2-D kidney cell cultures to assess nephrotox-
icity of common model drugs and select nanoparticles.
Clinically relevant markers are elicited in 3-D organoid
PT cultures and are absent in 2-D kidney cell cultures that
also lack notable kidney phenotypic markers.(Astashkina
et al., Biomaterials 33 (2012) 4700-4711; Astashkina
et al., Biomaterials 33 (2012) 4712-4721; Brooks et al.,
Biomaterials, 35 (2014) 6323-31) Fidelity of nanoparticle
toxicity screens depend on their 3D matrix interactions.
Further developments using 3-D models that yield native
extracellular matrix, relevant tissue architectures, and

restoration of both chemical and mechanical tissue-like
stimulation using bioreactors are critical for advancing
in vitro experimental capabilities to obtain clinically rele-
vant in vitro behaviors in drug screening.
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Phenotypic & Genomic Characterization of Organoid Cul-
tures Derived from Colonic Neoplastic Tissues. MICHAEL
K. DAME1, Shannon D McClintock1, Durga Attili1, Justin
Colacino2, Becky Simon3, Olaf Hardt4, Kelly Copley1, Stacy
Finkbeiner5, Chris Altheim5, Jason Spence5,6, Henry
Appelman1, D. Kim Turgeon5, Linda Samuelson5,7, Dean E
Brenner3,8,9, and James Varani1. 1Departments of Pathology,
2Environmental Health Sciences, School of Public Health,
3Internal Medicine, Comprehensive Cancer Center, 5Internal
Medicine, Division of Gastroenterology, 6Cell and Develop-
mental Biology, 7Molecular and Integrative Physiology,
8Pharmacology, University of Michigan, Ann Arbor, MI
48109; 4Miltenyi Biotec GmbH, Bergisch Gladbach, GERM
ANY; and 9Ann Arbor VA Medical Center, Ann Arbor, MI
48105. Email: mdame@med.umich.edu

One in twenty individuals will be diagnosed with colorec-
tal cancer in their lifetime. The initiation of the disease is
marked by aberrant crypt growth. Over a period of years
these foci give rise to precancerous adenomas, which can
further transition to metastatic cancer. A multitude of
events accompany each of these stages, leading to either
resolution of the aberrant growth or initiation of the next
stage. Mutations in APC, KRAS, PIK3CA, SMAD and
TP53 are canonical triggers of colorectal cancer, however
further genomic modifications are predicted given the di-
versity of adenoma phenotypes among patients. Under-
standing the complexity inherent to colorectal cancer pro-
motion and progression requires equally diverse experi-
mental modeling. Inspired by advances in gastrointestinal
culture techniques, we recently established cultures of hu-
man colonic adenomas as 3-D multicellular enteroids; in
both serum-free medium and growth factor enriched me-
dia designed to support stem cell renewal. This has led to
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a growing repository of unique patient-specific enteroids
(10+ specimens to date) derived from a spectrum of ade-
nomas and adenocarcinomas, including high-risk sessile
serrated adenomas and overt metastatic neoplasias. Each
specimen has remarkably distinct morphologies, expan-
sion rates, and growth requirements. Using whole exome
sequencing, we compared mutation signatures before and
after establishment in culture, and then after months in
culture. Additionally, we characterized cells isolated from
enteroids that express the colon stem cell marker LGR5;
using this approach, we aim to elucidate stem cell pheno-
types specific to each specimen. Identifying and charac-
terizing the heterogeneity of colonic neoplasias in culture
will lead to more precise experimental interrogation and
ultimately to better preclinical platforms to assess poten-
tial chemopreventative and therapeutic agents.
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Microenvironmental Control Networks in theMammary Stem
Cell Niche. KAI KESSENBROCK, Peter Dijkgraff, Sander
Steenbeek, Devon Lawson, and Zena Werb. Department of
Anatomy and Biomedical Sciences Program, University of
California, San Francisco, CA 94143-0452. Email:
Kai.kessenbrock@ucsf.edu

The cellular and molecular mechanisms that maintain mam-
mary stem cell (MaSC) renewal and tissue integrity are crucial
for our understanding of the processes leading to breast can-
cer. We recently discovered a novel role for matrix metallo-
proteinases as regulators of MaSCs through interaction with
the Wnt signaling pathway. Using lentiviral overexpression in
MaSCs, we found that MMP3 perturbed epithelial homeosta-
sis leading to MaSC expansion and hyperplastic growth, sur-
prisingly in a non-proteolytic fashion through its hemopexin
domain. Yeast-2-hybrid screens revealed that MMP3 spe-
cifically interacts with the non-canonical Wnt ligand
Wnt5b. Since the role of non-canonical Wnt signaling in
the MaSC system remained vastly elusive, we next con-
centrated on the function of Wnt5b and the next closest
relative Wnt5a in mammary gland biology. We found that
Wnt5b acts as a non-canonical Wnt ligand that activates
the NFAT pathway and inhibits MaSC proliferation. In
contrast, Wnt5a appears to exhibit diverse functions on
mammary gland development, since Wnt5a may enhance
MaSC proliferation potentially through through the recep-
tor Ryk, while it may block branching morphogenesis via
Ror2. Our data sheds more light on the function of non-
canonical Wnt signaling in the mammary stem cell niche
and firstly describes MMP3 as an extracellular factor of the
microenvironment that modulates Wnt signaling and or-
chestrates MaSC function.
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Epithelial Explants from Adult Zebrafish: An Experimental
System to Image Epithelial Wound Healing in a Tissue Con-
text. E. E. HULL1, A. S. Pascual1, C. K Uppalapati2, M. R.
Davis1, and K. J. Leyva2. 1Biomedical Sciences Program,
Midwestern University, Glendale Arizona and 2Microbiology
& Immunology, Arizona College of Osteopathic Medicine,
Glendale, AZ. Email: ehullx@midwestern.edu

Epithelial tissue removed when a scale is plucked from an
anesthetized adult zebrafish and cultured ex vivo retains many
properties of the intact tissue including keratocytes linked via
cell-cell junctions and a diversity of cells typical of epithelia
including neutrophils, macrophages, and goblet cells. Remov-
al of the tissue initiates a wound-healing process involving 1)
collective migration of cells away from the scale, 2) an inflam-
matory response, and 3) epithelial to mesenchymal transition
(EMT), all of which are affected by culture conditions or pre-
treatment. Each process can be rapidly assessed using basic
video microscopy on living explants and verified by assessing
alterations in gene expression or immunofluorescence micros-
copy. On glass, the collective migration of keratocytes from
the scale begins within minutes and continues unimpeded (but
at a decreasing speed) for at least the first 48 hours; the rate of
cell migration on compliant substrata is substantially slower.
The magnitude of the inflammatory response, as measured by
the number of neutrophils present in the explant, may be in-
creased when scales are plucked from fish that have previous-
ly had scales removed. EMT, which occurs in response to both
TGFβ and Rho associated kinase signaling, is abrogated when
cells are cultured on compliant substrata, a finding which
raises questions about the importance of EMT in the in vivo
wound healing process. Experiments using explants
established from regenerating fins allow more detailed study
of the role of stem cells in wound healing. Taken together,
these data suggest that explants can be used to address ques-
tions in modern biology concerning how cells interact with
each other in an in vitro experimental system.
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Smartphone Biosensors and Organ-on-a-Chip. JEONG-
YEOL YOON. Department of Agricultural and Biosystems
Engineering, The University of Arizona, Tucson, AZ 85721-
0038. Email: jyyoon@email.arizona.edu

Biosensors Laboratory at the University of Arizona (directed
by Associate Professor Jeong-Yeol Yoon) is conducting re-
search on three different microfluidic applications. The first
is the use of paper microfluidics and the smartphone-based
optical detection, towards food, water and medical
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applications. Targets include E. coli, Salmonella, bird flu,
H1N1 flu, malaria, MRSA, thyroid-stimulating hormone,
and cancer markers. The second is the use of droplet
microfluidics (called "wire-guided droplet manipulations -
WDM"; invented by Biosensors Lab) towards in situ monitor-
ing of bloodborne pathogens and endocarditis. The third is the
use of microfluidic-based, continuous bioreactor that will be
seeded with mammalian (mostly human) cells, towards creat-
ing mock-up human organs (organ-on-a-chip). This organ-on-
a-chip can reduce the gap between in vitro and animal tests
and potentially minimize the use of animals, in developing/
testing toxicity and/or new carriers for drugs.
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Cellular Models for Understanding Airway Epithelial Physi-
ology. SCOTT BOITANO. Arizona Respiratory Center, Uni-
versity of Arizona, Tucson, AZ 85724-5030. Email:
sboitano@email.arizona.edu

Before air reaches the respiratory region of the alveoli, it has to
traverse the upper and conducting airways where the air is
warmed, hydrated and filtered. All along this path, the inspired
air is in contact with a diverse airway epithelium that provides
the first cellular contact with various particulates andmicrobes
commonly found in the air that we breathe. A variety of im-
mortalized and primary cell models have been used to eluci-
date basic understanding of the varied physiology that under-
lies the airway epithelium. Using specific examples from stud-
ies on host/pathogen interactions, airway epithelial toxicity,
airway cell differentiation and drug discovery, I will empha-
size the importance of using appropriate cell models to best
understand airway epithelial cellular physiology.
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Vanishing into Thin Air: In Vitro Models of Metal-induced
Pseudo-hypoxia. W. KLIMECKI, S.W. Malm, A.N.
Hinchman, H. Li, C. G. Beeks, and F. Zhao. Dept. of
Pharmacology and Toxicology, University of Arizona,
PO Box 210207, Tucson, AZ 85721. Email: klimecki@
pharmacy.arizona.edu

Epidemiology studies have established a strong link between
lung cancer and arsenic exposure. Currently, the role of dis-
turbed cellular energy metabolism in carcinogenesis is a focus
of scientific interest. Hypoxia inducible factor-1 alpha (HIF-
1A) is a key regulator of energy metabolism, and it has been
found to accumulate during arsenite exposure under oxygen-
replete conditions. We modeled arsenic-exposed human pul-
monary epithelial cells in vitro with BEAS-2B, a non-

malignant lung epithelial cell line. Constant exposure to
1 μM arsenite resulted in the early loss of anchorage-
dependent growth, measured by soft agar colony formation,
beginning at 6 weeks of exposure. This arsenite exposure
resulted in HIF-1A accumulation and increased glycolysis,
similar to the physiologic response to hypoxia, but in this case
under oxygen-replete conditions. This “pseudo-hypoxia” re-
sponse was necessary for the maximal acquisition of
anchorage-independent growth in arsenite-exposed BEAS-
2B. The HIF-1A accumulation and induction in glycolysis
was sustained throughout a 52 week course of arsenite expo-
sure in BEAS-2B. There was a time-dependent increase in
anchorage-independent growth during the exposure to arse-
nite. When HIF-1A expression was stably suppressed,
arsenite-induced glycolysis was abrogated, and the
anchorage-independent growth was reduced. These findings
establish that arsenite exerts a hypoxia-mimetic effect, which
plays an important role in the subsequent gain of malignancy-
associated phenotypes.

A-8

Uranium Photoactivation: A Potential Mechanism for Skin
Cancer. D. STEARNS. Northern Arizona University, Depart-
ment of Chemistry and Biochemistry, POBox 5698, Flagstaff,
AZ 86004. Email: diane.stearns@nau.edu

Uranium is a heavy metal that continues to be in high demand
due to its ability to undergo fission and radioactive decay, and
to its properties of high density and pyrophoricity. This presen-
tation will summarize results from our laboratory regarding the
chemical genotoxicity of uranium that is photoactivated by
UVB radiation. Uranyl ion (UO2

2+) will absorb UV radiation
to produce an oxidizing agent that consists of U5+ and bound
oxygen radical. Cells exposed to uranyl ion followed by UVB
radiation (302 nm), displayed higher cytotoxicity and mutage-
nicity in Chinese hamster ovary (CHO) cells than individual
exposures. The effect of co-exposures was dependent on the
order of treatment, and was synergistically greater than individ-
ual exposures to UA or UVB in repair-proficient and repair-
deficient CHO cells. Cytotoxicity was also greater than com-
parable co-exposures of either arsenite or cadmium with UVB
radiation. Uranium doses were equivalent to concentrations
found in contaminated water, and UVB exposures were < 1
standard erythma dose (<10 mJ/cm2), and all exposures were
only mildly apoptotic. Lung and kidney have been the most
well studied target organs for uranium toxicity; however, our
investigations of uranium’s mode of action combined with
clues in the literature point to skin as an overlooked target organ
for uranium-induced cancer, especially in populations with im-
paired ability to repair cellular DNA damage. This work was
supported by NIH grants R15ES019703 and U54CA143925.
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Frequent Aberrant DNA Methylation of miRNA Gene
Promoters in Human Breast Cancer. BERNARD W.
FUTSCHER1,2, Jose L. Munoz-Rodrıguez1,2, Martha R.
Stampfer1,3, and Lukas Vrba1. 1Arizona Cancer Center and
2Department of Pharmacology and Toxicology, College of
Pharmacy, The University of Arizona, Tucson, AZ and 3Life
Sciences Division, Lawrence Berkeley National Laboratory,
Berkeley, CA. Email: bfutscher@azcc.arizona.edu

miRNAs help regulate gene expression and are frequently
dysregulated in human cancer, with aberrant DNA methyla-
tion being an epigenetic mechanism involved in this process.
We previously identified miRNA promoter regions active in
normal mammary cell types and here we analyzed which of
these promoters are targets of aberrant DNA methylation in
human breast cancer cell lines and breast tumor specimens.
We performed a comprehensive evaluation of DNA methyla-
tion of miRNA gene promoters in breast cancer using 5-
methylcytosine immunoprecipitation coupled to miRNA mi-
croarray analysis. We found almost one third (55/167) of
miRNA promoters were targets for aberrant methylation in
breast cancer cell lines. Human breast cancer specimens
displayed aberrant DNA methylation of a majority of these
miRNA promoters, indicating that these changes in DNA
methylation might be clinically relevant. Aberrantly methyl-
atedmiRNA promoters were targeted by the polycomb repres-
sion complex in normal cells, similar to protein coding genes.
Detailed analysis of selected miRNA promoters revealed de-
creased expression of miRNA linked to increased promoter
methylation for mir-31, mir-130a, let-7a-3/let-7b, mir-155,
mir-137 and mir-34b/mir-34c genes. The proportion of
miRNA promoters we found aberrantly methylated in breast
cancer is several-fold larger than that observed for protein
coding genes, indicating an important role of DNA methyla-
tion in miRNA dysregulation in cancer.

A-10

Dissecting the miRNA Interactome in Breast Cancer.
MARCO MANGONE1, Justin Wolter1,3, Victoria Godlove2,
Thuy-Duyen Nguyen2, Kasuen Kotagama1,3, and Cody
Babb3. 1Molecular and Cellular Biology Graduate Program -
Arizona State University, Tempe, AZ; 2School of Life Sci-
ences - Arizona State University, Tempe, AZ; and 3Biodesign
Institute - Arizona State University, Tempe, AZ. Email:
mangone@asu.edu

microRNAs (miRNAs) are short non-coding RNAs that bind
to sequences primarily in the threeprime UnTranslated Re-
gions (3’UTRs) of messenger RNAs (mRNAs) and repress

their translation. miRNAs have been observed in nearly every
eukaryotic cell type investigated to date, where they regulate
fundamental biological processes such as development and
morphogenesis. Moreover, their misregulation has been ob-
served in the pathogenesis in a variety of disease states, such
as neurological disorders, diabetes, and nearly every cancer
type investigated to date, where they can function as tumor
suppressors or oncogenic miRNAs, based solely on what
genes they target. The misexpression of miRNAs has been
correlated to each of the hallmark capabilities of cancer, yet
for the majority of miRNAs few, if any, targets are known.
Based on bioinformatic analysis each miRNA is predicted to
control a network of gene products, such that hundreds of
transcripts are likely to be regulated by a single miRNA.
The pairing with target 3’UTRs does not require a perfect
match between the sequences. Since these elements are de-
generate and small, they are generally difficult to detect, thus
the vast majority of cancer relevant miRNA targets are still
unknown. To investigate the contribution of miRNA in cancer
initiation and progression we developed a novel, unbiased and
standardized high-throughput screening method named
3’LIFE (Luminescent Identification of Functional Elements
in 3’UTRs), to map miRNA targets of two breast cancer rel-
evant miRNAs: let-7c and miR-10b.We used 3'LIFE to screen
for functional miRNA targets at an unprecedented scale using
a 3’UTR library of 1,880 cancer relevant genes. Our approach
identified a large number of novel gene targets for these
miRNAs, with only 32% of hits being bioinformatically pre-
dicted and 27% directed by non-canonical interactions. Func-
tional analysis of target genes reveals consistent roles for each
miRNA as either a tumor suppressor (let-7c) or oncogenic
miRNA (miR-10b), and preferentially target multiple genes
within regulatory networks, allowing us to pinpoint the bind-
ing requirements of this large set of experimentally validated
targets to develop a novel prediction algorithm to extend tar-
gets to the entire human transcriptome.

A-11

Role of Exosomic MicroRNAs in the Biology of the Tumor
Microenvironment. MULLER FABBRI. Children's Hospital
Los Angeles - University of Southern California, Los
Angeles, CA. Email: mfabbri@chla.usc.edu

MicroRNAs (miRNAs) regulate the expression of genes in all
human malignancies. Recently, they have been identified as
part of the cargo secreted by cancer cells within microvesicles
called exosomes. We have identified a new mechanism of
action for miRNAs: as ligands of native immunity receptor
Toll-like receptor 8 (TLR8). Specifically, miR-21 and miR-
29a, secreted in exosomes by non small-cell lung cancer
(NSCLC) can bind to and activate TLR8 in surrounding
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human monocytes, leading to a pro-tumoral inflammatory re-
sponse, mediated by the release of interleukin-6 (IL-6) and
Tumor necrosis factor alphs (TNF-a). Recently we showed
that the cross-talk between cancer cells and surrounding
tumor-associated macrophages is mediated by a two-way ex-
change of exosomic miRNAs within the tumor microenviron-
ment and affects cancer resistance to chemotherapy. Impairing
this TLR8-mediated cross-talk is a valuiabe strategy to
prevent/overcome drug resistance, the main cause of insuccess
in the treatment of cancer.

A-12

Biomimetic Extracellular Matrix Topographies Control Cell
Behaviors. JOSHUA Z. GASIOROWSKI. Midwesern Uni-
versity, Department of Biomedical Sciences, Downers Grove,
IL 60515. Email: jgasio@midwestern.edu

Our ultimate goal is to fabricate scaffolding biomaterials that
can mediate efficient cell transfection rates, and direct cell
regeneration and proliferation. Most synthetic matrices that
are designed for tissue engineering purposes can influence a
wide variety of cell behaviors by both their biochemical sig-
nals and biophysical cues. We have focused on studying how
biophysical features that mimic native extracellular matrices
can have profound effects on cells. Through the use of well-
defined anisotropic ridge-and-groove patterned substrates, we
have identified several nano- to micro-scale geometries that
enhance mesenchymal stem cell growth, neuronal axon regen-
eration, and cancer cell differentiation. Cells cultured on sub-
micron sized topographic cues also displayed improved non-
viral transgene expression. Together, the data obtained from
these experiments have guided our efforts to intelligently de-
sign DNA releasing scaffold materials that incorporate the

optimal biochemical ligands, geometries, and biophysical fea-
tures for regenerative medicine projects.
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Mechanical Nanotomography of Cells Invading 3D-Matrices.
Jack Staunton1,2, Bryant Doss1,2, Stuart Lindsay1,2,3,4, and
ROBERT ROS1,2,. 1Department of Physics, 2Center for Bio-
logical Physics, 3Biodesign Institute, and 4Department of
Chemistry and Biochemistry, Arizona State University, Tem-
pe, AZ 85287. Email: Robert.Ros@asu.edu

Mechanical interactions between cells and the extracellular
matrix (ECM) are critical to the metastasis of cancer cells.
To investigate the mechanical interplay between the cells
and ECM during invasion, we created a model using 80-
200 μm thick bovine collagen I hydrogels ranging from 0.1-
5 kPa in Young’s modulus that were seeded with highly met-
astatic MDA-MB-231 breast cancer cells. Significant popula-
tion fractions invaded the matrices either partially or fully
within 24 h. We then combined confocal fluorescence micros-
copy and AFM indentation to determine the Young’s moduli
of individual embedded cells and the pericellular matrix using
novel analysis methods for heterogeneous samples. In partial-
ly embedded cells, we observe a statistically significant corre-
lation between the degree of invasion and the Young’s modu-
lus, which was up to an order of magnitude greater than that of
the same cells measured in 2D. ROCK inhibition returned the
cells’ Young’s moduli to values similar to 2D and diminished
but did not abrogate invasion. This provides evidence that
Rho/ROCK-dependent acto-myosin contractility is employed
for matrix reorganization during initial invasion, and suggests
the observed cell stiffening is due to an attendant increase in
actin stress fibers.
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