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Impact of Post Translational Modifications on Heat Shock
Protein-90 Drug Sensitivity. M. R. Woodford1,2, D. M.
Dunn1,2,3, and M. MOLLAPOUR1,2,3. 1Department of
Urology, 2Cancer Research Institute, and 3Department of
Biochemistry and Molecular Biology, SUNY Upstate
Medical University, 750 E. Adams St., Syracuse, NY 13210.
Email: mollapom@upstate.edu

Molecular chaperones are essential for guarding proteins
that are indispensable for normal cellular functions. Heat
shock protein 90 (Hsp90) is a vital molecular chaperone in
eukaryotes that participates in stabilizing and activating
approximately 200 target proteins, called “clients,” many
of which are involved in signal transduction pathways.
Cancer cells however utilize Hsp90 to chaperone an array
of mutated and overexpressed oncoproteins to protect them
from misfolding and degradation. Therefore, Hsp90 is an
attractive target in cancer therapy. Hsp90 chaperone func-
tion relies on ATP binding and hydrolysis, which in turn
guides its carefully orchestrated conformational changes.
This chaperone cycle is fine-tuned by another group of
proteins called co-chaperones. They are able to accelerate
or decelerate the cycle, allowing Hsp90 to chaperone dif-
ferent clients. Posttranslational modifications (PTMs) can
also regulate the chaperone cycle at an epigenetic level
thereby tailoring Hsp90 function to suit a specific cell type
or environmental condition. Recent evidence suggests that
inhibition of the enzymes that catalyze the PTM of Hsp90
can act synergistically with Hsp90 inhibitors, providing a
novel therapeutic strategy to enhance the efficacy of Hsp90
inhibitors in cancer cells.

A-2

Oscillatory Control of Subcellular Calcineurin Activity. S.
MEHTA and J. Zhang. Department of Pharmacology,
University of California San Diego, La Jolla, CA 92122.
Email: sohum@ucsd.edu; jzhang32@ucsd.edu

Calcineurin mediates a wide variety of cellular processes in
response to dynamic calcium (Ca2+) signals, yet the spa-
tiotemporal regulation of calcineurin signaling remains
poorly understood. We therefore used genetically encoded
fluorescent biosensors to directly probe the relationship
between subcellular calcineurin activity and cytosolic
Ca2+ oscillations in insulin-secreting MIN6 β-cells. Our
study reveals that Ca2+ oscillations induce distinct tempo-
ral patterns of calcineurin phosphatase activity in the cyto-
sol and plasma membrane versus at the ER and mitochon-
drial surface in these cells. Notably, we found that these
differential calcineurin activity patterns are driven by var-
iations in the subcellular distribution of the Ca2+ sensor
calmodulin (CaM), suggesting an active role for CaM in
shaping both the spatial and temporal aspects of calcine-
urin signaling. These findings provide new insights into
the mechanisms by which cells decode temporally dynam-
ic signals to generate specific functional outputs within
different cellular compartments.
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Mitochondrial Stress Chaperone Mortalin Contributes to
EMT and Cancer Metastasis. RENU WADHWA and Sunil
Kaul. DBT-AIST International Laboratory for Advanced
Biomedicine (DAILAB), National Institute of Advanced
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Industrial Science & Technology (AIST), 1-1-1 Higashi,
Tsukuba, Ibaraki - 305 8565, JAPAN. Email: renu-
wadhwa@aist.go.jp

Mortalin is a stress chaperone that is frequently enriched in
cancers. It has been shown to promote carcinogenesis by its
pro-proliferative and anti-apoptotic functions that include in-
activation of p53 tumor suppressor, and activation of telome-
rase and hnRNP-K proteins. We examined the clinical rele-
vance of mortalin upregulation in carcinogenesis and found
that its elevated expression is correlated with cancer aggres-
siveness, metastasis and invasion characteristics. We generat-
ed mortalin-overexpressing cells and subjected them to
cDNA, miRNA and antibody array analyses. We found that
they possess upregulation of proteins involved in focal adhe-
sion, PI3K-Akt, JAK-STATsignaling that play key role in cell
migration and EMT signaling. Increase in mesenchymal cell
markers, vimentin, fibronectin, b-catenin, CK14 and hnRNP-
K was further confirmed by expression analyses using gene
specific primers and antibodies. Of note, epithelial cell
markers E-cadherin, CK8 and CK18 were downregulated in
mortalin-overexpressing cells. Furthermore, mortalin-
targeting adenovirus and anti-mortalin small molecule MKT-
077 caused inhibition of migration and invasion capacity of
cancer cells that was confirmed to be due to downregulation of
proteins involved in cell migration and EMT. The study dem-
onstrated the key role of mortalin in EMT and its value as a
target for metastasis therapy.

A-5

PINK1 Regulation of Mitochondrial Homeostasis and Cell
Survival. HITOSHI MURATA1, Ken-ichi Yamamoto1, Rie
Kinoshita1, Ken Kataoka2, Nam-ho Huh1, and Masakiyo
Sakaguchi1. 1Department of Cell Biology, Okayama
University Graduate School of Medicine, Dentistry and
Pharmaceutical Sciences, 2-5-1 Shikata-cho, Kita-ku,
Okayama 700-8558, JAPAN and 2Department of Life
Science, Faculty of Science, Okayama University of
Science, 1-1 Ridai-cho, Kita-ku, Okayama 700-0005,
JAPAN. Email: murata@md.okayama-u.ac.jp

Mitochondrial dysfunction is a prominent feature of various
neurodegenerative diseases including Parkinson’s disease
(PD). It is important to elucidate the function of molecules
that regulate mitochondrial homeostasis for prevention and
therapy of neurodegenerative disease. PINK1, a mitochondri-
al kinase, is one of the important molecules for mitochondrial
maintenance and cell survival. Mutations or down-regulation
of PINK1 gene are a cause of autosomal recessive forms of
PD. We investigated the regulation mechanism of PINK1 ex-
pression. Under mitochondrial stress conditions, PINK1
mRNA levels were increased. By searching the PINK1

promoter, we found the presence of binding sequence of
NRF2, an antioxidant transcription factor. Damaged mito-
chondria arising from stress conditions induced NRF2-
dependent transcription of the PINK1mRNA through produc-
tion of reactive oxygen species. Mutation or deletion of the
NRF2-binding sequence was diminished PINK1 mRNA ex-
pression. PINK1 expression is also regulated in protein level.
Under steady-state conditions, PINK1 is constitutively de-
graded by mitochondrial protease. On the other hand,
PINK1 is stabilized under mitochondrial depolarized condi-
tions. We found that PINK1 forms a complex with SARM1
and TRAF6, which is important for stabilization of PINK1 on
depolarized mitochondria. SARM1, which is known to be
adaptor protein for Toll-like receptor, bound to PINK1 and
promoted TRAF6-mediated lysine-63 chain ubiquitination of
PINK1. Down-regulation of SARM1 and TRAF6 abrogated
stabilization of PINK1. Stabilized PINK1 on damaged mito-
chondria recruits Parkin, a PD-linked E3 ubiquitin ligase, for
elimination of damaged mitochondria, which is known as
mitophagy. Down-regulation of molecules that regulates
PINK1 expression such as NRF2 and TRAF6 abrogates
mitophagy and increases cell death. These results indicate that
regulation of PINK1 expression contributes to mitochondrial
homeostasis and that PINK1 pathway has a potential thera-
peutic target to prevent the progression of neurodegeneration.

A-6

Regulation of Cell Death and Cell-specific Functions by
Inhibition of DNA Methylation. KAZUAKI NAKAMURA
and Akito Tanoue. National Research Institute for Child
Health and Development, Department of Pharmacology, 2-
10-1 Okura, Setagaya, Tokyo, JAPAN. Email: nakamura-
kz@ncchd.go.jp

In recent years, much has been learned about epigenetic change,
which has been confirmed as an important mechanism in multi-
ple tumors. Epigenetic change is defined as any heritable modi-
fication of the genome that is not accompanied by a change in the
DNA sequence. Epigenetic changes such as DNA methylation
are pharmacologically reversible. Thus far, several DNA meth-
yltransferase (DNMT)-inhibiting cytosine nucleoside analogs
(such as 5’-azacitidine, decitabine, and zebularine) have been
studied as potential anticancer drugs. Zebularine is a DNMT
inhibitor with demonstrated antitumor effects against a range of
cancer types. We previously reported that zebularine has an an-
titumor effect against hepatocellular carcinoma and cholangio-
carcinoma (Nakamura et al., 2013, and Nakamura et al., 2015).
Zebularine exerts antitumor activity on hepatocellular carcinoma
HepG2 cells by inhibiting cell proliferation and inducing apopto-
sis, and inhibits cholangiocarcinoma TFK-1 and HuCCT1 cell
growth by inducing apoptosis. In addition, however, we found
that zebularine can upregulate the expression in HepG2 cells of
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the cytochrome P450 enzymes (CYPs), which are the major
enzymes involved in drug metabolism principally in the liver.
Furthermore, HepG2 cells treated with zebularine were more
sensitive than control HepG2 cells to drug toxicity. Taken togeth-
er, our results show that modulation of DNA methylation status
affects cell survival and cell-specific functions. In this sympo-
sium, we will introduce our previous and current studies and
discuss the regulation of cell death and cell-specific functions
by modulation of DNA methylation.

A-7

Anticancer and Anti-aging Activities in Ashwagandha
Leaves: Endorsement and Mechanisms from Tissue Culture.
SUNIL KAUL and Renu Wadhwa. DBT-AIST International
Laboratory for Advanced Biomedicine (DAILAB), National
Institute of Advanced Industrial Science & Technology
(AIST), 1-1-1 Higashi, Tsukuba, Ibaraki - 305 8565,
JAPAN. Email: s-kaul@aist.go.jp

Rapidly increasing aging population and environmental
stressors are the two main global concerns of the modern
society. These have brought in light rapidly increasing inci-
dence of a variety of pathological conditions including brain
tumors, neurodegenerative & neuropsychiatric disorders, and
new challenges for their treatment. Several herbal reagents
with a long history of their use have been asserted to possess
a variety of health-supporting activities. One such world-
renowned herb is Ashwagandha (Withania somnifera), also
called “Queen of Ayurveda” for its popular use in Indian tra-
ditional home medicine because of its extensive benefits in-
cluding anticancer, anti-stress and remedial potential for aging
and neurodegenerative pathologies. Although trusted through
centuries for a variety of preventive and therapeutic potentials,
molecular mechanisms of its activities are only beginning to
be resolved. We initially screened Ashwagandha leaf extracts
for anticancer activity in cell based in vitro and in vivo assays,
and found that both the alcoholic (i-Extract) and water (WEX)
extracts possess considerable anticancer activities. Bio-actives
for these activities were identified as withanolides, withanone
and withaferin A in the i-Extract, and triethylene glycol in the
WEX. In order to identify the mechanism of anticancer activ-
ity, we recruited cell based loss-of-function screening assays
using siRNA and ribozyme libraries and found that it is me-
diated by (i) activation of tumor suppressor genes, (ii) induc-
tion of oxidative stress and (iii) induction of DNA damage
signaling. Based on these studies, we formulated a combina-
tion of withanone and withaferin Awith potent anti-metastasis
activity. Interestingly, we discovered that the low doses of leaf
extracts protect normal cells against oxidative stress.
Similarly, in various in vitro neuronal cell oxidative stress
models, biochemical and imaging assays revealed that the
extracts and the purified components (withanone, withanolide

A from i-Extract, and triethylene glycol from WEX), when
used at low doses, protected the glial and neuronal cells from
oxidative stress. They also caused differentiation of neuroblas-
toma cells to neurons per se. Furthermore, combination of the
extracts and active components were highly potent, endorsing
the therapeutic merit of the combinational approach. Valuable
contributions of in vitro studies will be discussed.

A-8

Cytotoxicity of Ashwagandha Leaf Extract for Telomerase Plus
and Minus Cancer Cells -Understanding from Tissue Culture
Based Assays. YUE YU1,2, Zeenia Kaul3, Zhang Zhenya2,
Sunil Kaul1, and Renu Wadhwa1. 1DAILAB, National
Institute of Advanced Industrial Science & Technology
(AIST), Tsukuba - 305 8565, JAPAN; 2Graduate School of
Life & Environmental Sciences, University of Tsukuba,
JAPAN; and 3Department of Molecular Virology, Immunology
and Medical Genetics, The Ohio State University, Columbus,
OH - 43210. Email: yuyue88229@hotmail.com

Maintenance of telomere length is a most consistent attribute
of cancer cells. Tightly connected to their capacity to over-
come replicative mortality, it is achieved either by activation
of telomerase or switching-on of an Alternative mechanism of
Lengthening of Telomeres (ALT). Disruption of either of these
mechanisms has been shown to induce DNA damage signal-
ing leading to senescence or apoptosis. Telomerase inhibitors
are considered as potential anticancer drugs and ineffective for
ALT cancers (~15% of all cancers). Withaferin A (Wi-A), a
major constituent of the medicinal plant, Withania somnifera
has been shown to exert anti-tumor activity. However, its ef-
fect on either telomerase or ALT mechanisms has not been
investigated. Here, we used unique isogenic cells with/without
telomerase and investigated the anticancer potential of Wi-A.
We found that Wi-A caused stronger cytotoxity to ALT cells.
It was associated with ALT-associated promyelocytic leuke-
mia (PML) nuclear bodies (APBs), an established marker of
ALT. Comparative analyses of telomerase positive and ALT
cells revealed thatWi-A caused stronger telomere dysfunction
and upregulation of DNA damage response in ALT cells.
Molecular analyses revealed that the treatment withWi-A lead
to c-Myc- and n-Myc-mediated transcriptional suppression of
MRN complex, an essential component of ALT mechanism.
The results suggest that Wi-A may be a new candidate drug
for ALT cancers.

A-9

RNAi Therapeutics: Tackling a Billion Year Old Barrier with
New siRNN Chemistry. STEVEN F. DOWDY. Dept. Cellular
& Molecular Medicine, UCSD School of Medicine, La Jolla,
CA. Email: sdowdy@ucsd.edu
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siRNA-induced RNAi responses have great potential to selec-
tively treat human disease, especially cancer with its myriad of
genetic mutations. However, due to their 14 kDa size and 40
negative anionic charges, siRNAs have no bioavailability to
enter cells and require a delivery technology. We focused our
delivery efforts on synthesizing a next-generation short
interfering RiboNucleic Neutral (siRNN) prodrug molecules
that contain bioreversible, neutral phosphotriesters groups.
Intracellular thioesterases specifically cleave the neutral
phosphotriester groups to convert siRNN prodrugs into active
siRNAs that induce robust RNAi responses. siRNNs have fa-
vorable drug-like properties, including high stability in human
serum, absence of innate immune stimulation, solubility and
deliverability. Targeted delivery of siRNNs prodrugs results in
robust RNAi responses in vivo. siRNN prodrugs represent a
next-generation RNAi therapeutic.

A-10

Modulation of Gene Expression by Polymer Nanocapsule
Delivery of DNA Cassettes Encoding Small RNAs. JING
WEN1,5, Ming Yan1,3,5, Min Liang1, Yunfeng Lu2,3,
Masakazu Kamata4,5, and Irvin S. Y. Chen1,5.Department of
Microbiology, Immunology, and Molecular Genetics, David
Geffen School of Medicine at University of California Los
Angeles, Los Angeles, CA; 2Department of Biomolecular
and Chemical Engineering, University of California Los
Angeles, Los Angeles, CA; 3California NanoSystems
Institute (CNSI), University of California Los Angeles, Los
Angeles, CA; 4Division of Hematology-Oncology, David
Geffen School of Medicine at University of California Los
Angeles, Los Angeles CA; and 5University of California
Los Angeles AIDS Institute, Los Angeles, CA. Email:
wjjulia@ucla.edu

Small RNAs, including siRNAs, gRNAs and miRNAs, mod-
ulate gene expression and serve as potential therapies for hu-
man diseases. Delivery to target cells remains the fundamental
limitation for use of these RNAs in humans. To address this
challenge, we have developed a nanocapsule delivery technol-
ogy that encapsulates small DNA molecules encoding RNAs
into a small (30nm) polymer nanocapsule. For proof of con-
cept, we transduced DNA expression cassettes for three small
RNAs. In one application, the DNA cassette encodes an
shRNA transcriptional unit that down-regulates CCR5 and
protects from HIV-1 infection. The DNA cassette
nanocapsules were further engineered for timed release of
the DNA cargo for prolonged knockdown of CCR5.
Secondly, the nanocapsules provide an efficient means for
delivery of gRNAs in the CRISPR/Cas9 system to mutate
integrated HIV-1. Finally, delivery of microRNA-125b to mo-
bilized human CD34+ cells enhances survival and ex- pansion
of the CD34+ cells in culture.

A-12

Production of Virus-like Particles Using Insect Cells. HIDEKI
YAMAJI. Department of Chemical Science and Engineering,
Graduate School of Engineering, Kobe University, 1–1
Rokkodai, Nada, Kobe 657–8501, JAPAN. Email:
yamaji@kobe-u.ac.jp

Insect cells have proven to be an excellent platform for the
production of biologically functional recombinant proteins.
The baculovirus–insectcellsystemdirects the transientexpression
of recombinant proteins upon infection of insectcells with a
recombinant baculovirus, whilestablytransformed insectcells
allowconstitutive or inducibleproduction. Structural viral pro-
teins, such as envelope and capsid proteins, spontaneously as-
semble into particulate structures similar to authentic virus par-
ticles or naturally occurring subviral particles. Based on this
characteristic, VLPs can be produced using recombinant protein
production systems by expressing such viral surface proteins in
heterologous cells. VLPs serve as a promising platform for the
development of safe and efficacious vaccines and diagnostic
antigens. The baculovirus–insectcellsystem has been employed
extensively in the production of a wide variety of VLPs. This
system is already used for the manufacture of a human
papillomavirus-like particle vaccine that has been approved for
use against cervical cancer. Recombinant insect cells have also
been used for the continuous production ofVLPs (Yamaji: Appl.
Microbiol. Biotechnol., 98, 1963–1970 (2014)). Insect cell ex-
pression systems would be highly valuable for the efficient pro-
duction of VLPs for use as vaccines and diagnostic antigens.

A-13

Mammalian Cell Factory – CHO Cell and Its Application for
Biopharmaceutical Production. TAKESHI OMASA1,2,
NORIKO YAMANO2, and MASAYOSHI ONITSUKA2.
1Graduate School of Engineering, Osaka University, U1E-
801, 2-1, Yamadaoka Suita, Osaka 565-0871, JAPAN and
2Institute of Technology and Science, Tokushima University,
2-1, Minamijosanjima-cho, Tokushima, 770-8506, JAPAN.
Email: omasa@bio.eng.osaka-u.ac.jp

Chinese hamster ovary (CHO) cell was established more than
50 years ago. Nowadays, CHO cells produce more than 50%
of therapeutic antibodies and are the most dependable host
cells for the industrial production of therapeutic antibodies.
Mammalian cell lines are important host cells for the industrial
production of therapeutic antibody because of their capacity
for correct folding, assembly and post-translational modifica-
tion. Moreover, recent progress of CHO cell and cell culture
engineering can attain more than 10g/L production and the
cell culture cost for production is lower than $2/g-protein.
Recently, bio-similar, bio-better or artificial therapeutic
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antibody format are remarkably increased as a new work-
horse for therapeutic antibody. In this presentation, we in-
troduced the recent progress of CHO cell engineering, i.e,
CHO cell genome and antibody aggregation and reported
our recent approach for CHO genome instability and to
prevent antibody aggregation in CHO cell cultivation and
discuss future trends. (Ref) Takeshi Omasa, Masayoshi
Onitsuka, and Wook-Dong Kim “Cell engineering and cul-
tivation of Chinese hamster ovary (CHO) cells” Current
Pharmaceutical Biotechnology, vol.11, pp.233-240 (2010)

A-14

GenomeWideMutagenesis Approach for Development of High-
performance CHO Cell Line. TAKAYUKI HORIUCHI1,2,
Junshin Iwabuchi1,2, Chigusa Iwama1,2, Noboru Ohsawa1,2, and
Michi Kubota1,2. 1Chitose Laboratory Corp., KSP East, 3-2-1,
Sakado, Takatsu-ku, Kawasaki, Kanagawa 213-0012, JAPAN
and 2Manufacturing Technology Association for Biologics,
Center for Business Incubation, Kobe Univ., 1-5-6,
Minatojimamachi, Chuo-ku, Kobe, Hyogo 650-0047, JAPAN.
Email: takayuki.horiuchi@chitose-bio.com

Genome-wide random mutagenesis technology is widely
used for cell breeding of industrial microorganisms, but
seldom used for cell breeding of mammalian cell lines in-
cluding Chinese hamster ovary (CHO) cell, which is im-
portant host cells for the industrial production of biophar-
maceutical proteins. Due to the large genome size of mam-
malian cells, which is 100~1000 folds larger than that of
microorganisms, conventional mutation breeding proce-
dures used for microorganisms are not applicable to mam-
malian cells. An effective mutation breeding for mamma-
lian cells has not been developed. Chitose Laboratory
Corp. developed our proprietary mutagenesis technology
with DNA polymerase mutator, the disparity mutagenesis
technology (DMT), which is applicable to industrial ani-
mal cell development and improvement (JP5696042B,
EP2285956, WO2009/150848). The variant library obtain-
ed with the DMT shows the following 3 features. 1. x100
Mutation rate: The mutation rate with the DMT is 100x
greater compared to that with the conventional mutagene-
sis. This high mutation rate leads us to higher efficiency of
obtaining desired mutants with the target trait. 2. Complete
12 types mutation spectrum: Analysis of mutation spectra
shows that DMT induces all types of DNA substitution
mutations; conventional mutagenesis does not induce
transversion. Thus, the DMT increases the diversity of
the obtained variant library and improves the efficiency
of obtaining desired mutants with the target trait than other
approaches. 3. 98% Cell viability: The DMT selectively
acts on DNA mutation, and it does not show cell toxicity.
The DMT is suitable for “adaptive evolution” where both

cell growth and adaptation under particular stressful envi-
ronment are necessary. Cell breeding approach with DMT
have allowed us to develop and improve therapeutic pro-
tein producer, CHO cells. I will introduce some examples
of high-performance CHO cell line developments.

A-15

TAPBOOST Technology: Enhanced Production for Difficult-
to-produce Proteins. A. HISHIYA and K. Koya. Strategia
Therapeutics, 214 Union Wharf, Boston, MA 02109.
Email: akinori.hishiya@strategiatx.com

Therapeutic recombinant proteins produced in mammalian
expression systems might have folding issues and are con-
fined in the endoplasmic reticulum by cellular quality control
system, resulting in poor expression and yields. We have de-
veloped a novel technology called TAPBOOST technology,
which controls protein folding and cellular quality control
systems specifically for a targeted protein. A proprietary pro-
tein (TAPBOOST protein) is expressed together with a thera-
peutic protein (targeted protein), followed by the interaction
between TAPBOOST protein and the targeted protein,
resulting in enhanced production of the targeted protein.
TAPBOOST has successfully enhanced the production of
many therapeutic recombinant proteins including monoclonal
antibodies and Fc fusion proteins, and importantly, monoclo-
nal antibodies produced by the technology retained the ability
to bind to the corresponding epitope, and enzymes retained
their biological activity. Intriguingly, the expression of hard-
to-express proteins such as G protein-coupled receptor
(GPCR) was also improved by the technology and GPCR
protein expressed by the technology was strongly activated
after the ligand binding. The unique mechanism of action
enables this technology to combine with other existing expres-
sion technologies to enhance the production of therapeutic
protein. To summarize: (1) TAPBOOST technology can en-
hance the production of targeted proteins by exploiting protein
folding and cellular quality control systems, (2) TAPBOOST
technology is more effective if the protein of interest is hard to
produce, and (3) TAPBOOST technology is easily implement-
ed into current bioprocess or expression system.

A-16

Genetically Manipulated Chickens as Animal Bioreactor. K.
NISHIJIMA, H. Kaneoka, and S. Iijima. Department of
Biotechnology, Graduate School of Engineering, Nagoya
University, Furo-cho, Chikusa-ku, Nagoya 464-8603,
JAPAN. Email: nishijma@nubio.nagoya-u.ac.jp

Farm animals may be used as “transgenic bioreactor” or
“pharma animals” if they can produce recombinant proteins

ANIMAL SYMPOSIA AND WORKSHOPS



into milk (transgenic mammals) or eggs (transgenic birds). In
spite of the efficient production of eggs that contain high
amount of proteins, establishment and application of avian
transgenic technology has been delayed. Using highly con-
centrated retrovirus vectors, we succeeded in the generation
of genetically manipulated chickens that produced various
proteins, such as single-chained antibody fused to Fc, model
antibody, erythropoietin and TNF receptor fused to Fc, into
chicken eggs. While N-glycan structures of recombinant pro-
teins produced into serum were similar to those of human
serum proteins, N-glycans of egg white proteins lacked termi-
nal galactose and sialic acids. To overcome this problem, we
introduced chicken βeta1,4-galactosyltransferase gene under
the control of actin promoter. It was revealed that the drastic
improvement of galactosylation to native egg white proteins
as well as exogenous single-chained antibody/Fc. However,
we could not confirm the addition of sialic acids in these
chickens, suggesting that further manipulation is necessary
to produce recombinant proteins with sialic acids. To this
end, putative chicken silyltransferases were cloned and
expressed in vitro to examine enzyme activities. These might
be helpful tools for modification of glycolsylated proteins.

A-17

Prediction of Human Drug-induced Organ Injury. A. E. M.
VICKERS. Human Translational Models LLC, Irvine CA.
Email: aemvickers@me.com

Organotypic models are successfully providing insight into the
dose-response of drug-induced injury, species response, and the
clinical relevance of side-effects for human. The organotypic
cultures maintain the 3-dimensional multicellular complexity
and architecture to mimic in vivo structure and function. An
optimized culture medium supports ATP and gluthatione tissue
synthesis, while culture conditions maintain tissue differentia-
tion. Mechanisms of organ injury represent networks of cell-
cell and cell-matrix interactions. Studies, which integrate gene
expression changes with biochemical changes, characterize
drug action on the activation of cell death and survival path-
ways including oxidative stress, inflammation, apoptosis, and
repair, to identify key pathways that are causal to organ dys-
function and injury. Application of human tissue, obtained from
procurement agencies, enhances data extrapolation of nonclin-
ical safety data to forecast clinical outcomes and to identify
biomarkers indicative of injury. These models and technologies
have been applied to liver and kidney slices with known
hepatotoxicants and nephrotoxicants to verify that the organ
slice model is predictive, and to demonstrate the value of mul-
tiple cell types to accurately define the injury. For example,
drug induced mitochondrial injury demonstrates the interplay
of cells in liver slices by the induction of oxidative stress, in-
creased apoptosis and inflammation. In a hemolysis model, the

metabolism of a drug by a liver slice co-incubated with whole
blood, reveals a time- and concentration-dependent toxicity on
red blood cells. Advances include an extension of tissue sur-
vivability in culture, the modulation of tissue glutathione levels
to mimic a stressed liver, and the application of other organs
including thyroid, heart, and the front of the eye. In these ex-
amples mechanisms of drug-induced organ injury are elucidat-
ed, species susceptibility to organ injury is defined, and the
characterization of human response is advanced, to enhance
the scope of Translational Research.

A-18

Decellularized Extracellular Matrix Based Scaffolds for
Regenerative Medicine.K. L. CHRISTMAN. University of
California San Diego, 2880 Torrey Pines Science Dr., La
Jolla, CA 92037. Email: christman@eng.ucsd.edu.

The extracellular matrix (ECM) is nature’s scaffold, and in re-
cent years, researchers have isolated these scaffolds for tissue
engineering applications by removing all of the cellular com-
ponents, a process called decellularization. These scaffolds are
known to promote cell influx, regeneration, and healing in a
variety of tissues, and their degradation products have angio-
genic, chemoattractant, and antimicrobial properties, as well as
promote cell proliferation. By removal of the cellular antigens,
these scaffold are considered biocompatible, and xenogeneic
sources can be used. While these scaffolds retain the native
ECM structure, they are not amenable to minimally invasive,
injectable procedures or for cell culture on defined 2D surfaces
and 3D structures. We have developed a variety of injectable
ECM derived materials that self-assemble to form porous,
nanofibrous scaffolds once injected in vivo or brought to phys-
iological conditions in vitro. Thesematerials can also be used as
substrate coatings for 2D cell culture. These ECM based scaf-
folds have been shown to increase tissue specific differentiation
and maturation of a variety of progenitor and stem cells in vitro,
and are showing promise in vivo in several tissues including the
myocardium and skeletal muscle. This talk will cover the recent
progress with these materials.

A-19

3D Bioprinting for Functional In Vitro Tissue Models.
SHAOCHEN CHEN. Department of NanoEngineering,
University of California, San Diego, CA. Email:
chen168@eng.ucsd.edu

The goal of our laboratory is to develop micro- and nano-scale
bioprinting and 3D printing techniques to create 3D designer
scaffolds for tissue engineering and regenerative medicine. In
this talk, I will present my laboratory’s recent research efforts
in rapid continuous projection 3D bioprinting to create 3D
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scaffolds using a variety of biomaterials. These 3D biomate-
rials are functionalized with precise control of micro-architec-
ture, mechanical (e.g. stiffness and Poisson’s ratio), chemical,
and biological properties. Design, fabrication, and experimen-
tal results will be discussed. Such functional biomaterials al-
low us to investigate cell-microenvironment interactions at
nano- and micro-scales in response to integrated physical
and chemical stimuli. From these fundamental studies we
can create both in vitro and in vivo tissue models for precision
tissue engineering and regenerative medicine.

A-20

Genomic Characterization and Isolation of LGR5+ Stem Cells
from Human Primary Colonic Organoids. JUSTIN A.
COLACINO1,2, Michael K. Dame3, Durga Attili3, Shannon D.
McClintock3, Olaf Hardt9, Christopher H. Altheim4, Peter
Ouillette3, Priya Dedhia5, Alana M. Chin6, David Hill6, Alyssa
Miller6, David Agorku10, Andreas Bosio10, Becky Simon8,
Linda C. Samuelson4,7, Henry D. Appelman3, Max S. Wicha8,
Dean E. Brenner4,8,9, Jason R. Spence4,6, and James Varani3.
Departments of 1Environmental Health Sciences, 2Nutritional
Sciences, School of Public Health 3Pathology, 4Internal
Medicine, Division of Gastroenterology, 5Section of General
Surgery, Department of Surgery, 6Cell and Developmental
Biology, 7Molecular and Integrative Physiology, 8Internal
Medicine, Comprehensive Cancer Center, and 9Pharmacology,
University of Michigan and 10Miltenyi Biotec GmbH,
GERMANY. Email: colacino@umich.edu

Colorectal cancer (CRC) is the third most common cancer
worldwide, with an estimated 1.3 million new cases diag-
nosed each year. CRC onset is marked by aberrant crypt
growth. Over the course of years, these foci give rise to
precancerous adenomas, which can further develop into
invasive lesions. Understanding the biological complexi-
ties of this process requires the development of novel
experimental models. To this end, we established a
biobank of genetically diverse human colonic organoids
in 3D culture that span the continuum from normal colon
(n=4), to adenoma (n=18), to adenocarcinoma (n=5).
These organoids have remarkable heterogeneity in growth
rates, morphologies, and media requirements. In a subset
of organoids, we conducted whole exome sequencing at
baseline and at multiple time points in culture. We iden-
tified CRC-associated variants that persist throughout
time in culture. Ongoing work involves epigenomic and
transcriptomic profiling of each tissue sample at baseline
and at multiple time points. By modifying culture condi-
tions to include media enriched for stem cell factors (Wnt3a,
Noggin, and R-Spondin 3), we show an increase in expression
of the stem cell marker LGR5. We further developed methods
to isolate LGR5+ cells from normal and adenoma organoids

and conducted RNA-sequencing of LGR5+ and LGR5- adeno-
ma cells, defining their molecular profile. We compared the
human LGR5+ gene expression signature to the mouse
Lgr5HI stem cell signature and identified both significant over-
lap and substantial differences, highlighting the utility of
conducting these studies in human organoids. These tools and
results provide powerful new methods to interrogate the role of
LGR5+ stem cells throughout CRC initiation, promotion, and
progression.
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Development of in vitro models to serve the worldwide
animal alternative movement including the pharmaceutical
industry’s search for more human-predictive models has
progressed rapidly over the past two decades. Adoption
ofsuch alternative models by industry, government agen-
cies and regulators has been slow, in part due to long-
standing, well validated, regulatory-accepted test methods,
deeply engrained in the workflow of consumer product,
chemical, cosmetic, medical, pharmaceutical and biotech-
nology industries and government chemical testing agen-
cies. Moreover, the declining health of pharmaceutical
product pipelines has tightened R&D budgets, with early-
stage invitro development, where the fewest dollars are
spent, being significantly impacted. As a result corporate
funding of novel in vitro models from small business and
academia has been limited, further slowing progress.
Government regulators and in vitro and in silico database
agencies have focused in recent years to strengthen the
predictive power of their platforms using existing single
or transformed cell cultures through expansion of in silico
platforms, assay methods and included chemical libraries,
but at a cost to more rapid investment in next-generation
primary cell, stem cell and multicellular platforms.
Growing investments motivated by worldwide animal alter-
native legislation in academic and small business (SBIR) re-
search has enabled researchers to continue to build upon the
mechanism of action knowledge from the first FDA-ap-
proved, living, three-dimensional, human primary-cell, tissue
engineered organ implants of the 1990’s to demonstrate that
recreating tissue architecture and in vivo physiologic function
are often required to achieve human prediction in the lab. The
integration ofmulticellular function supported by extracellular
matrix architecture and cell-ECM interaction is critical to
achieving the physiologic function that enables human-specif-
ic prediction in 3D in vitro co-cultures. This talk will discuss
our experience, from research through scale-up to market,
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with primary and stem cell-derived 3D scaffold-based human
organ co-culture products for skin, liver and breast tissues and
their application to drug safety and efficacy and disease
modeling.
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Marine microorganisms, especially bacteria, have been
claimed to be essentially unculturable. Based on the “Great
Plate Anomaly” less that 0.5% of bacterial cells present were
observed to form colonies using normal nutrient agar plate
methods. Using an analysis of the nutrients available in the
largely oligotrophic ocean, methods have been adapted to ac-
cess a large percentage of the bacterial diversity in marine
sediments. Using 16S rRNA phylogenetic methods, a signif-
icant number of these newly cultured strains were found to
previously comprise the “great uncultured majority.” By de-
veloping new isolation and culture methods, we have had
significant success in the isolation of new strains, new genera,
and new families of obligate marine bacteria. New sampling
tools, designed to access deep ocean sediments have assisted
in accessing microbial strains uniquely adapted to life in saline
habitats. The genus Salinispora, for example, is the first obli-
gate marine actinomycete group to be identified. With im-
proved cultivation increasing, marine microorganisms now
form an impressive resource for biotechnological applications.
Discovery of new antibiotics with entirely new structures is
being realized, as is the discovery of unique anti-cancer drug
candidates with novel intracellular targets and mechanisms of
action. As these early explorations expand, it is becoming
clear that the diverse microbes in the world's oceans represent
a biotechnological resource of immense magnitude.
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Cell cultures can be used to assess many features of aquacul-
tures, but of the three main groups of multi-cellular organisms
subject to aquaculture, fish, shellfish and seaweeds, cell cul-
tures from fish have been used most often. Although cell cul-
tures can be either primary cultures or cell lines, for many
assessment purposes, fish cell lines offer an inexpensive alter-
native to using whole fish and sometimes are the only investi-
gative tool available. Fish cell lines have become an effective
experimental approach for acquiring knowledge to support the
aquaculture of established species, such as Atlantic salmon, but
also of potentially new fish species. The general knowledge
areas include the pathogens, immune system, therapeutics, nu-
trition, growth, thermal biology, and reproduction of fish. Some
past successes and future directions for this in vitro approach
are presented. The most success has been, and continues to be,
in the isolation, detection and study of fish viruses. A promising
future direction is the identification of feed additives for pro-
moting fish intestinal health during periods of stress.
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Viruses are important fish pathogens and have had devastating
effects on fish farmed within aquaculture facilities worldwide.
We study how viruses such as viral hemorrhagic septicemia
virus, subtype IVb (VHSV-IVb), which presents a serious
threat to many fish species in the Great Lakes and frog virus
3 (FV3), an emerging pathogen in North America, replicate in
rainbow trout cells. We have found that both viruses produce
double-stranded RNA during replication; indicating innate
immune detection is possible at the cellular level in fish. We
have found that this viral dsRNA, isolated from virus infected
cell, is able to induce an innate immune response based on
type I interferons. Additionally, the kinetics of FV3 replica-
tion, mechanism of cell death and immunomodulatory mech-
anisms are also being explored. Collectively, this work is lay-
ing the groundwork for better understanding virus-host inter-
actions in the economically important rainbow trout, with the
goal of developing better husbandry methods for aquaculture
facilities.
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