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VT-1000
Characterization of Neuroblastoma Organoid Growth in a Low-shear, Micro-
gravity Rotary Bioreactor and Comparison to In Vivo Tumors. R. A. REDDEN
and E. J. Doolin. Department of General Pediatric Surgery, Children’s Hospital
of Philadelphia, Philadelphia, PA 19104. E-mail: redden@email.chop.edu

Neuroblastoma is the most common and deadly extracranial tumor of child-
hood and features diverse heterogeneity of clinical behavior and virulence.
This diversity demands better characterization; specifically, proliferative po-
tential and cell-cell adhesion strength reveal valuable insights into tumor ag-
gressiveness and metastasis. The low-shear, microgravity rotary bioreactor
offers distinct advantages for culture of tumor cells in vitro compared to
traditional 2D culture and animal tumor models. In this environment, cells
maintain ‘normal’ morphology and phenotype, and spontaneously aggregate
into tumor-like organoids. Step one is the validation of the in vitro model:
the comparison of in vitro organoids to in vivo tumors. METHODS. Two
paradigms were investigated using a human neuroblastoma cell line: 1) slow-
turning lateral vessel bioreactor (STLV), and 2) subcutaneous or intramuscular
injections of a cell suspension into SCID mice. Organoid samples were taken
from the STLV at 6, 12, 24hrs, 2 days, 5 days, and 8 days. In vivo tumors
were allowed to grow for 6 weeks until sacrifice. RESULTS/DISCUSSION.
Cell aggregates, heterogeneous in both size and shape, formed spontaneously
in the bioreactor within 4 hours. Over time, the aggregates increased in size
and eventually became homogeneous spherical organoids. In addition, they
became more stable as cell-cell adhesions formed. Histologically, they were
composed of hundreds of viable cells, with occasional central necrotic regions
after 8 days due to size-limited perfusion, and resembled small, avascular
tumors. Histomorphological comparison between organoids and in vivo tu-
mors suggests that the bioreactor is ideally suited to investigate cancer cells
such as neuroblastoma. This in vitro system allows for cell-specific drug test-
ing, evaluation of aggressiveness, and characterization of cell-cell adhesions
(a measure of metastatic potential) in a controlled environment. Finally, future
studies in which cancer cells and stromal cells may be co-cultured in the
bioreactor will be discussed.

VT-1001
Role of Protein Kinase C Isoforms in the Epithelial to Mesenchymal
Transformation of Keratinocytes and Endothelial Cells Isolated from
Human Skin Squamous Cell Carcinomas. S. BOKHARI, S. G. Paturi,
H. B. Gladstone, and M. A. Karasek. Department of Dermatology, Stan-
ford University School of Medicine, Stanford, CA 94305. E-mail:
sbokhari@stanford.edu

In this study we demonstrate a role for Protein Kinase C isoforms in the
epithelial to mesenchymal transformation of keratinocytes and endothelial
cells derived from human squamous cell carcinomas (SCC). These cells,
when cultured in vitro, convert rapidly to spindle-shaped, mesenchymal-
like cells following 3 to 4 days of primary culture. This morphological
transformation, often referred to as epithelial to mesenchymal transfor-
mation (EMT), is considered one of the key factors that determine the
earliest stages of tumor angiogenesis and metastasis. In order to study
the role of PKC isoforms in this transformation, primary cultures of en-
dothelial cells and keratinocytes isolated from SCCs by dispase and tryp-
sin digestion were treated with the broad-specificity PKC inhibitor Stau-
rosporin, the PKC beta specific inhibitor Hispidin and the PKC alpha and
beta I inhibitor Go6976. As a comparative model, keratinocytes and en-
dothelial cells were isolated from normal foreskin tissue samples and
were also treated with these inhibitors following the activation of EMT
with IL-1 beta or by phorbol myristate acetate (PMA). EMT was moni-
tored by phase contrast microscopy; PKC isoform expression by immu-
nohistochemistry and PCR analysis. These studies demonstrate that spe-
cific inhibition of PKC beta I / II in SCC keratinocytes and endothelial
cells as well as in normal foreskin cells by Hispidin delayed EMT while
inhibition of PKC beta I / alpha by Go6976 was cytotoxic. These studies
support a hypothesis that PKC beta II plays a central role in the control
of EMT in both normal keratinocytes and microvascular endothelial cells
and in SCC keratinocytes and tumor-associated microvascular endothelial
cells.

VT-1002
Monte Carlo Simulation of Prostate Cancer Cell Aggregation into Mul-
ticellular Spheroids. K. C. O‘CONNOR, H. Song, D. J. Lacks, R. M.
Enmonand, and S. K. Jain. Chemical and Biomolecular Engineering
Department, Tulane University, New Orleans, LA 70118. E-mail:
koc@tulane.edu

Neoplastic cells self-assemble in liquid-overlay cultures into multicellular
spheroids that resemble micrometastases and avascular regions of larger
tumors. A Monte Carlo simulation based on Meakin’s cluster-cluster ag-
gregation model resolved the physical mechanisms by which LNCaP hu-
man prostate cancer cells aggregate in this environment. The best-fit so-
lution suggests that LNCaP cells aggregate with an adhesion probability
of 0.5% when they migrate within a radius of influence between cell
centers of 180 mm, 10 times the cell diameter. The sweeping radius of
influence is indicative of cell tethering and/or chemotaxis, and results in
an intrinsic rate of self-aggregation that increases from k11 5 1.5 h21 for
single cells to k1010 5 17.5 h21 for 10-mers. Similar rates are predicted
by Smoluchowski’s collision theory, suggesting that they are intrinsic
properties of LNCaP liquid-overlay culture. Aggregates form more com-
pact structures in culture than during simulation as measured by the frac-
tal dimension: DF 5 1.74 6 0.04 for 10-mers in culture vs. DF 5 1.25
6 0.10 for simulated 10-mers. Additional restructuring would further
extend the radius of influence and diminish adhesion. Applications of this
work include the production of highly viable spheroids for drug testing
and basic oncological research.

VT-1003
The Role of Phosphatidylcholine PLC in the Inhibition of Gap Junction
Communication, Activation of MAPK, and the Release of Arachidonic
Acid by Specific Isomers of Methylated Anthracenes. B. L. UPHAM1, P.
K. Tithof2, and J. E. Trosko1. 1Dept. of Pediatrics & Human Development
and the National Food Safety & Toxicology Center, Michigan St. Univ.,
East Lansing, MI and 2Dept. of Animal Science, University of Tennessee,
Knoxville, TN. E-mail: brad.upham@ht.msu.edu

The mitogenic activity of tumor promoters requires the removal of an
initiated cell from growth suppression by inhibiting gap junctional inter-
cellular communication (GJIC) and the activation of intracellular mito-
genic pathways. We determined the structure activity relationship of two
isomers of 1- and 2-methylanthracene (1-MeA and 2-MeA) on the tem-
poral activation of mitogen activated protein kinase (MAPK), the release
of arachidonic acid (AA) from the plasma membrane, and the inhibition
of GJIC in F344 rat liver epithelial cells. Noncytotoxic doses of 1-MeA,
which contains a bay-like region, reversibly inhibited GJIC, induced the
release of AA, and strongly activated ERK 1 & 2 and P38 but only
weakly activated SAPK/JNK. In contrast, the linear-planar isomer 2-MeA
had no effect on GJIC, AA release, and MAPK activation. MAPK was
activated 10-20 min after the down-regulation of GJIC and release of
AA, which indicates that MAPK is not involved in the initial regulation
of GJIC and that AA may play an upstream role in activating all MAPKs.
Inhibition of phosphatidylcholine specific phospholipase C (PLC), but not
phosphatidylinositol specific PLC, prevented the inhibition of GJIC by
1-MeA. Proteomic analyses of these early events are underway, with
preliminary results indicating that the down-regulation of calmodulin is
one early event. Our results are consistent with the hypothesis that mi-
togenesis requires the removal of growth suppression by inhibition of
GJIC and then the activation of mitogenic pathways. Support: NIEHS
Superfund grant #P42 ES04911-07.



Joint Vertebrate/Toxicology Contributed Paper Sessions

36-AWorld Congress on In Vitro Biology Abstracts

VT-1005
Expression of Cullin-4A mRNA in Breast Epithelial Cells, Breast Cancer
Cell Lines, and Matched Normal Versus Tumor Tissues. M. J. FAY, G.
A. Karathanasis, and D. M. Shope. Department of Pharmacology, Mid-
western University, 555 31st St., Downers Grove, IL 60515. E-mail:
mfayxx@midwestern.edu

Cullin-4A is a member of the evolutionarily conserved Cullin (CUL) gene
family, and seven mammalian CULs have been identified and designated
CUL-1, -2, -3, -4A, -4B, -5 and -7. The major cellular function attributed
to CUL proteins is acting as a scaffold within E3 ubiquitin ligase com-
plexes. These E3 ubiquitin ligase complexes assist in targeting various
cellular proteins for ubiquitin-mediated degradation by the 26 S protea-
some. CUL-4A and CUL-5 have both been implicated in breast tumori-
genesis as a putative oncogene and tumor suppressor gene, respectively.
Previously we characterized CUL-5 expression in relation to breast tu-
morigenesis. The purpose of this research was to examine CUL-4A
mRNA expression in breast epithelial cells, breast cancer cell lines, and
matched normal versus tumor tissues. Using RT-PCR and Northern blot
analysis CUL-4A mRNA was expressed by primary breast epithelial
cells, immortalized but non-tumorigenic MCF-10A breast epithelial cells,
and MCF-7 and MDA-MB-231 breast cancer cell lines. A cancer profiling
array was used to examine CUL-4A mRNA expression in matched nor-
mal versus tumor tissues from individual patients. With the matched cases
of breast tissue on the cancer profiling array there was a statistically
significant ;1.4 fold decrease in the expression of CUL-4A in the tumor
tissue versus the matched normal tissue (n 5 50, P , 0.001). (Supported
by NIH AREA grant CA85279).

VT-1007
Adult Mammalian Spinal Cord Neuron Culture in a Defined System. M.
DAS, C. Gregory, N. Bhargava, P. Molnar, L. Riedel, and J. J. Hickman.
Hybrid Neuronal Laboratory, Bioengineering, Clemson University, Clem-
son, SC 29634. E-mail: Mainakdasp2000@yahoo.com

This study documents the development of a in vitro cell culture system
that promotes the regeneration and growth of dissociated adult mamma-
lian spinal cord neurons. Previously such in vitro culture models have
only been able to study the spinal cord regeneration of inframammalian
vertebrates. Due to limited regeneration of nerve fibers dissociated cell
culture models in the adult mammalian spinal cord have remained a chal-
lenging issue. This work has successfully demonstrated the feasibility of
using basic neuroengineering to create a long-term cell culture model
from the dissociated neurons of adult rat spinal cord. This model com-
prises of a non-biological cell growth promoting substrate, N-1 [3-(tri-
methoxysilyl) propyl] diethylenetriamine (DETA) and a defined serum
free medium supplemented with specific growth factors. Previously we
have successfully created an in vitro defined model system for studying
embryonic rat spinal cord motoneuron. Recently, Brewer has cultured
adult mammalian cortical and hippocampal neurons and shown that these
adult central nervous system neurons are capable of survival and prolif-
eration in vitro but the culture of adult spinal cord neurons has remained
elusive until now. This work has major implications for enabling con-
trolled strategies for spinal cord injury, repair and rehabilitation. We will
be presenting our recent progress in developing this in vitro cell culture
model.

VT-1008
A Defined System for the Systematic Study of Cardiac Myocyte Development and Phys-
iology - Applications for Biocompatibility and Toxin Detection. P. MOLNAR, A. Nata-
rajan, A. Jamshidi, M. Das, C. Gregory, CJ. Chung, and J. J. Hickman. Hybrid Neuronal
Systems Laboratory, Department of Bioengineering, Clemson University, Clemson, SC
29634. E-mail: pmolnar@clemson.edu

There are several cardiac tissue-engineering methods under development as an alternative
for heart transplantation. All of these methods involve integration of cardiac myocytes
with non-biological / engineered materials. There is no systematic study available con-
cerning the effect of the surface characteristics of engineered materials on the physiology
of cardiac muscle cells. Based on surface chemistry and self-assembled monolayers we
are developing methods to study the biomaterial / host interface independently from the
bulk properties of the engineered material. Also, an effective approach for developing a
clinically applicable biomaterial is to modify the surface of the material, which already
has excellent biofunctionality and bulk properties. Self-assembled monolayers are excel-
lent tools for developing molecular-level control over surface properties. Almost any
surface can be equipped with functionalized monolayers, which possess a required spe-
cific electrical, optical or chemical property. In our laboratory we developed a defined
system (artificial surface, serum-free medium combination), which promoted the differ-
entiation and long-term survival of rat embryonic cardiomyocytes. Cardiac muscle cells
plated on N-1 [3-(trimethoxysilyl) propyl] diethylenetriamine (DETA) surface in serum-
free medium survived for more than 8 weeks in vitro and maintained their contractile
and electrophysiological properties. Our method enables the systematic modification of
the growth substrate for the study of the role of contact signaling in cardiac myocyte
development and physiology. In recent studies we showed that there are physiological
differences in the behavior of cardiac cells plated on different self assembled monolayer
(SAM) surfaces (DETA and 15F). Although the morphology of the cardiac myocytes did
not differ on the two surfaces, there was a significant difference in the action potential
duration and in the excitation induced Ca21 changes. We are using this defined system
for the systematic study of the interaction of cardiac myocytes with the degradation
products of PLA and PGA scaffolds. Using surface chemistry we created surfaces func-
tionalized with different ratios of carboxyl and hydroxyl groups to mimic the surface of
the degradable scaffolds. We are also using surface chemistry to integrate cardiac myo-
cytes to susbstrate embedded microelectrodes. We showed that multielectrode extracel-
lular electrophysiological recording of cardiac myocyte activity is a viable toxin detection
method for pesticides and heavy metals.

VT-1009
The Multisolution Hypothesis of Cell Preservation. R. VAN BUSKIRK,
A. J. Mathew, J. M. Baust, K. K. Snyder, and J. G. Baust. Institute of
Biomedical Technology, Binghamton University, Binghamton, NY
13902. E-mail: rvanbus@binghamton.edu

Up to half of all medicines in the next decade will be ‘‘biologics’’ ranging
from simple membrane-soluble peptides to cells trained to attack diseases
or supply missing metabolites. These biologics will demand different and
specialized packaging requirements that allow them to reach the global,
biomedical marketplace. Until recently, no preservation solutions were
expressly designed for shipping cells and tissues long distances. The cells
being used or planned for the Regenerative/Reparative Medicine markets,
however, are vastly different from each other and may require unique,
cell/tissue-matched, preservation formulations to achieve optimal pres-
ervation. Data are presented supporting the Multisolution Hypothesis of
Cell Preservation stating that cell-specific, preservation solutions need to
be developed for optimal preservation. Human smooth muscle, endothe-
lial, skeletal muscle and liver cells were hypothermically preserved in
ViaSpant (UW Solution, an organ preservation solution) or several var-
iants of the HypoThermosolt (HTS) family. The results demonstrate that
each of these cell systems require a uniquely formulated preservation
solution to obtain optimal preservation times and post-storage survival.
For instance, the HTS variant that yields the best preservation for human
renal cells did not perform similarly for a human hepatoma cell line
commonly used in liver tissue engineering. Thus, it is important that cell-
specific, cell stress pathways that are activated as a consequence of hy-
pothermic storage and cryopreservation be fully elucidated so that these
data can be used as the foundation to build a family of preservation
solutions to support the increasing demand for the global transport of
cells, tissues and organs.
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VT-1010
Hypothermic Storage of Neonatal Mammalian Cardiomyocytes: Assess-
ment of Multiple Markers of Viability. K. K. SNYDER, J. M. Baust, R.
G. Van Buskirk, and J. G. Baust. Biological Sciences and Institute of
Biomedical Technology, Binghamton University, Binghamton, NY
13902. E-mail: bh09474@binghamton.edu

Hypothermic storage of primary cells is emerging as the rate-limiting
step to the application of Regenerative Medicine. Despite many attempts,
successful extension of the cold storage interval of myocytes has not been
realized. In this study, an evaluation of several hypothermic storage so-
lutions in the neonatal rat ventricular cardiomyocyte model (NRVCM)
was performed. Samples were assessed by a panel of indicators that mea-
sured membrane integrity, metabolic activity and spontaneous contractile
function. To discern differences in the various solutions 2’,7’-dichloro-
fluorescein and western blotting analysis were performed. Cultured
NRVCM were held at 4C for 24-72 hrs in either standard culture media,
ViaSpant (Univ. of Wisconsin) or HypoThermosolt (HTS) variants
(HTS-Base, HTS-DCC or HTS-FRS). Samples stored in HTS-DCC and
HTS-FRS yielded overall survival rates 10-30% greater than the base
solution (p,0.05), and .50% versus cells stored in conventional media
(p,0.01). Upon return to normothermic conditions, NRVCM stored in
HTS-FRS for 24-48hrs regained spontaneous contractions and 90-95%
metabolic activity as compared to 37C controls. Extending the storage
time to 72hrs resulted in extensive cell loss in all solutions, except cells
stored in HTS-FRS, which maintained 50% viability and function post-
storage. Western blot analysis revealed that extended/suboptimal storage
conditions resulted in a 5-fold increase in AIF protein levels in adherent
cells following storage. Successful preservation of NRVCM for 48hrs is
possible in cold storage solutions that provide protection from the cellular
and molecular stress encountered during and following hypothermic stor-
age. These results provide a foundation towards increasing the cold stor-
age window for sensitive biologic products.

VT-1011
Modeled Microgravity Culture of Human Pancreatic Islets Improves Function and
Reduces Apoptosis. LYNNE P. RUTZKY1, Szczepan Bilinski2, Malgorzata Kloc1,
Huimin Zhang1, Tammy Phan1, Stephen M. Katz1, and Stanislaw Stepkowski1. 1Di-
vision of Organ Transplantation, Department of Surgery, The University of Texas
Medical School, Houston, TX 77030 and 2The Institute of Zoology, The Jagiellon-
ian University, Krakow, Poland. E-mail: Lynne.P.Rutzky@uth.tmc.edu

Type I Diabetes remains a major cause of morbidity and mortality despite signifi-
cant advances in medical management. Clinical pancreatic islet allotransplantation
is a low risk alternative to whole pancreas transplantation and with newer immu-
nosuppression regimens, offers great clinical promise in treating patients. We de-
veloped a mouse allograft model and showed that culture of mouse islets in mod-
eled microgravity-conditions decreases immunogenicity and maintains superior islet
morphology and function. Previously, we demonstrated that bioreactor-cultured
mouse islets develop large channels between islet surface and interior, which may
improve islet morphology and function. In the current studies, human islets were
placed into stationary Petri dish or Rotating Wall Vessel bioreactor culture (Syn-
thecon, Houston, TX). The impact of bioreactor culture on human islets was eval-
uated by ultrastructural analysis and by immunohistochemical and TUNEL staining.
Only bioreactor culture showed improved preservation of islet cells during culture.
Electron dense hormone granules were often localized to one side of the cell, as in
fresh islets. Immunohistochemical staining of uncultured, dish- or bioreactor-cul-
tured islets showed greater amounts of insulin, glucagon, and somatostatin in bio-
reactor cultures. Apoptosis, as evaluated by whole mount TUNEL staining for light
microscopy and silver enhanced nanogold TUNEL staining for electron microscopy,
showed that bioreactor-culture reduced the amount of apoptosis, as evaluated on
days 0, 1, 2, 4, and 6 and compared with stationary cultures. Moreover, in islet
aggregates apoptotic cells were located at the periphery between adjacent islets.
This coincides with intra-islet channel formation previously observed in mouse
islets cultured in bioreactor. We conclude that culture of human pancreatic islets in
microgravity-simulating bioreactors preserved ultrastructure and insulin, glucagon,
and somatostatin content and reduced apoptosis. Support: NAG8-1585, NAG9-
1353, and the JDRF Human Islet Distribution Program.




