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A-1
Electroporation is a Versatile Tool for Delivering Plasmid DNA. R.
HELLER. Department of Medical Microbiology and Immunology, Col-
lege of Medicine, Center for Molecular Delivery, University of South
Florida, Tampa, FL 33612-4799. Email: rheller@hsc.usf.edu

A key issue in the development of effective gene transfer protocols is the
development of appropriate delivery methods. Typically, the goal is to
target gene delivery to a particular type of cell or to cells within a specific
tissue. The delivery of genes that code for biologically active compounds
is envisioned as a treatment for many diseases. The uptake of molecules
through the cell membrane can be facilitated by electroporation, a phys-
ical phenomena that temporarily permeabilizes cell membranes. When
membranes are in a permeabilized state it is possible for molecules that
do not normally pass through the membrane to gain intracellular access.
Electroporation can be used for drug or plasmid DNA delivery either
alone or in combination. Sets of electroporation parameters, which in-
cludes electric field strength, pulse duration, number of pulses, electrode
geometry and configuration, can be chosen to deliver plasmid DNA in
such a way as to manipulate the onset, level, and duration of protein
expression. One area that has shown a great deal of promise is the treat-
ment of solid tumors. Long-term complete regressions of established tu-
mors have been obtained with a plasmid encoding for IL-12 in a murine
melanoma model. Recently a Phase I clinical trial was initiated using this
approach. The potential for this delivery approach is just now being re-
alized.

A-2
In Vivo Gene Delivery with Pulsed Electrical Fields. R. W. MALONE.
Gene Delivery Alliance, Inc., Jefferson, MD 21755. Email: gtinventor@
hotmail.com

Non-viral gene delivery research currently confronts three significant ob-
stacles, each of which contribute to the modest and transient levels of
transgene expression that are often observed; 1) Exogenous polynucleo-
tides are rapidly degraded by cytoplasmic and extracellular nucleases, 2)
when used in vivo, most non-viral gene delivery technologies are very
inefficient for delivering the payload into cytoplasm, and 3) peak trans-
gene expression is typically observed in the first few days and then rap-
idly declines (often to undetectable levels). Results obtained from studies
addressing each of these issues will be reviewed, with a particular focus
on unpublished work involving electroporative lung transfection and
transplantation in the rat model. The results to be presented demonstrate
that DNA degradation and clearance may be reduced by formulation with
a broad-spectrum nuclease inhibitor, electroporation may be safely used
in vivo to efficiently permeabilize cells enabling plasmid uptake directly
into cytoplasm, and an efficient housekeeping promoter known to provide
prolonged transgene expression in lung can yield sustained transgene ex-
pression after electroporative delivery. Lung electroporation conditions
were optimized at four 300V/cm, 20ms pulses administered at 1Hz by
flat electrode plates. After transplanting lungs transfected with a human
ubiquitin promoter driving luciferase expression, at least 40 days of high-
level transgene expression were observed. By combining these factors
with optimized DNA/ATA formulations, the data indicates that levels of
transgene expression in transfected lung tissue may be increased by
15,000 fold relative to ‘‘naked DNA’’.

A-3
Transfection of Neurons and Neural Stem Cells by Nucleofection. E. L.
K. GOH, D. Ma, and H.-J. Song. Institute for Cell Engineering, Depart-
ment of Neurology, Johns Hopkins University, School of Medicine, Bal-
timore, MD 21205. Email: egoh@jhmi.edu

The ability of stem cells to differentiate into a variety of cell types renders
them attractive for basic research as well as therapeutic applications. The
transfection of stem cells is the main limiting factor for the progress in
the genetic engineering of such cells during the past decade. In order to
elucidate the molecular mechanisms of proliferation, differentiation and
self renewal properties of neural stem cells, the availability of an efficient,
straight-forward transfection of stem cells for genetic manipulation pur-
poses is of tremendous importance. Similarly, primary cells that are able
to provide an in vitro system with more physiological relevance as com-
pared to cell lines, are also hard to transfect. They are normally very
sensitive and vary significantly in the conditions needed to achieve effi-
cient transfection results. Many methods reliably working for cell lines
simply fail with primary cells. Especially cells displaying slow or even
no growth such as neurons are hard to transfect, since the nuclear mem-
brane remains intact prohibiting efficient gene transfer to the nucleus for
transcription. Nucleofection(r) has recently been shown to address the
problems in transfecting cells such as primary and stem cells. Latest data
obtained with transfected primary neurons and neural stem cells will be
presented and their impact on research, development, and therapy dis-
cussed

A-4
Genetic Dissection of Human Papillomavirus Oncogene Functions in Or-
ganotypic Epithelial Raft Cultures. THOMAS R. BROKER and Louise
T. Chow. Biochemistry and Molecular Genetics, University of Alabama
at Birmingham, Birmingham, AL 35294-0005. Email: broker@uab.edu

Human papillomavirus (HPV) establishes infections in the cycling basal
keratinocytes of squamous epithelia. The viral DNA persists as extra-
chromosomal plasmids that replicate when these cells enter S phase pe-
riodically. Vegetative amplification of the viral genome takes place in
squamous epithelium undergoing terminal differentiation. The productive
program of HPV infection has been recapitulated in organotypic raft cul-
tures of human keratinocytes grown at the medium:air interface. Viral
genes can be introduced into the keratinocytes by retrovirus-mediated
transduction. Under the control of their native promoter, expression is
differentiation-dependent, as in natural lesions. The E7 protein of both
high-risk HPV-18 and low-risk HPV-11 genotypes interacts with the host
retinoblastoma susceptibility protein (pRB) and reactivates S phase in a
subset of post-mitotic, differentiated keratinocytes in raft cultures. S
phase reentry depends on E7 binding to pRB, and residues in HPV-11
E7 critical for efficient promotion of S phase have been identified. In a
separate subset of differentiated keratinocytes, E7 also provokes an an-
tiviral defense in the form of p21cip1/cyclin E costabilization. This latter
response is initiated by the constitutive expression of p27kip1 in many
of the differentiated cells. Stable, inactive complexes are formed between
p27kip1 or p21cip1 and cyclin E/cdk2, a kinase necessary for viral DNA
replication. These novel virus-host interactions are also observed in pa-
tient specimens. The role of cyclin E/cdk2 in modulating the shuttling of
the viral DNA helicase E1 between cytoplasm and nucleus and in over-
coming the normal licensing of replication origins to achieve vegetative
amplification will be discussed.
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A-5
Using the HBV Recombinant Baculovirus/HepG2 System to Understand
HBV Pathogenesis. H. C. ISOM. Department of Microbiology and Im-
munology, Penn State College of Medicine, Hershey, PA 17033. Email:
hci1@psu.edu

Worldwide, 350 million individuals are chronically infected with hepatitis
B virus (HBV). Approximately one of every four HBV carriers will even-
tually succumb to chronic active hepatitis, cirrhosis, or hepatocellular
carcinoma (HCC). Although effective vaccines exist, vaccination is ex-
pensive, not readily available in all parts of the world and not all indi-
viduals develop immunity after vaccination. The currently approved treat-
ments for HBV are interferon a, lamivudine, and adefovir. A problem
with these treatments is that upon cessation of therapy, HBV DNA rapidly
reappears in patient sera. This rebound is assumed to be due to the per-
sistence of an intermediate in the HBV life cycle, HBV covalently closed
circular (CCC) DNA, present in the nucleus of infected hepatocytes.
Therefore, it is necessary to devise novel therapies that function to block
multiple different steps in the HBV life cycle and to have a reproducible
in vitro system in which the effects of these therapies on HBV CCC
DNA and the rebound phenomenon can be measured. Our laboratory has
generated an HBV recombinant baculovirus which delivers replication
competent HBV DNA to human HepG2 cells with high efficiency. HBV
gene expression is driven exclusively from endogenous promoters. Levels
of HBV replication can be achieved that are markedly higher than from
conventional HBV-expressing cell lines. All forms of HBV DNA includ-
ing CCC DNA can be readily detected by Southern blot analysis. Rep-
lication reaches a plateau level by 5-6 days p.i. and remains at that level
for 30 days, making it possible to use this system to systematically ob-
serve the effects of antivirals on CCC DNA and to follow rebound after
release from antiviral treatment. HBV is an etiologic agent for HCC.
Evaluation of novel antiviral strategies that reduce or eliminate HBV
CCC DNA is highly critical for reducing HCC incidence.

A-6
Methylthiophanate-induced Genotoxicity and Development of Single Strand
Breaks in DNA. J. MUSARRAT and Q. Saquib. Department of Agricultural
Microbiology, Faculty of Agricultural Sciences, Aligarh Muslim University, Ali-
garh 20 2002, U.P., INDIA. Email: musarratj1@yahoo.com

The toxicity data of methylthiophanate [MT] (dimethyl 4,4’-o-phenylenebis [3-
thioallophanate]) indicate the associated hazards of this systemic fungicide on
both the target and non-target organisms. However, its genotoxicity and extent
of DNA damage have not been critically pursued from structure-activity rela-
tionship stand point. This has prompted us to study its direct DNA damaging
potential. The genotoxicity was assessed using DNA repair defective uvr A-,
rec A-, lex A-, pol A- mutants of E. coli K12. Cells treated with varying con-
centrations (0-600 mM) of MT exhibited significant reduction in the colony
forming ability vis-à-vis wild-type AB 1157. Maximum decrease (82%) in the
survival was noticed with pol A- mutant followed by lex A-, rec A- and uvr A-

mutants as compared to their wild-type counterpart, upon 6 h exposure with
600 mM MT at 378 C. Significant damage in the DNA polymerase-I defective
cells suggests the formation of MT-induced strand breaks in cellular DNA. The
nature and extent of DNA strand breaks generated were determined using al-
kaline single cell gel electrophoresis, SCGE (comet assay) of MT-treated human
lymphocytes in RPMI medium at 378 C. The SCGE data revealed MT dose-
dependent DNA migration from cell nuclei. At the highest concentration of 1000
mM MT, the DNA damage parameters were measured as Olive tail moment
(40.3 AU), Tail DNA (44.4%) and Tail Length (203.2 mm) (p,0.001) as com-
pared to insignificant DNA migration in untreated control, which validated the
ex-vivo development of single strand breaks (ssb) in treated DNA. The number
of ssb quantitated in vitro as 1.5 breaks per unit calf thymus DNA treated with
1000 mM MT following the alkaline unwinding elution assay. In view of the
significant genotoxicity and strand breaks formation, a plausible mechanism of
MT-DNA interaction has been deduced. The results unequivocally suggests MT
as a genotoxic fungicide with a potential of triggering carcinogenesis, in case
the damage is not accurately repaired by the cellular DNA repair machinery.
(This work was supported by CSIR Grant # 37(1124)/03/EMR-II and MAAS
Grant # MAAS/RS/01, sanctioned to JM).

A-7
Authentication and Characterization of Animal Cell Lines at the ATCC.
YVONNE A. REID. ATCC, 10801 University Blvd., Manassas, VA
20110. Email: yreid@atcc.org

Animal cell culture technique is widely used by scientists in many diverse
disciplines such as cell biology and genetics for transcriptome and pro-
teome analyses. As a result, cell line authentication and characterization
are central activities for the ATCC. Nevertheless, these critical activities
are the most under appreciated responsibilities facing all Biological Re-
source Centers. Recent advances in new technologies have led to im-
proved and more accurate description of cell lines and as a result many
cell lines have been shown to be misidentified. Recently, two cell lines
RF-1 (CRL-1864) and RF-48 (CRL-1863) which were submitted to
ATCC in 1989 and reported to be B cells isolated from a lymphoma were
found by Ji J. et al. (Oncogene, 2002) to be of gastric origin using mi-
croarray anaysis. These results were confirmed by the ATCC using
FLOW cytometry. The financial loss as well as the scientific setback to
these types of errors is estimated to be millions of dollars. Therefore,
accurate cell line authentication and characterization require a compre-
hensive strategy that employs a battery of multiple complementary tech-
nologies. This includes: test for microbial contaminants; tests for cellular
cross contamination and or misidentification; conformation of tissue type
using tissue specific markers as well as tests for gene and protein ex-
pressions. An overview of the current technologies used by the ATCC to
characterize animal cell lines will be presented.

A-8
Signs of Pluripotency: Characterization of Embryonic Stem Cell Lines.
RICHARD JOSEPHSON. Stem Cell Center, American Type Culture Col-
lection, 10801 University Boulevard, Manassas, VA 20110. Email: rjo-
sephson@atcc.org

Human embryonic stem cells (hESC) offer a renewable source of a wide
range of cell types for use in research and cell-based therapies for disease.
The characterization of these cells provides important information about
the current state of the cells and affords relevant details for subsequent
downstream manipulations. This presentation will discuss current meth-
ods of hESC characterization, including not only common markers of the
undifferentiated state, but also pluripotent in vitro differentiation and
quality control. Immunocytochemical markers of undifferentiated and dif-
ferentiated hESC are assayed by immunofluorescence and flow cytome-
try. Flow sorting is also used to purify undifferentiated hESC for sub-
sequent gene expression analysis. Assays of quality include sterility, iden-
tity, clonality and chromosomal integrity. STR and HLA typing allow
confirmation of cell line identity and offer a sensitive measure of con-
tamination by other lines. Karyotypic instability is common in hESC
(Draper, J. et al., 2004) and problematic for cell replacement therapy.
Thus frequent karyotyping is a crucial element of characterization. In
addition, we will discuss the ongoing search for new and more infor-
mative markers of pluripotency and genetic stability in ESCs.
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A-9
DNA Profiling and the Authentication of Cell Lines. JOHN R. W. MASTERS. Uni-
versity College London, 67 Riding House Street, London W1W 7EJ, UNITED KING-
DOM. Email: J.Masters@ucl.ac.uk

DNA profiling uses short tandem repeats (STRs), which are highly variable between
individuals, for testing paternity and crime suspects. STRs are short sequences of
repetitive DNA, normally 2-5 base pairs in length, that are repeated many times. For
example, the 20 base pair sequence tgcatgcatgcatgcatgca is 5 copies of the STR tgca.
The polymorphisms in STRs are due to the different number of copies of the repeat
element that can occur in a population of individuals. By analysing enough STRs
(approximately 10), DNA profiling has the statistical power to distinguish between
every individual worldwide (except monozygotic twins). When developing a new cell
line, DNA profiling is invaluable for the purpose of authentication. DNA from a tissue
or blood sample should be extracted and stored at the same time as the primary culture,
and if a cell line is established from, either normal or cancer tissue, the origin can be
unequivocally confirmed by comparing the DNA profiles. By undertaking DNA pro-
filing at the time the cell line is established, an unambiguous method is available for
the authentication of that cell line indefinitely, from whatever laboratory or other
source the cells are obtained. In contrast to earlier methods of cell line authentication,
DNA profiling is relatively simple to reproduce between laboratories and is inexpen-
sive ($100-200). DNA profiling is needed to exclude cross-contamination, which is
now widespread. For example, the first continuous cell line derived from a human
cancer, HeLa, was developed in 1952 from a glandular cancer of the cervix. In 1967,
using isozyme analysis, it was shown that most of the human continuous cell lines
developed since 1952 were HeLa cells, indicating cross-contamination. These false cell
lines include KB, HEp-2, Int407, Chang liver and WISH cells. Despite many publi-
cations showing that these cell lines are indistinguishable from HeLa cells genetically,
they continue to be used respectively as models of skin and head and neck cancer,
fetal intestine, hepatocytes and amniotic cells. Similarly, the ECV304 cell line is used
as a model of normal endothelium, despite the fact that it has been shown to be the
T24 bladder cancer cell line. The cross-contaminating cell line is frequently claimed
to show characteristics of the tissue from which it was thought to be derived. Since
there have been a large number of publications demonstrating the false nature of these
cross-contaminated cell lines, there seems little reason for their continued use, unless
it is made clear that the model system being used is derived from HeLa or one of the
many other cross-contaminating cell lines.

A-10
High Passage Number of Continuous Cell Line Affects the Transcriptome.
S. Finn1, J. Han2, R. Farnsworth1, Amy Yang2, Raj Puri2, and P. IKONOMI.
Molecular Authentication Resource Center, American Type Culture Collec-
tion, Mannassas, VA 20110 and 2Center for Biologics Evaluations and Re-
search, Bethesda, MD. Email: pikonomi@atcc.org

The rapid development in genomic and proteomic analysis has increased the
need for the standardization of cell culture conditions and protocols in order
to compare mRNA expression levels among different cell cultures. The ac-
cepted practice is to compare data among laboratories using cell lines that
may be at significantly different passage numbers, but does not take into
account potential changes in the cell phenotype. Several recent publications
have reported that cells do undergo significant changes in phenotype with
increased passage number. In order to address the phenotypic drift in contin-
uous cell lines with increased passage number, we have conducted compar-
ative analyses of six different cell lines, CaCO-2 (ATCC.HTB-37), IMR-32
(ATCC.CCL-127), LNCap.FGC (ATCC.CRL-1740), MCF-7 (ATCC.HTB-
22), WI-38 (ATCC.CCL-75), and THP-1 (ATCC.TIB-202) obtained from
ATCC and another distribution source. These cell lines are of various tissue
origin and the difference in passage number ranges from 12 to 76. We as-
sessed the passage number, cell growth rates, and examined gene expression
profiles by microarray analyses. Significant changes in growth rate were ob-
served which correlated with the difference in the number of cell passages.
The microarray analyses revealed significant variation in gene expression
among cell lines of low passage numbers compared cell lines at higher pas-
sage numbers. While no significant differences were observed between two
samples at low passage numbers. These differences were then confirmed by
quantitative PCR analyses using several target genes and the results dem-
onstrate that increased passage numbers influence both growth rate and gene
expression profiles in cell lines. Additionally, this information underscores
the importance of using low passage cell lines in order to provide accurate
and reliable gene expression information.

A-11
Stem Cell Regulation in Japan. RYUICHI IDA. Kyoto University, Faculty
of Law, Graduate School of Law, Former Chairperson, International Bio-
ethics Committee, UNESCO, Former Member, Expert Panel on Bioethics,
Council for Science and Technology Policy, Cabinet Office, JAPAN.
Email: ida.ryuichi@law.kyoto-u.ac.jp

Japan has enacted the Clone Technology Act in April 2000. This act, on
the one hand, prohibits the transplantation of somatic cell nuclear trans-
ferred embryo, or so called ‘‘cloned human embryo’’ into the uterus (ban
on human reproductive cloning), and, on the other hand, leaves the ther-
apeutic cloning under the control of the MEXT (the Ministry of Educa-
tion, Culture, Sports, Science and Technology), which have set a mora-
torium on therapeutic cloning until the status of human embryo would
have been clarified. Meanwhile, the Guidelines for Derivation and Use
of Human ES cells were established by the MEXT in September 2001.
Research both on derivation and on the use of human ES cells is thus
permitted under strict conditions, inter alias, obtaining the informed con-
sent and limitation to ES cells only from supernumerary embryos, and
with national ethical review system. In July 2004, the Council of Science
and Technology Policy (CSTP), following the conclusion of its Expert
Panel on Bioethics (which may be deemed as Japanese National Bioethics
Committee), decided to remove the moratorium on therapeutic cloning,
waiting for new guidelines on this matter (expected for the next year).
As for adult stem cells, a committee in the Ministry of Health, Labour,
and Welfare (MHLW) is now working to establish a set of guidelines for
clinical research using human adult stem cells. However, the committee
has been struggling with a quite sensitive issue, i.e., use of somatic stem
cells derived from dead fetus by miscarriage or by abortion. It will hope-
fully finalize the guidelines before the end of this year. Having been
involved in every step of the above-mentioned stages, I will present an
analytical overview of Japanese regulatory framework in this field to-
gether with its particularities.

A-12
Legal and Ethical Aspects of Human Embryonic Stem Cell Research in
Europe and Israel. SHARON GERECHT-NIR. Harvard-M. I. T. Division
of Health Sciences and Technology, Massachusetts Institute of Technol-
ogy, Cambridge, MA 02139. Email: gerecht@mit.edu

In 1998, researchers reported that embryonic stem cells (ESCs) could be
derived from early human embryos and be utilized to develop cell re-
placement therapies. Clinical use of human ESCs in transplantation med-
icine is the ethics of using embryos therefore raising a series of ethical
and public-policy questions that are now being confronted by interna-
tional societies and religions. Currently, a countless of international laws
and regulation prohibits a systematic, singular point of view, requiring a
nation-by-nation analysis. Part of the problem is polarized community
opinion on the use of human ESCs for research. This talk highlights the
current legislation and regulation of human ESC research in Europe and
Israel, which vary in cultural positions and where major scientific activ-
ities are taking place. This talk further examines the different approaches
and discusses certain concerns that have been raised regarding this novel
type of research, mainly due to the lack of a universal approach in relation
to the regulation of hESC research. This would allow the understanding
of current trends in legal and ethical research study in Europe and Israel,
shedding light on the duties and restraints of researchers and their fi-
nancing agencies.
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A-13
Stem Cells and the FDA: Regulatory Considerations for Proceeding to Clinical
Trials. DONALD W. FINK, JR. Office of Cellular, Tissue and Gene Therapies,
Division of Cell and Gene Therapies, Center for Biologics Evaluation and Re-
search, US-Food and Drug Administration. 1401 Rockville Pike/Suite 200N,
Mail Code: HFM-710, Rockville, MD 20852-1448. Email: finkd@cber.fda.gov

Cellular biologic therapies either consisting of or derived from embryonic, fetal
or adult stem cells (stem cell-based therapies) may provide effective treatments
for current unmet medical needs that necessitate replacement, restoration, repair,
or regeneration of damaged or diseased tissues and organ systems. In addition
to direct therapeutic efficacy achieved through seeding and repopulating of areas
ravaged by trauma and disease, stem cells are also projected to serve as biologic
vehicles that may be engineered to deliver functional genes and gene products
to discrete target sites where de-generative damage and disease is the conse-
quence of genetic anomalies. Moreover, there is growing recognition that tissue-
specific in vitro differentiation of stem cells could result in generation of im-
portant new model systems suitable for investigating the underlying biological
basis of disease as well as providing critical testing paradigms to screen potential
lead candidate pharmaceuticals for toxicological safety and putative therapeutic
efficacy. Expansion of ongoing science-driven efforts to identify and critically
assess issues pertaining to stem cell safety is vitally important to achieving the
ultimate goal of producing novel cellular therapies that are both safe and effec-
tive. The challenge of drawing upon all available scientific evidence to assess
and gage the safety of biologics produced from stem cells is the responsibility
of the Center for Biologics Evaluation and Research (CBER) within the Food
and Drug Administration (FDA). The safety and efficacy review of stem cell-
based therapies is the responsibility of the Office of Cellular, Tissue, and Gene
Therapies (OCTGT), CBER. The explicit mission of CBER is to ensure the
safety, purity, identity, potency and efficacy of new biologic therapies through
a review process that is founded squarely on scientific principles thus making
available to the public innovative new treatments in as timely a manner as is
feasible. This presentation will familiarize the listener with regulatory expec-
tations for the development of nascent therapies comprised of stem cells, in-
cluding those derived from human embryonic stem cells.

A-14
Primary Strategies for Master and Working Cell Line Stock Development.
ROBERT J. HAY. Vitro Enterprises, Inc., Bealton, VA 22712. Website:
www.vitroenterprises.com

This presentation will review background material to illustrate the critical
need for application of stepwise characterizations on all cell lines to be
used for research and production purposes. Ideally, one would obtain a
representative Master Stock aliquot of an existing cell line from one of
the many established Biological Resource Centers. Example National
Centers include the ATCC, CIMR, or others in the USA; ECACC in the
UK; DSMZ in Germany; CBCCTCC in Wuhan, China; NFATCC in Poo-
na, India; IFO in Osaka, Japan; and the KCLRF in Seoul, Korea. Use of
cell lines from these and related initial sources ensures comparability over
the years. Contact and procedural online information from these facilities
will be made available during the presentation. Additional major impor-
tant characterizations need to be applied subsequently as outlined else-
where both in this series of lectures and also in later characterization
sections. Master Seed Stocks would be prepared and fully characterized
for production of authenticated cell line populations. With these popula-
tions, confirmation of cellular identities will also be essential. The ab-
sence of microbial and viral infections must be assured experimentally.
Methodologies for all of these will need to be performed via procedures
supported by pertinent CFR documentation. Master Working Stocks
would be generated and recharacterized as necessary. The general expan-
sion/characterization strategy will be discussed and illustrated through
this and related presentations at the conference.

A-15
What Are cGMP and ISO and What Do They Mean for Cell Banking?
P. GRAY and L. Jacobsen. Roche Applied Science, Indianapolis, IN
46250. Email: paula.gray@roche.com

Federal and local government agencies provide requirements to medical
device, pharmaceutical, and biotechnology companies regarding the de-
velopment and manufacturing of their products. These come in the form
of regulations, guidelines, and points to consider and are necessary for
the production of safe and reliable products. While many different reg-
ulations exist, the customer’s application of the product dictates which
are required to be followed. For this reason, many companies choose to
be certified to a standard in conjunction with complying with regulations.
Standards have been created to outline how a company could organize
and document their systems in a fashion that would allow them to pro-
duce reliable and safe products. This presentation will identify parts of
the cGMP regulations, provide a general overview of the ISO 13485
standard, and discuss where the two overlap. Some specific examples of
how this will apply to cell banking will be shared at the end.

A-16
Characterization and Testing of Banked Cell Substrates Used to Produce
Biological Products. LEONARD J. SCHIFF. Department of Biopharma-
ceutical Services, Charles River Laboratories, 10091 Dudley Drive,
Ijamsville, MD 21754. Email: lschiff@bps.criver.com

A critical component in controlling the production of biological products
derived from human and animal cell lines is the characterization and
testing of banked cell substrates. The objective of characterization/testing
of banked cell substrates is to confirm the identity, purity and suitability
of these cells for manufacturing use. In this presentation, I will discuss
the qualification of cell banks including tests for cell identity, endogenous
and adventitious microbial contaminants (bacteria, fungi, mycoplasma
and viruses). For cells producing recombinant DNA-derived products,
analysis of the expression construct at the nucleic acid level (genetic
stability) will also be discussed.
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A-17
Cell-based Models and Technologies for Space Environment Monitoring. S. R.
GONDA1,2, C.T. Culbertson3, E. Behravesh4, J. L. Huff4, R. Pollanen4, H. Wu5,2, N.
R. Pellis6,2, and J. M. Ramsey7. 1Advanced Biotechnology Laboratory; 2NASA/ JSC,
2101 NASA Parkway, Houston, TX 77058; 3 Department of Chemistry, Kansas State
University, Manhattan, KS 66506; 4USRA, Department of Space Life Science, 3600
Bay Area Blvd, Houston, TX 77058; 5Human Radiation Biodosimetry Laboratory;
6Space Life Science Directorate; and 7Department of Chemistry Campus, The
University of North Carolina at Chapel Hill, Chapel Hill, NC 27599. Email:
sgonda@ems.jsc.nasa.gov

NASA’s exploration of space, the solar system and beyond will expose biological
systems to hostile space and planetary environments for prolonged periods. Novel
combinations of stressors and selective pressures will affect all life that has origi-
nated from this planet. Cells respond to the environment in specific and reproducible
ways that are often predictive of functional consequences, and, as bioreporters, can
provide an assessment of combinatorial outcomes from numerous simultaneous en-
vironmental factors. Multiple events can be probed at the organism, genetic and
molecular level, enabling a complete assessment of potential synergistic stressor
effects. The concept of microfluidics has significantly influenced the design and the
implementation of modern bioanalytical systems due to the fact that these minia-
turized devices can integrate multiple chemical processing and handling steps in a
much more efficient way than conventional instruments. This results in several ad-
vantages including reduced reagent volumes, fully automated biochemical analyses,
parallel processing capabilities for system redundancy, and remote operation. These
properties greatly enhance the value of microfluidic systems to NASA for use on
small spacecraft with limited resources for long duration unmanned environmental
monitoring missions. Our approach is to create biosentinels by integrating geneti-
cally engineered prokaryotic and eukaryotic cells, microfabricated fluidic bioreactors
and analytical technologies, and bioinformatic systems for acute and long-term space
monitoring. We will present results of: (i) genotoxic alterations at the gene and
molecular level following exposure of 3D tissue-like assemblies containing high
density transgene targets to high energy, ionizing space radiation; (ii) whole cell-
based bioluminescent prokaryotic bioreporters exposed to combinations of radiation
and chemical stressors, and (iii) performance of microanalytical systems in NASA-
relevant low-gravity tests aboard the KC-135 aircraft. Supported by NASA 101-31-
GN-DA and T-8199W.

A-18
Three-dimensional Tissue Assemblies: Novel Models for the Study of Infectious Dis-
ease. C. A. NICKERSON. Department of Microbiology and Immunology, Tulane
University Health Sciences Center, New Orleans, LA 70112. Email: cnicker@
tulane.edu

Three-dimensional (3-D) cell culture is a powerful tool for investigating the host-
pathogen interaction. That is because cells cultured in 3-D model the tissue-like
organization and physiology of in vivo tissues. We have used innovative bioreactor
technology designed at NASA, the rotating wall vessel (RWV), to establish bio-
logically meaningful 3-D cultures of human cells and tissues to study the interaction
between host and pathogen. The growth conditions in the RWV provide an opti-
mized form of suspension culture that allows cells to aggregate, grow three-dimen-
sionally, and differentiate into highly specialized tissues. We were first to report
the generation, validation, and use of 3-D human tissue aggregates cultured in the
RWV as a model for microbial infectivity by a bacterial pathogen. We cultured the
human small intestinal epithelial cell line Int-407 in the RWV and showed that the
cells formed well-differentiated 3-D tissue assemblies that exhibited apical and
basolateral polarity, extensive and well-formed tight-junctions and desmosomes im-
portant in the establishment and maintenance of normal epithelial structure, and
also produced mucous. These in vivo-like phenotypes were not observed in Int-
407 cells cultured as monolayers. When used as models to study aspects of Sal-
monella-induced enteric disease, we observed remarkable differences in adherence,
invasion, apoptosis, cytokine profiles, and tissue pathology between the 3-D assem-
blies and their monolayer counterparts. Many of these differences appear to be
more reflective of an in vivo infection, which supports our contention that by virtue
of their physiological relevance, 3-D cell models hold tremendous potential for
infectious disease research. Based on these studies, we have generated a variety of
different 3-D cell culture models of other human tissues that recapitulate many
aspects of cellular structure, differentiation, and function that occur in vivo, and
which are currently being used by us in infection studies. These models include
colon, lung, placenta, bladder, and periodontal ligament. These 3-D cultures are
being used to model infections caused by Salmonella and Vibrio sp (colon); Pseu-
domonas aeruginosa and Klebsiella pneumoniae (lung); human cytomegalovirus
(placenta), uropathogenic Escherichia coli (bladder), and Porphymonas gingivalis
(ligament).

A-19
Rotating Bioreactor Studies of Cardiac and Skeletal Tissue Constructs.
L. E. FREED and G. Vunjak-Novakovic. Harvard-MIT Division of
Health Sciences and Technology, MIT, Cambridge, MA 02139. Email:
lfreed@mit.edu

Rotating bioreactors, which simulate some aspects of microgravity, were
used to study cardiac and skeletal tissue constructs comprised of cells
and biomaterial scaffolds. In one study, we hypothesized that cardiac cells
cultured in tissue constructs would exhibit better molecular and electro-
physiological properties than the same cells cultured in confluent mono-
layers. Thin slices of native heart tissue were also assessed to provide a
baseline. Construct levels of contractile and gap junctional proteins were
50% as high as native heart, whereas monolayer levels of the same pro-
teins were only 10-20% as high. Construct action potential duration
(APD) was 1.8-fold higher than native heart, whereas monolayer APD
was 2.4-fold higher. Pharmacological studies provided a possible expla-
nation for the electrophysiological differences. In another study, we hy-
pothesized that integrative repair of cartilage constructs depended on the
type of cell, scaffold, and adjacent tissue (cartilage or bone). Significant
effects of cell type on construct adhesion (p,0.001) and of scaffold type
on construct adhesion (p,0.001), modulus (p50.014), and amount of
glycosaminoglycan (GAG) (p,0.001) were observed, with the best re-
sults obtained if scaffold degradation time matched the rate of chondro-
genesis. Likewise, type of adjacent tissue significantly affected construct
adhesion (p,0.001), modulus (p,0.001), and GAG (p,0.001), with bet-
ter results obtained for constructs cultured adjacent to bone than cartilage.
In the present studies, rotating bioreactors provided a high fidelity in vitro
model for studies of cardiac and skeletal tissue constructs. The same
platform could potentially be used to assess the efficacy of new drugs to
prevent muscle and bone loss in astronauts during spaceflight.

A-20
Gene Expression Alterations in Activated Human T-cells Induced by Modeled
Microgravity. N. E. WARD1, N. R. Pellis2, S. Risin3, and D. Risin2. 1Wyle
Life Sciences, Houston, TX; 2NASA-Johnson Space Center, Houston, TX; and
3University of Texas-Houston Medical School. Email: nward@ems.jsc.
nasa.gov

It is recognized that in the microgravity of spaceflight there is a decline in
cellular immune function. One of the methods employed to investigate mi-
crogravity effects in ground based systems is the NASA Rotating Wall Vessel
(RWV) bioreactor, in which cells are exposed to a continuous free fall situ-
ation under low shear stress and randomized gravitational vector resulting in
a simulated microgravity model. To study the microgravity adaptation of hu-
man immune cells, we have utilized the RWV bioreactor and microarray anal-
ysis to identify associated gene expression changes. In this work, chronically
CD3 and IL2 activated T-cells were cultured in 1g (static) and simulated
microgravity (RWV) conditions for 24 hours. Microarray analysis was per-
formed utilizing Affymetrix Gene Chips. To decrease biological variation and
aid in detecting microgravity-associated changes, microarray analysis exper-
iments were performed in triplicate utilizing T-cells obtained from different
blood donors. Exposure to simulated microgravity resulted in the alteration
of 89 genes, 10 of which were up-regulated and 79 down-regulated. In sep-
arate experiments activated T-cells were cultured in 1g and simulated micro-
gravity conditions and then stimulated for three hours with phytohemagglu-
tinin (PHA). Under these conditions, microarray analysis revealed gene ex-
pression changes in 85 genes, 20 of which were up-regulated and 65 down-
regulated. The altered genes were categorized by the associated pathways and
viewed graphically through histogram analysis. Separate histograms of each
pathway were then constructed identifying individual gene expression fold
changes. This provided base information for evaluating the possible role of
genes demonstrating altered expression in lymphocyte response to micrograv-
ity at the molecular level. (Supported by NRA OLMSA-02 and NSCORT
NAG5-4072 grants).
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A-21
Approaches for Developing Novel Probes/Loci for PCR-based Detection of Path-
ogens. VIPIN K. RASTOGI1 and Tu-chen Cheng2. 1MAP Team, R & T Director-
ate, US Army - Edgewood Chemical & Biological Center, APG, MD 21010 and
2GEO-Centers, Inc. Gunpowder Club, APG, MD 21010. Email: vipin.rastogi@
us.army.mil

Bioterrorism and the growing challenge of natural emerging infectious diseases
are flip sides of the same coin. Both phenomena manifest themselves in the form
of an unusual outbreak of infectious disease - one that must be rapidly detected
and decontaminated to minimize the harmful consequences. DNA-based detection
technology of Bio-Warfare Agents, such as Bacillus anthracis, the causative agent
of anthrax, is among the most sensitive (around 10-100 spores detected) approach
known to-date. Current field detection for B. anthracis relies principally on am-
plification of virulence determining genes. Lack of a positive control in the assay
protocols for field detection of BWA precludes validation of the test results. A
logical approach to address this problem is to include additional DNA markers,
preferably chromosomal located in the detection protocol. Amplification of both
virulence genes and unique chromosomal in the field-testing of suspected samples
is expected to validate the field test results. To this end, we have identified five
unique chromosomal regions of B. anthracis by random primer amplification.
Burkholderia pseudomallei and B. mallei, respectively are the causative agents of
meliodosis and glanders, primarily in animals (both pathogens), and in humans
(commonly the former but sporadically the latter as well). The two pathogens are
gram-negative, facultative anaerobe, motile bacilli. There is no known vaccine,
and the treatment with antimicrobials is protracted because of natural resistance
of these pathogens to commonly used antibiotics. There is currently no real-time
PCR assay for detection of both of these pathogens. Primers and probes corre-
sponding to specific genomic regions were designed and tested in an attempt to
develop RT-PCR assays for detection of both these pathogens. Here, we report
results on: 1) the identification of DNA sequences of anthrax chromosome regions.
Primer sets have been designed and results based on their use in detecting anthrax
in environmental samples will be summarized; and 2) successful development of
highly specific RT-PCR assays for detection of both B. mallei and B. pseudomallei
DNA.

A-22
Invertebrate-specific Assessment of the Effect of Endocrine Disrupting
Chemicals Using the Estuarine Mysid Neomysis Integer. A. GHEKIERE1,
N. Fockedey2, T. Verslycke 1,3, M. Fenske4, T. Soin6, G. Smagghe6, and C.
R. Janssen1. 1 Ghent University, Laboratory of Environmental Toxicology
and Aquatic Ecology, J. Plateaustraat 22, B-9000 Ghent, BELGIUM; 2Ghent
University, Marine Biology Section, Krijgslaan 281/S8, B-9000 Gent, BEL-
GIUM; 3Current address: Biology Department MS#32, Woods Hole Ocean-
ographic Institution, Woods Hole, MA 02543; 4University of Exeter, Hath-
erly Laboratories, Exeter, EX4 4PS, Devon, UK; 5Current address: Syngenta,
Jealott‘s Hill International Research Centre, Bracknell, Berkshire, RG42
6EY, UK; and 6Ghent University, Laboratory of Agrozoology, Coupure links
653, B-9000 Ghent, BELGIUM. Email: an.ghekiere@ugent.be

The occurrence of endocrine disrupters (EDs) in the environment and the
potential effects on wildlife species is receiving increased public attention.
Although invertebrates account for roughly 95% of all animals, surprisingly
little research has been performed to understand the effects of EDs on these
organisms and to evaluate their value in signalling the occurrence of envi-
ronmental disruption through EDs. Increased knowledge of invertebrate-spe-
cific endocrine regulated processes and their disruption by chemicals is,
however, required. Disruption of ecdysteroids, the molting hormones, for
instance, which play a major role in reproduction and embryogenesis, would
have profound effects on many aspects of organismal functioning. In this
context we studied the effects of EDs on the molting cycle and in vitro
embryonic development of the estuarine mysid Neomysis integer (Crustacea,
Mysidacea). Additionally, a new ELISA was developed to quantify vitellin
(egg yolk protein), which enabled us to evaluate effects on vitellogenesis.
This research will be illustrated by discussing the effects of the insecticide
methoprene, a juvenile hormone analogue, on N. integer. Furthermore, the
use of insect cell lines to screen EDs with (anti-)ecdysteroidal activity will
be discussed.

A-23
Novel In Vitro Cell Culture Model of Adult Mammalian Spinal Cord
Cells. MAINAK DAS1, Neelima Bhargava1, Swanand Patil2, Lisa Riedel1,
Peter Molnar1, Sudipta Seal2, and James J Hickman1. 1Nanoscience Tech-
nology Center and 2Advanced Materials Processing and Analysis Center,
University of Central Florida, Orlando, FL 32826. http://www.
nanoscience.ucf.edu/contact.html. Email: mdas@mail.ucf.edu

This work addresses one of the most intriguing questions of modern
neuronal medicine: How we could protect adult mammalian spinal cord
nerve cells, either following injury or in neurodegenerative diseases. One
of the key prerequisite in order to address this question is to create a
serum-free defined in vitro cell culture model of adult mammalian spinal
cord cells. Such a model will not only help in understanding the adult
spinal cord neuron survival but will help in screening different novel
drugs for spinal cord repair and neurodegeneration. Recently we have
developed a serum-free in vitro cell culture model that promotes the
growth, regeneration and long-term survival of dissociated adult mam-
malian spinal cord neurons and glial cells. The system comprises of a
synthetic, cell growth promoting silane substrate, N-1 [3-(trimethoxysilyl)
propyl] diethylenetriamine (DETA) coated on glass and a chemically de-
fined novel serum-free medium, supplemented with specific growth fac-
tors. This presentation shall document our methodology of developing
such a culture system, and discuss the progress we have made in the
following areas using this model: 1. Mammalian spinal cord injury. 2.
Degenerative diseases of spinal cord. 3. Remyelination: The factors
involved in remyelination of injured neurons of spinal cord. 4. Neuro-
genesis: The process of neurogenesis in the adult spinal cord and its
implications in spinal cord injury and neuro-degenerative diseases.5. Na-
nomedicine: Use of engineered anti-oxidant nanoparticles (Cerium Oxide
nanoparticles) in spinal cord regeneration. (Collaboration with Prof. Su-
dipta Seal§ http://people.cecs.ucf.edu/sseal/).

A-24
Mechanisms Regulating Adult Hippocampal Neural Stem Cells. H. J.
SONG. Institute for Cell Engineering, Departments of Neurology and
Neuroscience, Johns Hopkins University School of Medicine, Baltimore,
MD 21205. Email: shongju1@jhmi.edu

Neurogenesis, the birth of new neurons from progenitors, occurs through-
out life in the dentate gyrus of the hippocampus in all mammals exam-
ined, including humans. Understanding mechanisms regulating adult neu-
rogenesis will not only advance our general understanding of neural de-
velopment, but may also leads to stem cell based strategies for repair of
the adult central nervous system (CNS) after injury or degenerative neu-
rological diseases. We have isolated multipotent neural progenitors from
the hippocampus of adult rats, mice and humans. These neural progeni-
tors can be expanded and maintain their multipotentiality in defined me-
dium without serum with addition of specific growth factors. Using im-
munocytochemistry, electron microscopy, FM-imaging and electrophys-
iology, we have shown that adult neural stem cells retain the ability to
give rise to electrical active and synaptically integrated neurons with all
essential characteristics of mature CNS neurons. Using this culture sys-
tem, we are investigating the cellular and mechanisms regulating sequen-
tial steps during adult neurogenesis, from proliferation, fate specification
and neuronal subtype differentiation of adult neural progenitors, to neu-
ronal maturation and synaptic integration by newborn neurons. Results
from the latest studies will be discussed.
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A-25
Rare Event Detection & Multiplexing in Neural Stem Cell Biodiscovery.
S. E. BOUCHER. Invitrogen Co., GIBCO Cell Culture R&D, Grand Is-
land, NY 14072. Email: shayne.boucher@invitrogen.com

The need for detection and analysis of multiple and rare analytes is crit-
ical in neural stem cell research. These include transcription factors, sig-
naling molecules and phenotypic changes. Often, novel and integrative
strategies are required for unraveling the complex interplay of these
genes, mRNAs and proteins. This talk will highlight i) serum-free culture
systems for signaling studies, ii) expression reporter systems for under-
standing cellular function, iii) RNAi vectors for knockdown of gene ex-
pression, iv) lentiviral expression and transfection reagents for production
of specific proteins, v) multicolor FISH for detection of mRNAs in cells
and tissue, vi) technology for labeling and detection of antibodies from
the same species, and vii) enzymatic and superbright fluor reagents for
rare event detection. The intent will be to map out a biodiscovery strategy
for elucidating gene and cellular behavior in neural stem cells.

A-26
Mechanoregulation of Stem Cell Function. C. S. CHEN. University of
Pennsylvania, Department of Bioengineering, 125 31st Street, Philadel-
phia, PA 19104. Email: chrischen@seas.upenn.edu

The binding interactions between cell surface receptors and local bioac-
tive ligands serves as the principal mechanism by which cells survey
their microenvironment and accordingly modulate their behaviors, such
as proliferation, differentiation, migration, and suicide. Using microfa-
brication approaches to engineer cellular microenvironments, we are ex-
amining how different cues can be used to regulate cellular functions. We
are investigating the interactions between signals from the extracellular
matrix, growth factors, intercellular adhesions, and mechanical forces in
both endothelial cells and mesenchymal stem cells to understand how
environmental signals integrate to regulate cell proliferation and differ-
entiation. Our studies demonstrate that the modulation of proliferation
and differentiation by adhesive and soluble cues depend on changes in
the actin cytoskeletal tension, and signaling by the Rho family of GTPas-
es. We will discuss our approaches to control compositional chemistry,
mechanical properties, architecture, and geometry of surfaces, and how
these factors regulate cells. We hope to use these results to improve the
interconnect between artificial surfaces with living cells.

A-27
Computer-aided Tissue Engineering: A Modern Engineering Approach
for Scaffold Design and Fabrication. WEI SUN. Laboratory for Com-
puter-Aided Tissue Engineering, Department of Mechanical Engineering
and Mechanics, Drexel University, 3141 Chestnut Street, Philadelphia,
PA 19104. Email: sunwei@drexel.edu, http://www.mem.drexel.edu/cate

The revolution in biological sciences and bioengineering has created an
environment in which the advances in the life sciences are not only ame-
nable to, but require, the active participation of engineering design and
manufacturing. This revolution, along with the advancements of modern
design and manufacturing, biomaterials, biology and biomedicine have
emerged a new field of Computer-Aided Tissue Engineering (CATE).
CATE enables the application of advanced computer-aided technologies
and biomechanical engineering principles to derive systematic solutions
for complex tissue engineering problems. This presentation will introduce
the recent development in computer-aided tissue engineering and its ap-
plication to design and fabrication of tissue scaffolds. The presentation
will include three topics: 1) computer-aided tissue modeling, including
representation and modeling of 3D tissue and anatomic system, bio-mod-
eling, 3D reconstruction and application to surgical planning and simu-
lation; 2) computer-aided tissue scaffold informatics and biomimetic de-
sign, including classification and characterization of tissue structural and
morphological properties, multi-scale modeling, design and fabrication of
biological tissue systems and scaffolds at different hierarchical levels, and
biomimetic design of load bearing bone and cartilage tissue scaffolds and
replacements; and 3) computer-aided bio-manufacturing manufacturing,
including the development of proprietary multi-nozzle biopolymer de-
position system for freeform fabrication of tissue scaffolds and cell seed-
ed tissue precursors.

A-28
Nanotopographic Tools for Vascular Tissue Engineering. JEFFREY T.
BORENSTEIN1, Christopher J. Bettinger1,2, David J. Carter1, Brian K.
Orrick1, and Robert Langer2. 1Draper Laboratory, Cambridge, MA 02139
and 2Massachusetts Institute of Technology, Cambridge, MA 02139.
Email: jborenstein@draper.com

The role of mechanical forces in governing cell signaling and cell-sub-
strate interactions is gaining increasing recognition, with applications
ranging from fundamental studies of the origin of disease to drug dis-
covery and regenerative medicine. In particular, mechanical forces such
as shear stress and surface topography can be used to probe endothelial
cell behavior. Substrate topography effects have been characterized for
numerous cell types, using a variety of micron-scale features machined
into substrates such as titanium, ceramics, silicon, and silicone rubber.
The utility of these studies has been limited by the fact that while im-
printing of micron-scale features on substrates is straightforward, inves-
tigations of the basement membrane which underlies epithelial and en-
dothelial reveals that the signature topography is closer to 100 nanome-
ters. In addition, virtually all of these experiments have been conducted
on rigid, permanent substrates suitable for laboratory studies, whereas the
use of nanoscale mechanotransduction as a tool for engineered tissues
will likely require the use of biodegradable substrates. Here we present
the results of an investigation of endothelial cell interactions with nano-
scale features imprinted into a biodegradable substrate, PolyGlycerol Se-
bacate (PGS). Features ranging from 400 - 900 nanometers are shown to
have powerful effects on the orientation and aspect ratio of bovine aortic
endothelial cells cultured on PGS substrates. These results suggest that
nanotopographic substrate modification can be used as a tool for in vitro
generation of vascular tissues.
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A-29
Tissue Models as Replacements for Animal Experimentation. S DHRU-
VAKUMAR. People for the Ethical Treatment of Animals (PETA), Nor-
folk, VA 23510. Email: SadhanaD@peta.org

Although the field of tissue engineering had its provenance in growing
tissues for transplantation, there is a substantial and escalating interest in
using tissue constructs as in vitro research systems. Traditionally, basic
and drug-related research had a strong focus on studying animals as sur-
rogates for humans even though attempts to replicate human diseases in
animals often fail. Scientists are increasingly turning instead to human-
based in vitro models because they are generally less variable, more re-
producible, less expensive, quicker, more scalable, do not suffer from
error due to species differences, and last but not least, they satisfy the
mounting public pressure to reduce animal use for ethical reasons.
Amongst the most promising of the non-animal alternative technologies
are human-based tissue models. These models represent the best possible
chance to mirror in vivo human biology if developed appropriately, al-
though achieving physiological relevance remains a challenge and de-
pends on advancing our detailed understanding of human biology. None-
theless, this field is burgeoning with models in development for many
types of organs and tissues and refinements are continually improving
physiological relevance and predictive power.

A-30
Physical Effects on Chondrocytes: Basic Science to Tissue Engineering.
CLARK T. HUNG. Department of Biomedical Engineering, Columbia
University, New York, NY 10027. Email: cth6@columbia.edu

The prevalence of osteoarthritis articular cartilage, coupled with the poor
intrinsic healing capacity of this tissue, has given rise to a great demand
for an articular cartilage substitute. As the bearing material of diarthrodial
joints, articular cartilage has remarkable functional properties that have
been difficult to reproduce in tissue engineered constructs. The underlying
premise for our work is that the application of physiologic loading will
promote development of cartilage tissue engineered constructs having
functional load-bearing tissue properties.In this context, I will describe
two complementary research thrusts in my laboratory, one aimed at un-
derstanding chondrocyte mechanotransduction and one aimed at efforts
toward the application of deformational loading for cultivating functional
tissue constructs. Study 1 will describe a system that our research team
has developed to study for the first time the cyclic deformational loading
response of cultured chondrocytes using osmotic loading and microfluidic
technology. Osmotic loading also offers an opportunity to deform the
chondrocyte without physical ‘‘touching’’ of the cell with a probe or
matrix deformation. Calcium levels ([Ca21]i) can be monitored cell-by-
cell using fura-2 fluorescence microscopy, providing a rapid and dynamic
measure of cell signaling as well as cell size change in response to applied
loading. Study 2 will focus on efforts exploring the novel preconditioning
of bovine chondrocyte-seeded agarose hydrogel constructs using defor-
mational loading, arguably one of the most prominent components of the
chondrocyte physical environment in vivo. The beneficial effects of ap-
plied physiologic loading are mediated by construct cell seeding density
and media supplementation with growth factors.

A-31
Stem Cell Behavior in Hydrogels. J. ELISSEEFF. Department of Bio-
medical Engineering, Johns Hopkins University, Baltimore, MD, 21218.
Email: jhe@bme.jhu.edu

Adult and embryonic stem cells have received significant attention for
their potential in therapeutic applications including tissue engineering.
While stem cells have been studied in standard monolayer tissue culture
conditions, three dimensional culture in biomaterials is often required for
tissue development and therapeutic repair applications. Hydrogels are
three dimensional networks that can encapsulate cells. We have encap-
sulated adult and embryonic stem cells in hydrogels for applications in
skeletal tissue engineering. Embryoid bodies created from embryonic
stem cells were encapsulated in hydrogels and incubated in vitro in chon-
drogenic conditions. Tissue-specific transcription factors and matrix mol-
ecule expression increased and cartilage-like tissue was formed only
when cells were cultured in hydrogels compared to monolayer culture.
Furthermore, stem cell response to growth factors in the 3D hydrogels
significantly differed from stem cells cultured in standard monolayer cul-
ture. Stem cells encapsulated in hydrogels also influence the behavior of
differentiated cells in a bilayered coculture system. Stem cells in hydro-
gels cultured adjacent to differentiated chondrocytes in bilayered hydro-
gels produced a stimulus to promote chondrocyte proliferation and dif-
ferentiation. In sum, biomaterials will play an important role in stem cell
research and development.

A-32
Donor Age, Cell Density, and Complimentary Roles of Cytoskeletal El-
ements in the Contraction of Fibroblast-populated Collagen Gels. R. A.
REDDEN and E. J. Doolin. Department of General Pediatric Surgery,
Children’s Hospital of Philadelphia, Philadelphia, PA 19104. Email:
redden@email.chop.edu

Introduction. The healing of deep skin injuries is often plagued by ex-
cessive scarring and contracture, and patient age has a significant influ-
ence. Collagen content has been most thoroughly examined, but a crucial,
poorly understood factor is dynamic, inter- and intracellular force gen-
erated by fibroblasts. This research used an in vitro model, the contraction
of fibroblast-populated collagen gels (FPCG), to investigate contractility
of fibroblasts, specifically the contribution of cytoskeletal elements and
the influence of age and cell density. Methods. FPCGs were created and
seeded with normal human dermal fibroblasts. The gels were polymerized
and floated in growth media. Digital images were taken daily and gel
area was calculated. Research Design. Two variables were investigated:
1) cell density (50k, low; 500k/ml, high), 2) patient age (neonatal, adult,
and senior donors). The contribution of cytoskeletal elements to FPCG
contraction was determined using microtubule and microfilament disrup-
tors (colchicine and cytochalasin, respectively). Results/Conclusions.
FPCG contraction is complicated and bimodal. In all cases, FPCGs seed-
ed at high cell density (HD) contracted earlier and more rapidly than
those at low cell density (LD). LD-FPCGs showed a delay of several
days before contraction began. FPCGs seeded with neonatal fibroblasts
contracted faster than those seeded with either senior or adult fibroblasts.
Finally, cytoskeletal disruption revealed differential, complimentary con-
tributions of microtubules and microfilaments. Both drugs were inhibi-
tory, but affected different temporal aspects of contraction, most notably
in HD-FPCGs. We hypothesize that HD-FPCGs contract through different
primary mechanisms than LD-FPCGs, and that age affects fibroblast con-
tractility.
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A-33
A Neuronal Network-based Biosensor for Detection of Environmental
Threats. THOMAS J. O’SHAUGHNESSY. Center for Bio/Molecular Sci-
ence and Engineering, United States Naval Research Laboratory, Wash-
ington, DC 20375. Email: tjo@cbmse.nrl.navy.mil

Contamination of the environment by toxic compounds is a major prob-
lem for many military and civilian agencies. The range of compounds of
concern includes heavy metals, organophosphates and other pesticides.
This broad spectrum of compounds, with the possibilities of adverse com-
binations as well as unknown toxicants, makes specific testing difficult
and requires a generic type of detector. To address these issues, a portable
cell-based biosensor, utilizing networks of mammalian neurons grown on
microelectrode arrays as the sensor element, has been developed at the
Naval Research Laboratory (NRL), in collaboration with the University
of North Texas. The device itself consists of temperature control and
fluidics subsystems necessary to maintain the neuronal networks in a
shipping/recording cartridge, while simultaneously recording the electri-
cal activity of the neurons. The system detects the action potentials from
multiple electrodes of the microelectrode array simultaneously through
non-invasive, extracellular recording techniques. Analysis of changes in
frequency and patterns of these signals can then be used to determine if
the environmental sample, typically potable water, contains neuroactive
or neurotoxic compounds that would warrant further investigation.

A-34
APC-biosensor: The Use of Dendritic Cells and Monocytes for Early Detection of
Exposure to Toxic Substances. KEITH D. CRAWFORD, Harvard University, Brigham
and Womens Hospital, Orthopaedics/Molecular Orthopaedics, BLI-152, 221 Longwood
Ave., Boston, MA 02115. Email: Crawford@rics.bwh.harvard.edu

Infectious agents have been and are likely to be used again for purposes of bio-ter-
rorism. They may be used either as wild type strains or genetically modified strains,
which are manipulated to enhance their harmful potential. The body’s first line of
defense against such agents is the immune system, which innately or adaptively pro-
tects against pathogens. A subset of immune cells, dendritic cells (DC) and monocytes
(Mo), are APCs (Steinman 1991). These specialized immune cells are in all tissues of
the body, especially at mucosal barriers. Once exposed to infectious or noninfectious
agents, they phagocytize and transport pathogens to primary immune tissue. Once
localized at this site, pathogen are degraded into peptides and presented to T cells.
These T cells are responsible for mediating adaptive immunity, which involves antigen-
specific cytotoxic T cell expansion and immunoglobulin production by B cells. In some
case, pathogens evade this degradation and use the APC as site of replication, as
described for Marburg virus (Lambrecht 2001, Bosio 2004). By sequestering antigens,
APCs act as bio-concentrators rendering them ideal cell populations to detect micro-
organism-specific protein and gene expression profiles. Previous studies have demon-
strated, that DCs respond to pathogen exposure by altering gene expression. This
altered gene expression is unique to the pathogen to which the DCs are exposed (Huang
2001). Thus, these unique changes in gene expression can be used to discriminate
different pathogens (Reis & Sousa, 2001). We have taken this concept one step further
and have successfully demonstrated the existence of pathogen-specific protein profiles
with Surface-enhanced laser desorption/ionization time of flight mass spectrometry
(SELDI-TOF-MS). SELDI-TOF-MS is a recent technology that allows high-throughput
proteomic analysis with limited material requirements (Barzaghi, 2004). Our prelimi-
nary date demonstrates that DC and Mo co-cultured with bacteria, endotoxin, viruses,
or genetically modified viruses have distinctive protein/peptide profiles, which could
be used to for early detection and discrimination for pathogen exposure. Future re-
search should provide the foundation for the development of a means of accurate,
rapid, and early detection of exposure to infectious pathogens using gene array and/or
MS-protein profiling technologies coupled with APC-biosenor concept. In addition,
identification of pathogen-regulated proteins may improve our understanding of their
role in pathogenesis as the identification of possible targets for immunotherapy.


