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A-2000

20-Hydroxyecdysone and Indomethecin Influence Protein
Expression in a Spodoptera frugiperda Nervous System
Cell Line. CYNTHIA L. GOODMAN1, Yong Wang2,
Benjamin Buer3, Tamra Reall1,4, Susanne Dohn3, Joseph
Ringbauer, Jr.1, Sven Geibel3, and David Stanley1.
1USDA, ARS, BCIRL, Columbia, MO 65203; 2College
of Bioscience and Biotechnology, Shenyang Agricultural
University, Liaoning Engineering and Technology
Research Center for Insect Resource, Shenyang 110866,
PR CHINA; 3Baye r AG, Monhe im am Rhe in ,
GERMANY; and 4University of Missouri-Extension,
Blue Springs, MO. Email: cindy.goodman@usda.gov

Insecticide mode of action studies provide insights into how
new insecticidal chemistries function and contribute to
assessing safety to humans and non-target organisms. Insect
cell lines that express potential target sites can serve as valu-
able tools in this effort. We will report on the influence of two
biochemical signal moieties on protein expression in a ner-
vous system cell line established from Spodoptera frugiperda,
designated Bayer/BCIRL- SfNS2–0714-TR. Cells were ex-
posed to the insect developmental hormone (1 μg/mL 20-
hydroxyecdysone, 20E) or a prostaglandin biosynthesis inhib-
itor (25 mM indomethacin, INDO), or a combination of the
two, for 24, 72 or 120 hr. Changes in expression levels and
their related protein identities were determined using LC-
MS +MS-MS. The largest number of changes in protein ex-
pression occurred at 24 hr. The combination of 20E and INDO
led to 222 differentially expressed proteins; 20E and, separate-
ly, INDO lead to changes in 30 proteins each (p value <0.01;
>2X or < 0.5X-fold changes). We recorded changes in expres-
sion of 27 proteins at 72 hr and 25 proteins at 120 hr, with
about 2X more differentially expressed proteins associated in
the 20E + INDO treatments. The majority of differentially
expressed proteins were involved in protein synthesis/process-
ing, gene expression and energetics/metabolism. Because pro-
teins are active compounds, such as enzymes, receptors,

elements of signal transduction pathways and cellular struc-
tures, changes in protein expression provide insights into al-
terations in cell functions. The biological significance of these
findings lies in understanding the influence of biochemical
signal molecules, a developmental hormone and prostaglan-
dins, on protein expression at the insect cellular level.

A-2001

Optimization of a Polarized 2D Differentiated Human Colonoid
Transwell Model.KATERYNAKARPOFF1* and CAROLINE
L. MCCARTHY1*, Margaret S. Bohm1, Ashley J. Cuttitta1,
Sabrina S. Silvestri1, Maliha M. Berner1, Jason R. Spence1,2,
and Michael K. Dame1. 1Department of Internal Medicine,
The Division of Gastroenterology, The University of Michigan
Medical School, Ann Arbor, MI and 2Department of Cell and
Developmental Biology, The University of Michigan Medical
School, Ann Arbor, MI. *These authors contributed equally to
this work. Email: clmcc@umich.edu, kkarpoff@umich.edu

The colonic epithelial barrier plays a crucial role in preventing
permeation of toxins and microbiota while allowing absorp-
tion of water and nutrients. Colonic epithelial polarity,
consisting of distinct apical and basolateral membrane do-
mains, is crucial for regulating these functions. To develop a
model of the human colon in vitro,we aimed to optimize a 2D
transwell system of colonic monolayers by assessing media
components contributing to proliferation, differentiation and
polarization. Colonoids were established from donor resec-
tions or biopsies and cultured in Matrigel in media containing
Advanced DMEM/F-12, 2 mMGlutaMax, 10 mMHepes, N2
supplement, B27 supplement minus vitamin A, 1 mM N-
Acetyl-L-cysteine, 500 nM A8301, 10 μM SB202190,
10 μM Y27632, 100 ng/mL EGF and 50% LWRN condi-
tioned media including 10% FBS. Colonoids were trypsin-
dissociated and 200,000 cell aggregates were plated per
collagen-IV coated 0.33cm2 transwell insert. Medium was
replaced after 24 hr with differentiation medium minus stem
cell support factors LWRN, SB202190, and with added 10 nM
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gastrin, 50 ng/mL EGF, 50 ng/mL noggin and experimental
concentrations of A8301 and Y27632. Trans-epithelial elec-
trical resistance was recorded to assess monolayer confluence
and barrier function while tight junction protein expression
was visualized by immunofluorescence. Optimized methods
for generating a polarized and differentiated monolayer in-
cluded components that support initial cell proliferation:
adding Rho Kinase inhibitor 2.5 μM Y27632 for the first
48 hr while removing TGFβ inhibitor A8301, and pre-
treating colonoids with LWRN selected for high Wnt activity
to drive a cystic morphology. These conditions were optimal
for creating a reproducibly uniformmonolayer that models the
colonic epithelial barrier.

A-2002

Dysregulation of Gap Junctional Intercellular Communication
by Cholesterol and Oysterols. ANTHONY B. KETNER,
Patricia Christina Blum, Levi Fry, Heather deFeijter-Rupp,
Ilce Gabriela Medina Meza, Carlo Barnaba, George S.
Abela, Lizbeth Lockwood, and Brad L. Upham. Michigan
State University, East Lansing,MI. Email: ketnera1@msu.edu

Atherosclerosis and cancer are the top two leading causes
of mortality worldwide, and share several risk factors, in-
cluding sedentary lifestyle, obesity, smoking, diabetes and
hypercholesterolemia. The oxidation of sterols has long
been affiliated with cardiovascular diseases, but their role
in cancer types is a growing interest in the scientific com-
munity and has been linked to several cancers. Gap junc-
tional intercellular communication (GJIC) is a critical cel-
lular phenomenon instrumental in maintaining tissue ho-
meostasis, and the interruption of GJIC results in abnormal
cell growth that contributes to numerous pathologies, in-
cluding cancer and atherosclerosis. We compared structure
activity relationships among a select group of physiologi-
cally relevant oxysterols on the disruption of GJIC in two
cell lines representing endothelial and epithelial cell types
relevant to atherosclerosis and cancer, respectively.
Cholesterol and 5,6-beta-epoxy-cholestane dysregulated
GJIC in a dose-dependent mode, whereas cholestane-
3,5,6-triol and 7-beta-hydrocholesterol had no effects on
GJIC in both cell types. These data are the first to demon-
strate effects of key physiologically relevant oxysterols on
GJIC on the target cells of cancer and atherosclerosis.
Further experiments are being done on other oxysterols
and to identify the underlying mechanisms of how GJIC
is dysregulated by these compounds.

A-2003

Entomopathogenic Fungus Cordyceps tenuipes Inhibited
Inflammatory Mediators in Lipopolysaccharide-stimulated

Macrophages. JIA XIONG1,2, Purni Wickramasinghe3, John P.
Munafo Jr.3, and Debora Esposito1,2. 1Plants for Human Health
Institute, North Carolina State University, North Carolina
Research Campus, 600 Laureate Way, Kannapolis, NC 28081;
2Department of Animal Science, NC State University, 120
Broughton Drive, Raleigh, NC 27695; and 3Department of
Food Science, University of Tennessee, Knoxville, TN 37996.
Email: jxiong5@ncsu.edu, daesposi@ncsu.edu

Fungi continue to be an underutilized source of chemical diver-
sity for the identification of compounds with potential human
health applications. This study aimed to evaluate the anti-
inflammatory activities of methanol extracts prepared from eight
fungal isolates collected from the Southern Appalachian region
of the United States, a fungal biodiversity hot spot. For each
extract evaluated, levels of inflammatory mediators, including
nitric oxide (NO), tumor necrosis factor-alpha (TNF-α),
interleukin-1β (IL-1β), cyclooxygenase-2 (COX-2), inducible
nitric oxide synthase (iNOS), and interleukin-6 (IL-6) in lipo-
polysaccharide (LPS)-stimulated RAW 264.7 macrophages
were evaluated. Of the eight isolates, an extract prepared from
Cordyceps tenuipes was identified as a promising candidate for
additional studies. Commonly known as “winter-worm sum-
mer-grass,” C. tenuipes is an entomopathogenic fungus belong-
ing to the Cordycipitaceae family. The C. tenuipes isolate was
then cultivated at a larger scale in liquid media and an extract
prepared from the broth was evaluated in additional experi-
ments. The results showed at 5 μg/mL, a concentration that
had no cytotoxicity determined as by MTT assay, the extract
significantly inhibited the NO production by about 20%. It also
suppressed pro-inflammatory gene expression of the five acute
and chronic biomarkers at 50% ormore, as compared to the LPS
control. The results indicated that the methanol extract of the
fermentation broth of C. tenuipes elicited anti-inflammatory ac-
tivities in vitro, warranting additional studies to identify the
compound(s) responsible for the observed effects.

A-2004

Impact of Temperature on the Integrity of Rainbow Trout
Intestinal Epithelial Cell Sheets. N. C. BOLS1, E. Braley2, P.
G. Pumputis1, M. E. C. Hamilton1, V. R. Dayeh1, and L. E. J.
Lee2. 1University of Waterloo, Department of Biology,
Waterloo, ON N2L 3G1, CANADA and 2Department of
Biology, University of the Fraser Valley, Abbotsford BC,
CANADA. Email: ncbols@uwaterloo.ca

Appreciating how fisheries and aquaculture will fair in face of
global warming requires knowledge of how temperature might
impair the physiological systems of fish, with a key one being
the gastrointestinal tract or gut. The gut is lined by a layer of
epithelial cells that acts as a barrier between organism and en-
vironment and is essential for nutrient absorption and innate
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immunity. For studying epithelial integrity, we used mono-
layers of the rainbow trout intestinal epithelial cell line,
RTgutGC. Monolayers remained intact for at least a week at
temperatures from 4 to 28°C.Whenmonolayers were wounded
and followed for 7 days, wounds were partially healed at 4°C
and completely repaired at temperatures up to 28°C. Above
28°C, the actin cytoskeleton was disrupted and cells shriveled.
When monolayers with wounds were challenged at 32°C for
3 h and returned to 18–22°C, cells lost their shape and actin
organization and over the next 6 days detached and died. When
monolayers were subjected to 26°C for 24 h and challenged at
32°C for 3 h prior to being placed at 18–22°C, cell shape and
actin cytoskeleton were maintained and wounds were healed
over 6 days. For the first time, intestinal epithelial cells have
been shown to become thermostabilized for shape, cytoskeleton
and migration by a prior heat exposure.

A-2005

Astaxanthin Effects on Salmonid and Shrimp Cells In Vitro.
SUNGJAE (ERIC) CHO, Eryn F. Braley, Heather M. Kelly,
PetraW. Lee, Justin B. Lee, and Lucy E. J. Lee. Department of
Biology, University of the Fraser Valley, Abbotsford, BC,
CANADA. Email: SungJae.Cho@student.ufv.ca

Astaxanthin (ATX) is the main carotenoid present in salmonid
and crustacean species that provide the characteristic pink-red
color of their flesh. The effects of ATX in fish and shellfish, as
well as in mammalian species, has been well documented
in vivo, but few studies have evaluated this chemical for cellular
responses in salmonid and shrimp cells in vitro. As is the case
with other carotenoids, and unlike some algae or plant species,
vertebrates and invertebrates cannot endogenously synthesize
ATX, and therefore, can only be obtained through the diet.
ATX in the diet formulations of shrimp and salmonids have been
critical not only for flesh coloration but research also indicates
additional benefits from dietary carotenoids. For instance, ATX
has been shown to have biological functions related to growth,
reproduction and tissue health not only in salmonid and shrimp
species, but also for human and mammals, possibly due to the
compound’s strong antioxidant properties promoting immune
function and homeostasis. Research at the cellular level has been
done with mammalian cell lines but no studies have been report-
ed to date using fish or shrimp cells in culture. The present
research aims to investigate the role of ATX as well as other
carotenoids on established trout cell lines, including a newly
established Rainbow Trout (RT) muscle cell line, and on primary
cultures of shrimp cells to see if they promote growth and differ-
entiation in vitro. Cells were exposed to varying concentrations
of ATX, beta carotene and retinoic acid and monitored for short
and long term exposures. Preliminary results showed no negative
effects on fish cells. Results from morphological and functional
parameters including wound healing will be presented.

A-2006

Bioavailability of Artemisinin from Artemisia annua:
Inhibition of Hepatic Cytochrome P450 Enzymes by
Artemisia Extracts, Teas and Phytochemicals. MATTHEW
DESROSIERS and Pamela J. Weathers. Department of
Biology and Biotechnology, Worcester Polytechnic Institute,
100 Institute Road, Worcester, MA 01605. Email:
mrdesrosiers@wpi.edu

Dried leaves of Artemisia annua (DLA), are a promising al-
ternative treatment for malaria. A. annua produces the antima-
larial drug artemisinin (AN) from which semisynthetic deriv-
atives are made for artemisinin combination therapies (ACTs),
the frontline treatment for malaria worldwide. However,
ACTs are often unavailable or too expensive to those in need.
Recently, clinical trials showed teas made from both A. annua
and A. afra are efficacious in treatingmalaria.Work in animals
has shown that AN is significantly more bioavailable when
delivered as powdered DLA due to enhanced AN solubility
and intestinal permeability. We hypothesized that secondary
phytochemicals in DLA may inhibit AN-metabolizing en-
zymes in the liver leading to increased bioavailability of AN
when delivered as DLA. To investigate this, we used an
in vitro human liver microsome system to determine if DLA
phytochemicals inhibit CYP2B6 and CYP3A4, the cyto-
chrome P450 isoforms responsible for AN metabolism in
humans. Using a luciferin-based probe for CYP2B6 and
CYP3A4, extracts and teas made from A. annua and A. afra
and pure phytochemicals commonly found in Artemisia spe-
cies we tested for the inhibitory effects on each CYP. In
CYP2B6, A. annua extract had an IC50 over 4-fold lower than
pure AN indicating other phytochemicals in A. annua inhibit
CYP2B6. Pure AN alone had no inhibitory activity against
CYP3A4, however, A. annua extract had an IC50 of
4.93 μM suggesting other phytochemicals in the extract had
inhibitory activity against CYP3A4. Extracts of A. afra had
IC50 values of 7.87 and 5.18 μM against CY2B6 and
CYP3A4, respectively, despite containing negligible AN
levels. Several phytochemicals were also tested with
arteannuin B (9.34 μM) and quercetin (4.59 μM) being the
strongest inhibitors of CYP2B6 and CYP3A4, respectively.
Experiments are ongoing using bioassay-guided fractionation
to better determine which phytochemicals in Artemisia spe-
cies are most responsible for the inhibition of both CYPs.
Together these results help explain the greater bioavailability
of AN from per os consumption of DLA vs. pure AN.

A-2007

Use of Fish Epithelial Cell Lines to Study the Actions of
Nitrite in Fish. DAYLAN T. PRITCHARD1, Justin B. Lee1,
Niels C. Bols2, and Lucy E. J. Lee1. Departments of Biology,
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1University of the Fraser Valley, Abbotsford BC and
2University of Waterloo, Waterloo, ON, CANADA. Email:
daylan.pritchard@student.ufv.ca

Epithelial cell lines from the lungs and intestines of
humans have become convenient in vitro models for
quickly and inexpensively screening whether environmen-
tal contaminants and food components have detrimental
actions on the integrity of epithelial linings and for study-
ing the mechanisms behind their actions. Examples of
heavily used human lung and intestinal cell lines are
A549 and Caco-2, which have been the subjects in thou-
sands of studies with a variety of endpoints. For epithelial
integrity, wound healing assays are one endpoint. A sur-
prising modulator of healing is the common food contam-
inant, sodium nitrite (NaNO2), which might be acting di-
rectly but also through the gaseous physiological modula-
tor, nitric oxide (NO). In contrast to mammals, studies on
fish epithelia have been few as many fewer epithelial cell
lines exist for piscinid species. However, RTgill-W1 and
RTgutGC from respectively the gill and gut of rainbow
trout are gaining use in environmental toxicology and fish
physiology, but they have yet to be used to study NaNO2

or NO effects. For fish, high nitrite levels are an increas-
ingly important problem in aquaculture but also in natural
waters under some conditions. In this project, RTgill-W1
and RTgutGC were used to study the effects of sodium
nitrite on fish epithelial monolayers. Sodium nitrite at
concentrations from 1 to 1000 uM were tested for effects
on cell proliferation, as well as on epithelial cell migration
or wound healing evaluated through “scratch assays”.

A-2008

Analyzing Methods of 3-D Culture for Marine Sponge Cells.
ELIZABETH URBAN-GEDAMKE, Megan Conkling, Peter
J. McCarthy, Paul S. Wills, and Shirley A. Pomponi. Florida
Atlantic University, Harbor Branch Oceanographic Institute,
Ft. Pierce, FL. Email: urbane@fau.edu

Sponges are ecologically important members of the ben-
thic fauna and have biomedical and economic value.
Decades of research into in vitro culture of marine sponge
cells have met with little success, but the recent use of an
optimized nutrient medium has resulted in rapid cell divi-
sion in several species of demosponges. The use of three-
dimensional cell culture techniques may increase cell divi-
sion and promote cell differentiation and normal function-
ing of the cells through increased cell-to-cell and cell-to-
extracellular matrix communication. Here we combine the
use of optimized medium with novel three-dimensional
substrates to culture cells of the marine sponge Geodia
neptuni. The results of this research will advance the

current methodologies of sponge cel l cul ture .
Optimization of the culture methods demonstrated here
may lead to the ability to scale up in vitro culture of
important marine sponge species for habitat restoration
and for the production of marine natural products.

A-2009

“Vascular Endothelial Model Constructed on a Collagen Vitrigel
Membrane” Useful for Extrapolating the Histamine-induced
Vascular Hyperpermeability. MIAKI UZU and Toshiaki
Takezawa. Institute of Agrobiological Sciences, National
Agriculture and Food Research Organization, Ibaraki, JAPAN.
Email: miaki.uzu@affrc.go.jp, t.takezawa@affrc.go.jp (corre-
sponding author)

Vascular permeability is determined by the tightness of the
endothelial barrier. The barrier is disrupted by inflammatory
mediators (ex. histamine), which results in unpleasant symp-
toms like a stuffy nose. There are few reliable test methods
for vascular permeability in vitro due to the lack of vascular
endothelial models with the high endothelial barrier func-
tion. Nevertheless, previous studies have shown the
histamine-induced change of the endothelial barrier by rela-
tive changes over control, which may overestimate the re-
sults. The purpose of this study is to construct a vascular
endothelial model with the high endothelial barrier function
and responsivity to histamine on a collagen vitrigel mem-
brane (CVM) composed of high-density collagen fibrils
equivalent to connective tissues in vivo. Human microvas-
cular endothelial cells (HMVECs) and human umbilical
vein endothelial cells (HUVECs) were cultured in a CVM
chamber with or without human dermal fibroblasts (HDFs)
cultured on a reverse-side of them for 6 days. The endothe-
lial barrier function was evaluated by transendothelial elec-
tric resistance (TEER) value and the permeability coefficient
of fluorescein isothiocyanate-dextran (FD). TEER values of
an HMVEC monolayer cultured on CVM were 15–20 Ω/
cm2 during culture periods. On the other hand, it reached
60 Ω/cm2 when they were co-cultured with HDFs. TEER
value was slightly decreased in the HMVEC monolayer
model treated with 100 μM histamine while the co-culture
model showed a response to 1 nM histamine treatment.
Moreover, the permeability coefficient of FD was clearly
higher in the co-culture model treated with histamine com-
pared to control. We also fabricated another vascular endo-
thelial model composed of HUVECs and HDFs. However,
that model showed low TEER values and no response to
100 μM histamine. In conclusion, HMVECs cultured with
HDFs on CVM formed the tight endothelial barrier and
showed high responsivity to histamine. The model might
be useful for evaluation of the effect of anti-histamine
agents on histamine-induced vascular hyperpermeability.
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A-2010

Three-dimensional Culture of Sponge Cells in Gelatin-based
Hydrogel Scaffolds. MEGAN CONKLING1, Stephanie
Munroe1,2, Dirk E. Martens2, Detmer Sipkema3, and Shirley
A. Pomponi1,2. 1Harbor Branch Oceanographic Institute,
Florida Atlantic University, Fort Pierce, FL; 2Bioprecess
Engineering, Wageningen University & Research Center,
Wageningen, THE NETHERLANDS; and 3Microbiology,
Wageningen University & Research Center, Wageningen,
THE NETHERLANDS. Email: mconkli2@fau.edu

Cell cultures of marine sponges are important to study the
mechanisms of bioactive compound production, symbioses
of sponges with microorganisms, as well as the physiology
of these structurally simple animals. Despite technological
and molecular advancements in recent years, continuous
sponge cell lines have only recently been established in two-
dimensional culture. The creation of three-dimensional (3D)
culture models are promising since they more closely mimic
the natural microenvironment. In this study, cells of themarine
sponge Dysidea etheria were immobilized in a gelatin solu-
tion crosslinked with microbial transglutaminase and formed
into 3D scaffolds. The immobilized cells were cultured for
12 days in nutrient media and the density and viability of the
cells were measured. Results showed that the density initially
increased over the first 3 days and then stabilized, ultimately
maintaining a density similar to that of the inoculation.
Immobilized cells had a viability above 99.8% throughout
the duration of the culture, indicating a positive response to
3D culture. The gelatin-microbial transglutaminase hydrogel
scaffold is highly biocompatible with sponge cells and can be
prepared with nearly all cell culture media, giving this 3D
cultivation method the strong potential for developing 3D cell
culture models for marine sponges.

A-2011

One Sponge, Two Sponge, Red Sponge, Blue Sponge:
Identifying Variation of Cell Division in Cultures of Marine
Demosponges. MEGAN CONKLING and Shirley A.
Pomponi. Harbor Branch Oceanographic Institute, Florida
Atlantic University, 5600 US 1 N, Fort Pierce, FL 34946.
Email: mconkli2@fau.edu

Exceptionally rapid cell division of marine sponge cells cul-
tured in an amino acid optimized Medium 199 has been re-
cently reported (Conkling et al. 2019. Scientific Reports
9:17321). We also reported that intraspecific (individual) and
interspecific variation occurs and must be factored into selec-
tion of source material for the development of other sponge
cell lines. To determine the extent of inter- and intraspecific
variability, as well as the efficacy of Medium 199 and the

optimized M1 as nutrient media for other species, we evalu-
ated cultures of dissociated and cryopreserved cells from 125
sponge individuals collected off the coast of Florida, at depths
ranging from 1 m to more than 200 m, representing 13 orders,
21 families, 33 genera, and 43 species (Phylum Porifera, Class
Demospongiae). Dissociated and cryopreserved cells were
cultured in M199, M1, and artificial seawater (control) for
24 hours, microscopically imaged, and counted using an au-
tomated cell counter. There was an increase in cell density for
23 species (81 individuals) tested; there was a significant in-
crease, from 2 to 3.5 population doublings in 24 hours, in 13
species cultured in either M199 or M1. No cell division was
observed for 20 species (44 individuals) cultured in M199 or
M1. No clear patterns related to taxonomy or depth emerged,
however, there appears to be a trend among the Order
Tetractinellida: except for one genus and species, all individ-
uals from this order exhibited rapid rates of cell division. The
results emphasize the importance of optimizing nutrient me-
dia, perhaps at the level of species, and provide insights into
target species for further cell line development.

A-2012

Cellular Basis of Sponge-Sponge Associations. MEGAN
CONKLING, Esther Guzman, Peter J. McCarthy, M.
Cristina Diaz, and Shirley A. Pomponi. Harbor Branch
Oceanographic Institute, Florida Atlantic University, Fort
Pierce, FL. Email: mconkli2@fau.edu

Marine sponges interact and coexist with many different or-
ganisms. A two-sponge association between Amphimedon
erina and Geodia cf. gibberosa commonly occurs in the
Florida Keys. Previous studies have only focused on the eco-
logical influence of the association; they did not examine the
cellular basis of the association. This association between
A. erina and G. cf. gibberosa was used in the development
of an in vitro model to further the understanding of the cellular
basis of natural sponge-sponge associations. In this study,
sponge cells were cultured individually and in co-cultures
and their responses related to apoptosis, cell death, and prolif-
eration were monitored using high content imaging. Co-
cultured cells of species that form sponge-sponge associations
did not have the same cellular responses compared to co-
cultured cells of species that do not form sponge-sponge as-
sociations. Protein expression analyses demonstrated that the
model that was established does not mimic the cellular re-
sponse of the association in nature, but this model can be used
to test in vitro cellular interactions of sponge species that do
not form associations in nature. In addition, the protein ex-
pression data that were obtained revealed that sponges use
similar apoptotic pathways as humans and suggest that sponge
cells may shut down cell cycling in order to repair damaged
DNA. These findings underscore the value of this model to
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better understand metabolic pathways, including cell cycling,
which may lead to more successful approaches to develop-
ment of sponge and other marine invertebrate cell lines.

A-2013

Establishing Sponge Cell Hybridomas. CASSADY L.
DOUGAN, Megan Conkling, Amy E. Wright, and
Shirley A. Pomponi. Florida Atlantic University, Harbor
Branch Oceanographic Institute, Ft. Pierce, FL. Email:
cdougan@fau.edu

Marine sponges are the most prolific source of chemicals with
human health applications. Since large quantities of these
compounds are required for clinical development, sustainable
supply is a bottleneck. To date, the supply of a few marine-
derived compounds has been achieved using chemical synthe-
sis, fermentation, aquaculture, and even large-scale wild har-
vest. Recent success by our research group in obtaining ex-
ceptionally fast cell division in sponge cell cultures and the
development of marine sponge cell lines now makes in vitro
production a viable option. An optimized nutrient medium
stimulates cell division of cultured cells in some, but not all,
sponge species. Using interspecific hybridoma methodology,
non-dividing cells of compound-producing species can be
fused with dividing cells with the potential to develop a cell
line that continues to produce the compound of interest. To
demonstrate proof of concept, cells of the demosponge
Geodia neptuni, which rapidly divide in the optimized medi-
um, were hybridized with cells of Axinella corrugata, which
do not divide in the optimized medium but do produce an
antitumor compound (stevensine). Stimulating the expression
of biomedically-relevant compounds in interspecific sponge
hybridomas unlocks the potential for sustainable mass produc-
tion of compounds that are currently not amenable to scale-up
using other approaches.

A-2014

The Effect of Bacillus subtilis-derived Exopolysaccharide on
Dendritic Cells. SHAINA MILLER1, Ryan Incrocci2, and
Julie Swartzendruber2. 1Department of Biomedical Sciences,
College of Graduate Studies, Midwestern University, Downers
Grove, IL and 2Department of Microbiology/Immunology,
College of Graduate Studies, Midwestern University, Downers
Grove, IL. Email: smiller17@midwestern.edu

Allergic airway disease has become increasingly prevalent in
the western world. A leading explanation, the hygiene hypoth-
esis, proposes that the western world’s hyperintense focus on
anti-microbials inadvertently eliminates commensal microbes.
Commensal microbes, such as Bacillus subtilis (B. subtilis),
normally train our immune systems to react appropriately to

the wide variety of antigens in our environment. B. subtilis, a
gram-positive bacterium found in soil, is commonly used in
farming and diets for its natural disease-fighting properties,
which likely come from the exopolysaccharide (EPS) that
B. subtilis produces as part of its extracellular matrix. The
aim of this study is to determine the mechanism by which
EPS from B. subtilis influences dendritic cells, the primary
drivers in allergic response. By treating mouse bone
marrow-derived dendritic cells (BMDC) with purified
B.subtilis-derived EPS, we can look at the changes in cytokine
production and surface marker expression induced by EPS.
Further, we can investigate how EPS-treated BMDCs influ-
ence Th2 cell activation in co-culture. We found that EPS
treatment decreases the presence of antigen in MHC II com-
plexes, alters expression of CD11c, CD11b, and PD-L1, and
increases IL-12 production. Current work is investigating the
ability of B. subtilis-derived EPS to suppress T cell prolifera-
tion and polarization.

A-2015

Anti-inflammatory Mechanism of the Prenylated Stilbenoid
Arachidin-3: A Natural Product Derived from Peanut Hairy
Roots. ROKIB HASAN1,3, Maria Elena Gonzalez Romero3,
and Fabricio Medina-Bolivar2,3. 1Molecular Biosciences
Program, Arkansas State University, Jonesboro, AR;
2Department of Biological Sciences, Arkansas State University,
Jonesboro, AR; and 3Arkansas Bioscience Institute, Jonesboro,
AR. Email: mdrokib.hasan@smail.astate.edu

Stilbenoids are a non-flavonoid class of polyphenols that are
important for their potential medicinal applications.
Resveratrol is one of the most well-studied stilbenoid and
several studies have described its anti-inflammatory, antioxi-
dant, cardio-protective and anticancer activities. Prenylated
stilbenoids, which include arachidin-1 and arachidin-3, are
produced to counteract biotic and abiotic stresses in peanut
(Arachis hypogaea). Despite their importance to plant and
human health, the molecular mechanisms underlying the bio-
activities of prenylated stilbenoids are still poorly understood.
To address this issue, we are using lipopolysaccharide (LPS)-
treated RAW 264.7 mouse macrophages to understand the
anti-inflammatory molecular mechanism of arachidin-3
in vitro. This prenylated stilbenoid was produced in elicitor-
treated hairy root cultures of peanut and purified by semi-
preparative HPLC. Our preliminary results suggest that
arachidin-3 is not toxic to the cells at low micromolar concen-
trations. Arachdin-3 pretreatment also reduces the IL-6 pro-
duction in LPS-treated RAW 264.7 cells. Furthermore, cell
imaging assays showed that arachidin-3 acts by inhibiting
LPS-induced NF-κB activation and attenuating high mobility
group box 1 (HMGB1) protein signaling in the RAW 264.7

ANIMAL POSTERS



cells. These studies will increase our understanding of the
molecular mechanism mediated by arachidin-3 and carry im-
portant translational implications for the application of
prenylated stilbenoids as anti-inflammatory compounds.

A-2016

Role of Retinoblastoma Binding Proteins in Osteoblast
Differentiation and Beta-Catenin Function. Effect of Rb1
Loss. JAY PATEL, Elisha Pendleton, and Nalini Chandar.
Department of Biochemistry, College of Graduate Studies,
Midwestern University, Downers Grove, IL. Email:
jpatel17@midwestern.edu

Osteoblastogenesis is a multi-stage differentiation process in
which mesenchymal stem cells attain an osteoblast-specific
cell fate. Aberrations at any point in this process lead to the
development of osteosarcoma and can arise with the inactiva-
tion of the retinoblastoma (Rb1) tumor suppressor gene.
Previous studies have shown beta-catenin to be essential in
modulating osteoblast differentiation through the Wnt signal-
ing pathway. We investigated the effect of Rb1 loss on the
canonical Wnt pathway. The Wnt pathway is critical for for-
mation and maintenance of osteoblast function and appears to
be the target of proteins that associate with Rb1. We have
conducted studies to gain an understanding of how pRb1
binding proteins, specifically Retinoblastoma Binding
Protein 7 (RbBP7) and High Mobility Group Box-
Containing Protein 1 (HBP-1), may interact with pRb1 in
osteoprogenitor (C2C12) and preosteoblasts (MC3T3-E1) cell
lines. We measured gene expression levels of bone specific
markers (Osx, Cbfa1, OCN, and ALP) along with our proteins
of interest (RbBP7, HBP-1 and beta-catenin) by real-time
PCR and protein expression of RbBP7, HBP-1, and beta-
catenin by Western blot analysis. Functional beta-catenin ac-
tivity was also measured using reporter assays. Our observa-
tions suggest that in Rb1 deficient osteoblasts, both the bind-
ing proteins analyzed showed reduced expression. Loss of
Rb1 expression also caused an increase in beta-catenin expres-
sion and function. Further studies are underway to understand
changes in expression of these proteins during osteoblast dif-
ferentiation. Our preliminary studies suggest that the decrease
in pRb1 binding proteins may have affected normal regulation
of the beta-catenin pathway. These results will be discussed to
demonstrate how loss of Rb1 and unregulated Wnt/beta-
catenin activity might ultimately affect proliferation and dif-
ferentiation of osteoblasts.

A-2017

Brassinosteroids Promote Dermal Wound Repair Through
Modulation of Integrin Signaling. JIA XIONG, Sierra
Bonney, and Debora Esposito. Plants for Human Health

Institute, North Carolina State University, North Carolina
Research Campus, 600 Laureate Way, Kannapolis, NC
28081 and Department of Animal Science, NC State
University, 120 Broughton Drive, Raleigh, NC 27695.
Email: jxiong5@ncsu.edu, daesposi@ncsu.edu

Brassinosteroids (BRs), as the sixth class of phytohormones,
are a class of polyhydroxy steroids that are essential for plant
growth, development, immune response, and stress tolerance,
sharing a structural resemblance with animal steroid hormones,
and are found their importance in agriculture and potential di-
verse effects in human welfare. In previous research, BRs were
assessed their cell migration potential in the murine fibroblasts.
The objective of present work was to expand upon the previous
work with the migratory abilities of nine BR compounds in a
human cell line, and to explore the influence of BRs on critical
processes underpinning constructive wound repair and tissue
regeneration. We measured bioactivity of homobrassinolide
and other natural and synthetic brassinosteroids analogues to
lipopolysaccharide (LPS)-stimulated inflammatory response
variables in RAW 264.7 macrophages reflecting the early
pro-inflammatory phase of repair, and evaluated the migration
activity in human dermal fibroblasts modeling promotion of
wound closure, and examined expression profiles of 84 genes
pertinent to ECM, cell adhesion, inflammatory cytokine/che-
mokine, growth factor, MAPK, TGFB, and WNT signaling
pathways using RT2 Profiler PCR Array. Overall, murine mac-
rophages exposed to LPS-induced oxidative stress had signifi-
cantly lower reactive oxygen species accumulation when treat-
ed with homobrassinolide and homocastasterone compounds,
while homobrassinolide compounds and epibrassinolide con-
tributed to a reduction in nitric oxide. Human dermal fibro-
blasts treated with BRs exhibited accelerated cell migration
over 48 hours in a dose-dependent manner. Treatment with
homobrassinolide-based and homocastasterone-based com-
pounds resulted in the greatest migratory activity. Together,
these results provides strong evidence for BRs ability to pro-
mote skin health, particularly through contributions to both
reducing excessive oxidative stress and cell migration.

A-2018

Expression of Cornulin in Oral Squamous Cell Carcinoma.
SARI GRAD1, EMILY LADNIER2, Maria C. Cuevas-
Nunez2, Marcela Rocha de Oliveira Carrilho2, and Hilal
Arnouk3. 1Midwestern University Chicago College of
Osteopathic Medicine, Downers Grove, IL; 2Midwestern
University College of Dental Medicine - Illinois, Downers
Grove, IL; and 3Midwestern University College of Graduate
S t u d i e s , D o w n e r s G r o v e , I L . E m a i l :
sgrad51@midwestern.edu, ELadnier35@midwestern.edu
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Oral squamous cell carcinoma (OSCC) accounts for about 90%
of all head and neck cancers, however, early OSCC and pre-
cancerous lesions are often asymptomatic andmay go undetect-
ed. Therefore, detection and diagnosis of OSCC is often at an
advanced stage which is associated with poorer prognosis and
decreased survival rates. Current diagnostic methods of OSCC
are based on histological morphology alone and therefore are
subjective, varying between examiners. This indicates a need to
identify a protein biomarker that can be used to improve accu-
racy of diagnosing malignancies. Cornulin is a protein
expressed in normal stratified squamous epithelium and is
established as a marker of late squamous cell differentiation.
Previous studies have identified cornulin as a potential bio-
marker for OSCC as well as other neoplasms arising from the
squamous cell epithelium such as cervical carcinoma. Thus, the
aim of this study is to evaluate the expression of cornulin in
normal, leukoplastic, and OSCC epithelium in order to investi-
gate the use of cornulin expression as both a diagnostic and
prognostic marker for OSCC. Immunohistochemistry staining
using polyclonal rabbit anti-cornulin antibody (Sigma-Aldrich)
was performed on tissue biopsies representing normal, dysplas-
tic, and oral squamous cell carcinoma tissue samples. Slides
were then counterstained with hematoxylin staining.
Preliminary data seem to correlate cornulin expression inverse-
ly with histopathological OSCC grading. Additionally, there
seemed to be a correlation with decreased differentiation and
decreased cornulin expression. Cornulin strongly stained in the
upper epithelial layers of normal oral mucosa. Further evalua-
tion needed to determine ability of cornulin to represent pro-
gression of dysplasia and OSCC lesions.

A-2019

Determining the Role of Pericytes in Neurorestoration Induced
by IRL1620 Treatment After Spinal Cord Injury. E. JENSEN1,
H. Zhang2, A. Ranjan3, K. Kristjansdottir1, and M. Fornaro2.
1Department of Biomedical Sciences, College of Graduate
Studies, Midwestern University, Downers Grove, IL 60515;
2Department of Anatomy, Chicago College of Osteopathic
Medicine, Midwestern University, Downers Grove, IL 60515;
and 3Department of Pharmaceutical Sciences, Chicago College
of Pharmacy,MidwesternUniversity, DownersGrove, IL 60515.
Email: ejensen18@midwestern.edu, mforna@midwestern.edu
(corresponding author)

IRL-1620 is a synthetic analog of the vasoactive peptide
Endothelin-1. IRL-1620 has been shown to be a potent
Endothelin Receptor B (ETB) agonist by which it exhibits
neuroprotective effects such as neurogenesis and angiogenesis
when administered immediately following injury. These neu-
roprotective effects are at least partly conferred by an increase

in presence of neuronal lineage stem cells. Pericyte cells are
mural cells of the blood-brain barrier which are a known
source multipotent stem cells that divide and differentiate in
response to injury/ischemia within the CNS. The aim of this
research is to investigate pericyte cells as possible mediators
of the neuroprotective effects we see with IRL-1620 treat-
ment. Pericytes are known to be difficult to characterize so
we tested a set of markers on them and settled on two –
PDGFRβ and NG2 – that showed consistent and reliable ex-
pression in the majority of our cells. After treating cells with
IRL-1620 we found that there were altered levels of expres-
sion of markers for proliferation (PH3 and Ki67) compared to
control, indicating that IRL-1620 is altering the proliferative
state of pericytes. This was hoped for as pericytes undergo a
period of intense proliferation before they differentiate. We
also tested neuronal lineage markers on the pericytes and early
studies suggest that IRL-1620 is altering expression of these
markers and possibly inducing entrance into the neuronal lin-
eage. More research is currently underway in our lab
attempting to further support these early indications. All ex-
pression profiles thus far have been obtained using flow cy-
tometry and the next step is to reinforce and expand upon our
current data with western blotting experiments.

A-2020

Dysregulation of Gap Junctional Intercellular Communication
by Triclosan, an Antimicrobial Ingredient Found in Common
Household Products. Anna A. Heath, Anthony B. Ketner,
Lizbeth Lockwood, Michelle C. Schulz, and BRAD L.
UPHAM. Department of Pediatrics and Human Development,
Michigan State University, East Lansing, MI. Email:
Brad.Upham@hc.msu.edu

Triclosan is an antimicrobial agent that was a common ingre-
dient in many household products such as antibacterial soaps,
body washes, toothpastes and some cosmetic products.
Recently triclosan has been implicated in adverse health ef-
fects such as immune suppression and liver cancer, and has
been since banned by the Food and Drug Administration in
2016. However, it remains in a multitude household items and
is a tremendous public health concern. Considering that triclo-
san has been linked to liver cancer, there is a need to under-
stand the underlying mechanisms of action. Cancer cells have
long been characterized as cells that lose their ability to regu-
late growth through contact inhibition and lack the ability to
terminally differentiate, which implies a breakdown in one of
the communicating mechanisms. In particular, the dysregula-
tion of gap junctional intercellular communication (GJIC) is
one hallmark characteristic of cancer. Thus, we determined the
effects of triclosan on GJIC in a bipotent epithelial stem cell
line derived from F344 rats. GJIC was measured using the
scalpel load-dye transfer assay. Triclosan inhibited GJIC in a
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dose and time dependent manner implicating that triclosan can
contribute to the cancer process by dysregulating GJIC. Future
experiments will determine the intracellular signaling path-
ways by which triclosan is dysregulationng GJIC.

A-2022

Isolation and Characterization of a New Gill Cell Line,
CAgill1PFR, from the Australasian Snapper (Chrysophrys
auratus). G. L. W. CHONG1, L. E. J. Lee2, S. N.
Marshall1, and G. C. Dowd1. 1The New Zealand
Institute for Plant and Food Research Limited, Nelson,
NEW ZEALAND and 2University of the Fraser Valley,
CANADA. Email: gavril.chong@plantandfood.co.nz,
georgina.dowd@plantandfood.co.nz

The Australasian snapper (Chrysophrys auratus) is one of
New Zealand’s most valued teleost species. Commercially,
the in-shore snapper fishery contributes NZ$86 M to New
Zealand’s GDP, making it one of the largest, most valuable
species in the country’s seafood industry. Through a
genomics-assisted selective breeding programme, The New
Zealand Institute for Plant and Food Research has shown the
suitability of snapper as an inshore aquaculture species. We
are now investigating open ocean aquaculture of finfish, using
snapper as an exemplar. Cell culture can play a key role in the
understanding of snapper physiology. As a whole-animal
proxy, we can use cell biology to generate better understand-
ing of growth (e.g. regulation, tissue development, and nutri-
tional requirements), health (e.g. environmental pollutants,
pathogens, and immunology) and reproduction (e.g. steroido-
genesis, gonadotrophins). Snapper cell lines provide an attrac-
tive alternative to whole-animal testing, mitigating associated
ethical, time and cost considerations. Finfish gill cell lines
have been used in numerous applications including fish health
research (e.g. understanding viral and bacterial pathogens, and
protozoan parasites) and toxicology (e.g. cytotoxicity of
chemicals, whole effluent testing). We have worked on the
isolation and characterization of a snapper gill cell line, which
we have designated CAgill1PFR. We will present details of its
isolation, cryopreservation, resuscitation, growth rates under
various culture conditions (variations in temperature and serum
concentrations), karyotyping, provenance confirmation via se-
quencing, and demonstrate its polarization capabilities via im-
munocytochemistry analysis. We will discuss future uses of
this cell line within the open ocean aquaculture context.

A-2023

HighMortality of Sap-sucking Insects OneWeek After Topical
Application of DNA Insecticides. V. V. OBEREMOK 1,2, K.V.
Laikova 1,3, R. Z. Useinov1, N. V. Gal’chinsky1, I. A.
Novikov1, M. V. Gorlov4, E. B. Balykina1, N. N. Trikoz2, E.
V. Yatskova2, A. K. Sharmagiy2, and Yu. V. Plugatar2. 1V. I.
Vernadsky Crimean Federal University, Simferopol, CRIMEA;
2Nikita Botanical Gardens –National Scientific Centre Russian
Academy of Sciences, Yalta, CRIMEA; 3Research Institute of
Agriculture of Crimea, Simferopol, CRIMEA; and 4D.
Mendeleev University of Chemical Technology of Russia,
Moscow, RUSSIA. Email: genepcr@mail.ru

In 2008, working with lepidopterans, our team was the first
research group to show that antisense DNA oligonucleotides
could be used as contact insecticides in crop protection. In
this brief report describing experiments carried out on the
larvae of two insects, Unaspis euonymi Comstock (feeding
on Euonymus japonicus Thunb.) and Dynaspidiotus
britannicus Newstead (feeding on Laurus nobilis L.), we
show for the first time the extremely promising potential
of DNA insecticides for the control of sap-sucking insects.
We designed two 11 nt long antisense oligonucleotides (5’-
AGACCGACGAC-3′ – EU-11; 5′-ATACCGACGAT-3′ –
DB-11) from the U. euonymi and D. britannicus 28S ribo-
somal RNA genes, respectively, and applied them to target
plants (1 mg of DNA per m2 of plant leaves). The experi-
ment was performed in triplicate in Sep-Oct 2019. In the
groups treated with water, oligoC-11 (control group –
5′-(C)11–3′), and EU-11, we observed larval deaths of 25.9,
35.1, and 93.4%, respectively, on the 7th day after treatment
(EU-11 vs. control: χ2 = 1180.5, p < 0.001, N = 2506, df =
1). In the groups treated with water, oligoC-11, and DB-11,
we observed larval deaths of 27.8, 37.3, and 79.1%, respec-
tively, on the 7th day after treatment (DB-11 vs. control:
χ2 = 407.1, p < 0.001, N = 1589, df = 1). Compared to con-
trols, for both insect pests, the mortality in the EU-11 and
DB-11 groups was accompanied by a significant 3- to 4-fold
decrease in the expression of target genes on 7th day. This
research was funded by the Ministry of Science and Higher
Education of the Russian Federation within the framework
of the Federal Target Program Research and Developments
in Priority Directions of the Scientific and Technological
Complex of Russia for 2014–2020 (unique project identifier
RFMEFI61319X0096).
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