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Toxicity of Primitive and Sophisticated Materials 
 
Thursday, May 30 
 9:00 – 11:30 “Field Trip to NIOSH” 
10:00 - 12:00 Registration 
  Lunch 
 
SYMPOSIUM #1: 
12:00 - 2:00 Genetic Interactions Between Carbon-based Nanomaterials and Mammalian 

Cells/Tissues 
 12:00 Introduction/Symposium Overview (moderator – Dr. Linda Sargent) 
 12:05 Keynote Speaker (Dr. Jeffrey Salisbury: Mayo Clinic, Minnesota) 
 1:00 Katelyn Siegrist (graduate student) 
 1:20 Dr. Todd Stueckle (post-doctoral fellow) 
 1:40 Dr. Cerasela Dinu (young-investigator) 
 

SYMPOSIUM #2: 
2:00 - 3:30 Novel Approaches to Enhance Toxicological Research: From Characterization to 

Molecular Mechanisms 
 2:00 Introduction/Symposium Overview (moderator – Dr. Aaron Erdely) 
 2:05 Sponsor Speaker #1 (Dr. Kristin Bunker: R.J. Lee Group) 
 2:30 Sponsor Speaker #2 (Dr. James Park: DMT-Danish Myo Technology) 
 2:55 Sponsor Speaker #3 (Dr. Rich Stratton: Myriad Rules Based Medicine) 
 3:20 Sponsor Speaker #4 (Dr. Sohela Shah: Ingenuity Systems) 

 
3:35 Poster Session 1 
5:00 Announcements & Adjourn 
 
Friday, May 31 
8:00 - 9:00 Registration 

A-E SOT Business Meeting 
 

SYMPOSIUM #3: 
9:00 - 11:00 Toxicity of Air, Ground and Water Pollutants 
 9:00 Introduction/Symposium Overview (moderator – Dr. James Antonini) 
 9:05 Keynote Speaker (Dr. Michael McCawley: WVU School of Public Health) 
 10:00 Courtney Roper (graduate student) 
 10:20 Dr. Melissa Badding (post-doctoral fellow) 
 10:40 Dr. Patti Erdely (young-investigator) 
 

11:00 - 1:30 “Lunch with an Expert” and Poster Session 2 
 

SYMPOSIUM #4: 
1:30 - 3:30 Current Concepts in Toxicology 
 1:30 Introduction/Symposium Overview (moderator – Dr. Tim Nurkiewicz) 
 1:35 Keynote Speaker (Dr. Loren Wold: Nationwide Children's Hospital, Ohio) 
 2:30 Shilpi Oberoi (graduate student)  
 2:50 Dr. Phoebe Stapleton (post-doctoral fellow) 
 3:10 Dr. Andrea Cronican (young-investigator)  
 

3:30 - 4:00 Awards & Announcements 
4:00  Adjourn   
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KEYNOTE SPEAKER BIOGRAPHIES 
 

1) Jeffrey Salisbury, Ph.D. 
 

Professor 
Department of Biochemistry and Molecular Biology 
Mayo Clinic 
 

     The research interests of Jeffrey L. Salisbury, Ph.D., in cancer biology are focused on 
the origin and role of genomic instability in tumor progression. 
     Early on, Dr. Salisbury was fortunate to do pioneering studies that led to discovery of 
the protein centrin, which at the time was one of only a handful of centrosome proteins to 
be identified. Dr. Salisbury and his colleagues were the first to clone two of the human 
centrin genes and establish the crystal structure for this protein. Dr. Salisbury's group 

established centrin as an important calcium-sensitive regulator of centrosome behavior. 
     Using comparative proteomics, reverse genetics, and molecular and cell biology techniques, Dr. Salisbury's 
group helped to define the cell biology and molecular mechanisms that control centrosome dynamics and 
centriole duplication. His research program has a longstanding emphasis on regulation of centrosome 
dynamics during the cell cycle, as well as centrosome amplification and genomic instability in breast cancer. 
     Along with several other laboratories, Dr. Salisbury's lab was fortunate to "rediscover" contemporary 
evidence for Theodor Boveri's early suggestion for the role of centrosome defects in the origin of chromosomal 
instability and aneuploidy in cancer. This occurred when his research group first demonstrated centrosome 
amplification in human breast tumors and cultured human tumor cells. More recently, the study of genomic 
instability in cancer brought his research into the field of DNA damage repair. 
 
2) Michael McCawley, Ph.D. 
 

Chair, Associate Research Professor 
Department of Occupational & Environmental Health Sciences 
West Virginia University 
  

     Dr. McCawley graduated with a bachelor's degree in Zoology from George Washington 
University. He received his master's degree in Environmental Engineering from West 
Virginia University and a doctorate in Environmental Health from New York University.  
     Dr. McCawley spent over 27 years as a Public Health Service Officer with the Centers 
for Disease Control and Prevention (CDC) at the National Institute for Occupational Safety 
and Health, studying miners’ health, occupational respiratory disease, aerosol 

measurement and ultrafine particles. While there he worked on projects concerning exposure to wood dust, 
volcanic ash, diesels, coal mine dust, silica and beryllium. He retired from the US Public Health Service in 
2001. He has taught at WVU since 1979, with primary interests in air pollution, aerosols and occupational 
health. He has developed air sampling equipment and a pulmonary function test. Recently, he has been 
working on issues related to Marcellus Shale drilling and mountain top mining.  
 
3) Loren E. Wold, Ph.D. 

 

Associate Professor 
Department of Pediatrics, Center for Cardiovascular and Pulmonary Research 
The Research Institute at Nationwide Children's Hospital 
The Ohio State University 
 

 Loren E. Wold, PhD, FAHA is a principal investigator in the Center for 
Cardiovascular and Pulmonary Research at The Research Institute at Nationwide 
Children’s Hospital and a tenured Associate Professor of Pediatrics at The Ohio State 
University. He is also an investigator in the Dorothy M. Davis Heart and Lung Research 
Institute at The Ohio State University, as well as an Adjunct Associate Professor in the 

Department of Physiology and Cell Biology at The Ohio State University. Dr. Wold’s NIH and AHA funded 
research program focuses on the effects of air pollution on the heart. Dr. Wold is the Executive Editor-in-Chief 
of the Elsevier journal Life Sciences. 
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GENOTOXICITY OF MULTI-WALLED CARBON NANOTUBES AT OCCUPATIONALLY 
RELEVANT DOSES 

Katelyn J.Siegrist1, Steven H. Reynolds1, David T. Lowry1, Michael L. Kashon1, Ann F. Hubbs1, Shih-
Houng Young1,  Chenbo Dong2, Stanley A. Benkovic3, Jeffrey L. Salisbury4,  Michael Keane1, John 
Mastovich5, Michael McCawley, Kristin Bunker5, Lorenzo Cena1, Jacqueline Sturgeon4, and Cerasela 
Zoica Dinu2,# Linda M. Sargent1,#, 

1National Institute for Occupational Safety and Health, Morgantown, WV26505, USA 
2 Department of Chemical Engineering, Benjamin M. Statler College of Engineering and Mineral 
Resources, West Virginia University, Morgantown, WV 26505 
3 Mayo Clinic, Rochester MN 55905, USA 4RJ Lee Group, Monroeville PA 
4NeuroScience Associates, 10915 Lake Ridge Drive, Knoxville, TN 37934 
5RJ Lee Group, Inc., 350 Hockenberg Drive, Monroeville, PA 15146 
6 School of Public Health, West Virginia University, Morgantown, WV 26505 
 

 Carbon nanotubes are commercially-important products of nanotechnology; however, their low 
density and small size makes carbon nanotube respiratory exposures likely during their production or 
processing. We have previously shown mitotic spindle aberrations in cultured primary and 
immortalized human airway epithelial cells exposed to single-walled carbon nanotubes (SWCNT). In 
this study, we examined whether multi-walled carbon nanotubes (MWCNT) cause mitotic spindle 
damage in cultured cells at doses equivalent to 20 weeks of exposure at permissible exposure limit 
for particles not otherwise regulated.  MWCNT induced a dose responsive increase in disrupted 
centrosomes, abnormal mitotic spindles and aneuploid chromosome number 24 hours after exposure 
to 0.024, 0.24, 2.4 and 24g/cm 2 MWCNT µg/cm2.  Monopolar mitotic spindles comprised 95% of 
disrupted mitoses.  Three-dimensional reconstructions of 0.1m optica l s e ctions  s howe d ca rbon 

nanotubes integrated with microtubules, DNA and within the centrosome structure.  Cell cycle 
analysis demonstrated a greater number of cells in S-phase and fewer cells in the G2 phase in 
MWCNT-treated compared to diluent control, indicating a G1/S block in the cell cycle. The monopolar 
phenotype of the disrupted mitotic spindles and the G1/S block in the cell cycle is in sharp contrast to 
the multi-polar spindle and G2 block in the cell cycle previously observed following exposure to 
SWCNT. One month following exposure to MWCNT there was a dramatic increase in both size and 
number of colonies, indicating a greater potential to pass the genetic damage to daughter cells.    Our 
results demonstrate significant disruption of the mitotic spindle by MWCNT at occupationally relevant 
exposure levels.   
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NOVEL EXPOSURE AND LUNG CANCER GENE MARKERS FOR CARBON NANOTUBE 
EXPOSED HUMAN LUNG EPITHELIAL CELLS  

Todd Stueckle1, Anurag Mishra1,2, Raymond Derk1, Terence Meighan1, Vince Castranova1,2, Yon 
Rojanasakul2, Liying Wang1,2  

1 PPRB/HELD, NIOSH, Morgantown, WV 26505  
2 West Virginia University, Morgantown, WV 26506  
 
 Concern for increased risk of carbon nanotubes (CNT)-associated lung carcinogenesis has 
been raised due to asbestos-like high aspect ratio, deep pulmonary deposition, biopersistance, and in 
vivo fibrotic response. Our previous study found that subchronic in vitro exposure to dispersed single 
(D-SWCNT) and multi wall CNT (D-MWCNT) resulted in neoplastic-like transformation in human 
small airway epithelial cells (SAEC). Furthermore, genome expression profiling identified oncogene 
signaling mechanisms in CNT-exposed SAEC that was substantially different from asbestos-exposed 
SAEC. Few in vivo studies have identified whole lung gene markers associated with MWCNT 
exposure, but did not compare CNT vs. asbestos fiber morphologies on genetic signature response 
due to cost limitations associated with animal use. Here, we use in vitro tools and toxicogenomic 
profiling with correlation feature selection strategies to identify particle-specific, key gene markers 
from our previous study. Genome expression signatures for D-SWCNT, D-MWCNT, crocidolite 
asbestos (ASB), ultrafine carbon black (D-UFCB) and control SAECs were subjected to comparative 
marker and class neighbor analyses followed by multistep cross validation to identify genes with 
highly correlated expression for each treatment. Specific treatment markers and genome profiles 
were subjected to Ingenuity Pathway and Biomarker Analysis to determine both specific markers 
performance and identification of known disease markers. Key marker gene subsets and identified 
disease markers were successfully validated using rtPCR and protein expression. Here, we present 
robust SWCNT, MWCNT, ASB and UFCB specific gene marker sets for in vitro sub-chronically (6 
month) exposed SAEC. Matching our original analysis, both D-MWCNT and D-SWNCT markers were 
associated with lipid metabolism and cancer while ASB and UFCB centered on inflammatory 
response and senescence, respectively. Furthermore, Biomarker Analysis identified known lung and 
other cancer markers (MYC, PPARG) in CNT-treated cells which differed from inflammation-
associated cancer markers (IL-1B) in ASB cells. In conclusion, toxicogenomic signature profiling in a 
subchronic in vitro exposure model identified particle-specific gene markers and known lung cancer 
markers which can potentially aid in assessing CNT exposure and detection of early disease 
biomarkers.  

Funding Support: NORA FY09 LMW6, NIH R01-HL095579, NSF EPS-1003907  

Disclaimer: The findings and conclusions in this abstract are those of the authors and do not 
necessarily represent the views of the National Institute for Occupational Safety and Health. 
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THE AGE OF CARBON NANOTUBES AND BIOMOLECULAR CONVERGENCE FOR CANCER 
THERAPEUTICS 
 
Cerasela Zoica Dinu, Ph.D. 
Assistant Professor 
 
Department of Chemical Engineering 
West Virginia University 
Morgantown WV, 26506, USA 
 
 Carbon nanotube (CNT) is the new “it” in nanotechnology revolution. CNT’s ease of production 
as well as their exceptional chemical, mechanical and physical properties, and the ability to be 
functionalized with molecules of interest based on their high stability and high aspect-ratios, have 
recently prompted CNTs use both for delivery of drugs as well as for effective killing of tumor cells. In 
particular, interest was given to improving the engineering technologies that allow CNT synthesis and 
functionalization for safe and highly efficient delivery of the therapeutic agents. Nevertheless, given 
the nascent state of nanotechnology, much remains to be learned about the properties, 
characteristics and effects of carbon nanomaterials when exposed to biological systems, and the 
complexity of nano-bio-interface-based reactions when considering developing carbon nanomaterial-
based therapeutics. In particular, the assessment of CNTs exposure risks and complementary, the 
benefits of using carbon nanomaterials in the biomedical fields, requires information and vision. This 
presentation reviews the current status in toxicological and pharmachological profiles of CNTs, the 
current efforts in my group in understanding nanotube toxicity in relationship to nanotube structure, 
properties and aspect ratio and proposes a paradigm shift for controlling immunomodulatory activity 
of nanotubes for providing the next generation of targeted therapeutics that require convergence to 
minimize host toxicity, while maximizing cancer cell genotoxicity.  
 
 
Acknowledgements 
The work is supported by the NanoSAFE and National Science Foundation (NSF) 1003907. 
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DIESEL FINE PARTICULATE COMPOSITION OF PM2.5 IN DOWNTOWN PITTSBURGH, PA AND 
THE EFFECTS ON INFLAMMATORY RESPONSES IN MICE  
 
Courtney Roper, Joseph Latoche, Lauren G. Chubb, Leah Cambal, Brett Tunno, Jessie Carr, Jeff 
Howell, Sheila Tripathy, Drew Michanowicz, Sara Gillooly, Cheryl Fattman, Jane E. Clougherty  
 
University of Pittsburgh Graduate School of Public Health, Pittsburgh, PA  
 
Background: Ambient fine particulate matter (PM2.5) concentrations have been associated with 
various health outcomes related to respiratory and cardiovascular inflammation. Diesel fine 
particulate matter (DPM) is also associated with inflammatory responses and diesel-specific 
indicators can be used to differentiate composition of PM2.5. Animal models allow for an in vivo 
assessment of inflammatory effects related to ambient PM2.5 and DPM.  
 
Aims: In order to determine the health outcomes related to DPM composition, PM2.5 was collected 
and extraction methods were developed to create a solution used for intratracheal instillation into 
mice to determine the inflammatory response and lung injury associated with exposure.  
 
Methods: Sites proposed to be high for diesel related factors (n=5) were sampled and PM2.5 was 
extracted through sonication of the filters. Solutions were prepared with the extracted particles for 
intratracheal instillation into C57BL/6 mice (n=55) with differing sacrifice endpoints (3d or 14d). 
Following instillation, bronchoalveolar lavage fluid (BALF) and blood samples were collected and total 
cell and protein counts were measured.  
 
Results: PM2.5 collected at sites high for diesel-related factors resulted in a significant increase in 
total proteins 14 days following instillation (1.33 mg/ml), indicating acute lung injury. Three days after 
instillation (4.9 mg/ml), there was a difference in inflammatory responses compared to controls based 
on a significant increase in the percentage of neutrophils and eosinophils in BALF.  
 
Conclusions: Using PM2.5 collected at sites with high diesel composition allows for the study of 
health outcomes related to diesel exposure in the ambient environment. Further research is 
necessary to investigate the variation of inflammatory responses based upon differing DPM 
compositions in PM2.5 throughout downtown Pittsburgh. 
 
Funding: 
Allegheny County Health Department, University of Pittsburgh Environmental and Occupational 
Health Departmental Funds  
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EVALUATION OF CELLULAR RESPONSES TO PARTICLES COLLECTED FROM AN INDIUM-
TIN OXIDE PRODUCTION FACILITY  
 
MA Badding1, NR Fix1, KM Dunnick1, KJ Cummings2, V Castranova1, and SS Leonard1  
 
1 Health Effects Laboratory Division, National Institute for Occupational Safety and Health, 
Morgantown, WV, United States. 
 

2 Division of Respiratory Disease Studies, National Institute for Occupational Safety and Health, 
Morgantown, WV, United States.  
 
 Occupational exposure to indium compounds has recently been associated with lung disease 
among workers in the indium-tin oxide (ITO) industry. Previous studies have suggested that 
autoantibodies and excessive alveolar surfactant may play a role in the development of pulmonary 
lesions following indium compound exposures. However, the molecular mechanisms behind indium 
compounds’ toxicity remain largely unknown. Thus, we aim to uncover how compounds encountered 
in the ITO production process affect cultured cells and ultimately, contribute to the pathogenesis of 
indium lung disease. The indium compounds used in this study were collected from different process 
stages at an ITO production facility. Two cell lines were used; RAW 264.7 mouse monocyte 
macrophages, because macrophages represent the first line of defense in response to foreign 
particles, and BEAS2B bronchial epithelial cells, because they represent the cells lining the airways 
that would encounter inhaled particles. We hypothesize that indium compound uptake by 
macrophages leads to subsequent cellular damage, which could be contributing to lung pathology. 
We also postulate that epithelial cells may be injured, either through direct interaction with the 
compounds or via signaling from exposed immune cells, such as macrophages. Therefore, 
preliminary studies have examined how both cell types respond to acute indium compound 
exposures. To determine whether the treatments lead to apoptosis, Caspase activation was 
measured. The RAW 264.7 macrophages showed significant Caspase 3/7 activation following a 24 
hour exposure, but the BEAS2B cells did not. To confirm the ability of various collected compounds to 
cause cell death, MTT assays were performed. As expected, the macrophages showed significantly 
reduced viability with exposures. Interestingly, the BEAS2B cells also had drastic reductions in 
viability, indicating a cell death pathway that does not involve caspase activation. Enhanced Darkfield 
microscopy has revealed that various indium compounds interact with RAW 264.7 macrophages as 
early as 5 minutes post-exposure, suggesting that cellular reactions to the indium compounds may be 
occurring very rapidly. Indeed, nuclear factor kappa beta (NFB) a ctiva tion occurs  a fte r 1 a nd 3 hour 

treatments with compounds containing sintered ITO. This was observed with both RAW 264.7 and 
BEAS2B cells, suggesting a generalized response to the particles. A consequence of NFκB activation 
could be cytokine production, which would facilitate inflammatory cell infiltration in the lung. Thus, 
current studies are underway to measure cytokine production following exposure of cells to the 
collected indium compounds. Future studies will examine how macrophages and epithelial cells 
respond to indium compounds when co-cultured together, to more closely model in vivo pulmonary 
exposures. These findings will provide a better understanding for the molecular basis behind an 
emerging occupational health issue and assist in the prevention of indium lung disease. 
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LUNG TUMOR PROMOTION BY CHROMIUM-CONTAINING WELDING PARTICULATE MATTER 
IN A MOUSE MODEL  
 
Patti C. Zeidler-Erdely, Terence G. Meighan, Aaron Erdely, Lori A. Battelli, Michael L. Kashon, 
Michael Keane, and James M. Antonini  
 
Health Effects Laboratory Division, National Institute for Occupational Safety and Health, 
Morgantown, WV  
 
 Epidemiology suggests that occupational exposure to welding particulate matter (PM) may 
increase lung cancer risk. However, animal studies are lacking to conclusively link welding with an 
increased risk. PM derived from stainless steel (SS) welding contains carcinogenic metals such as 
hexavalent chromium and nickel. We hypothesized that welding PM may act as a tumor promoter and 
increase lung tumor multiplicity in vivo. Therefore, the capacity of chromium-containing gas metal arc 
(GMA)-SS welding PM to promote lung tumors was evaluated using a two-stage (initiation-promotion) 
model in lung tumor susceptible A/J mice. Male mice (n=28-30/group) were treated either with the 
initiator 3-methylcholanthrene (MCA;10 μg/g; IP) or vehicle (corn oil) followed by 5 weekly pharyngeal 
aspirations of GMA-SS (340 or 680 μg/exposure) or PBS. Lung tumors were enumerated at 30 weeks 
post-initiation. MCA initiation followed by GMA-SS welding PM exposure promoted tumor multiplicity 
in both the low (12.1 ± 1.5 tumors/mouse) and high (14.0 ± 1.8 tumors/mouse) exposure groups 
significantly above MCA/sham (4.77 ± 0.7 tumors/mouse; p=0.0001). Multiplicity was also highly 
significant (p<0.004) across all individual lung regions of GMA-SS-exposed mice. No exposure effects 
were found in the corn oil groups at 30 weeks. Histopathology confirmed the gross findings and 
revealed increased inflammation and a greater number of malignant lesions in the MCA/welding PM-
exposed groups. GMA-SS welding PM acts as a lung tumor promoter in vivo. These novel findings 
support the epidemiology and implicate that welders may be at greater risk for lung cancer after 
exposure to carcinogenic metal-welding PM. 
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THE GLOBAL BURDEN OF DISEASE CAUSED BY ARSENIC IN FOOD 
 
Shilpi Oberoi, Aaron Barchowsky, and Felicia Wu 
 
Department of Environmental and Occupational Health 
University of Pittsburgh 
 
 Arsenic is a ubiquitous, naturally occurring metalloid that poses a significant human cancer 
risk. While water consumption provides the majority of human exposure to arsenic, naturally occurring 
levels of arsenic in grains, vegetables, meats and fish, as well as through food processed with water 
containing arsenic present a significant exposure to millions of individuals worldwide. To estimate the 
global burden of diseases attributable to toxic inorganic arsenic in food, we first evaluated the weight 
of evidence that supports a causal role for arsenic in a number of cancer endpoints. We determined 
that there was substantial epidemiological evidence that arsenic causes bladder, lung, and skin 
cancer in humans. The body burden of toxic arsenicals from foods is difficult to estimate and highly 
variable due to the natural distribution of arsenic in soils and water and the complication posed by 
multiple toxic inorganic and organic arsenicals, as well as non-toxic organic arsenicals contributing to 
total arsenic levels. Therefore we used GEMS/FAO-STAT estimates of food consumption in thirteen 
global clusters of countries, and JECFA reported measurements of total and inorganic arsenic in 
different foods to determine the upper and lower boundaries of foodborne inorganic arsenic 
exposures. We converted previously reported slope factors for arsenic related bladder, lung, and skin 
cancers that were based on water exposure to calculate the annual risk of cancer incidence in males 
and females within each GEMS cluster. These cluster incidence estimates were summed to generate 
global estimates of 9,129 to 119,176 additional cases of bladder cancer, 11,844 to 121,442 of lung 
cancer, and 17,882 to 183,358 of skin cancer worldwide that are attributable to inorganic arsenic in 
food. These estimates indicate that foodborne arsenic contributes to a significant, but low level of 
global disease burden. 
 
Supported by the WHO Foodborne Disease Burden Epidemiology Reference Group, Chemicals and 
Toxins Task Force. 
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ENGINEERED NANOMATERIAL EXPOSURE DURING GESTATION: COULD THE BARKER 
HYPOTHESIS BE AT PLAY?  
 
PA Stapleton, VC Minarchick, J Yi, CR McBride, K Engles, TR Nurkiewicz.  
 
Physiology and Pharmacology, West Virginia University HSC, Morgantown, WV, 26506  
 
 One of the most complex and acutely demanding circulations is the maternal-fetal coordination 
to support pup growth and development. The continued development of engineered nanomaterials 
(ENM) has given rise to concerns over the potential for adverse human health effects. While the lung 
is the primary site of exposure, the cardiovascular system is a principal site of impact. The “Barker 
Hypothesis” proposes that metabolic impairments during gestation predispose future 
pathophysiologic sensitivities. This study evaluates the cardiovascular effects to the pregnant dam, 
fetal pups, and adult progeny after maternal ENM inhalation at the microvascular level.  
 
 Pregnant (gestation day 10) Sprague-Dawley rats were exposed to nano-titanium dioxide 
aerosols ((11.5 ± 0.27 (mg/m3)*hour, 5 hours/day, 8.2 ± 0.85 days) to evaluate the maternal and fetal 
consequences of maternal ENM exposure. The calculated daily maternal deposition was 45±2 μg 
nano-titanium dioxide.  
 
 Isolated maternal uterine premyometrial arteriolar (<150 μm) reactivity was significantly 
impaired overall, consistent with a metabolically impaired profile that may cause a hostile gestational 
environment, presenting as compromised endothelium-dependent (acetylcholine, Ach, 10-9-10-4 M), 
and -independent reactivity (spermine NONOate (SPR) (10-9–10-4 M) to pharmacologic and 
mechanical stimuli (blood flow changes to elicit a shear stress response (0 μL/min to 30 μL/min at 5 
μL/min increments)).  
  
 With respect to the fetal group, tail arteries (< 150 μm) were isolated to assess microvascular 
alterations after maternal exposure. Interestingly, the vessels from the exposed group also 
demonstrate significant impairment to endothelium-dependent (Ach; 10-9-10-4 M), -independent 
reactivity (SPR; 10-9–10-4 M), and active mechanotransduction (shear stress).  
  
As it pertains to the adult (8.8 ± 0.4 weeks) offspring of these dams, the endothelium-dependent (Ach; 
10-9-10-4 M) dysfunction within the microvascular beds of the left ventricle of the heart (difference of 
85.5% relaxation between prenatal exposure groups) and uterus (difference of 80.7% relaxation) of 
the female offspring is clearly evident. While, inappropriate responses to increased shear stress also 
persist into adulthood.  
  
 Overall, these exposures led to maternal microvascular dysfunction, detriments in litter health, 
and fetal microvascular irregularities lasting into adulthood. The outcomes are consistent with the 
creation of a hostile gestational environment. Taken as whole, this ENM exposure study supports the 
Barker Hypothesis from a microvascular perspective.  
 
NIH-F32-ES023435 (PAS)  
NIH-RO1-ES015022 (TRN)  
NSF-1003907 (TRN and VCM) 
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GENOME-WIDE ALTERATION OF HISTONE H3K9 ACETYLATION PATTERN IN MOUSE 
OFFSPRING PRENATALLY EXPOSED TO ARSENIC 
 
Andrea A. Cronican1, Nicholas F. Fitz1, Alexis Carter1, Muzamil Saleem1, Sruti Shiva2 
Aaron Barchowsky1, Radosveta Koldamova1, Jonathan Schug3 and Iliya Lefterov1 
 
1. Department of Environmental & Occupational Health, University of Pittsburgh, Pitts- burgh, 
Pennsylvania, United States of America, 
2. Department of Pharmacology & Chemical Biology, University of Pittsburgh, Pittsburgh, 
Pennsylvania, United States of America, 
3. Functional Genomics and Next-Generation Sequencing Core, Perelman School of 
Medicine, University of Pennsylvania, Philadelphia, Pennsylvania, United States of America 
 
 Chronic exposure to arsenic in drinking water, especially in utero or perinatal exposure, can 
initiate neurological and cognitive dysfunction. Several epidemiological studies have demonstrated 
cognitive and learning deficits in children with early exposure to low to moderate levels of arsenic, but 
pathogenic mechanisms for these deficits are poorly understood. Since in vivo studies have shown a 
role for histone acetylation in cognitive performance, we examined if prenatal exposure to arsenic 
causes changes in H3K9 acetylation patterns. We applied chromatin immunoprecipitation followed by 
high-throughput massive parallel sequencing (ChIP-seq) to evaluate H3K9 acetylation pattern in the 
offspring of mice exposed to 100 μg/L arsenic via drinking water throughout pregnancy. Arsenic 
exposure during embryonic life caused global hypo-acetylation at H3K9. This is the first study to 
demonstrate genome wide changes in H3K9 acetylation pattern in an offspring prenatally exposed to 
arsenic. The results also emphasize the applicability of Next Generation Sequencing methodology in 
studies aiming to reveal the role of environmental factors in developmental reprogramming through 
histone modifications during embryonic development.  
 
 This work was supported in part by the following awards: AG027973 (RK) and AG037919 (IL 
and JS) from the National Institute on Aging and ES021243 (IL and AB) from the National Institute of 
Environmental Health Sciences. NFF is supported by NIA F32AG034031. 
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POSTER ABSTRACTS 

 

BLOCK A 

 

CARBON-BASED NANOMATERIAL TOXICOLOGY 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIRST AUTHOR PROGRAM 
PAGE NUMBER 

POSTER 
BOARD NUMBER 

J. Dymacek 16 A-1 
J. Dymacek 17 A-2 
A. Erdely 18 A-3 
R. Eldawud 19 A-4 
W. Lohcharoenkal 20 A-5 
S. Luanpitpong 21 A-6 
J.R. Roberts 22 A-7 
B.N. Snyder-Talkington 23 A-8 
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IDENTIFYING SIGNIFICANT BIOLOGICAL PROCESSES FROM PATHOLOGICAL INFORMATION 
AND mRNA MICROARRAY DATA 
 
Julian Dymacekbc, Brandi Snyder-Talkingtona, Dale W. Portera, Michael G. Wolfartha, Robert R. 
Mercera, Maricica Pacuraric, James Denvird, Vincent Castranovaa, Yong Qiana, and Nancy L. Guoc 
 
a Pathology and Physiology Research Branch, Health Effects Laboratory Division, National Institute 
for Occupational Safety and Health, Morgantown, WV 26505, USA 

b Lane Department of Computer Science and Electrical Engineering, West Virginia University, 
Morgantown, WV 26506-6070, USA 

c Mary Babb Randolph Cancer Center, West Virginia University, Morgantown, WV 26506-9300, USA 

d Department of Biochemistry and Microbiology, Marshall University, Huntington, WV 25755, USA 

Background: 
Given the inflammatory and fibrotic response to pulmonary exposure of multi-walled carbon 

nanotubes in vivo, a computational system was developed to identify significant biological processes 
associated with known pathologies. By combining lung inflammation and fibrosis pathology data 
along with whole genome mRNA expression from mice exposed by pharyngeal aspiration to 0, 10, 
20, 40, or 80 μg MWCNT at 1, 7, 28, or 56 days post-exposure, significant biological processes were 
identified. 
 
Methods: 

The novel computational system uses four steps: 1) identify a set of genes which change 
significantly in either dose or time; 2) reconstruct the gene expression of the genes in step 1 using 
found underlying expression patterns and coefficients; 3) find genome-wide coefficients; and 4) 
identify pathways and mechanisms that are significantly related to each pattern. By allowing a pattern 
to be defined by a pathology, this technique finds biologically relevant pathways related to the 
pathology. When allowing the system to independently identify all patterns, potential pathologies and 
associated processes are revealed. 
 
Results: 

In a comprehensive evaluation of more than 800 biological processes, significant genes and 
biological processes associated with MWCNT-induced inflammation and fibrosis were identified. 
Among the most significant biological processes, C-C motif chemokine 2 (CCL2) ranks the highest in 
the computational evaluation as relevant to MWCNT-induced inflammation, and is among the top 20 
significant genes related to MWCNT-induced fibrosis. Vascular endothelial growth factor A (vegfa) 
was also found to be significant in MWCNT-induced fibrosis. The expression of both genes was 
further confirmed in in vitro studies as concordant with in vivo expression. 
 
Conclusions: 

The novel computational system determined biological processes strongly associated with 
known pathologies including lung inflammation and fibrosis. Potential toxicity signaling pathways and 
mechanisms of MWCNT exposure can be identified from the identified processes and further 
explored helping human risk assessment and intervention efforts. 
 
Funding: R01ES021764; R01/R56LM009500 (Guo). 
Julian Dymacek is funded by the WVU NSF IGERT Program. 
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INTEGRATED ANALYSIS OF miRNA AND mRNA EXPRESSION DATA FROM MULTIWALLED 
CARBON NANOTUBE EXPOSURE 
 
Julian Dymacek bc, Michael Jude c, Brandi Snyder-Talkington a, Dale W. Porter a, Michael G. 
Wolfarth a, Maricica Pacurari c, Vincent Castranova a, Yong Qian a, and Nancy L. Guo c 
 
a Pathology and Physiology Research Branch, Health Effects Laboratory Division, National 

Institute for Occupational Safety and Health, Morgantown, WV 26505, USA 

b Lane Department of Computer Science and Electrical Engineering, West Virginia University, 

Morgantown, WV 26506-6070, USA 

c Mary Babb Randolph Cancer Center, West Virginia University, Morgantown, WV 26506-9300, 

USA 

 

Background: 
Multi-walled carbon nanotubes (MWCNT) have been shown to have inflammatory and fibrotic 

response in vivo. To assist in development of biomarkers for human risk assessment and 
intervention, genome wide mRNA and miRNA expression was analyzed. The miRNA and mRNA 
expression profiling was performed on the lung tissues of mice exposed by pharyngeal aspiration to 
0, 10, 20, 40, or 80 μg MWCNT at 1, 7, 28, or 56 days post-exposure. 
 
Methods: 

At each dose and time point, genes with significant fold-change were identified using the 
significant analysis of microarrays (SAM) technique. Next, using only significant miRNA and mRNA at 
a given dose and day, pairs of significantly negatively correlated miRNA and mRNA were found. 
Finally, only pairs predicted as molecular targets, in the TargetScan database, were used for further 
functional analysis with Ingenuity Pathway Analysis. 
 
Results: 

The expression of 55 unique miRNAs were found to have significantly changed in 
MWCNTtreated mouse lung tissues (FDR<1%; SAM). Among these significant miRNAs, 97 target 
genes were identified, which also had a significant differential expression in the MWCNT-exposed 
mouse lungs. Significant MWCNT-induced biological functions and miRNA-mediated molecular 
networks were revealed in a dose-dependent time-course manner. 
 
Conclusions: 

Using this integrated miRNA and mRNA analysis, MWCNT-induced biological functions and 
transcriptional/post-transcriptional regulatory molecular networks associated with lung pathology were 
identified, revealing potential mechanisms for early intervention. 
 
Funding: 
R01ES021764; R01/R56LM009500 (Guo) 
Julian Dymacek is funded by the WVU NSF IGERT Program. 
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CARBON NANOTUBE DOSIMETRY: FROM WORKPLACE EXPOSURE ASSESSMENT TO 
INHALATION TOXICOLOGY 

 

Erdely A1, Dahm M2, Chen BT1, Schubauer-Berigan M2,Birch ME2, Evans DE2, Kashon 
ML1,Hulderman T1, Bilgesu SA1, Leonard HD1, McKinney W1, Frazer DG1, Antonini JM1, Porter DW1, 
Castranova V1, Zeidler-Erdely PC1 

 

1NIOSH,Morgantown, WV 

 2NIOSH, Cincinnati, OH 

 

Dosimetry for toxicology studies involving carbon nanotubes (CNT) has not been well 
described due to a lack of detailed occupational exposure assessments. In response, exposure 
assessment findings, measuring the mass concentration of elemental carbon from personal breathing 
zone (PBZ) samples, from nine U.S.-based multi-walled CNT (MWCNT) manufacturers and users 
were extrapolated to results of an inhalation study in mice. Upon analysis, an inhalable elemental 
carbon mass concentration of approximately 10 µg/m3 was found among workers exposed to 
MWCNT. The concentration equates to approximately 3.84 µg/d in a human which was equivalent to 
2 ng/d in the mouse. For MWCNT inhalation, mice were exposed for 19 d with daily depositions of 
1970 ng (equivalent to 1000 d of a human exposure), 197 ng (100 d), and 19.7 ng (10 d) and 
harvested at day 0, 3, 28, and 84 post-exposure to assess pulmonary toxicity at relevant worker 
exposures. The high inhalation dose showed cytotoxicity and inflammation that persisted through 84 
days. The middle dose had no PMN influx with transient cytotoxicity. Pulmonary expression of 
inflammatory genes showed the potential for a low grade inflammatory response even at the low 
dose. Increased inflammatory proteins were present in the lavage fluid at the high and middle dose 
through 28 d post-exposure. Adverse pathology, including epithelial hyperplasia and peribronchiolar 
inflammation, was only noted at the high dose (estimated to be 76 years of human exposure).These 
findings showed a limited pulmonary inflammatory potential of MWCNT at levels corresponding to the 
average inhalable elemental carbon concentrations observed in U.S.-based CNT facilities and 
estimates suggest considerable years of exposure are necessary for significant pathology to occur. In 
addition, the in vivo dose-response and time course design provides a comparative template for other 
in vivo CNT exposures and exposure assessments. 
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REAL TIME ANALYSIS OF CELLULAR TOXICITY OF SINGLE WALL CARBON NANOTUBES  
 
 
Reem Eldawud1, Chenbo Dong1, Linda Sargent2, Yon Rojanasakul3, and Cerasela Zoica Dinu1,3  
 
 

1 Department of Chemical Engineering, West Virginia University, Morgantown, WV  

2 National Institute for Occupation Safety and Health (NIOSH), Morgantown ,WV  

3 Department of Basic Pharmaceutical Sciences, West Virginia University, Morgantown, WV  

 

Current techniques to monitor cytotoxicity and cellular behavior corresponding to 
nanomaterials exposure rely on the analysis of invasive and discrete assays that are time consuming 
and generally non conclusive. Herein a novel approach is used to assess the toxicity of a wide library 
of surface modified carbon nanotubes (CNTs) when incubated with human lung epithelial cell in vitro. 
This non-invasive technique relies on an electrical cell impedance sensing system (ECIS) used as a 
proxy to assess real time changes in cellular morphology upon exposure to different concentrations of 
user-controlled functionalities of CNTs (i.e. CNTs with different physicochemical surface properties). 
Cellular changes are characterized in terms of cell-surface and cell-cell interactions and data is 
supplemented with biophysical techniques for multiparametric analysis of the cells incubated with 
CNTs, in order to derive CNTs-induced toxicity and cellular transformation.  

 
This is research is supported by the NSF/CBET 1033266 and NSF/EPS-1003907. 
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CHRONIC EXPOSURE TO CARBON NANOTUBES INDUCES INVASION OF HUMAN PLEURAL 
MESOTHELIAL CELLS THROUGH UPREGULATION OF MATRIX METALLOPROTEINASE-2 
 
Warangkana Lohcharoenkal1, Todd Stueckle2, Yuxin Liu3, Cerasela-Zoica Dinu4, Liying 
Wang2, and Yon Rojanasakul1 
 
1Department of Pharmaceutical Sciences, West Virginia University, Morgantown, West 

Virginia, USA 

2Pathology and Physiology Research Branch, National Institute for Occupational Safety and Health, 
Morgantown, West Virginia, USA 

3Computer Science and Electrical Engineering, West Virginia University, Morgantown, West Virginia, 
USA 

4Chemical Engineering, West Virginia University, Morgantown, West Virginia, USA 

 

Carbon nanotubes (CNTs) have increasingly been used in a wide variety of applications. 
However, because of their needle-shape morphology, biopersistence and mode of exposure similar to 
those of asbestos which is a known carcinogen causing lung mesothelioma, there has been a great 
concern about their potential carcinogenicity. In this study, we investigated the effect of long-term 
exposure of CNT on proliferative and invasive properties of human pleural mesothelial cells. We 
found that chronic exposure of human mesothelial MeT5A cells to low-dose non-cytotoxic 
concentration of single-walled CNT (0.02 μg/cm2 for 25 weeks) in culture induced malignant 
transformation of the cells as indicated by their increased cell invasion and migration. Analysis of 
gene expression by real-time PCR array showed a 50-fold increase in MMP-2 expression in CNT-
transformed cells as compared to passage-matched control cells. Western blot analysis of the protein 
expression confirmed the upregulation of MMP-2 in the transformed cells. Downregulation of MMP-2 
in the transformed cells by short-hairpin RNA stable transfection effectively inhibited the MMP-2 
activity in these cells as well as their invasive and migratory activities. Preliminary animal data 
demonstrated the deposition of CNT-exposed cells in mice lung which was absent in mice injected 
with shMMP-2 transfected cells. These results indicate MMP-2 as a key regulator of the aggressive 
phenotype of mesothelial cells after chronic CNT exposure. This study fortifies the carcinogenic 
potential of CNT and reveals a novel mechanism that may be important in CNT-induced 
mesothelioma. 
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CARBON NANOTUBES INDUCE LUNG CARCINOGENESIS THROUGH THE INDUCTION OF 
STEM-LIKE CANCER CELLS 
 
Sudjit Luanpitpong1, Liying Wang2, and Yon Rojanasakul1 
 
1Department of Pharmaceutical Sciences and Mary Babb Randolph Cancer Center, West Virginia 
University, Morgantown, West Virginia, USA 

2Pathology and Physiology Research Branch, National Institute for Occupational Safety and Health, 
Morgantown, West Virginia, USA 

 
Our previous studies have shown that chronic exposure to carbon nanotubes (CNTs) induces 

malignant transformation of human lung epithelial cells. Most solid tumors including lung cancer cells 
are believed to contain poorly differentiated cancer stem celllike cells (CSCs) that initiate 
tumorigenesis and confer resistance to chemotherapy. In this study we investigated whether CNTs 
can induce lung CSCs and whether these cells are chemoresistant and tumorigenic. Non-tumorigenic 
human lung epithelial BEAS-2B cells were chronically exposed (6 months) to low-dose (0.02 g/cm2) 
single-walled CNT (SWCNT) and analyzed for stem properties by tumor sphere formation and side 
population (SP). Our results showed that SWCNT-transformed cells, like non-small cell lung cancer 
H460 cells, formed tumor spheres in stem cell-selective conditions, indicating the existence of lung 
CSCs. Lung CSCs are previously reported to reside in the SP of parental lung cancer cells. Analysis 
of SP fractions based on the ability of SP to efflux Hoechst 33342 dye to generate a Hoechst blue-red 
profile revealed that the parental SWCNT-transformed cells and H460 cells have high SP fractions, 
whereas control BEAS-2B cells showed no SP, thus confirming the existence of large CSC 
populations in the SWCNT-transformed cells and H460 cells. As compared to the corresponding 
parental cells, the SP cells of SWCNT-transformed cells and H460 cells acquired in vitro apoptosis 
resistance to various chemotherapy including antimycin A, cisplatin, doxorubicin and etoposide, and 
were more tumorigenic in a xenograft mouse model. Together, our study unveils a novel mechanism 
of CNT-induced carcinogenesis toward the path of acquiring CSC traits. 
 

This work was supported by the National Institutes of Health Grant R01-HL095579 and the 
National Science Foundation Grant EPS-1003907. 
 

Disclaimer: The findings and conclusions in this abstract have not been formally disseminated 
by the National Institute for Occupational Safety and Health and should not be construed to represent 
any agency determination or policy. 
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TOXICOLOGICAL EVALUATION OF PULMONARY EXPOSURE TO GRAPHENES OF 
DIFFERENT SIZES 
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Yingling, 3IS Chaudhuri, 3A Kyrlidis, 1SA Bilgesu, 1,2RR Mercer, 1D Schwegler-Berry, 1V Castranova, 
1,2A Erdely 
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3Cabot Corporation, Billerica, MA 

 

Research on the uses and manufacturing of nano graphene has increased dramatically in the past 
decade. Thus, worker inhalation of graphene nanopowders is likely. The goal of this study was to 
evaluate the lung toxicity of three non-oxidized graphene (Gr) samples of different sizes [20 m lateral 
x 7-10 nm thick (Gr20), 5 µm lateral x 7-10 nm thick (Gr5), and <2 µm lateral x 1-2 nm thick (Gr1)]. Gr 
samples were diluted in physiological dispersion medium (DM) and characterized for size, surface 
reactivity, and free radical generation in vitro. Male C57BL/6J mice received 4 or 40 µg of Gr1, Gr5, or 
Gr20, or 40 µg of carbon black (CB; particle control), or DM (vehicle control) by aspiration. Mice were 
sacrificed at 4 hr (day 0), 1, 7, and 28 days post-exposure. Lung lavage was performed, the fluid and 
cells were retained, and indices of lung injury and inflammation were examined. RNA was isolated 
from lungs to evaluate changes in protein expression at the molecular level. Particle/aggregate size 
ranged from ~ 5-300 µm, 0.5-60 µm, and 0.2-5µm for Gr20, Gr5, and Gr1, respectively, with CB being 
similar to Gr1. Electron spin resonance (ESR) indicated that all Gr samples and CB had low to no 
surface reactivity as compared to a positive control (α-quartz). In vitro, ESR showed all Gr samples 
induced free radical production by mouse monocytes with significantly greater response in Gr20- and 
Gr5-treated cells compared to Gr1- and CB-treated cells. Indices of lung injury in lavage fluid were 
increased for the 40 µg doses of Gr20 and Gr5 on days 0, 1, and 7 when compared to control. Gr1 
(40 µg) produced an increase only at day 7. Increased lung injury in the CB group was comparable to 
Gr20 and Gr5 on days 1 and 7. Injury decreased in all groups by day 28. Inflammation was elevated 
in the 40 µg Gr20, Gr5, Gr1 and CB groups on day 1, but only in the 40 µg Gr20 and Gr5 groups on 
days 0 and 7. At 4 hr (day 0) and 1 day post-exposure, proteins associated with activation of oxidative 
stress and inflammation pathways were increased in all the Gr groups with the greatest increases in 
the Gr 20 and Gr 5 groups; however, most protein levels did not further increase by day 1, indicating 
that responses may subside quickly after exposure. In summary, the larger Gr particles appeared to 
produce more toxicity at the early time points post-exposure when compared to controls. 
 
Funding Support: Intramural NIOSH Funds from the Nanotechnology Research Center 
 
Disclaimer: The findings and conclusions of this abstract have not been formally disseminated by 
NIOSH and should not be construed to represent any agency determination or policy. 
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Nanotechnology, particularly the use of multi-walled carbon nanotubes (MWCNT), is a rapidly 
advancing field with implications for advancement in a variety of disciplines such as biomedical, 
electrical, and thermal research. A major route of exposure to MWCNT in both occupational and 
environmental contact is inhalation. While many studies showed adverse effects to either the lung 
epithelium or vascular endothelium upon MWCNT exposure, in vitro results did not often correlate 
with in vivo effects. Therefore, a more relevant cellular model to mimic in vivo exposure was needed. 
This study sought to create a coculture system in which both human small airway epithelial cells 
(SAEC) and human microvascular endothelial cells (HMVEC) were grown in coculture so as to 
resemble an alveolar-capillary interaction. Exposure of the epithelial layer to MWCNT (at a low dose 
relevant to in vivo lung burden) induced multiple changes in the endothelial barrier including an 
increase in ROS, actin rearrangement, loss of VE-cadherin, and potentially increased permeability. 
An increase in endothelial angiogenic ability, as well as overall increases in secreted VEGFA, ICAM1, 
and VCAM1 protein expression, was noted after epithelial exposure. Additionally, alterations to both 
SAEC and HMVEC mRNA and miRNA levels were noted after MWCNT exposure. This coculture 
system identified that epithelial exposure to MWCNT induced multiple changes to the endothelium, 
potentially through cell signaling mediators, and suggested that the coculture system is an improved 
in vitro method to study the pulmonary toxicity and potential signaling pathways of MWCNT exposure. 
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HARD METAL (WC-CO) NANOPARTICLES INDUCE CELLULAR TOXICITY AND APOPTOSIS IN 
A DOSE-DEPENDENT MANNER  
 
Andrea L Armstead1,2,3 and Bingyun Li1,3  
 
(1) West Virginia University, School of Pharmacy, Pharmaceutical & Pharmacological Sciences 
Graduate Program  

(2) American Foundation for Pharmaceutical Education Pre-Doctoral Fellow, 2012-13  

(3) West Virginia University, Department of Orthopaedics, Nanotechnology Laboratory  

 

With the ever-increasing use of nano-materials in applications ranging from commercial 
industry to healthcare, it is crucial to identify how these materials may cause toxicity or other adverse 
cellular responses. Hard metals, such as tungsten carbide cobalt (WC-Co) are of particular interest in 
our laboratory as this material is commonly used to coat machinery and tools used in mining and 
drilling industries. As these tools wear over time, WC-Co “dusts” containing various-sized WC-Co 
particles can be generated and present a workplace inhalation hazard. It is known that exposure to 
WC-Co “dusts” contributes to the development of hard metal lung disease (HMLD) and an increased 
risk for lung cancer; however, the toxic mechanism of WC-Co and how it contributes to development 
of HMLD remains poorly understood. In this study, we determined the toxicity of nano- and micro-
sized tungsten-carbide cobalt (WC-Co) particles in lung epithelial cells (BEAS-2B). Cell viability was 
assessed using an MTT-based cell viability assay following WC-Co exposure at concentrations from 
0.1 to 1000μg/mL for durations of 30min to 48hr. Oxidative stress response was determined at select 
concentrations (10, 100, 1000ug/mL) by staining with DCF and DHE. Cells treated with WC-Co 
particles for 12hr were stained with Annexin-V (a pro-apoptotic marker) and propidium iodide (a dead 
cell nucleic acid stain) and analyzed via flow cytometry. The results of our viability assay indicated 
that nano-sized WC-Co was more toxic than micro-sized WC-Co at concentrations ≥ 10 μg/mL. 
Oxidative stress was induced at the highest concentration of particles as indicated by an increase in 
DCF fluorescence compared to control. Flow cytometry of WC-Co treated cells revealed a dose-
dependent increase in the percentage of apoptotic cells, suggesting that WC-Co particles are capable 
of inducing apoptosis in BEAS-2B cell populations. These data are consistent with our anticipated 
results and confirm that WC-Co is capable of inducing cytotoxicity in a time and dose-dependent 
manner. 
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EVALUATION OF TUNGSTATE NANOPARTICLES CYTOTOXICITY 
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Alkaline-earth metal tungstate AWO4 (A= Ca, Ba, Sr) nanoparticles are currently being used in 
a variety of applications including use as components of medical equipment, optical fibers, and 
scintillator detectors. This versatility may lead to increases in manufacturing within the next 10 years 
and may subsequently result in more cases of inhalation exposure. Therefore, it is important to 
assess the effects of tungstate nanoparticles on cellular systems to increase the understanding of 
toxic exposures and potentially provide mechanisms by which these effects could be 
pharmaceutically treated. BEAS 2B bronchial epithelial cells and RAW 264.7 macrophage cells were 
used to assess tungstate toxicity. Enhanced dark field microscopy was used to evaluate nanoparticle 
association and engulfment by RAW 264.7 cells over multiple time points up to 3 hours. This showed 
an increase in association between tungstate nanoparticles and cells and a decrease in non-specific 
binding after 3 hours of exposure. Comet assays were used to assess potential DNA damage due to 
reactive oxygen species (ROS) production. After 3 hours, significant increases in DNA damage were 
observed. However, after 7 hours DNA damage returned to basal levels. Due to potential ROS 
production and quickly occurring interactions between cells and particles, NFkappaB activation was 
examined using western blotting to analyze IKBalpha degradation. Results showed minimal 
degradation over a 7 hour time course in both cell lines, indicating that the NFkappaB pathway is 
likely not involved in tungstate cytotoxicity. To evaluate overall cytotoxicity, caspase activation was 
measured to assess apoptosis, and MTT assays were employed to determine cell viability after 24 
hours treatment with tungstate nanoparticles. This showed minimal caspase activation in both cells 
line, and potential cellular proliferation in RAW cells. Preliminary data shows that tungstate 
nanoparticles are not explicitly toxic through inflammatory or cell death pathways, but appear to be 
inducing mild DNA damage and promoting cell survival in RAW cells. These observations suggest 
potential deleterious effects on cell cycle control and perhaps cancer initiation. 
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PULMONARY NANOPARTICLE EXPOSURE ENHANCES CARDIAC PARASYMPATHETIC 
SIGNALING  
 
T Knuckles, J Yi, and TR Nurkiewicz  
 
Center for Cardiovascular and Respiratory Sciences, West Virginia University, Morgantown WV 
26506  
 

Pulmonary nanoparticle exposure has been associated with alterations in autonomic signaling 
in the peripheral microcirculation. One possible mechanism linking pulmonary nanoparticle exposure 
to remote effects is modulation of autonomic influences. Several studies have indicated an increase 
in parasympathetic signaling in the heart following particle exposure. We have recently reported that 
nanoparticle exposure alters microvascular responses to sympathetic nerve stimuli. Thus, we 
developed a model of barorereceptor function reflexes to determine the relative autonomic 
contributions. Rats were exposed to titanium dioxide (nano-TiO2) for 4 hr for 1 day at 9 mg/m3. 24-
hours post-exposure, baroreflex sensitivity was determined by i.v. infusion of sodium nitroprusside 
(SNP; 5-20 μg/kg) or phenylephrine (PE; 1-16 μg/kg), with or without atropine (1 mg/kg) to diminish 
parasympathetic signaling. Nano-TiO2 exposure did not alter PE-induced (4 μg/kg) changes in mean 
arterial pressure (ΔMAP, 25±5 mm Hg Sham, 26±3 mm Hg Exposed). However, nano-TiO2 exposure 
increased the magnitude of Δheart rate in beats per minute (ΔBPM -20±2 control vs. -26±3 exposed), 
suggesting an enhanced parasympathetic response. When these experiments were repeated in the 
presence of atropine, PE-induced ΔBPM was diminished in both groups; however, atropine 
significantly altered ΔBPM in nano-TiO2 compared to sham (-18±1 Sham, -12±2 Exposed), 
suggesting an enhanced sensitivity to muscarinic receptor blockade. Atropine treatment did not 
significantly alter ΔMAP in either group. Nano-TiO2 exposure did not significantly alter SNP-induced 
changes in ΔMAP (-36±5 mm Hg control vs. -41±2 mm Hg exposed), or heart rate (ΔBPM 18±7 
control vs. 26±7 exposed). Because parasympathetic projections in cardiovascular system are largely 
confined to the heart, these data suggest that nano-TiO2 exposure alters cardiac vagal tone, perhaps 
as a compensatory mechanism to enhanced sympathetic influence. Future work will focus on 
mechanisms that precipitate alterations in autonomic function. 
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DEVELOPMENT OF IN-VIVO SCREENING BENCHMARK FOR COMPLEX ENGINEERED 
NANOMATERIALS  
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Functional nanomaterials are developing at an ever accelerating pace and are already finding 
widespread application in consumer products including cosmetics, sporting goods, clothing, and 
consumer electronics. Specifically, silica nanomaterials have been identified for a wide range of 
applications including biomedical imaging, drug delivery, catalysis, separations, and sensors, as they 
constitute a versatile, easily modifiable template. However, increasing evidence indicates that 
nanomaterials can show elevated toxicity, motivating the need to establish appropriate toxicity tests 
for this emerging technology. Furthermore, the rapidly increasing volume of nanomaterials research 
and production requires development of modern high-throughput in vivo nanotoxicity screenings for 
these materials. Zebrafish (Danio rerio) is rapidly emerging as a well-suited model for such studies 
due to prolific breeding, embryo tissue transparency, rapid development time, and the relative 
simplicity of controlled toxin exposure.  

In the present work, the toxicity of carefully synthesized Ni-silica nanomaterials with complex, 
but well-controlled nanostructures is investigated using zebrafish as the in vivo toxicity model. Porous 
silica nano- and microparticles have been shown to be non-toxic, thus leading to the hypothesis that 
embedding metal nanoparticles in silica could reduce or entirely mitigate nanoparticle toxicity while 
still providing accessibility of the metal nanoparticle surface and hence maintaining the functionality of 
the embedded nanoparticle. Hence, the toxicity of surface-deposited Ni nanoparticles on silica 
nanoparticle supports is compared to that of embedded and encapsulated metal nanoparticles in 
silica. Our results demonstrate that all three configurations significantly reduce the toxicity of metal 
nanoparticles compared to the equivalent dosing of analogous metal salts. While the engineered 
nanomaterials showed limited dissolution of metal ions from the structured materials into the media 
solution, nickel uptake was still detectable at ng levels within the zebrafish larvae tissue. Interestingly, 
relative to free metal ion concentrations, metal uptake was significantly enhanced for the engineered 
nanomaterials, suggesting the presence of a “trojan horse” transport mechanism into the fish.  

All three engineered nanomaterials showed high zebrafish survival rates, hence necessitating 
more sensitive means for detection of toxic effects. Therefore, the studies were extended to include 
motility analysis which allowed for a much enhanced sensitivity compared to endpoints of survival and 
developmental deformations, and thus showed dose-dependent results. Our current work includes 
extension of these studies to a range of nanoparticle sizes and metals to further investigate the effect 
of nanostructuring on nanomaterial toxicity. 
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FREE RADICAL GENERATION: A POTENTIAL MECHANISM FOR ARTERIOLAR DYSFUNCTION 
FOLLOWING CERIUM DIOXIDE NANAOPARTICLE EXPOSURE 
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Cerium dioxide nanoparticles (CeO2) are currently being used as a fuel additive. When added 
to diesel fuel the nanoparticles act as a catalyst to increase combustion efficacy. CeO2 nanoparticles 
are also under development as a protective agent against the deleterious effects of ischemia and 
radiation therapy. These applications take advantage of unique CeO2 properties that allow it to drive 
Fenton chemistry and reduce local reactive oxygen species at the microvascular level, a primary 
location for oxidative stress. However, the microvascular toxicity of CeO2 exposure is largely 
unknown. Previous studies reveal that nanoparticle exposure impairs normal arteriolar function in a 
manner that is heavily dependent on the exposure route. Furthermore, this effect may be linked to 
CeO2's anti-oxidant properties; however, the scope and importance of this potential outcome remains 
to be verified. Therefore, experiments were designed to assess CeO2's physical and chemical 
characteristics; examine the antioxidant potential (electron spin resonance, ESR); assess pulmonary 
inflammation, and determine arteriolar reactivity in rats exposed to CeO2 via pulmonary (0-400 μg), 
gastric (0-600 μg), and systemic (0-900 μg) exposure. The CeO2 primary size was ~4 nm 
(transmission electron microscopy and surface area measurements). The agglomerate size was ~191 
nm (dynamic light scattering) and the valence state was 19% Ce3+/81% Ce4+ (x-ray photoelectron 
spectroscopy). Bronchial alveolar lavage fluid analysis displayed an increase in polymorphonuclear 
leukocytes, and lactate dehydrogenase, but albumin was unchanged. Pulmonary inflammation 
followed exposure but barrier function was not significantly impaired. There was an attenuated 
response to acetylcholine after instillation and injection (28-61±3-7%); however, after gavage 
exposure to 100 μg CeO2, the arterioles still respond normally. There was decreased vascular 
smooth muscle sensitivity to nitric oxide (NO) following pulmonary, gastric and systemic exposure 
(33-63±3-4%). ESR measurements demonstrated that CeO2 alone did not generate free radicals and 
could decrease the level of superoxide and hydroxyl radicals. In conclusion, arteriolar dysfunction 
after CeO2 exposure is dependent on exposure route and dose. Additionally, these nanoparticles are 
capable of quenching local free radicals, which indicate possible protective and/or therapeutic 
potential. However, because microvascular function is also influenced by CeO2, future experiments 
will determine if this impairment is directly linked to decrease NO bioavailability. 
 
NIH-RO1-ES015022 (TRN)  
NSF-1003907 (TRN and VCM) 
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REACTIVE OXYGEN SPECIES INDUCE SPATIALLY-DISTINCT MITOCHONDRIAL 
DYSFUNCTION AND DIASTOLIC CARDIAC DYSFUNCTION IN MICE FOLLOWING INHALATION 
EXPOSURE TO NANO-TITANIUM DIOXIDE 
 
 
Cody E. Nichols1, Danielle L. Shepherd1, Tara L. Croston1, Dharendra Thapa1, Sara E. Lewis1, 
Rajaganapathi Jagannathan1, Jinghai Yi2, Timothy R. Nurkiewicz2, John M. Hollander1  
 
 
1 Division of Exercise Physiology 

2 Department of Physiology and Pharmacology, Center for Cardiovascular and Respiratory Sciences, 
West Virginia University, Morgantown, WV  

 

While nanotechnology offers innovation in products from cosmetics to drug delivery, exposure 
to engineered nanomaterial (ENM) is increasing. Unfortunately, health impacts of ENM are not fully 
realized. Within cardiac tissue effects of ENM exposure and mechanisms contributing to these effects 
are relatively unexplored. The mitochondrion is essential to the cell due to its role in ATP production 
but has been suggested as a toxicological target. Yet, mitochondrial analyses within the 
cardiomyocyte are further complicated by the presence of two spatially, biochemically distinct 
subpopulations of mitochondria: the subsarcolemmal mitochondria, found below the sarcolemma, and 
the interfibrillar mitochondria, found within the contractile apparatus. Titanium Dioxide (nanoTiO2) is 
one of the most widely produced ENM due to its variety of uses. The goal of this study was to 
elucidate mechanisms contributing to cardiac and mitochondrial dysfunction following nanoTiO2 
inhalation exposure. Male FVB mice were exposed to nanoTiO2 at an estimated total lung deposition 
of 11 μg. Twenty-four hours after exposure cardiac function was assessed using a Vevo 2100 
echocardiography system. Diastolic dysfunction was observed, supported by increased diastolic 
radial strain, increased E/A ratios (>2.0), and increased early mitral flow deceleration time (p<0.05, for 
all three). Inductively coupled plasma atomic emission spectroscopy detected an 80% increase in Ti 
content in cardiac tissue following exposure suggesting particle translocation as a potential source of 
cellular stress. To identify subcellular mechanisms, subpopulations of mitochondria were isolated and 
respiration rates assessed. A decrease in active (State 3) respiration rate following exposure was 
observed in the interfibrillar mitochondria (p<0.05). Further, an increase in lipid peroxidation (p<0.05) 
suggests enhanced reactive oxygen species damage to the interfibrillar mitochondria. In summary, 
nanoTiO2 inhalation exposure is associated with an increase in reactive oxygen species damage, 
spatially-distinct mitochondrial functional alterations and cardiac diastolic dysfunction.  

 
Supported by NIH DP2DK08309, NIH R01ES015022, NIH RC1 ES018274, DGE-1144676, NIH 
T32HL090610 
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ALTERATIONS IN LUNG HOST DEFENSE AFTER PULMONARY EXPOSURE TO SILVER 
NANOPARTICLES IN RATS  
 
 
1,2BM Yingling, 2C McLoughlin, 1,2JM Antonini, 3RI MacCuspie, 3VA Hackley, 2BT Chen, 2D 
Schwegler-Berry, 1,2JR Roberts  
 
 
1 WVU, Morgantown, WV 

2 NIOSH, Morgantown, WV 

3 NIST, Gaithersburg, MD  

 
Silver nanoparticles (AgNP) are among the fastest growing categories of manufactured 

nanomaterials for products as wide ranging as toothpaste to batteries and wound dressings to 
laundry detergent. Therefore, there is a need to investigate the risk for potential adverse effects of 
respiratory exposure in workers manufacturing these particles/products. In former studies on the 
AgNP it was found that there is a dose-dependent increase in lung inflammation and injury 
characterized by increased oxidant production and influx of immune cells, and with the highest doses 
exceeding toxicity of the positive control (α-quartz) at one and two weeks post-exposure. Given the 
alterations in lung immune parameters induced by AgNP, the goal of the current study was to 
characterize susceptibility to lung bacterial infection following AgNP exposure in vivo. It was 
hypothesized that AgNP might enhance clearance of the pathogen due to the inherent antimicrobial 
properties associated with silver. AgNP, 20 nm in diameter with a 0.3% wt polyvinylpovidone coating 
(NanoAmor, Inc.) were suspended in a physiological dispersion medium (DM; 0.6 mg /ml rat serum 
albumin + 0.01 mg/ml dipalmitoyl phosphotidyl choline in saline) and sonicated. On day 0, rats were 
intratracheally (IT) instilled with 37.6 (Ag Low) or 449 (Ag High) μg of AgNP in DM or DM alone. On 
day 3, rats were inoculated IT with 5x105 Listeria monocytogenes (LM). Rats were euthanized on day 
3 (pre-infection), and on days 4, 6, 8, and 10. Bronchoalveolar lavage (BAL) was performed on the 
right lung. The left lung was cultured to assess LM burden, and the lung-associated lymph nodes 
(LALN) were harvested. BAL cells and fluid were retained for analysis of injury, inflammation and 
oxidant production, and LALN lymphocytes were counted to assess immune response. On day 3 pre-
infection, increased BAL lactate dehydrogenase levels (lung injury) neutrophil influx (inflammation), 
LALN lymphocytes, and BAL cell oxidant production were elevated in the Ag High group when 
compared to the Ag Low and DM groups. Following infection, LM lung burden increased significantly 
in the DM and Ag Low groups as compared to the Ag High group, peaking on day 6, with the highest 
burden in the DM group. LALN lymphocytes and BAL neutrophils, lymphocytes, and cellular oxidant 
production were elevated in the Ag High group on days 4 and 6 compared to DM and Ag Low groups. 
By day 8, LM lung burden, BAL and LALN cell counts were similar for all groups. In summary, 
induction of an early inflammatory response and oxidant burst in conjunction with increased 
lymphocyte proliferation in the lungs of the high dose AgNP group prior to infection may have 
enhanced the innate immune response which led to an increased clearance rate of bacteria from the 
lungs early after infection. 
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PROPROTEIN CONVERTASE 4 IS OVEREXPRESSED IN NON-SMALL CELL LUNG CANCER 
AND IS INDUCED BY NNK  
 
Kelly A. Brant and George D. Leikauf  
 
Department of Environmental and Occupational Health, Graduate School of Public Health, University 
of Pittsburgh, Pittsburgh, PA 15219  
 

Proprotein convertases (PCSKs) are serine endoproteinases which process latent peptide 
precursors to their biologically active form as they traffic through the cell. There is growing evidence 
that overexpression of PCSK proteins contributes to the pathophysiology of various types of cancer, 
including lung. However, studies examining the regulation of PCSK in airway epithelia, and the 
potential for PCSK activation by chemical carcinogens to contribute to malignant change are limited. 
Our data indicate that PCSK4, which has previously been characterized as a germ-line specific 
proprotein convertase, is overexpressed in non-small cell lung cancer cell lines compared with normal 
human bronchial epithelial (NHBE) cells. In addition, immunohistochemical analysis of human lung 
cancer tissue arrays show elevated PCSK4 expression in adenocarcinoma and squamous cell 
carcinoma compared with adjacent uninvolved tissue and airway epithelia from normal subjects. In 
order to determine if PCSK4 expression can be induced in response to chemical carcinogens, NHBE 
cells were stimulated with the tobacco-derived carcinogen 4-(methylnitrosamino)-1-(3-pyridyl)-1-
butanone (NNK). Western blot analysis of cell lysates show an increase in PCSK4 expression 
following treatment with 100 nM NNK compared with control-treated cells. Moreover, NNK induced a 
significant increase in cell-associated PCSK activity. When NHBE cells were pre-treated with AG-
1478, the effect was blocked, implicating a role for epidermal growth factor receptor activation in 
NNK-induced PCSK activity. These findings suggest that during the process of malignant change, 
cells acquire the necessary environment to overexpress and self-activate PCSK4. Moreover, 
stimulation of convertases such as PCSK4 by environmental carcinogens may enhance activation of 
peptide substrates that facilitate tumor progression.  
 
Support: NIH R01-HL085655 (GDL)  
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ELECTRONIC PLATFORM TO QUANTIFY THE ANTICANCER MECHANISM OF CARDIAC 
GLYCOSIDE AND SYNTHETIC ANALOG  
 
 
Reem Eldawud1, Chenbo Dong1, Yon Rojanasakul2, Cerasela Zoica Dinu1,2  
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Digitoxin is a cardiac glycoside well known for its efficiency in the treatment of congestive heart 

failure and arrhythmias. Recently, it was shown that digitoxin exhibits anti-neoplastic activity against 
several types of cancers from breast, and lung to colon cancer. The biological anticancer potency of 
digitoxin lays in its trisaccharide moiety linked to a steroid core. Further research has shown that 
synthetic manipulation of digitoxin structure leads to more potent analogues. In this research, an 
electronic platform was used as a proxy to assess cellular behavior of immortalized and tumorigenic 
human lung cells (BEAS-2B and H460 respectively) upon exposure to digitoxin and synthetic 
monosaccharide analogue (D6-MA). The non-invasive technique relied on an electrical cell 
impedance sensing system (ECIS) that allowed real-time measurements of the morphological 
changes and cell-cell interactions in vitro. Such measurements were further complemented with 
classical microscopy, apoptotic and cytotoxic assays in order to derive structure-function relationships 
that correlate the cellular dynamics with molecular pathways upon drug or analog exposure. Using a 
high throughput electronic platform, our results provided novel means to investigate the underlying 
anticancer mechanisms associated with drug exposure and promise to extend such cellular-based 
interface studies to other analysts and toxins.  
 

This research is supported by the NSF/CBET 1033266 and NSF/EPS- 1003907. 
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BISPHENOL A ACTIVATES BK CHANNELS THROUGH AN EXTRACELLULAR BINDING SITE: 
ROLE OF THE B1 SUBUNIT 
 
 
Ibra S. Fancher1, Trey S. Rottgen1, Shinichi Asano1, Theodore S. Widlanski2, and Gregory M. Dick1 
 
 
1 Department of Exercise Physiology 
Center for Cardiovascular and Respiratory Sciences 
West Virginia University School of Medicine 
 
2 Department of Chemistry 
Indiana University 
 
 
 

We demonstrated previously that bisphenol A (BPA) activates BK (KCa1.1) channels; however, 
channels containing regulatory b1 subunits were more sensitive. How BPA modulates BK activity 
(NPo) remains mostly unknown. Estradiol activates BK by binding to an extracellular site, but the 
location of a putative BPA binding site is unknown. We tested the hypothesis that an extracellular 
binding site is responsible for activation of BK channels by BPA. We synthesized membrane-
impermeable BPA-monosulfate (BPA-MS) and used patch clamp electrophysiology to study channels 
composed of a or a+b1 subunits in cell-attached (C-A), whole-cell (W-C), inside-out (I-O), and 
outside-out (O-O) patches. In W-C patches, 100 mM BPA-MS activated current in cells expressing a 
subunits (36±4%), whereas cells expressing a+b1 subunits responded to a log-order lower 
concentration (10 mM; 34±4%). Similarly, in O-O patches, BPAMS (10 mM) activated BK channels 
containing a+b1 subunits. The W-C and O-O data suggest that an extracellular site exists for BPA, 
but do not eliminate the possibility that an intracellular site may also exist. In I-O patches, where the 
cytoplasmic face was exposed to the bath, BPAMS had no effect on the NPo of BK a subunits 
(0.07±0.02 vs. 0.10±0.03), but BPA increased it (0.34±0.12). BPA-MS increased the NPo of a+b1 
channels in I-O patches, but not as much as BPA (from 0.08±0.01 to 0.34±0.07 to 0.51±0.09). We 
conclude that BPA activates BK via an extracellular site and that BPA-sensitivity is increased by the 
b1 subunit, which may also constitute part of an intracellular binding site. 
 
Funded by NIH T32HL090610 (I.S.F.). 
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DIACETYL-INDUCED RESPIRATORY AND OLFACTORY TOXICITY IN MICE: INFLUENCE OF 
UBIQUITINATION, GENDER AND DICARBONYL/L-XYLULOSE REDUCTASE GENE KNOCKOUT  
 
 
K.L. Fluharty, A.F. Hubbs, M.P. Goravanahally, R.J. Edwards, M.L. Kashon, L.M. Sargent, R.R. 
Mercer, M.C. Jackson, A.M. Cumpston, W.T. Goldsmith, J.S. Fedan, R.D. Dey, L.A. Battelli, T. 
Munro, W. Bucklew Moyers, P.A. Willard, K. McKinstry, S. Friend and K. Sriram  
 
NIOSH and WVU, Morgantown, WV  
 
 

The α-dicarbonyl butter flavoring, diacetyl (2,3-butanedione), is associated with flavorings-
related constrictive bronchiolitis in workers who make or use flavorings. Diacetyl causes protein 
damage in a process believed to be dependent upon the α-dicarbonyl structure. A protective 
response to damaged protein is ubiquitination with subsequent proteasomal processing. Diacetyl is 
also metabolized to the less reactive α-hydroxyketone, acetoin, by dicarbonyl/L-xylulose reductase 
(Dcxr). We examined the role of Dcxr and gender on acute toxicity of inhaled diacetyl by exposing 
Dcxr knockout and wildtype mice of both sexes to diacetyl at target concentrations of 0, 100, 200 or 
300 ppm for 6 hr. At 1 day post-exposure, endpoints were semi-quantitative histopathology and 
morphometric measurement of ubiquitin immunofluorescence in nose and lung sections. Ubiquitin 
was principally localized to nasal and intrapulmonary airways, increased in large bronchioles at 
concentrations ≥ 100 ppm, and in the nose at 300 ppm. Diacetyl -induced ubiquitin in the nose and 
lung was modified by both gender and Dcxr. In lung histopathology, diacetyl caused vacuolation of 
airway epithelium of large bronchioles at concentrations ≥ 100 ppm. In olfactory bulb (OB) of male 
mice inhaling 300 ppm diacetyl, mRNA expression of inflammatory mediators and olfactory marker 
protein (Omp), a marker of olfactory neuron axons, were assayed by real-time PCR. Diacetyl elevated 
Il6, Cxcl2, and Tnfa and decreased Omp in OB. The data suggest that ubiquitin expression is a 
sensitive biomarker of diacetyl-induced protein damage in airway epithelium. Further, diacetyl causes 
neuroinflammation and potential loss of axons of olfactory neurons in OB, suggestive of neurotoxicity. 
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A NEW OXIDATIVE STRESS MODEL, 2,2-AZOBIS(2-AMIDINOPROPANE) DIHYDROCHLORIDE 
INDUCED CARDIOVASCULAR DAMAGES IN CHICKEN EMBRYO AND THE SCREENING OF 
NATURE ANTIOXIDANTS 
 
 
Rong-Rong He1,2, Yan Li3, Xiao-Di Li1, Ruo-Nan Yi1, Xiao-Yu Wang3, Bun Tsoi1, Xue-Song Yang3, 
Hiroshi Kurihara1 
 
 
1 Center for Free Radical and Antioxidant Health, University of Pittsburgh, PA 15213, USA. 

2 Pharmacy College, Jinan University, Guangzhou 510632, China. 

3 Medical College, Jinan University, Guangzhou 510632, China 

 

Abstract: It is now well established that the developing embryo is very sensitive to oxidative stress, 
which is a contributing factor to pregnancy-related disorders. However, little is known about the 
effects of reactive oxygen species (ROS) on the embryonic cardiovascular system due to a lack of 
appropriate ROS control method in the placenta. In this study, a small molecule called 2,2-azobis(2-
amidinopropane) dihydrochloride (AAPH), a free radicals generator, was used to study the effects of 
oxidative stress on the cardiovascular system during chick embryo development. When nine-day-old 
(stage HH 35) chick embryos were treated with different concentrations of AAPH inside the air 
chamber, it was established that the LD50 value for AAPH was 10 μmol/egg. At this concentration, 
AAPH was found to significantly reduce the density of blood vessel plexus that was developed in the 
chorioallantoic membrane (CAM) of HH 35 chick embryos. Impacts of AAPH on younger embryos 
were also examined and discovered that it inhibited the development of vascular plexus on yolk sac in 
HH 18 embryos. AAPH also dramatically repressed the development of blood islands in HH 3+ 
embryos. These results implied that AAPH-induced oxidative stress could impair the whole 
developmental processes associated with vasculogenesis and angiogenesis. Furthermore, we 
observed hyperplasia in the HH 40 heart following AAPH treatment, where the left ventricle and 
interventricular septum were found to be thickened in a dose-dependent manner. In conclusion, 
oxidative stress, induced by AAPH, could lead to damage of the cardiovascular system in the 
developing chick embryo. The current study also provided a new developmental model, as an 
alternative for animal and cell models, for testing small molecules and drugs that have anti-oxidative 
activities. As antioxidants are divided in different categories, we have conducted to investigate the 
antioxidant capability of different nature compounds combined with the methods of oxygen radical 
absorbance capacity (ORAC), cellular antioxidant activities (CAA), and chicken embryo model. 
 
Keywords: oxidative stress; free radicals; antioxidants; chick embryo; AAPH 
 
Fundings: This work was supported, in part, by NSFC (NO. 81102485), Natural Science Foundation 
of Guangdong Province (S2011040004893 & S20120011316), Science and Technology Program of 
Guangzhou (2012J22000073), Foundation for Distinguished Young Talents in Higher Education of 
Guangdong (LYM11023), and Fundamental Research Funds for the Central Universities (21612421 
& 21612355). 
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EXPRESSION KINETICS OF MIRNAS INVOLVED IN DERMAL TOLUENE 2, 4-DIISOCYANATE 
SENSITIZATION  
 
Carrie Long1, Kevin Beezhold2, Ewa Lukomska1, Katie Anderson1, B. J. Meade1, Donald H. 
Beezhold1, and Stacey E. Anderson1  
 
1 National Institute for Occupational Safety and Health (NIOSH), 1095 Willowdale Drive, Morgantown, 
WV 26505  

2 University of Pittsburgh, 4200 Fifth Avenue, Pittsburgh, PA 15261  

 

Allergic disease is an important occupational health concern as work related asthma and 
allergic contact dermatitis rank as some of the most frequently diagnosed occupational illnesses. 
Diisocyanates, particularly toluene 2, 4-diisocyanate (TDI) have been the leading cause of 
occupational asthma for many years. While the development of rapid and sensitive methods for 
allergen or hazard identification is important, understanding the mechanism behind allergic disease is 
critical for treatment and prevention. Recently, the study of posttranscriptional processing by 
microRNAs (miRNAs) has shed light on allergic disease mechanisms. The present studies report the 
expression of miRNA during the sensitization phase of an allergic response to TDI in a murine model. 
Female BALB/c mice were dermally exposed to TDI (0.1-15% v/v) or vehicle. RNA was isolated from 
superficial parotid lymph nodes at time points between 1 hour and 15 days post exposure and miRNA 
expression was analyzed using array and real-time quantitative PCR analysis. Consistent changes in 
miRNA expression were identified for miR-21, miR-22, miR-27b, miR-31, miR-126, miR-155, miR-
210, and miR-301a. Following TDI exposure, peak expression was observed by day 4 for the majority 
of miRNAs evaluated with trends in expression correlated to exposure concentration. Confirmed and 
predicted miRNA targets were identified using Diana-microT, miRanda, miRwalk, and Targetscan 
algorithms. Evaluation of mRNA expression of cytokine and transcription factor targets suggests that 
miRNAs may have a central role early in chemical sensitization. Understanding the role of these 
miRNAs and their specific mechanism of action may provide pertinent information to the identification 
and classification of chemical sensitizers and also contribute to the treatment and prevention of 
allergic disease. 
 
Funding: This work was supported by internal funds from the Health Effects Laboratory Division of the 
National Institute for Occupational Safety and Health. Partial funding supported by NIH award 1F32 
ES022134 01.  
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EXPOSURE TO TRICLOSAN AUGMENTS THE ALLERGIC RESPONSE TO OVALBUMIN IN A 
MOUSE MODEL OF ASTHMA 
 
Nikki B. Marshall, Michael L. Kashon, Katie L. Anderson, Ann F. Hubbs, Ewa Lukomska, B. Jean 
Meade, and Stacey E. Anderson 
 
National Institute for Occupational Safety and Health (NIOSH), 1095 Willowdale Drive, Morgantown, 
WV 26505 
 

During the last decade there has been a remarkable and unexplained increase in the 
prevalence of allergies and asthma. These studies were conducted to investigate the role of dermal 
exposure to triclosan on the hypersensitivity response to ovalbumin (OVA) in a murine model of 
asthma. Triclosan has had widespread use in the general population as an antimicrobial agent and is 
commonly found in consumer products such as soaps, deodorants, toothpastes, shaving creams, 
mouth washes, and cleaning supplies. For these studies, BALB/c mice were exposed dermally to 
concentrations of triclosan ranging from 0.75-3% (0.375-1.5 mg/mouse/day) for 28 consecutive days. 
Concordantly, mice were injected intraperitoneally with OVA (0.9 g) and aluminum hydroxide (0.5 
mg) on days 1 and 10 and challenged with OVA (125 µg) by pharyngeal aspiration on days 19 and 
27. Compared to the animals exposed to OVA alone, increased spleen weights, OVA-specific IgE, 
interleukin (IL-13) cytokine levels, and lung eosinophils were demonstrated when mice were co-
exposed to OVA and triclosan. Statistically significant increases in OVA-specific and non-specific 
airway hyperreactivity (AHR) were observed for all triclosan co-exposed groups. Furthermore, CD4 T 
cells from the mice coexposed to OVA and triclosan were found to express increased levels of GATA-
3 and IL-4 and decreased levels of T-bet and interferon-gamma protein suggesting a disruption of 
Th2/Th1 effector CD4 T cell balance in these mice that may contribute to the augmented allergic 
response. In these studies exposure to triclosan alone was not demonstrated to be allergenic, 
however; co-exposure with a known allergen resulted in enhancement of the hypersensitivity 
response suggesting that triclosan exposure may augment the allergic responses to other 
environmental and chemical allergens. 
 
Funding: This work was supported by internal funds from the Health Effects Laboratory Division of the 
National Institute for Occupational Safety and Health. 
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COMPARATIVE ANALYSIS OF TDI AND HDI HAPTENATED HUMAN SERUM ALBUMIN AND 
HEMOGLOBIN 
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Toluene diisocyanate (TDI) and hexamethylene diisocyanate (HDI) are widely used 
components of non-cured polyurethane products, and both have been shown to cause respiratory 
sensitization and occupational asthma (OA). Although mechanisms of diisocyanate (dNCO) 
sensitization are poorly understood, protein haptenation is thought to be a necessary first step. 
Diisocyanate (dNCO) haptenated proteins are commonly used to screen for diisocyanate specific 
antibodies in exposure assessment studies and diagnosis of OA, although specific-IgE measures 
have been found to have poor diagnostic sensitivity. Currently, these conjugates are poorly 
characterized, underscoring the need to develop standardized immunoassays using consistent, well 
characterized dNCO-haptenated proteins to screen for the presence of dNCO-specific IgE and IgG 
from workers’ sera. This has been challenging to achieve due to the bivalent, electrophilic nature of 
dNCO leading to the capability to produce multiple cross-linked protein species and polymeric 
additions to proteins. We characterized the conjugates formed upon reaction of TDI and HDI with two 
proteins, human serum albumin (HSA) and human hemoglobin (Hb) to determine the amount of 
diisocyanate bound and extend of intra- and intermolecular cross linking. Hb and HSA conjugated 
with different molar ratios of TDI and HDI were hydrolyzed and the resulting specific amine hydrolysis 
products (toluene diamine, TDA or Hexamethylene diamine, HDA) were analyzed after extraction and 
derivatization by HPLC with fluorescence detection to quantify the amount of TDI/HDI bound per mole 
protein. Mass spectrometry was used to determine specific Hb amino acid sites of TDI binding. The 
trinitrobenzene sulfonic acid assay (TNBS, primary amine detection) and gel electrophoresis were 
used to determine the extent of cross-linking. In both proteins, TDI and HDI conjugation were dose-
dependent. TDI was more reactive compared to HDI and mass/mole of both dNCOs conjugated to 
HSA was greater than Hb. However both TDI and HDI had comparable degrees of cross-linking on 
HSA as measured by the TNBS assay. This data suggest that both extend of haptenation as well as 
degrees of cross-linking differ between dNCO species which may possibly influence their relative 
immunogenicity and/or antigenicity.  

 
This work was supported by an Interagency Agreement with the NIEHS (IAG#Y1-ES-0001-12) and 
Grant Number CHE 1056311 from the National Science Foundation. 
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ASSOCIATION BETWEEN CTNNA3 (Α-CATENIN) GENE VARIANTS AND DIISOCYANATE 
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A genome-wide association study conducted recently in Korean subjects identified three 
CTNNA3 (alpha-T catenin) single nucleotide polymorphisms (SNPs) (rs10762058, rs7088181, and 
rs4378283) associated with diisocyanate induced occupational asthma (DA). We conducted a 
candidate gene association study to replicate these findings in Caucasian workers. Genotyping was 
performed on genomic DNA, using a 5’ nuclease PCR assay. Genotyping of these SNPs was 
performed in 410 diisocyanate-exposed and predominantly Canadian workers including: 132 workers 
with DA confirmed by a specific inhalation challenge (DA+); 131 symptomatic workers in whom DA 
was excluded by a negative challenge (DA-); and 147 HDI-exposed asymptomatic workers (AWs). 
CTNNA3 rs7088181 and rs10762058 SNPs were significantly associated with DA+ when compared 
to AWs (p≤0.05) but not in comparison to DA- workers. After adjusting for potentially confounding 
variables of age, smoking status and duration of exposure, minor allele homozygotes of rs7088181 
and rs10762058 SNPs were at increased risk for DA compared with AWs [OR= 9.05 (95% CI:1.69, 
48.54) and OR = 6.82 (95% CI:1.65, 28.24), respectively]. In conclusion, we replicated association 
between two closely linked CTNNA3 gene SNPs and DA in Caucasian workers. These findings 
suggest that genetically altered expression of CTNNA3 might influence cellular adherence and 
epithelial barrier function in the airways and play a role in the pathogenesis of DA.  

 
This work was supported in part by an NIEHS IAG (Y1-ES-0001) and NIOSH/CDC R01 OH 

008795. 
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THE ROLE OF miRNA IN THE DYSREGULATION OF MESENCHYMAL STEM CELL 
DIFFERENTIATION BY LOW-DOSE ARSENIC EXPOSURE 

Kevin Beezhold, Linda Klei, YessicaGarciafigueroa, Aaron Barchowsky. 

Department of Environmental and Occupational Health, University of Pittsburgh Graduate School of 
Public Health. 

Human exposure to environmental toxicants is a well-known cause of disease and low chronic 
exposure may contribute significantly to longitudinal risk of chronic diseases. Pathogenic mechanisms 
for many environmental toxicants remain poorly defined which limits development of effective 
interventions to protect against environmentally-derived chronic diseases. Low dose exposure to 
trivalent arsenic (AsIII) in drinking water is a major public health concern that contributes to a number 
of diseases and pathologies, including cardiovascular and metabolic diseases. While progress has 
been made in the understanding of the pathogenic signaling events contributing to arsenic-induced 
disease, many responsible mechanisms have not been elucidated. Control of miRNA expression and 
action presents a promising new means for understanding downstream effects of arsenic exposure; 
however, there are few reports of how arsenic regulates expression of miRNA and impacts their 
function.  Our preliminary data indicated induction of miR-29 in white and brown adipose tissue 
isolated from arsenic exposed (100 µg/L in drinking water for 2 wk) mice and in human adipose-
derived mesenchymal stem cells (hMSC) as arsenic inhibited adipocyte differentiation. Further 
analysis via real-time PCR revealed a 2-3 fold induction of miR-29b following arsenic exposure in 
hMSCs. The miR-29 family has been indicated by multiple studies to be involved in cardiovascular 
and metabolic diseases, with reduced stem or progenitor cell differentiation capacity believed to be a 
fundamental means for disease progression. Interestingly, follow-up studies investigating the role of 
arsenic-induced miR-29b using stable inhibition of miR-29b in the hMSCs indicate that it may promote 
adipogenesis instead of mediating the inhibition by arsenic. While Inhibition of miR-29b had no effect 
on the expression of CHOP, a member of the C/EBP family that is inhibitory to adipogenesis and 
induced by arsenic, it did cause a marked reduction in the expression of the positive 
regulatorADD1/SREBP1. These data indicate that miR-29b, while induced by arsenic, is important for 
hMSC differentiation to an adipocyte lineage, and further studies are required to determine the targets 
of miR-29b which mediate this effect.  
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MEASUREMENT OF REACTIVE OXYGEN SPECIES BY PROCESS MATERIALS FROM INDIUM-
TIN OXIDE PRODUCTION  
 
 
N. R. Fix1, K. M. Dunnick1, M. A. Badding1, A. B. Stefaniak2, K. J. Cummings2, V. Castranova1 and 
S.S. Leonard1 
 
 
1 Health Effects Laboratory Division, National Institute for Occupational Safety and Health (NIOSH), 
Morgantown, WV 

2 Division of Respiratory Disease Studies, NIOSH, Morgantown, WV  

 

The transition metal indium has been used for decades for various applications including 
electronics, fusible alloys, and solar cells. Indium compounds usage has increased dramatically 
based on the rise in demand of touch screens and flat panel displays (liquid crystal displays (LCDs)). 
With this growth of industry, there is the potential for increase of indium lung disease among workers 
who produce, use, or reclaim indium-tin oxide (ITO). Inhalation exposure of indium samples can occur 
during various times of manufacturing. Materials from different process stages were collected from an 
ITO production facility and returned to NIOSH for analysis. While the pathogenesis of indium lung 
disease is unknown, previous work has suggested a role for reactive oxygen species (ROS) (Lison et 
al., 2009). Chemical characteristics of the compounds were used to determine of reactivity 
differences between samples. Electron spin resonance (ESR), a common tool used for measuring 
ROS, was used in both acellular and cellular exposures. Acellular samples were evaluated by 
combining 10 mg/mL process material, phosphate buffered saline (PBS), 10mM hydrogen peroxide 
(H2O2), and 100mM DMPO (spin trap). RAW 264.7 mouse monocyte macrophages, DMPO, and the 
same concentration of composite were used in the cellular samples conducted in ESR. Scavengers 
and chelators were also used to define radical mechanisms. Results indicated that ventilation dust 
(VD), tin-oxide (SnOx), and unsintered ITO (UITO) cause minimal ROS production compared to the 
other process materials. H2O2 and chemiluminescence measurements were used to determine the 
source of the ROS. The results combined with investigation of ROS production indicate ROS may not 
be the pathway to indium lung disease. Data from this study will be used to determine possible 
hazards in occupational exposure of indium process material while increasing the understanding of 
indium lung disease.  

 
Project funded by National Occupational Research Agenda (NORA). 
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INACTIVATION OF PATHOGENS ON FOOD PRODUCTS USING SANITIZING SUBSTANCES 
PRODUCED BY RADIANT CATALYTIC IONIZATION 
 
 
Mackenzie Mustin, Victoria Filbert, Shane Goller, William Mackay, David Fulford and Craig Steele 
 
 
Edinboro University of Pennsylvania, Department of Biology and Health Services 
 
 

New sanitizing technologies have emerged in recent years and are being widely used in a 
multitude of places to better decontaminate contact surfaces. Activated oxygen species, particularly 
ozone and hydrogen peroxide, which are generated by Radiant Catalytic Ionization (RCI), have 
countless applications for reducing the number of bacteria. These and other Reactive Oxygen 
Species (ROS), namely superoxide anions and the hydroxyl radical, interact with DNA, lipids (via 
peroxidation events) and proteins and are detrimental to micro-organisms. The focus of this study is 
the inactivation of Escherichia coli and Staphylococcus aureus introduced on multiple surfaces, 
including the tips of sterile cotton swabs, apples and bananas by RCI. Our results indicate a minimum 
90% killing of bacteria within a 20 minute exposure to RCI. The application of RCI technology toward 
inactivating harmful foodborne pathogens is a viable option to better process and distribute food 
products. 
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THE MECHANISMS OF WELDING FUME INDUCED CARDIAC DYSFUNCTION  
 
Popstojanov R, Antonini JA, Salmen R, Ye M, Zheng W, Castranova V, Fekedulegn D, Kan H.  
 
Pathology and Physiology Research Branch, Health Effects Laboratory Division, NIOSH, 
Morgantown, USA 
 

Aims: We reported previously that pulmonary exposure to welding fumes, manual metal arc-
hard surfacing (MMA-HS), has a negative impact on cardiac function as evidenced by reduced heart 
contractility. In the present study, we further investigated the mechanisms underlying MMA-HS-
induced depression of cardiac contractility. 

 
Methods and Results: To study the mechanisms, rats were given an intratracheal instillation 

of MMA-HS welding fumes (2 mg/rat) or saline once a week for seven weeks. Cardiomyocytes were 
isolated at 1 and 7 days post-exposure. Cardiomyocyte contractility and intracellular calcium level in 
response to increasing concentrations of adrenoreceptor agonist isoprenaline and extracellular 
calcium were assessed using a Myocyte Calcium Imaging/Cell Length System. The phosphorylation 
level of cardiac troponin I (cTnI) in the heart was determined by the western blot. Our study indicates 
that pulmonary exposure to MMA-HS blunted contractile function in response to both isoprenaline 
and calcium at 1 day and 7 days post-exposure (P < 0.01; P < 0.05, respectively). Intracellular 
calcium level in response to extracellular calcium stimulation was reduced at 7 days post-exposure (P 
< 0.05). In addition, pulmonary exposure to MMA-HS reduced the phosphorylation level of cardiac 
troponin I (cTnI) in the left heart (P<0.05).  

 
Conclusion: Pulmonary exposure to welding fumes decreases cardiomyocyte contractility 

through a defect in the adrenergic signaling pathway and intracellular calcium handling. 
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ADVERSE HEALTH OUTCOMES ASSOCIATED WITH SALIVARY HORMONE LEVELS 
 
NM Radio, SK Confer, ML Robinson, JL Rutkowski 
 
Clarion Research Group 
 

Abstract. The purpose of this study is to determine whether salivary hormonal levels correlate 
with adverse health symptoms to complement menopausal and cortisol imbalance assessment. The 
study hypothesis is salivary hormone levels can serve as surrogate markers for adverse symptoms 
related to endocrine health. 

Methods. Hormone levels of cortisol, estradiol (E2), progesterone, testosterone obtained from 
saliva specimens were analytically determined using Enzyme-linked immunosorbent assay (ELISA) 
methodology validated against known controls. Sixty-five women participated in the study with an 
average age of 48 years old. Study participants consisted of both premenopausal (n of 32) and 
postmenopausal (n of 33) groups. Study participants characterized their menopausal and cortisol 
imbalance symptoms upon submission of the salivary sample. Study volunteers were blinded to their 
hormonal levels prior to completing their symptom assessment. Concordance between the individual 
hormonal profile and symptom assessment score was evaluated. The most frequently listed 
symptoms associated with hormonal imbalance were also characterized. 

Results. Cortisol, estradiol, progesterone and testosterone hormone levels accurately 
reflected the type and degree of symptoms reported by the study participants. Patients with 
intermediate adverse symptoms demonstrated the greatest variability with hormone level 
concordance. 

Conclusions. Salivary hormone levels can be used to compliment endocrine assessment 
relative to menopausal symptoms or cortisol imbalances. 
 

This research study was privately funded by the Clarion Research Group. 
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SPONSORS 
 

A-E SOT is extremely fortunate to enjoy the generous support of our sponsors. This 
meeting would not be possible without the significant commitments made by these groups. 
Words cannot fully convey our gratitude for all the 2012-2013 contributions. We hope that the 
increased impact of this meeting, Chapter growth and the continued development of our 
relationships justify their investments both professionally and personally.  
 
GOLD ($1500 +) 
 

 
 

   
DMT is a life science company with more than thirty years of 
experience in development, manufacture and sale of hardware and 
software for ex vivo studies in physiology, pharmacology and 
toxicology. 
   We provide the needs of the user with first class mechanical, 
electrical and software engineering to become one of the world's 
leading designers and manufacturer of Wire, Pressure and Muscle 
Strip Myographs as well as Tissue Organ Bath Systems. 
  In this role driven by the requirements of our large global 
customer base, we also provide complete and integrated 
technologies including surgical, electrophysiological, 
pharmacological and physiological tools used by the research 
community and the pharmaceutical industry. 
 

 
 

  
Ingenuity® Systems is a leading provider of biomedical information 
and analysis solutions for the exploration, interpretation and 
analysis of complex biological systems. Ingenuity has invested 
years in the innovation of semantic search, ontology, and software 
development to create ground breaking technologies that help 
researchers more effectively search, explore, visualize, analyze 
and interpret biological and chemical findings related to genes, 
proteins and small molecules. 
 

 
 

 
RJ Lee Group specializes in the characterization of nanomaterials 
from analysis of nanoparticles to evaluation and testing of products 
incorporating nanomaterials.  RJ Lee Group also works with the 
nanotechnology community by providing consulting services 
related to potential environmental health and safety (ESH) issues 
involving the use of nanomaterials in research activities and 
commercial products.  
 

 

 

 
Myriad RBM, Inc. is the world’s leading multiplexed immunoassay 
testing laboratory, providing comprehensive protein biomarker 
services based on its Multi-Analyte Profiling (MAP) technology 
platform. This platform provides pre-clinical and clinical 
researchers with reproducible and quantitative data for a few or 
hundreds of proteins in a cost-effective manner. To learn more, 
visit www.myriadrbm.com  
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SILVER ($1000-1500) 
 
 

 
 
 
   
 
 
BRONZE (up to $1000) 
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2013-2014 Officers 
 

 

President: Aaron Erdely, Ph.D. efi4@cdc.gov 

President- Elect: Patti Zeidler-Erdely, Ph.D. paz9@cdc.gov 

Vice President: Aaron Barchowsky, Ph.D. aab20@pitt.edu 

Secretary: Robin Gandley, Ph.D. rgandley@mwri.magee.edu 

Treasurer: William Mackay, Ph.D. wmackay@edinboro.edu 

Councilors: Kelly Brant, Ph.D. kab124@pitt.edu 

 James Fabisiak, Ph.D. fabs@pitt.edu 

 Elaine Freeman, Ph.D. efreeman@exponent.com 

 Jim Scabilloni, Ph.D. zbc9@cdc.gov 

 Hollie Skaggs, Ph.D. Hollie.Skaggs@mylan.com 

 Mark Weisberg, M.S. Mark.Weisberg@cbifederalservices.com 

Post-Doctoral 
Representative: Phoebe Stapleton, Ph.D. pstapleton@hsc.wvu.edu 

Graduate 
Student 
Representative: 

Hannah Pope-Varselona hcp8@pitt.edu 

K-12 Outreach 
Representative: Anne Simmons, Ph.D. aesindianapa@verizon.net 

Past President: Timothy Nurkiewicz, Ph.D. tnurkiewicz@hsc.wvu.edu 
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