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2021 TiCER Symposium 
Tentative Agenda 

December 8th-9th, 2021 

9:30 AM – 7:00 PM 
Stella Hotel:  4100 Lake Atlas Dr. 
Bryan, Texas 

9:30 – 9:45 AM Welcome and introductions  

9:45 – 10:25 AM Dr. Chendil Damodaran, Interim Associate Dean of Research and 
Innovation, Texas A&M Rangel College of Pharmacy 
“Cadmium-induced Prostate Carcinogenesis” 
 

 

10:25 – 11:00 AM Dr. Weston Porter, TiCER Deputy Director, Professor, Veterinary 
Integrative Biosciences, College of Veterinary Medicine and 
Biomedical Sciences 
“Circadian Regulation of Cellular Homeostasis” 
 

 

11:00 – 11:20 AM Dr. Loren Skow, Pilot Project Program awardee, Professor, 
Veterinary Integrative Biosciences 
“Does DES Augment Suppression of Thymic Gene Expression” 
  

 

11:20- 11:40 AM Dr. Kung-Hui (Bella) Chu, Pilot Project Program awardee, 
Professor, Zachry Department of Civil & Environmental 
Engineering 
“Biodegradation of Per- and Polyfluoroalkyl Substances (PFAS)” 

 

11:40 – 1:00 PM Lunch/Poster Session  

1:00 – 1:35 PM Dr. Melissa Troester, Director, UNC Center for Environmental 
Health and Susceptibility, Professor, Department of Epidemiology 
– University of North Carolina, Chapel Hill 
“Integrating Diverse Data Type to Understand Breast Cancer 
Disparities” 

 

1:35 – 2:10 PM Dr. Michael Golding, Associate Professor, Department of 
Veterinary Physiology and Pharmacology  
“Paternal exposures, epigenetic memories, and 
compromised placentation: Understanding the Impact of 
Male Drinking on Offspring Growth” 
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2:10 – 2:30 PM Haley Moyer, graduate student, Department of Veterinary 
Integrative Biosciences 
“A Comparative Analysis of Chemical Permeability between 
Microphysiological Tissue Chip Models” 

 

2:30 – 2:50 PM 
 
 
 
 
 
 
2:50 – 3:00 PM 

Ross Shore, graduate student, College of Veterinary 
Medicine & Biomedical Sciences  
“Increased Expression and Potential Nqo1 Induction in 
Offspring Liver and Lungs via Lactational Transfer of 
Sulforaphane” 
 
 
Closing remarks 
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Keynote Presentations 
 
 
Dr. Melissa Troester, Director, UNC Center for Environmental Health and 
Susceptibility, Professor, Department of Epidemiology – University of North 
Carolina, Chapel Hill. 
 
 
Talk title: Integrating Diverse Data Type to Understand Breast Cancer 
Disparities 
 
 

 
Dr. Troester’s scientific expertise is in biomarker development and validation, genomic methods,  
epidemiology of breast cancer and breast cancer disparities. Her transdisciplinary training includes basic 
research in molecular biology, observational pathology in large studies, and epidemiologic research 
methods. Dr. Troester is the Principal Investigator on the Carolina Breast Cancer Study (CBCS), a study 
of breast cancer epidemiology and tumor biology focused on understanding the interactions of cancer 
biology and access to care in breast cancer disparities. She is the founder and PI of the Normal Breast 
Study (NBS), a unique biospecimen resource of normal tissue from women undergoing breast surgery at 
UNC Hospitals. Dr. Troester has extensive experience working in consortia, including the African 
American Breast Cancer Epidemiology and Risk (AMBER) consortium of breast cancer disparities, 
Breast Cancer Association Consortium, and the Cancer Genome Atlas (TCGA) project. She has 
experience integrating genomic data and molecular biology with human studies of breast cancer etiology 
and progression. 
 

 
Dr. Chendil Demodaran, Interim Associate Dean of Research and 
Innovation, Texas A&M Rangel College of Pharmacy 
 
 
Talk title: Cadmium-induced Prostate Carcinogenesis 
 
 
 
 

 
Dr. Chendil Damodaran is a Professor of the Department of Pharmaceutical Sciences and Associate 
Dean of Research & Innovation at the College of Pharmacy, Texas A&M University. His laboratory 
currently focuses on identifying minimally toxic natural compounds such as dietary supplements with 
potent anticancer activities and translating them to the clinic for cancer prevention and individualized 
treatment for cancer patients. Specifically, the Damodaran lab has identified several natural compounds 
and synthesized their next-generation analogs that target AR, AKT, and Notch-1 signaling in 
genitourinary and gastrointestinal carcinomas. Dr. Damodaran’s research has been supported by 
continuous extramural funding for the last 18 years from several funding agencies, including the National 
Institute (NIH). In addition, he has authored and co-authored more than 85 peer-reviewed original 
scientific articles and over 150 published abstracts in national and international meetings. 
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Dr. Weston Porter, TiCER Deputy Director, Professor, Veterinary 
Integrative Biosciences, College of Veterinary Medicine and Biomedical 
Sciences.  
 
 
Talk title: Circadian Regulation of Cellular Homeostasis 
 
 
 

 
 
Dr. Weston Porter is a Professor in the Department of Integrative Biosciences and Deputy Director 
of the Texas A&M Center for Environmental Health Research (TiCER).  He recived is BS in Genetics 
in 1991 and PhD in Toxicology in 1997 under the direction of Dr. Stephen Safe at Texas A&M 
University. The mission of the Porter laboratory is to further our understanding of the integrated effects 
of signaling pathways involved in breast cell fate and tumor heterogeneity and to leverage this 
mechanistic understanding into therapy.  Their working models propose that the mechanisms utilized 
in normal physiological development and environmental adaptation are disrupted during cancer 
progression. This philosophy has led Dr. Porter into a number of different research areas and models 
including mammary gland development, obesity and physical activity and circadian rhythms.  The 
lab’s interest in how signaling networks relay information from environmental, metabolic or 
developmental cues led to his concentration on the bHLH/PAS family of transcription factors, which 
play key roles during development and in sensing and adapting to changes in the environment. 
 
 

 
 
Dr. Michael Golding, Associate Professor, Department of Veterinary 
Physiology and Pharmacology. 
 
 
Talk title: Paternal exposures, epigenetic memories, and compromised 
placentation: Understanding the Impact of Male Drinking on Offspring 
Growth. 
 
 

 
Dr. Golding is tenured Associate Professor in the Department of Veterinary Physiology at Texas A&M 
University. Here, he serves as the Director of two courses studying human embryology and the 
physiological events of pregnancy. Dr. Golding’s research program is focused on defining biochemical 
mechanisms of epigenetic inheritance, determining how these processes are influenced by exposure to 
toxicants, and the capacity of these heritable changes to cause birth defects and disease, and contribute 
to the development of fetal alcohol spectrum disorders (FASDs). Currently, his group is focused on 
understanding how male drinking, prior to conception, contributes to the development of alcohol-induced 
birth defects and disease. 
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Pilot Project Program Awardee presentations 
 
1. Dr. Loren Skow, Pilot Project Program awardee, Professor, Veterinary Integrative 

Biosciences. “Does DES Augment Suppression of Thymic Gene Expression” 
 
2. Dr. Kung-Hui (Bella) Chu, Pilot Project Program awardee, Professor, Zachry 

Department of Civil & Environmental Engineering. “Biodegradation of Per- and 
Polyfluoroalkyl Substances (PFAS)” 

 
 
Trainee presentations 

 
1. Haley Moyer, graduate student, Veterinary Integrative Biosciences. “A Comparative 

Analysis of Chemical Permeability between Microphysiological Tissue Chip Models” 
 
Microphysiological systems that can accurately represent in vivo parameters have been recently 
developed as alternatives to animal testing. However, representative toxicity testing requires that 
absorptive, distributive, metabolic, and excretion (ADME) characteristics of microphysiological systems 
are characterized to ensure that they closely mimic those in vivo. The present study employed the 
Mimetas OrganoPlate® 3-lane tissue chip microphysiological system and traditional transwell 
techniques to study intestinal permeability of four drugs. The Mimetas model is comprised of two 
microfluidic channels separated by a gel barrier. Caco-2 cells were seeded in one channel. The transwell 
system contains two chambers separated by a membrane barrier. In this system, Caco-2, and human 
intestinal enteroid cells isolated from jejunal (J2 isolate) and duodenal (D109 isolate) tissues of adult 
patients were seeded inside the transwell. Caffeine (1, 10, or 100 µM), fexofenadine (4, 40, or 400 µM), 
indomethacin (2, 20, or 200 µM) or propranolol (0.1, 1, or 10 µM) were added to the apical or basolateral 
chambers. In both systems, the compounds were allowed to diffuse from the donor to the recipient 
channel (Mimetas) or chamber (Transwell) over 100 minutes or 15 hours. Media was collected from both 
sides, concentrations were determined using liquid chromatography tandem mass spectrometry, and 
apparent permeability was quantified for each condition. We found that it is difficult to establish mass 
balance in the Mimetas system for tested compounds due to considerable retention of the test 
substances in the chip’s gel layer. These observations indicate that use of the Mimetas 3-lane model for 
ADME studies may be limited, as permeability of compounds in this model is a function of both the cell-
enabled physiological barrier and the artificial gel barrier. Additionally, we found that apparent 
permeability was generally lower in the transwell model using the enteroid cell types. Overall, this study 
highlights the importance of comprehensive evaluation of new models as alternative approaches to 
toxicity testing. Future studies will investigate the effects of flow on transport kinetics using the CN-Bio 
PhysiomimixTM OOC system. 
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2. Ross Shore, graduate student, College of Veterinary Medicine & Biomedical Sciences. 
“Increased Expression and Potential Nqo1 Induction in Offspring Liver and Lungs via 
Lactational Transfer of Sulforaphane” 

 
Respiratory syncytial virus (RSV) is the leading etiological factor for pneumonia, bronchiolitis, and post-
bronchiolitic wheeze in children less than five years old. Besides palivizumab, an RSV prophylactic used 
for premature infants, there are no effective immunoprophylactics for term-infants; therefore the use of 
phytochemicals has gained traction as potential therapeutics that may reduce RSV severity in neonates. 
RSV disease severity is the result of an uncontrolled and exaggerated Th2 response from the host’s 
immune system, in addition to a substantial production of reactive oxidative species (ROS), such as 
singlet oxygen, hydroxyl, superoxide anion, and peroxyl radicals. RSV has been shown to downregulate 
at the genetic and protein level several anti-oxidant-related enzymes that are regulated by the 
transcription factor Nrf2; these enzymes include Nqo1, Hmox1, Gsta1, and Gpx2. Induction of Nrf2 by 
the phytochemical sulforaphane (SFN), increases Nqo1 expression thus decreasing RSV severity and 
ROS. Currently, very little is known whether the lactational transfer of SFN in milk can potentially reduce 
RSV severity and pulmonary injury in a neonatal mouse model. In our neonatal mouse model dam diets 
were supplemented with 0, 300, or 600ppm SFN, and pups were exposed to SFN via lactational transfer 
from post-natal day (PND) 0-5. In a second experiment, dam diets were supplemented 0 or 600ppm 
SFN, and pups were exposed to SFN from PND 0-14. Induction of Nqo1 enzyme activity and gene 
expression were analyzed in the lung and liver tissue from dams and pups utilizing qPCR and quinone 
reductase assay, respectively. SFN metabolites were also quantified in dam milk using a HPLC method. 
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Poster Presentations 

 
1. Uttara Saran. Pharmaceutical Sciences, College of Pharmacy. The molecular landscape 

Cadmium-induced Prostate carcinogenesis.  
 
Introduction: Epidemiological and scientific evidence demonstrate that Cadmium (Cd) is a human 
carcinogen and a risk factor for prostate cancer (CaP). The human prostate is composed of three anatomic 
zones: the peripheral zone (PZ), transition zone (TZ), and central zone (CZ). In humans, CaP arises 
primarily in the PZ of the prostate while benign prostate hyperplasia (BPH) arises from the TZ. This study 
aims to understand the pathobiology and the molecular mechanism of Cd-induced prostate carcinogenesis 
in laboratory models (in vitro and in vivo).  
 
Methods: Cd levels were measured in both serum and tumor tissue of CaP patients. Different zones of 
prostate (TZ: BPH and PZ: prostate epithelial) cells were exposed human plasma concentration of Cd for 
12 months. Western blots, immunoprecipitation, immunohistochemistry, confocal, qPCR analysis, 
clonogenic, knockdown/overexpression studies, and in vivo xenograft assays were performed.  
 
Results: Analysis of Cd levels in our CaP patient cohort revealed significantly higher levels of Cd in the 
blood and tumor tissues (16.41 ng/ml and 21.43 mg/g, respectively) of CaP patients as compared to that 
of healthy controls (0.5-2 ng/ml and 1.12 mg/g, respectively). Chronic exposure of Cd differentially induces 
prostate malignancies in prostate zones: Squamous cell carcinoma (SCC) in the TZ and poorly 
differentiated carcinoma (PDC) in the PZ. Dissection of the molecular mechanism underlying Cd-induced 
SCC revealed an induction of zinc-finger of the cerebellum 2 (ZIC2) in the TZ (BPH) cells but not in PZ 
(prostate epithelial) cells. The oncogenic function of ZIC2 was further confirmed by overexpressing ZIC2 
on BPH cells, which mimicked Cd’s effect. Further analysis revealed that the Metal Response Element-
binding Transcription Factor-1 (MTF-1) was responsible for Cdmediated activation of ZIC2 in BPH cells. 
Binding studies confirmed the interaction between MTF-1 and ZIC2 and silencing studies validated that 
MTF-1 lies functionally upstream of ZIC2. Thus, our results provide an insight into the molecular 
mechanisms MTF-1 and ZIC2 signaling axis which are responsible for Cd- induced SCC in prostate.  
 
Conclusion: The molecular landscape of Cd-induced carcinogenesis differs based on the prostate zones. 
Cd-exposed BPH patients have a much higher risk of progressing to CaP as compared to healthy 
individuals. Further studies may identify and develop a novel biomarker for Cd-induced prostate 
carcinogenesis. 
 

2. Ashish Tyag. Pharmaceutical Sciences, College of Pharmacy. Mechanistic insights of 
defective autophagy in cadmium induced prostate carcinogenesis.  
 
Background: Recent epidemiological, preclinical, and clinical evidence demonstrates that cadmium (Cd) is 
a potent carcinogen for the prostate. Earlier, we demonstrated that defective autophagy plays a critical role 
in the Cd-induced transformation of prostate epithelial cells. This study dissects the upstream activators 
responsible for defective autophagy in Cd exposed prostate epithelial cells. 
Methods: We developed two sets of prostate epithelial cell lines by stably overexpressing (SOD1, SOD2) 
or knockdown Activating Transcription Factor 4 (ATF4), p47-phox (p47), p67-phox and NOX-1 (NADPH 
oxidase-1). We also performed cell viability assays, immunoblotting, immunofluorescence, and in vivo 
analysis to analyze the effect of p47/p67, NOX1, and ATF4 knockdown in Cd exposed prostate epithelial 
cells.  
 
Results: Earlier, we reported that defective autophagy is responsible for the Cd-induced transformation of 
prostate epithelial cells. In addition, we found that exposure to Cd induces ER stress by upregulating ER 
stress responders (protein kinase R-like ER Kinase (PERK), eukaryotic translation initiation factor 2-alpha 
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(eIF2-α) and ATF-4. Conversely, silencing ER responders abrogated Cd-induced defective autophagy in 
prostate epithelial cells. While dissecting the upstream activators of ER stress, we found that generation of 
Reactive Oxygen Species (ROS) is responsible for ER stress and overexpression of antioxidants 
(SOD1/SOD2) inhibited ER stress as well as defective autophagy in Cd-exposed prostate epithelial cells. 
Next, analyzing the upstream event of ROS, we found Cd triggers NOX1, p47 and p67 expression; 
abolishing these NOX complex protein (s) inhibited Cd-induced ROS generation and ER stress as well as 
defective autophagy in prostate epithelial cells. Further, our in vivo results confirmed that stably knocking 
down the expression of either NOX1 or ATF4 inhibited tumor growth in xenotransplanted mice models as 
compared to vehicle-treated cadmium transformed prostate epithelial cells. 
Conclusion: NOX complex is an upstream activator of ROS and ER stress, which is responsible for defective 
autophagy in Cd-induced prostate carcinogenesis. Restoring SOD1 and SOD2 function or silencing NOX 
complex abrogate cd prostate carcinogenesis in preclinical models of the prostate. 

 
3. Meiyi Zhang. Biological and Agricultural Engineering, College of Agriculture and Life Sciences. 

Optimized Hospital Ventilation to Reduce Virus Aerosol Transmission.  
 
Most hospital rooms have ventilation designs that do not effectively maintain a virus-free environment. The 
problem became even more important during the COVID-19 pandemic as patients already suffering from 
diseases and injuries are more vulnerable to SARS-CoV-2 virus infection. The objective of this study is to 
design an optimized hospital room ventilation system that will reduce virus aerosol transmission. In a scale 
hospital chamber airflow was simulated as a function of different room configurations using ANSYS Fluent. 
Out of five room configurations, the most optimal computational flow models were obtained from two 
designs. Configuration #1 consisted of an air inlet above the bed, with the air exhaust at the lower right 
corner, and the bed at its standard position with the monitor next to it, and chair against the wall at the end 
of the room. Configuration #2 had the items at the same positions as #1 with an air curtain operating at the 
door. Experimental results based on the quantification of aerosolized bacteriophage PRD1 as virus simulant 
collected with twelve filter samplers at predetermined locations validated the flow models. For Configuration 
#1, the highest phage concentration was collected at higher levels near the bed, indicating that the phages 
released from the nebulizer at patient’s head were carried by the air currents first over the bed then towards 
the foot of the bed in agreement with the computational flow model. Higher phage concentrations were 
collected near the door. Experimental data show that adding air curtain to Configuration #2 results in overall 
lower phage concentrations at all locations, with the highest phage numbers observed at the nebulizer 
location and lowest counts near the door. In conclusion, optimized design with air curtain can be 
implemented to effectively reduce virus aerosol transmission in hospital rooms and lower the risks of viral 
infections. 
 

4. Gabriela Ramos. Biological and Agricultural Engineering, College of Engineering/ 
Agriculture and Life Sciences. Exposure to Bacterial Aerosols with Antimicrobial 
Resistance Surrounding an On-Site Wastewater Treatment System.  
 

Exposure to airborne pathogens with antimicrobial resistance is a growing public health threat globally. 
The potential spread of antimicrobial-resistant bacteria and genes (ARB/ARGs) from wastewater 
effluents through aerosolization is still poorly understood. A common wastewater effluent comes from 
onsite sewage treatment facilities such as septic tank systems. It is increasingly common that septic tank 
effluents are periodically sprayed to lawns to offset water shortage. During the spraying process, 
aerosolized ARB/ARGs can spread far from the septic tank system into the houses, degrading indoor air 
quality and posing risks to residents using septic tanks. Bioaerosols from a common wastewater 
treatment plant can be found 10 km (32,808 ft) downwind of the plant boundaries. In comparison, a 
septic tank system is required to be at least 5 ft away from the house. It is critical to evaluate the 
aerosolization of ARB/ARGs from septic tank effluents to evaluate their potential contamination of the 
indoor air quality in residences with septic tanks. The system in a preliminary study consisted of four 
tanks connected by a filtration system; from the most contaminated to the most purified tank. Aerosol 
samples at each tank were collected in the winter and summer with open and closed lids to observe the 
effect it will have on the emission of bioaerosols. The water inside each septic tank was also sampled to 
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compare the bacteria concentration to the bioaerosol samples. The results of culturing, Kirby-Bauer 
analysis and real-time polymerase chain reaction showed lower concentrations of bacteria in the 
aerosols compared to the water samples. Aerosolized bacteria showed resistance to less than 50% of 
the antibiotics tested, lower in comparison to the 87.5% resistance in the water samples. The seasonality 
of the sample collection also affected the antimicrobial resistance of the aerosolized bacteria. In the 
winter season, higher levels of resistance were detected and developed against the antibiotics that inhibit 
peptidoglycan synthesis. The summer season displayed lower levels of resistance in comparison. The 
occurrence of bacteria in the air likely depends on operational conditions, discharge methods, as well as 
the humidity, temperature, and airflow, while in the effluent the development of resistance may be due 
to quorum sensing. 

5. Brooke Smith. Biological and Agricultural Engineering.  Aerosolization Triggers Immediate Antibiotic 
Resistance in Bacteria.  
Antibiotic resistance poses a threat in many institutions including hospitals, meat processing facilities and 
other agricultural and occupational entities. The goal of this research is to uncover how bacteria react to 
environmental conditions including aerosolization and delineate factors that trigger expression of antibiotic 
resistance genes (ARGs) using the laboratory strain Escherichia coli (E. coli) MG 1655 as surrogate 
bacterium. Fresh mid-log phase bacterial suspensions were aerosolized at different environmental 
conditions for 5 different time durations into a sterile chamber and collected using a bioaerosol collector. 
Each sample was analyzed based on its response to each environmental factor by antibiotic susceptibility 
testing and polymerase chain reaction (PCR) using specific primers to target ARGs. Strong resistance was 
detected to cell wall and protein synthesis inhibitors Cephalothin, and Gentamicin after 5 min compared to 
30 min and 45 min of aerosolizations in reference to viable cell concentrations. Resistance to the highest 
number of antibiotics was detected after the shortest aerosolization samples while exposure for longer 
aerosolization durations caused an increased amount of stress which bacteria could not alleviate, indicating 
the involvement of different mechanisms to respond to short-term and long-term exposures. A small amount 
of resistance was detected after intermediate durations of aerosolization, maybe due to a transient response 
of the cells to compensate for mechanical, osmotic and other stresses during aerosolization. This study is 
the first to demonstrate that aerosolization triggers antibiotic resistance within minutes in E. coli. 

6. Hyoungmook Pak. Biological and Agricultural Engineering. Monitoring the Transport of 
Antibiotic Resistant Bacteria in a Dairy Facility using Computational Fluid Dynamics.  
Over the past several decades, the discovery and production of antibiotics have significantly advanced 
the treatment of bacterial infections and diseases. However, frequent and repeated exposure to different 
types of antibiotics led to the rapid development of antibiotic resistance in the bacterial communities. 
Resistance against antibiotics is becoming a common phenomenon observed not only in hospitals but 
also in soil, wastewater treatment facilities, and livestock farms. Bacteria in aerosols can survive for a 
longer time and travel further distances. Therefore, this research utilized both computational fluid 
dynamics (CFD) and microbiome analysis to investigate the transport of bioaerosols and dissemination 
of antibiotic resistant bacteria in a dairy facility. In an open-stall dairy farm, 15 aerosol and 10 manure 
samples were collected in summer and   winter. Bacterial DNA were extracted and sequenced to examine 
the microbiome diversity in each sample. The air flow pattern within the farm was modelled using ANSYS. 
Kirby-Bauer tests using 8 different antibiotics showed that antibiotic resistant bacteria were detected all 
across the farm. CFD simulations revealed an air flow pattern similar to the antibiotic resistant mapping 
of aerosol samples. Several bacterial phyla present in manure samples were also found in aerosol 
samples at different locations, indicating that antibiotic resistant bacteria are aerosolized and transported 
with the air movement. This study demonstrates how the application of CFD can be used to investigate 
the movement of bioaerosols and plan preventative measures to restrict their spread. 
 

7. Kelly Rivenbank. VIBS/CVM. In vitro, in silico, and bioassay validation of benzene 
adsorption and remediation by amended montmorillonite clays.  

After oil spills, high levels of benzene (>1 ppm) can be detected in the water, soil, and air surrounding 
the disaster site, which poses a significant health risk to human, animal, and plant populations in the 
area. While remediation methods involving activated carbons or other synthetic sorbents are employed, 
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these strategies are inefficient due to their low affinity to bind to and retain benzene. To  solve this issue, 
calcium and sodium montmorillonite clays were amended with plant extracts, assessed for their ability 
to bind and retain benzene, and tested for their safety and detoxification efficacy in living organisms. 
The results of in vitro adsorption isotherms indicate that amended clays have an increased capacity for 
binding and retaining benzene than the parent clays and activated carbon. For example, amended 
calcium montmorillonite clay, compared to the parent clay, had an increased binding affinity (Kf= 668 
vs 67), increased binding percentage (51% vs 11%), and decreased rates of desorption (25% vs 100%). 
In silico modeling and simulations validated that the amendments increased the  adsorption of benzene 
and examined the mechanisms through which the amended clays facilitate benzene binding, including 
aromatic and alkyl-pi interactions. Furthermore, the sorbents were assessed in Lemna minor and 
Caenorhabditis elegans for their safety and ability to protect living organisms against benzene toxicity. 
The addition of 1% or 2% amended sodium or montmorillonite clays in the culture medium significantly 
protected Caenorhabditis elegans against the effects of benzene on body length by 95-100% and 
mortality by 98-100%. For Lemna minor, the inclusion of amended clays also protected the frond 
number of the plant by 100% and the chlorophyll content by 91-96%. The in vitro isothermal analysis, 
in silico modeling analysis, and bioassays collaboratively demonstrated that these amended 
montmorillonite clays may be safe and effective binders for benzene. The utilization of these amended 
sorbents during accidental benzene releases could protect exposed populations of humans, animals, 
and plants from benzene toxicity. 

 
8. Toriq Mustapha. Toxicology, College of Veterinary Medicine & Biomedical Sciences. 

Rapid Characterization of Volatile Organic Compound Risks in Human Pediatric Airways.  
Volatile organic compounds (VOCs) can cause respiratory irritation, stimulate inflammation, 
compromise epithelial barrier integrity, and initiate steps in pulmonary injury that promotes asthma 
pathogenesis. Infants are highly vulnerable to airborne exposures due to their higher respiratory 
rate and more permeable epithelial barrier compared with adults.The modes of action underlying 
the effects of VOCs are largely undetermined, although studies suggest that altered exosome cargo 
protein composition, a class of secreted extracellular vesicles 30-150 nm in diameter reflects 
inhalation exposures and responses. To identify the mechanisms underlying the effects of VOCs 
on pediatric airways, and the inter individual variability factors critical in asthma risk, we sort the 
use of 16HBE14o human bronchial cell line and primary pediatric bronchial epithelial cells of 
varying ages, race and sex to develop an airway in vitro exposure characterization tool capable of 
rapid screening of potential VOCs risk. We propagated and differentiated 16HBE14o cell line at air 
liquid interface typical of the human respiratory system anatomic architecture. Cells were exposed 
to varying levels of benzene up to 10ppm for 90 minutes in a temperature and humidity controlled 
in vitro exposure chamber. Benzene exposed cells showed a significant decrease in trans-epithelial 
electrical resistance (TEER) measurements indicative of a decrease in epithelial barrier integrity 24 
hours post exposure p value=0.03. In a separate experiment, specific pattern of exosomes 
secretion and cytokine release were also present and identified using Nanosight tracking analysis 
and multiplex assay respectively. 
Results from these preliminary experiments supports findings that epithelia barrier integrity is 
compromised by VOCs and that exosomes may be an underlying mode of action of VOCs effects 
in bronchial cells. Future experiments will focus of adoptive transfer of exosomes from benzene 
exposed cells to naïve cells while comparing these effects in cell lines to primary pediatric bronchial 
epithelial cells across different age, race and sex.  
 

9. Pierre Ferrer. Interdisciplinary Toxicology Program and Department of Veterinary 
Physiology and Pharmacology, CVMBS. Development of a Testis Tissue Chip to Model 
the Seminiferous Epithelium In-Vitro, and incorporation of High Impact Undergraduate 
Research Experience for Proof of Practice.  
 
The gold standard for chemical toxicity testing involves complex in vivo studies that are time 
consuming and costly. Also, an extensive backlog of chemicals already in use need toxicity testing 
to inform regulatory decisions. Therefore, development of in vitro models representative of complex 
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cellular interactions, and validated for relevant higher throughput toxicological testing are quite 
critical. Current in-vitro models for spermatogenesis are limited to testis explants that are not 
proliferative or consistent in spermatogenic output, and underdeveloped organoids do not 
recapitulate the complex microenvironment of the seminiferous epithelium nor produce functional 
sperm. Through first principles-based assessment, we identified 3D tissue architecture and 
hydrodynamic/hydrostatic variables as previously neglected but potentially important factors for 
replication of a physiologically relevant testis model. To test effects of these variables we first 
conceptualized novel tissue-chip designs that would allow for maintenance of 3D architecture and 
compartmentalization of the testis. Next, we designed a team-based undergraduate research 
experience under the model of the Aggie Research Program forming a team of 9 undergraduates 
invited to conceptualize how to test hypotheses about mechano-physical que roles in 
spermatogenesis contributing to iterative design. Efforts produced PDMS based devices in which 
incorporated live seminiferous tubules maintaining both luminal and extra luminal spaces. Murine 
seminiferous tubules were carefully extracted and cannulated within the chambered tissue-chip. 
Moreover, the tissue chip was designed to create luminal and extraluminal mechano-forces using 
syringe pumps and media reservoirs allowing for regulation of hydrostatic pressure differentials. 
Furthermore, efforts have extended to engineering novel organoids using coaxial extrusion to 
extrude bi-phasic tubules modeling seminiferous epithelium. The inner axis was composed of 
gelatin and Sertoli cells and the outer axis composed of a photo cross-linkable polymer for 
structure. This allowed Sertoli cells to be in a state resembling their immature chord-like structure 
during fetal development and organize onto the surrounding biopolymer layer to form tubules. 
These novel approaches provide improved in-vitro systems more closely resembling in-vivo 
physiology and allowing development of fertility preservation and animal free toxicant screening 
models. 
 

10. Hadil Al Muhisen. Department of Veterinary Physiology and Pharmacology, 
Interdisciplinary Faculty of Toxicology, College of Veterinary Medicine and Biomedical 
Sciences.  Remdesivir Toxicological Profile Contains Male-Reproductive Effects in Mice 
at Human Relevant Doses.  

 
The novel respiratory coronavirus 2 (SRS-CoV-2) had propagated throughout the world at an 
unprecedented speed, prompting a global response from health organizations and national governments 
to limit transmission and treat infections. Despite development of vaccines and identification of viral load 
limiting treatments, infection rates remain high in many areas, and novel discovered and potential variants 
continue to pose challenges. Over 260 million people worldwide have been infected with more than 4 
million currently active infections. Thus, it remains imperative to investigate and properly test the efficacy 
and safety of any potential curative treatment in a thorough yet expedient fashion. The antiviral Remdesivir 
was an early frontrunner drug for the treatment of COVID-19 patients. Given the uncertainty of reports 
available regarding Remdesivir effects on male reproductive health, we set out to accomplish a 
comprehensive study delineating Remdesivir toxicity with a central emphasis on spermatogenesis. Using 
the C57black/6N mice and administering the drug via intravenous (IV) or Intraperitoneal (IP) injection, we 
measured the mouse dose-response including histopathological evaluation of testes and collected 
organs, sperm examination, and utilized LC-MS/MS analyses to investigate toxicodynamics. The dose 
groups included 75, 415, or 1037.5 μg Remdesivir/ mouse per day, saline and Sulfobutylether-β-
Cyclodextrin Sodium Salt (SBECD) excipient controls. These doses were the day one loading doses, 
which were followed by 9 daily treatments of half of the loading dose. Assessments were made on the 
last day of treatment to assess toxicodynamics and immediate toxicity, and following 35 days of recovery 
which allows for a full round of spermatogenic recovery. We show a lack of systemic toxicity by Remdesivir 
and its excipient compound (SBECD) in the liver, lung, kidney, epididymis, and testis. Mild kidney 
histopathology was only observed in the highest dose group. A trend in decreasing sperm count was 
detected in the IV dosed cohort yet all assessments for sperm morphology, integrity and viability appeared 
to be within an acceptable range. Observation of reduced sperm counts in mice at only 2.5 times the 
human equivalent dose is a potentially significant finding, however, no differences were observed in sperm 
count in the recovery group suggesting short-term exposure at the current human dose levels would not 
cause significant long-term male reproductive concerns. 



DIVISION OF RESEARCH 
 
TEXAS A&M CENTER FOR ENVIRONMENTAL HEALTH RESEARCH 
 
 
 

 

 
11. Aracely A. Perez Gomez. College of Veterinary Medicine & Biomedical Sciences. 

Immunological Contributors to Virus-Induced Paralysis in a Genetically Diverse Population.  
 
Neurological diseases such as Amyotrophic Lateral Sclerosis (ALS), Multiple Sclerosis (MS), 
Parkinson’s disease (PD), and epilepsy can, in some cases, stem from antecedent viral infections. 
Predisposing genetic risk factors for neurological dysfunction and immunological responses vary among 
genetically diverse individuals, resulting in a myriad of potential neurological outcomes to viral infection. 
We use Theiler’s Murine Encephalomyelitis Virus (TMEV) to model heterogeneity in virally induced 
neurological phenotypes and immune responses in Collaborative Cross (CC) mice. The CC resource 
consists of genetically distinct and reproducible mouse lines, thus providing a population model with 
genetic heterogeneity similar to humans. We compared TMEV-induced immune responses in different 
CC strains by measuring levels of 23 cytokines and chemokines at different stages of infection. Levels 
of cytokines and chemokines varied by strain across multiple phases of infection, confirming the host 
genetic background as a source for heterogenous viral response. We therefore haplotyped each CC 
strain for genomic regions previously linked with TMEV pathogenesis and viral clearance or persistence, 
individual  cytokine levels, and TMEV-relevant gene expression. For loci previously associated with 
TMEV-induced immune responses, we identified several haplotypes co-segregating with the most 
severe TMEV-induced neurological outcome, limb paralysis, observed at 90 days post-infection (90dpi). 
We hypothesized that cytokine and chemokine levels measured at 90dpi were associated with limb 
paralysis. Using stepwise regression methods, we demonstrated a significant relationship between IL-
1A, RANTES, and limb paralysis at 90dpi. To better understand these interactions, we are working to 
evaluate how genetic background influences post-infection immune responses and neurological 
outcomes throughout the course of infection by identifying clusters of strains with shared immunological 
and phenotypic profiles. Overall, these findings provide insight into the complex roles of immune 
response in the pathogenesis of virus-associated neurological diseases influenced by host genetic 
background. 

 
12. Rupesh Shrestha. Biochemistry & Biophysics. Flavonoids Kaempferol and Quercetin are 

Nuclear Receptor 4A1 (NR4A1, Nur77) Ligands and inhibit Rhabdomyosarcoma Cell and 
Tumor Growth. 

Flavonoids exhibit both chemopreventive and chemotherapeutic activity for multiple tumor types, 
however, their mechanisms of action are not well defined. Based on some of their functional and gene 
modifying activities as anticancer agents, we hypothesized that kaempferol and quercetin were nuclear 
receptor 4A1 (NR4A1, Nur77) ligands and confirmed that both compounds directly bound NR4A1 with 
KD values of 3.1 and 0.93 µM, respectively. Moreover, in transactivation assays, kaempferol and 
quercetin decreased NR4A1-dependent transactivation in Rh30 and Rh41 rhabdomyosarcoma (RMS) 
cells, thus acting as NR4A1 antagonists. NR4A1 is a pro-oncogenic factor in RMS and regulates cell 
growth, survival, migration and invasion, and treatment with kaempferol or quercetin inhibits these pro-
oncogenic pathways acting as NR4A1 antagonists. 
NR4A1 regulates pro-oncogenic PAX3-FOXO1 and G9a gene expression, mTOR signaling and gene 
products associated with cell adhesion and migration in RMS cells; these pathways and genes are also 
inhibited by kaempferol and quercetin. Moreover, at a dose of 50 mg/kg/day, kaempferol and quercetin 
inhibit tumor growth in athymic nude mouse xenograft model bearing Rh30 cells. These results 
demonstrate the clinical potential for repurposing these flavonoids for clinical application as precision 
medicine for treating RMS patients that express NR4A1 in order to increase the efficacy and decrease 
dosages of currently used cytotoxic drugs. 
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13. Un-Ho Jin. Veterinary Physiology and Pharmacology, College of Veterinary Medicine and 
Biomedical Sciences. Structure-Activity Relationships among Mono- and Dyhydroxy 
Flavones as Aryl Hydrocarbon Receptor (Ahr) Agonists or Antagonists in CaCO2 Cells.  
 
Unsubstituted flavone induced CYP1A1, CYP1B1 and UGT1A1 gene expression in Caco2 cells and 
was characterized as an aryl hydrocarbon receptor (AhR) agonist. The structure-activity 
relationships among 15 mono- and dihydroxyflavones showed that addition of one or two hydroxyl 
groups resulted in active (e.g.: 5- and 6- mono- and 5,6-dihydroxyflavones) and inactive (e.g.: 7-
mono, 7,4΄ and 6,4΄-dihydroxyflavones) AhR ligands. Ligand docking studies of flavone, mono- and 
dihydroxyflavone to the human AhR resulted in similar docking scores that varied from -3.48 to -
4.58 kcal/mol and these values did not distinguish between AhR-active and AhR-inactive mono- and 
dihydroxyflavones. The AhR-inactive flavones were subsequently investigated as AhR antagonists 
by determining their activities as inhibitors of TCDD-induced expression of CYP1A1, CYP1AA2 and 
UGT 1A1 gene expression in Caco2 cells. Initial studies with 7,4΄-dihydroxyflavone showed that this 
compound was an AhR antagonist in Caco2 cells and resembled the activity of the classical AhR 
antagonist CH223191. With few exceptions most of the remaining AhR-inactive compounds in terms 
of inducing AhR responsive genes were also AhR antagonists. Thus, based on modeling studies, 
mono- and dihydroxyflavones bind with similar affinities to the AhR and exhibit AhR agonist or 
antagonist activities, however, the structural requirements (substitution patterns) for predicting these 
opposing activities were not apparent and could only be determined in the bioassays 
 

14. Ke Zhang. Department of Nutrition/College of Agriculture and Life Sciences. Placental 
Abnormalities and Preeclampsia Induced by Prenatal Cadmium Exposure.  

Preeclampsia is a complication of pregnancy, characterized by maternal hypertension and proteinuria. 
It affects between 5-8% of all pregnancies and is the leading cause of maternal mortality. Fetal growth 
is often obstructed by this condition, as the only known treatment is delivery of the placenta, thereby 
increasing the incidence of preterm delivery. Although placental insufficiency, due to genetic or 
environmental effects, is a presumable etiological factor in the pathogenesis of this disease, the 
mechanisms are poorly understood. Cadmium, a natural heavy metal and environmental contaminant 
concentrated by industrial activity, has been found to induce genotoxicity, ROS production, and 
apoptosis, leading to carcinogenesis, renal dysfunction, and cardiovascular disease. An accumulation 
of cadmium has also been found in human preeclamptic placentas. Prenatal cadmium exposure in our 
mouse model was found to significantly decrease fetal weights and increase blood   pressure in later 
stages of pregnancy. Cadmium adversely affects placental development, where the proportion of the  
junctional zone was increased and the proportion of the labyrinth was decreased. Additionally, there 
was a significant increase in the cell density within the small labyrinth layer of the cadmium treated 
placentas. Furthermore, the cell populations, specifically the glycogen trophoblasts and 
syncytiotrophoblasts, within the junctional zone and labyrinth layers, respectively, were significantly 
altered at E14.5, indicating aberrant trophoblast differentiation. Interestingly, a significant activation of 
Akt signaling, which is an important regulator of trophoblast differentiation, was found in both the 
junctional zone and labyrinth at E12.5 by western blot. Labyrinth angiogenesis was also found to be 
significantly impacted by cadmium treatment, in which there was a significant reduction in VEGF 
signaling and a consequential decrease in the fetal capillary area and total blood spaces at E14.5. The 
interhemal membrane of the cadmium treated placenta was also significantly increased, which further 
complicated the diffusion capacity. Additionally, prenatal cadmium treatment significantly increased the 
number of unremodeled spiral arteries. Together, these placental alterations implies that the observed 
developmental restriction and preeclampsia are caused by placental insufficiency induced by cadmium 
exposure. 
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15. Lauren Lawless. Department of Nutrition/College of Agriculture and Life Sciences. The 
Effects of Cadmium on Fetal Heart Development: Investigating the Pathogenesis of Left 
Ventricular Hypertrabeculation. 
 
Congenital heart defects are the most common birth defects and are the leading cause of morbidity 
and mortality in infants   and children. Of these, left ventricular hypertrabeculation is a heart defect 
that is presumably the result of myocardial hyperplasia and/or an incomplete compaction process. 
Interestingly, only about 13-40% of cases can be attributed to familial genetics, leaving a large gap 
in understanding other underlying factors, such as the environment or lifestyle, in the pathogenesis 
of this anomaly. Cadmium, a natural heavy metal and environmental contaminant concentrated by 
industrial activity, has been found to induce genotoxicity, ROS production, and apoptosis, leading to 
carcinogenesis, renal dysfunction, and cardiovascular disease. Prenatal cadmium exposure in our 
mouse model was found to induce ventricular hypertrabeculation in the developing embryo, which 
was accompanied by significant myocardial hyperplasia. Consistently, upregulation of mRNA and 
protein levels were observed in the genes known to impact cardiomyocyte proliferation, 
differentiation, and trabeculae patterning, such as p-AKT/AKT, Pten, and Gata4. Consequentially, 
increased cardiomyocyte proliferation was observed by pH3S10 staining in the cadmium treated 
ventricles. A Gata4 germline knockdown model, exposed to the gestational cadmium treatment, 
demonstrated a phenotypic rescue of hypertrabeculation. Thus, these results suggest the important 
role of the Gata4-PI3K axis in cadmium induced left ventricular hypertrabeculation. Additionally, 
female mice exposed to a chronic, low dose of cadmium displayed indications of heart failure at 12-
18 months of age, as evidenced by left ventricular hypertrophy, decreased cardiac output, and poor 
ejection fraction. In summary, this study generates an excellent mouse model for studying ventricular 
development and myocardial maturation, and provides compelling evidence for a genetic-
environmental interaction underlying the pathogenesis of hypertrabeculation. 

 
16. Madison Williamson. Veterinary Physiology and Pharmacology, College of Veterinary 

Medicine. SIM2 Regulation of Mitochondrial Dysfunction in Down Syndrome.  
Dysregulated metabolism is a strong contributor to pathologies associated with Down Syndrome (DS). 
These include heart defects, diabetes, pronounced muscle weakness and obesity. While mitochondrial 
structure and systemic respiration have been described in skeletal muscle and central nervous system 
tissues, the mechanism of mitochondrial dysfunction is unclear. Here we report that Singleminded-2 
(SIM2) on chromosome 21 acts as a metabolic switch in the skeletal muscle to shift cells from anaerobic 
glycolytic respiration to aerobic oxidative phosphorylation. In addition to its canonical role as a 
transcription factor, Sim2 localizes to the mitochondria and interacts directly with subunits of the electron 
transport chain. Sim2 loss in vitro drastically reduces mitochondrial respiratory chain function and halts 
differentiation of myoblasts. In contrast, Sim2 over- expression increases mitochondrial oxidation and 
free radical formation. In vivo, decreased Sim2 promotes a glycolytic phenotype that is resistant to diet-
induced obesity. Isolated gastrocnemii from these mice have mega conical or scarce mitochondria at 
the z-disc and an overall glycolytic type II fiber structure. These findings indicate that single copy 
differences in Sim2 dramatically effect mitochondrial and function in skeletal muscle and thus 
normalizing expression in DS could serve as a therapeutic for metabolic related pathologies. 

 
17. Destiny Mullens. Department of Veterinary Physiology & Pharmacology. Exfoliome 

Parameter Optimization in RNA Sequencing Alignment Programs.  

Analysis of intestinal development and host-microbe interactions in human subjects requires non-
invasive approaches. We have demonstrated that the transcriptome of host exfoliated epithelial cells 
represents a robust reservoir of information in   which to assess intestinal development and responses 
to dietary interventions. Typically, open-source alignment programs have been developed for optimal 
performance with simulated data or high quality mRNA biopsy data. Unfortunately, there is little 
information regarding the performance of these tools with regard to partially degraded mRNA data, such 
as exfoliome samples or formalin-fixed paraffin-embedded (FFPE) tissue. Additionally, benchmarking of 
commonly used programs is also performed with simulated data or high quality mRNA data and there is 
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a lack of information regarding testing program parameters and their adjustment to improve the mapping 
results. Therefore, we performed a benchmarking study of commonly used alignment programs (STAR, 
Bowtie2, HISAT2, Minimap2 and Salmon) with various parameter settings to determine   which program 
would be preferred for mapping exfoliome data. For this purpose, five different datasets from four species   
(adult human, infant human, mouse, pig, and horse) were used to develop methodology for optimizing 
alignment programs for any type of data. When optimizing the parameters, each program exhibited an 
increase in the number of mapped reads. 
Bowtie2 performed better than the other programs when tested with default settings and with optimized 
settings for exfoliome samples. Due to the nature of exfoliome samples, much of the sequencing cost is 
lost due to poor alignment rates. Thus, optimizing mapping parameters helps to recover a portion of the 
sequencing cost by increasing the number of mapped reads. 

 
18. Kumaravel Mohankumar. Department of Veterinary Physiology and Pharmacology, 

College of Veterinary Medicine and Biomedical Sciences. Novel nuclear receptor 4A1 
(NR4A1) antagonists attenuate T-cell exhaustion in colorectal cancer.  
 

Colorectal cancer (CRC) is a highly complex disease with multiple risk factors and both genetic and 
environmental components contribute to disease incidence. Cancer immunotherapy using immune-
checkpoint blockades represents a major advance in treatment strategy. The orphan nuclear receptor 
4A1 (NR4A1) is overexpressed in lung, colon, liver and breast cancers and in Rhabdomyosarcoma and 
is a negative prognostic factor for cancer patient survival. Previous studies in breast cancer cells showed 
that PD-L1 was regulated by NR4A1 which activates transcription factor Sp1 bound to the PD-L1 gene 
promoter. Genome-wide studies have identified NR4A1 as a key mediator of T-cell dysfunction and 
NR4A1 also plays an important role in regulating genes which are involved in tumor-induced T-cell 
exhaustion. Bis-indole derived NR4A1 ligand that act as receptor antagonists have been developed in 
this laboratory and these compounds block pro-oncogenic NR4A1- regulated genes/pathways. Immune 
competent C57BL/6 mice and mouse MC-38 colon cancer cells were used and tumor Infiltrating 
Lymphocytes (TILs) were isolated from mice either untreated or treated with CDIM/NR4A1 antagonists. 
FACS analysis and Real -Time PCR were performed to determine expression of exhaustion markers in 
these tumor T-cell population. Two compounds: 1,1-bis(3΄-indolyl)-1-(3-bromo-5-
trifluoromethoxyphenyl)methane (DIM-3-Br-5-OCF3) and 3,5-dichlorophenyl analog (DIM-3,5-Cl2) 
inhibited tumor growth and weight at doses of 2.5 and 7.5mg/kg/day. Tumor CD8+ T-cells isolated from 
mice treated with DIM-3,5-Cl2 and DIM-3-Br-5-OCF3 exhibited decreased mRNA expression of NR4A1 
and high mobility group – box transcription factors NFAT, TOX and TOX2 and increased mRNA levels of 
Interferon-γ (IFNγ), granzyme β (GzB) and perforin compared to control animals. As TOX and TOX2 
cooperate with NR4A1 to modulate CD8+ T-cell exhaustion, we investigated the expression of several 
inhibitory receptors of T-cell exhaustion in CD8+ TILs, including PD-1, 2B4, TIGIT and TIM3. Following 
treatment with DIM-3,5-Cl2 or DIM-3-Br-5-OCF3, there was a significant decrease in the percentage of 
PD1 and 2B4 cells and a decrease in TIGIT and TIM3. These results indicate that NR4A1 antagonists 
reverses T-cell exhaustion.  In summary, NR4A1 plays a critical role in T-cell dysfunction, and this 
includes T-cell exhaustion. Our results demonstrate that the NR4A1 antagonists reverse many markers 
of T-cell exhaustion including activation of cytokines. 

 
19. Lucie Ford. Interdisciplinary Faculty of Toxicology, Veterinary Integrative Biosciences. A 

population-based human in vitro approach to characterize inter-individual variability in 
responses to complex mixtures.  
 
New approach methods (NAMs) using human in vitro models have been proposed to replace default 
uncertainty factors with chemical-specific experimental data; however, the utility of these methods have 
not yet been explored for mixtures. The objective of this project is to test a hypothesis that a human 
population-based in vitro model can be used to characterize   extent of inter-individual variability in 
responses to complex mixtures and to identify putative molecular drivers of variability. A population-based 
human in vitro model used in this study comprised of 146 lymphoblastoid cell lines (LCLs) that were   
exposed to (i) 42 chemicals from diverse classes of environmental pollutants frequently found at 



DIVISION OF RESEARCH 
 
TEXAS A&M CENTER FOR ENVIRONMENTAL HEALTH RESEARCH 
 
 
 

 

Superfund sites, or (ii) to 8 “designed” mixtures of these chemicals to account for environmentally-relevant 
scenarios. Cytotoxicity was evaluated as the endpoint of interest and dose-response was evaluated using 
Bayesian modeling to derive points of departure for each exposure. This data was used to estimate inter-
individual variability and to conduct a genome-wide association study (GWAS). Of the substances tested, 
28 chemicals and all mixtures exhibited dose-response effects on LCLs enabling the calculation of the 
toxicodynamic variability factors (TDVF05). The median (across the population of LCLs) TDVF05 
estimates ranged from close to default TDVF of 101/2 to >10. The distributions of TDVF05 values between 
individual chemicals and mixtures were similar. The GWAS identified putative candidate genes that may 
be determinants of individual susceptibility to cytotoxicity elicited by these chemicals. This study shows 
the feasibility of using human LCLs as a NAM to characterize the extent of inter- individual variability in 
responses to complex mixtures. 

 
20. Lydia Zhang. Department of Veterinary Physiology and Pharmacology, College of 

Veterinary Medicine and Biomedical Sciences.  Resveratrol is a Nuclear Receptor 4A1 
(NR4A1) Ligand the Antagonizes NR4A1-Regulated Prooncogenic Pathways in Lung 
Cancers.  

 
Resveratrol (3,5,4’-trihydroxystilbene) is a polyphenolic phytochemical found in fruits, nuts, and 
vegetables and there is evidence that this compound offers protection from several human diseases 
including cancer. In cancer cell lines, resveratrol inhibits cell growth, survival, migration/invasion and 
genes/pathways associated with these anticancer activities. Many of the same anticancer activities 
reported for resveratrol have previously been observed in this laboratory using bis-indole derived nuclear 
receptor 4A1 (NR4A1) ligands that antagonize of NR4A1-regulated pro-oncogenic pathways. Treatment 
of A549, H460, H1299 lung cancer cells with 50-150 µM resveratrol for 24, 48, 72 hours inhibited cell 
growth and IC50 values for  growth inhibition decreased with time. In addition, resveratrol inhibited the 
mTOR signaling pathway and other responses in lung cancer cells as previously observed for NR4A1 
antagonists in the same cell lines. Therefore, we investigated the interactions of resveratrol with the 
ligand binding domain of NR4A1 in assays that measures fluorescent quenching of a tryptophan residue 
in the NR4A1 ligand binding pocket and by Isothermal Titration Calorimetry (ITC). Resveratrol bound 
NR4A1 in both assays and the KD value was 1 nM in the ITC assay. H460 and H1299 lung cancer cells 
were transfected with the yeast Gal4-NR4A1 fusion construct and UAS-luciferase which contains tandem 
Gal4 response elements, and treatment with 125+150 µM resveratrol decreased transactivation. Thus, 
resveratrol directly bound NR4A1, inhibited NR4A1-dependent transactivation, inhibited cell growth and 
mTOR signaling. In addition, we have compared effects of resveratrol on the functional responses and 
on key NR4A1-regulated genes including TXNDC5, β1 integrin, and on mTOR signaling. The effects of 
resveratrol mimicked the effects of NR4A1 knockdown for all responses and individual genes 
demonstrating that the anticancer activities of resveratrol in lung cancer cells is due, in part to its activity 
as an NR4A1 antagonist. 
 

21. Koedi Lawley. Veterinary Integrative Biosciences, Veterinary Medicine and Biomedical 
Sciences. Genetic diversity contributes to variable responses in virally-induced clinical signs and 
central nervous system pathology.  
Neurological diseases such as epilepsy, Parkinson’s disease, multiple sclerosis, and amyotrophic lateral 
sclerosis may be partly driven by a preceding viral infection for some patients. Interestingly, the severity 
and prevalence of neurological   diseases and symptomologies vary greatly across individuals, even in 
response to the same virus. Theiler’s murine encephalomyelitis virus (TMEV) provides a valuable model 
to understand how a single viral agent can elicit variable neurological outcomes. In mice, TMEV infection 
causes diverse neurological conditions, depending on the strain of the   infected mouse. This suggests 
that the genetic background of the host influences the type and severity of the neurological disease. 
Although TMEV responses have been well studied in inbred mouse strains such as C57BL6 and SJL, 
these models fail to capture the diversity of human infection outcomes. However, the genetically 
heterogeneous Collaborative Cross (CC) mouse resource is designed to represent the genetic diversity 
observed in the human population. To further our understanding of how individual genetic backgrounds 
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impact neurological damage in response to viral infection, we characterized motor and histological lesions 
in the central nervous system tissues of TMEV-infected mice from different CC strains. Here, we 
demonstrate that the CC strains exhibit variable motor deficits and central nervous system (CNS) lesions 
in response to TMEV infection, depending on the mouse strain. This suggests that the genetic diversity 
intrinsic to the CC strains contributes to differences in clinical signs, lesion extent and location in the CNS 
after viral infection, which can represent virally induced neurological diseases in humans. 

 
22. Wanbao Yang. Nutrition Department, College of Agriculture and Life Science. Estrogen 

protects cardiac function and energy metabolism in dilated cardiomyopathy induced by loss 
of cardiac IRS1 and IRS2. 

Background: The correlation between the increased incidence of cardiovascular diseases (CVD) and 
type 2 diabetes (T2D) has been established. Gender differences exist in both T2D and CVD with reduced 
incidences and improved insulin sensitivity in women at an early age, but these disparities disappear 
during postmenopausal. However, the role of ovary and ovarian hormone, such as estrogen, in the 
protection from these diseases is unclear. This study aimed to investigate the role of  ovaries and ovarian 
hormone estrogen in the protection of cardiac function and energy metabolism upon loss-of-function of 
cardiac IRS1 and IRS2, a model of diabetic cardiomyopathy. 
Methods: Control or heart-specific IRS1/2 double knock-out (H-DKO) mice were treated with placebo or 
17β-estradiol (E2) pellets through the subcutaneous implantation. Female mice were subjected to a 
bilateral ovariectomy (OVX) surgery to remove endogenous E2 release. The cardiac function and energy 
metabolism were determined using echocardiography or indirect calorimeter, respectively. Results: We 
found all female H-DKO mice survived more than 1 year, while male H-DKO mice die of heart failure 
(HF) at 6-8 weeks with disruption of energy metabolism. Removal of ovaries in H-DKO females resulted 
in cardiac dysfunction and ultimately death. However, E2 prevents cardiomyopathy with improved 
cardiac function and energy metabolism, and subsequently prolongs the life in both male and OVX 
female mice upon deletion of cardiac IRS1 and IRS2. Conclusions: These results suggested a strong 
protection from loss of cardiac insulin signaling induced diabetic cardiomyopathy by estrogen. It may 
help explain the gender difference in the incidence of both T2D and CVD and suggest that estrogen 
signaling can potentially be a target to improve cardiac function and energy metabolism. 

 
 

23. Liga Wuri. Department of Integrative Biosciences, College of Veterinary Medicine and 
Biomedical Sciences. Chromium (VI) exposure deteriorates metaphase II oocyte quality 
and disrupts cytoskeletal machinery in superovulated rats.  

The infertility rate in women is increasing in the industrialized nations due to increased exposure to 
endocrine-disrupting chemicals (EDCs). Hexavalent chromium (Cr(VI)) is an EDC that is widely used 
in numerous industries. Occupational or environmental exposure to Cr(VI) adversely affects women's 
pregnancy outcomes, who also suffer from pregnancy loss, spontaneous abortion, and low birth rate. 
However, the adverse effects of Cr(VI) on oocyte development or quality have not been reported. 
Mitochondrial membrane potential (Ψm) and function are the critical determinants for oocyte quality. 
The success of the In Vitro Fertilization depends upon the retrieval of good-quality oocytes with healthy 
and functional mitochondria. Cytoskeletal machinery of the oocytes, including F-actin, orchestrates the 
meiotic division of the oocytes, while cortical granules (CGs) control the oocyte's integrity to allow single 
sperm, preventing polyspermy. The current study was designed to determine the adverse effects of 
Cr(VI) on the oocyte morphology, quality, Ψm, F-actin architecture, and cortical granule distribution. 
Rats were treated with 1 and 5 ppm potassium dichromate, Cr(VI), in drinking water from postnatal day 
(PND) 22-28, followed by superovulation and retrieval of metaphase II (MII) oocytes. Results from our 
study report for the first time that Cr(VI) exposure disrupts F-actin structure and distribution pattern, 
impairs Ψm, and alters CGs distribution resulting in an increased number of dysmorphic and 
degenerated oocytes, and delayed first polar body extrusion from the MII oocytes. Key Words: oocyte, 
F-actin, mitochondria, cortical granules, chromium, superovulation. 
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24. Danila Cuomo. Molecular and Cellular Medicine. Variation in blood lead (Pb) 
accumulation is strongly influenced by genetics.  

Although physiological effects and public health concerns of the environmental heavy metal lead (Pb) 
are well documented, we know little about the genetic factors that determine individual variability in 
susceptibility to Pb poisoning. Traditional epidemiological approaches are limited in exploring factors 
contributing to differential susceptibility due to heterogeneity in genetic background and uncontrolled 
environments. These limitations are particularly problematic when using blood measurements of 
toxicants like Pb as a surrogate for exposure. To overcome these limitations, new genetically-diverse 
mouse resources such as the Collaborative Cross (CC) have been developed to better model the 
genetic diversity found in human populations under controlled environments. To specifically address 
the influence of genetic factors on blood Pb accumulation in the context of a common exposure level, 
we applied Quantitative Trait Locus (QTL) mapping to a large F2 cohort,  originating from an intercross 
of two CC lines: the high-Pb accumulator CC017/Unc and the low-Pb accumulator CC011/Unc. Mice 
were exposed to Pb (0.01%) through drinking water ad libitum and received American diet, a dietary 
pattern characterized by high intake of sugar and fat. The F2 cohort showed significant variation in 
blood lead levels (BLLs)   depending on genetic background, sex, water consumption and urine 
excreted. Genetic association analysis identified loci associated with variation in BLLs on 
chromosomes 1 and 6 in a sex-dependent manner, and on chromosome 7. Distinct haplotypes 
correlated with elevated BLLs in female mice originated from the PWK/PhJ strain, one of wild-derived 
founders of the CC. Positional candidate genes were identified at the three loci which will help 
reconstruct the genetic architecture controlling blood Pb accumulation. Using this model, we aim to 
elucidate mechanisms by which genetics contributes to variability in BLLs, how these can be used to 
better evaluate exposure levels, and provide prevention strategies and interventions to reduce adverse 
effects of lead exposure.  

25. Michael Salinas. Department of Nutrition, College of Agriculture and Life Sciences. 
AdipoRon attenuates Lgr5+ stem cell Wnt signaling and oncogenic APC-driven colonic 
polyp formation by reducing cholesterol-dependent plasma membrane rigidity and Wnt 
nanocluster formation.  
The increasing prevalence of adult and adolescent obesity and its associated risk of colorectal cancer 
(CRC) reinforces the urgent need to elucidate the underlying mechanisms contributing to cancer 
promotion in obese individuals. Adiponectin is an adipose tissue-derived adipokine, whose levels are 
often reduced in CRC patients and during obesity. Under high-fat diet conditions, adiponectin knockout 
mice develop more colonic polyps in both genetically-driven and carcinogen-induced CRC mouse 
models. Conversely, both epidemiological and preclinical data indicate that adiponectin suppresses colon 
tumorigenesis. We have previously demonstrated that both adiponectin and AdipoRon, a small-molecule 
Adiponectin Receptor agonist, suppress CRC risk in part by reducing the number of Lgr5+ stem cells, 
the cells-of-origin in intestinal cancer, in mouse colonic 3D organoids. However, the mechanism by which 
the adiponectin signaling attenuates CRC risk remains to be addressed. Here, we have hypothesized 
that adiponectin signaling supports colonic stem cell homeostasis via modulation of the lipid composition 
and organization of the plasma membrane (PM). This is noteworthy, because PM biochemical and 
biophysical properties determine the spatial compartmentalization of signaling components which 
regulate downstream signal transduction. For example, Lgr5+ stem cell homeostasis is highly dependent 
on Wnt receptor nanoclustering at the PM. Using a physicochemical sensitive dye, Di-4-ANEPPDHQ, we 
noted that AdipoRon decreased colonocyte PM rigidity which was associated with a reduction in PM free 
cholesterol and the intracellular accumulation of free cholesterol in lysosomes. Furthermore, AdipoRon 
reduced Wnt co-receptor (LRP6) PM nanocluster assembly, downstream Wnt/β-catenin-reporter 
signaling, and cell proliferation. In an oncogenic-Adenomatous polyposis coli (APC) mouse model of 
CRC, oral administration of AdipoRon reduced the progression of colonic polyp formation in part by 
attenuating elevated colonocyte PM rigidity. These novel findings suggest that adiponectin signaling 
plays a role in modulating cellular cholesterol homeostasis, PM biophysical properties and Wnt-driven 
signaling. These findings are noteworthy because they may in part explain how obesity promotes CRC 
and supports the feasibility of utilizing membrane therapy, i.e., dietary/drug-related strategies to target 
PM dysregulation, to reduce cancer risk. 
 



DIVISION OF RESEARCH 
 
TEXAS A&M CENTER FOR ENVIRONMENTAL HEALTH RESEARCH 
 
 
 

 

 
26.  Shih-Hung Yang. Civil and Environmental Engineering. Desulfonation and Defluorination 

of 6:2 Fluorotelomer Sulfonic Acid (6:2 FTSA) by Rhodococcus jostii RHA1: Carbon and 
Sulfur Sources, Enzymes, and Pathways. 

6:2 fluorotelomer sulfonic acid (6:2 FTSA) is one of per- and poly-fluoroalkyl substances commonly 
detected in the environment. While biotransformation of 6:2 FTSA has been reported, factors affecting 
desulfonation and defluorination of 6:2 FTSA remain poorly understood. This study elucidated the 
effects of carbon and sulfur sources on the gene expression of Rhodococcus jostii RHA1 which is 
responsible for the 6:2 FTSA biotransformation. While alkane monooxygenase and cytochrome P450 
were highly expressed in ethanol-, 1-butanol-, and n-octane-grown RHA1 in sulfur-rich medium, these 
cultures only defluorinated 6:2 fluorotelomer alcohol but not 6:2 FTSA, suggesting that the sulfonate 
group in 6:2 FTSA hinders enzymatic defluorination. In sulfur-free growth media, alkanesulfonate 
monooxygenase was linked to desulfonation of 6:2 FTSA; while alkane monooxygenase, haloacid 
dehalogenase, and cytochrome P450 were linked to defluorination of 6:2 FTSA. The desulfonation and 
defluorination ability of these enzymes toward 6:2 FTSA were validated through heterologous gene 
expression and in vitro assays. Four degradation metabolites were confirmed and one was identified 
as a tentative metabolite. The results provide a new understanding of 6:2 FTSA biotransformation by 
RHA1. The genes encoding these desulfonating- and defluorinating-enzymes are potential markers to 
be used to assess 6:2 FTSA biotransformation in the environment. 

 
 

27. Alexis Roach. Veterinary Physiology & Pharmacology-Biomedical Science. Role of the 
Paternal Microbiome-Metabolome Axis in the Epigenetic Programming of Sperm 

 
There is growing evidence that a range of toxicants adversely affects developmental programming in 
sperm, which negatively influences the health and development of the next generation. Alcohol 
consumption is socially accepted across a large percentage of the globe and will continue to be a part 
of society for the foreseeable future. Using a mouse model, our laboratory has identified fetal growth 
restriction and long-term alterations in the metabolic health of offspring sired by alcohol- exposed males. 
However, the mechanisms of how alcohol changes paternally-inherited programming remain undefined. 
Spermatozoa require specific circulating metabolites for proper structure, function, and motility. Microbial 
populations within  the gastrointestinal tract produce these metabolites, which then travel to the male 
reproductive tract and interact with the male reproductive tract. This study was designed to identify short-
chain fatty acid (SCFA) profile alterations in the blood serum of males consuming varying doses of 
ethanol (EtOH) prior to insemination. C57BL/6J male mice voluntarily consumed alcohol in a binge 
drinking model and were divided into 5 treatment groups: Control, 6% EtOH, 10% EtOH, 0.066% 
Sweet’N Low® Control (SC), and 0.066% Sweet’N Low® 10% EtOH (SA). We utilized GC-MS analysis 
on blood serum from each male after we collected tail blood samples at weeks 4 and 7 of the exposure 
period and analyzed SCFA, specifically acetic, butyric, propanoic and isobutyric acids. Voluntary alcohol 
consumption at 4 weeks of exposure revealed significantly elevated acetic acid concentrations in the SA 
and SC males, while butyric acid blood serum concentrations in the 10% EtOH cohort were notably 
greater compared to the other 4 treatments. After 7 weeks of alcohol exposure, we discovered that only 
SA blood serum had a significant increase in acetic acid concentration compared to the other treatment 
groups. 
This data suggests that the well-established Sweet’N Low® and EtOH drinking model is having a double-
toxicant or interactive-toxicant effect on the gut microbes and continues to affect cells downstream 
through their uptake up certain metabolites. A further study is warranted to confirm our findings, and our 
lab is conducting additional studies on alcohol in the microbiome-metabolome axis of males’ microbiota 
populations and effects in the reproductive tract. 
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28. Steven Wall. VIBS, College of Veterinary Medicine and Biomedical Sciences. Regulation 
of Energy Metabolism and Mitochondrial Respiratory Complex Formation in Breast Cancer. 
Yongjian Yang. Single-cell RNA sequencing reveals how the aryl hydrocarbon receptor 
shapes cellular differentiation potency in the mouse colon 

Dysregulation of cellular metabolism is a defining hallmark of breast cancer progression and is 
associated with metastasis and therapeutic resistance; however, there is a gap in our understanding of 
the mechanisms by which cells undergo the switch from respiration to glycolysis and the subsequent 
impact on cancer progression. Here, we show that the short splice variant of the bHLH/PAS 
transcription factor Singleminded-2 (SIM2s) regulates metabolic homeostasis in a non-canonical 
fashion via direct interaction with the mitochondrial respiratory chain (MRC). Using metabolic assays 
and protein analysis, we observed that SIM2s is required for mitochondrial respiration and metabolic 
homeostasis. Moreover, loss of SIM2s in breast cancer cell lines induces mitochondrial dysfunction, 
promoting glycolysis and increased tumor invasion and metastasis. Western blot analysis of MRC 
subunits after SDSPAGE showed little change in the abundance of complexes or total mitochondria in 
SIM2s gain and loss cell lines suggesting non-transcriptional regulation of MRC proteins. BNPAGE 
analysis of breast cancer cell mitochondria followed by MRC subunit immuoblotting showed of 
disruption in MRC supercomplex (SC) assemblies with loss   of SIM2s and a reestablishment of SCs 
with overexpression of SIM2s. Based on a lack of evidence of transcriptional regulation, we performed 
a cellular fractionation experiment and found SIM2 localized to the mitochondria as well as the nucleus. 
BNPAGE of breast cancer cell mitochondria followed by immunoblotting indicated SIM2s was 
associated with SCs. Moreover, we confirmed the interaction between SIM2s and MRC complex I 
subunit NDUFB10 via co-immunoprecipitation and proximity ligation assays. Additionally, loss of 
NDUFB10 induces an epithelial to mesenchymal transition in breast cancer cells 

 
29. Garhett Wyatt. Veterinary Integrative Biosciences, College of Veterinary Medicine and 

Biomedical Sciences. A SIM2s/SEMA7A switch drives therapeutic resistance in ER+ breast 
cancer 
Estrogen Receptor (ER) + breast cancers (BC) comprise over 70% of BC cases and can be targeted via 
ER modulated therapies. Despite this, ER+BC patients can experience recurrence within 20 years and 
the majority of BC related deaths can be attributed to metastatic ER+BC. These distant metastases 
commonly become diagnosed as endocrine therapy resistant. Thus, there is an unmet need to identify 
novel biomarkers for treating ER+ patients with metastasis. We have identified a  tumor suppressor, 
Singleminded 2s (SIM2s), expressed in breast epithelial cells that inhibits EMT and metastasis, and is 
downregulated in the progression of breast disease. Our previous studies found that loss of SIM2s 
expression results in downregulation of ESR1 and increased basal markers in the MCF7 (ER+BC) cell 
line. Likewise, Semaphorin 7a (SEMA7A) expression is associated with decreased overall survival in 
ER+BC patients. SEMA7A is a downstream target of both NFKB and PTGS2/COX-2; and our previously 
published results establish a cross-talk between NFKB and SIM2s to regulate PTGS2 via interactions with 
the PI3K/AKT pathway. Moreover, COX-2 inhibition is associated with better prognosis for breast cancer 
patients. Therefore, we are investigating how SIM2s may repress AKT signaling in SEMA7A driven ER 
resistance and metastasis. Luciferase reporter assays in MCF7 cells confirmed SIM2s represses basal 
and estrogen induced-SEMA7A promoter activity. Moreover, SIM2s was unable to repress the SEMA7A 
promoter activity with CME mutation. MCF7 SIM2KO cells exhibit increased SEMA7A promoter activity, 
SEMA7A, AKT signaling, EMT signatures and decreased ESR1, CDH1, and PTEN protein and mRNA 
expression. Exogenous SEMA7A decreased SIM2s expression and promoter activity. Moreover, MCF7 
xenografts reveal reciprocal expression of SIM2s and SEMA7A. Additionally in MMTV-PyMT mice, SIM2s 
expression is lost as tumors transition from pre-malignant to invasive phenotypes, yet we observe 
maintenance of SIM2s and ER in SEMA7A-/-;PyMT mice. These findings establish a regulatory 
relationship between SIM2s and SEMA7A in ER+BC. SIM2s functions to downregulate SEMA7A 
mediated pro-tumor signaling and maintain ER expression, but can be turned off to allow for resistance in 
ER+BC. Our study suggests a SIM2s/SEMA7A switch which may confer resistance in ER+BC via 
downregulation of PTEN. Thus, a SIM2s/SEMA7A switch may act as a prognostic indicator to provide 
therapeutic advantages in resistant ER+BC metastasis. 
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30. Ramiah Vickers. Veterinary Integrative Biosciences, College of Veterinary Medicine. 

Single-minded 2s Mediates the Immune Response During Normal Mammary Gland 
Development.  
 
During pregnancy and ensuing lactation there is a substantial increase in both replicative and metabolic 
stress as mammary epithelial cells (MECs) undergo differentiation. Thus, the activation of several key 
stress response pathways during this time are crucial to maintain proper cell function and viability. If left 
unresolved, these stressors may result in malignancy. How MECs are able to circumvent this state of 
severe stress, however, remains to be elucidated. We have shown that single- minded 2s (SIM2s), a 
transcription factor of the bHLH-PAS family possesses significant roles in the development of the 
mammary gland, and we propose that it is also a fundamental component in mediating stress responses 
throughout differentiation. We have found that SIM2s is involved in the DNA damage response pathway 
(DDRP) and upon activation, is stabilized and interacts with BRCA1 to regulate homologous 
recombination. To compliment this, during lactation, we have observed that loss of SIM2s in a conditional 
knockout mouse model resulted in a significant increase in double-stranded DNA breaks assessed via 
the presence of yH2AX. If unrepaired, this DNA damage can elicit an immune response. Specifically, we 
observed that, during lactation, loss of Sim2s exhibited a substantial increase in PD-L1 expression. We 
also observed an increase in PD-L1 expression following induction of replicative stress. Alongside its 
role in the DDRP, SIM2s has also proven to be a key component in the process of mitophagy which is 
known to be a crucial player in many different mitochondrial stress responses. We have previously 
demonstrated that the mitochondria undergo progressive oxidation throughout MEC differentiation. 
Specifically, when SIM2s was overexpressed in vitro, higher mitochondrial protein oxidation was 
maintained throughout differentiation which was suggestive of increased mitochondrial clearance. Under 
conditions of severe stress, cells release damage associated molecular patterns (DAMPs) such as 
mitochondrial DNA (mtDNA) and damaged nuclear DNA (nDNA) that will elicit an innate immune 
response resulting in the production of type I interferons (IFNs) and proinflammatory cytokines. Together, 
our data suggests that SIM2s functions to regulate genomic and metabolic stress and thus the immune 
response throughout normal mammary gland development. 
 

31. Lilia Sanchez. Veterinary Integrative Biosciences, College of Veterinary Medicine.  
Single-minded 2s Impacts Mitophagy at ER-Mitochondria Contacts to Promote Mammary 
Gland Differentiation 
 

Investigating the regulatory mechanisms involved in cell differentiation and the role played by inter-organelle 
communication is essential for understanding both normal development and breast cancer etiology. During 
differentiation, the mammary gland undergoes an increase in nutrient and energy demand, which could 
compromise cellular homeostasis. The functional mammary gland therefore offers a unique model to study 
the cell’s protective mechanisms against stress. Singleminded-2s (SIM2s), a member of the bHLH family of 
transcription factors, is a key regulator of differentiation and is lost in breast cancer. To investigate Sim2s 
role in lactation, we developed tissue-specific transgenic mouse models and found that loss of Sim2s  was 
detrimental for lactation performance, even though we observed no significant change in epithelial content, 
proliferation,   or cell death. Therefore, it seems SIM2s is necessary for proper lactation function through 
another mechanism. Our group has shown that SIM2s enhances mammary epithelial cell (MEC) 
differentiation by promoting mitophagy, a component of many stress response pathways. We found SIM2s 
localizes to the mitochondria and interacts with ubiquitin ligase Parkin and autophagosome protein LC3B. 
Electron microscopy analysis of glands during lactation revealed differences in mitochondrial number, ER 
organization, and ER mitochondria contact sites (MERCs; also known as Mitochondria Associated 
Membranes, or MAMs), suggesting loss of SIM2s disrupts inter-organelle communication. We anticipate 
SIM2s’ involvement in enhancing differentiation is through directly interacting with mitophagy components 
at MAMs. Insights from our studies will contribute to our understanding of mitochondrial homeostasis and 
its role in determining cell fate during normal development and cancer progression, which can be exploited 
for therapeutic purposes. 
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32. Yongjian Yang. Department of Electrical & Computer Engineering. Single-cell RNA 

sequencing reveals how the aryl hydrocarbon receptor shapes cellular differentiation 
potency in the mouse colon. 
 
Despite recent progress recognizing the importance of aryl hydrocarbon receptor (Ahr)-dependent 
signaling in suppressing colon tumorigenesis, its role in regulating colonic crypt homeostasis remains 
unclear. To assess the effects of Ahr on intestinal epithelial cell heterogeneity and functional 
phenotypes, we utilized single-cell transcriptomics and advanced analytical strategies to generate a 
high-quality atlas for colonic intestinal crypts from wild-type and intestinal-specific Ahr knockout mice. 
Here we observed the promotive effects of Ahr deletion on FOXM1 regulated genes in crypt-associated 
canonical epithelial cell types and subtypes of goblet cells and deep crypt secretory cells. We also show 
that intestinal Ahr deletion elevated single-cell entropy (a measure of differentiation potency or cell 
stemness) and RNA velocity length (a measure of the rate of cell differentiation) in noncycling and 
cycling Lgr5+ stem cells. In general, intercellular signaling crosstalk via soluble and membrane-bound 
factors was perturbed in Ahr null colonocytes. Taken together, our single-cell RNA sequencing analyses 
provide new evidence of the molecular function of Ahr in modulating putative stem cell driver genes, 
cell potency lineage decisions and cell-cell communication in vivo. 
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