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Effects of ozone exposure on innate
immunity
Exposure to high levels of air pollution is a major problem in Western society. One such
pollutant, ozone, can increase mortality and hospital visits due to exacerbation of
respiratory diseases brought on by infection. Polymorphonuclear leukocytes (PMN),
commonly called neutrophils, are the first immune cells to arrive at a site of tissue insult
and are endowed with the capacity to produce proinflammatory cytokines and reactive
oxygen species, which are critical components for regulation of pathogens. However,
under conditions of particulate and ozone insult, PMN exhibit diminished phagocytic
and intracellular killing capacity. The impaired PMN contribute to a pathophysiologic
environment in the lung, where chronic inflammation and infection cause airway
hyperresponsiveness (AHR) and respiratory disease. Little is known regarding the
mechanisms underlying the altered PMN trafficking into the airway, nor the subsequent
antibacterial function in response to ozone that leads to impairment of the host’s
defense against infection. The hypothesis of this study is that ozone has a systemic
effect on PMN, characterized by an increase in inflammatory markers and decreased
anti-microbial capacity that varies between PMN in the bone marrow, circulation, and
bronchoalveolar lavage fluid (BAL). These changes can promote lung neutrophilia,
damage parenchyma, and reduce a host’s capacity to resolve bacterial infection.
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In utero pyrethroid pesticide
exposure and child cognitive
development from 6 to 36 months in
the MARBLES longitudinal cohort
A large share of indoor pesticide products contain pyrethroid pesticides, which have
neurotoxicological properties but little is known about the effects of in utero exposure on
child development. Objective: Assess the relationship between prenatal pyrethroid
exposure and child cognitive development from 6 - 36 months. Methods: Mother-child pairs
(n=134) in the MARBLES (Markers of Autism Risk in Babies-Learning Early Signs) longitudinal
cohort were examined. Maternal urine samples from trimesters 2 and 3 were analyzed for
pyrethroid metabolite 3-phenoxybenzoic acid (3PBA). Concentrations of 3-PBA were
adjusted for dilution using specific gravity (SG). Concentrations were averaged across
pregnancy and the intraclass correlation coefficient (ICC) and total number of urine samples
for each pregnancy were used to compute weights for linear regression models of average
3-PBA pregnancy concentration and Mullen Scales of Early Learning (MSEL) scores. Results:
Subjects had median SG-adjusted 3-PBA concentration= 0.78 ng/ml and ICC = 0.34. After
applying weights to 3-PBA concentrations and adjusting for SG, child’s sex, prenatal vitamin
use and maternal education, we found significantly lower MSEL Composite (β= -0.79,
p=0.003), Visual Reception (β= -0.80, p=0.001), and Fine Motor (β= -0.32, p=0.02) scores at 6
months. All associations at 12, 24, 36 months were null. Conclusions: The findings from this
study with multiple pregnancy urine collections suggest 3-PBA concentrations are not
strongly related to child cognitive development. These preliminary findings may change
with new sample results just received which will allow for analyses of trimester specific
3-PBA concentrations.
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A novel wildfire smoke sensitive T cell
population in rhesus monkeys
Inhalation of fine particulate matter less than 2.5 microns in diameter (PM2.5) has been
associated with increased frequencies of asthma, cardiopulmonary disease, and COPD.
In the US, wildfires account for approximately 20% of particulate emissions. Currently,
the mechanisms by which wildfire smoke (WFS) or other forms of PM2.5 modulate
immunity are unknown. We have studied a cohort of rhesus monkeys exposed to
ambient WFS during infancy and demonstrated attenuated IL-8 and IL-6 production by
peripheral blood mononuclear cells (PBMCs) in response to bacterial antigen challenge.
Flow cytometric analysis has revealed that in WFS-exposed monkeys IL-8 production by
PBMCs in response to lipopolysaccharide is dysregulated and localized to a novel T cell
population phenotypically described as CD3+CD4+CD31+HLA-DR+CD2-. We propose to
further characterize this T cell population in WFS-exposed monkeys and define their
function. We hypothesize that our observed population of lymphocytes in WFS-exposed
monkeys serves an adjuvant role and may augment T memory responses. We will also
investigate the direct effects of PM2.5 in our cellular population using in vitro co-culture
strategies with airway epithelium. The significance of our research would be in defining a
novel population of air pollutant-sensitive T cells that could play an important role in
immunity.
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Early life exposure to the
organophosphorus pesticide chlorpyrifos
produces behavioral phenotypes relevant
to neurodevelopmental disorders
Organophosphorus pesticides (OPs) are among the most widely used pesticides in the
world and have been implicated in the etiology of neurodevelopmental disorders including
developmental delay and autism spectrum disorder (ASD) (Rauh et al., 2006; Shelton et al.,
2014; Shelton et al., 2012). The present study of chlorpyrifos (CPF), one of the most widely
used OPs, examined sophisticated social and cognitive behaviors in a novel rat model of
CPF exposure. Newborn Sprague-Dawley rats were subcutaneously administered either
peanut oil vehicle, 1.0 mg/kg CPF, or 3.0 mg/kg CPF daily from postnatal day (PND) 1 to PND
4. Isolation-induced ultrasonic vocalizations (USVs) were collected from pups on PND 5, 8,
and 11. Juvenile sociability was assessed using the ASD-relevant behavioral assays of
three-chambered social approach and reciprocal social interaction. Pups exposed to 1.0
mg/kg CPF emitted fewer USVs than did pups treated with vehicle or 3.0 mg/kg CPF, and
this effect was markedly higher in females. CPF did not affect the sociability phase of
three-chambered approach; however, performance in the social novelty portion suggests
that CPF may disrupt recognition of previously acquired social cues. Relative to vehicle
controls, CPF altered juvenile reciprocal social interactions on several key social
parameters, including rough-and-tumble playing, in a sexually dimorphic manner. Similar
exploratory behavior in a novel open arena was observed across treatment groups,
eliminating hypo- and/or hyperactivity as confounding behaviors. Taken together with
existing literature, the impairments noted here suggest that developmental OP exposures
disrupt neurological development and neural correlates that underlie complex behaviors.

Katie Bradshaw
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Graduate Group (T32)
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Functional implications of iron-sulfur
cluster MUTYH variants associated
with colorectal cancer
Reactive oxygen species (ROS) can react with DNA and lead to damage if ROS are
overproduced beyond the beneficial level. To combat the deleterious effect on DNA, cells
have a range of repair pathways in their arsenal—base excision repair (BER) being one of
them. MUTYH is an adenine glycosylase that is part of the BER pathway. This enzyme
recognizes the 8-oxoG:A lesion in DNA that is formed when guanine is oxidized to
8-oxo-7,8-dihydroguanine, which can mispair with adenine. Defective MUTYH have been
linked to the hereditary condition, MUTYH-associated polyposis (MAP), that results in the
patient developing multiple adenomatous colon polyps, which increases their risk for
colorectal cancer significantly. Over 300 MUTYH variants have been found and several of
these variants have been linked to MAP. In order for MUTYH to properly bind DNA and
have active glycosylase activity, it needs an iron-sulfur cluster present as a cofactor.
Since the iron-sulfur cluster is important to the enzyme’s functionality, investigating the
biological effects and chemical aspects of several MAP variants that surround the cluster
is the goal of this research. The kinetic parameters and mutation suppressing
functionality of the enzyme variants will be analyzed and compared to the wild type.
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Inhalation toxicity of naphthalene in
neonatal mice
Naphthalene (NA) is a respiratory toxicant and possible human carcinogen. The toxicity of
NA is cytochrome P450-dependent, with reactive metabolites produced by P450 enzymes in
both the lung and the liver. In the lung, nonciliated bronchiolar Club (formerly known as
Clara) cells express the highest levels of P450 and are often most severely affected by NA
toxicity. Most previous studies on NA toxicity were conducted on adult animals. The aim of
this study is to examine the susceptibility of neonatal mice to the toxicity of inhaled NA. A
previous study demonstrated that the Club cells of the neonatal mouse lung, which have
low levels of P450 activity, are severely damaged following NA intraperitoneal injection.
However, it has not been reported whether the developing mouse lung is susceptible to NA
toxicity following inhalation exposure at occupationally relevant levels. Methods: NA
cytotoxicity was evaluated at 24 hours following inhalation exposure at 5 and 10 ppm, for 1
week and 8-10 week old mice. Age-matched, unexposed control mice were included for
comparison. Histologic samples were examined using high-resolution light microscopy and
quantitative morphometry. Results: Age-matched controls had no toxicity. Dose-dependent
toxicity following inhalation of NA is evident in both neonatal and adult mice, characterized
by epithelial cell swelling and vacuolization. Club cells appear to be the primary cellular
target for toxicity. Cellular damage can be observed in both proximal and distal airways at 5
ppm in neonatal mice. Conclusions: NA inhalation at occupationally relevant levels results
in epithelial cell damage in neonatal mice. Funding: NIH R01 ES020867, NIEHS T32
ES007059, P30 ES023513
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Trace metal analysis of newborn dried blood
spots: Method development for biomarkers in
case-control studies by laser ablation inductively
coupled plasma mass spectrometry (LA-ICP-MS)
Epidemiologic case-control studies are the most feasible design for many diseases;
however, a major drawback is the difficulty in reconstructing accurate exposure levels
retrospectively. Newborn dried blood spots (DBS) provide a window into the prenatal
period, which is widely considered critical for early development of brain, endocrine,
respiratory and other systems, and are available to researchers for all births in California
and numerous other states. The ability to characterize metals and minerals using small
amounts of DBS will meet an acute need in children's environmental health research.
Here we provide a progress report on developing analytical method using laser ablation
inductively coupled plasma mass spectrometry (LA-ICP-MS) to quantify trace metal
abundances in DBS. Results are presented for Pb, As, Cd and Hg in NIST Caprine blood
standards with comparisons of instrumental setup, sample heterogeneity and matrix
effects. Calibrations are being extended to Mn, Fe, Se and Zn. Strategies will be
discussed for efficient and accurate analysis of DBS by LA-ICP-MS for future
comprehensive epidemiologic studies.
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Roles of AAA+ ATPases in response to
environmental and physiological
stress
Molecular chaperones are a group of proteins that are highly specialized for protein folding,
assembly, and disassembly. The AAA+ family of ATP-driven remodelers uniquely associates
with various cofactors to remodel complexes and control many essential cellular processes,
including proteostasis and cell cycle control (Kedzierska, 2009). In particular, AAA+ ATPases
often regulate cellular responses to various types of stress. In this study we investigate the
roles two ATP-driven remodelers, p97/Cdc48 and Pch2/TRIP13, in response to
environmental and physiological stress. Cellular meiosis is a unique evolutionary response
to physiological stress that generates daughter spores that are resistant to unfavorable
conditions. Meiosis is also the conduit of heredity, producing gametes containing precisely
one copy of the parental genome. To ensure faithful propagation of the genome through the
crossing over of homologous chromosomes, meiotic cells must endure another form of
physiological stress: endogenous DNA double-stranded breaks (DSBs). We hypothesize that
the AAA+ ATPases Cdc48 and Pch2 are important for the tight regulation and coordination of
the multiple steps required for gamete formation and responding to meiosis-related stress.
Furthermore, we predict that post-translational modifications (PTMs) are necessary for
these remodelers to recognize their substrates and achieve a high degree of specificity.
Indeed, we show that the Cdc48 complex is important for regulating meiotic DNA break
repair and for responding to exogenous stressors. We also show that the PTM small
ubiquitin-like modifier (SUMO) may be important for recognizing substrates of the meiotic
AAA+ ATPase Pch2.
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Towards developing an animal model of AMD –
comparative analysis of circulatory microRNA
between humans and non-human primates in
ocular fluids and plasma
We are developing a model of age-related macular degeneration (AMD), the leading
cause of blindness for people over the age of 50. We used non-human primates (Rhesus
macaques) exposed to cigarette smoke, as smoking is the strongest environmental risk
factor for AMD. Recent research shows microRNAs (miRNAs) are superb aging and/or
disease biomarkers. They are also evolutionarily highly conserved from yeast to
mammals. To test the level of similarity between humans and Rhesus macaque, we did
comparative analysis of their miRNA expression profiles. Samples of vitreous humor from
eyes and plasma from blood were first taken from two groups, humans and Rhesus
macaques. MiRNAs were isolated using Qiagen RNeasy protocol and checked for quality
by using an Agilent 2100 BioAnalyzer with a Small RNA Analysis kit. Then samples were
labeled and run on Affymetrix 3.0 miRNA arrays. The miRNA expression profiles were
then filtered for species and by the level of expression using Affymetrix Expression
Console and Microsoft Excel. Of the many miRNAs significantly expressed in the plasma
samples of each group, 34 were shared. 18 of the 34 shared miRNA had no statistically
significant difference in expression. For vitreous there was only 1 shared miRNA and little
similarity in expression. We found high levels of similarity in miRNA expression between
the plasma samples of Rhesus macaque and humans. While the vitreous samples lacked
the same level of similarity, the one shared miRNA, miRNA-638, is implicated in
angiogenesis and VEGF regulation, two key aspects of wet-type AMD pathology.
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Lung innate lymphoid cells mediate
ozone induced neutrophilia and
airway hyperresponsiveness
O3 inhalation induces an influx of neutrophilic granulocytes to the airways (neutrophilia)
and airway hyperresponsiveness (AHR), although how these pathologies relate is unclear.
Lung type two innate lymphoid cells (ILC2) are essential to induce neutrophilia and AHR
after O3. Surfactant Protein-D (SP-D) is a lung immunoprotective protein that regulates
resolution of O3 inflammation. Here we hypothesized that O3-induced AHR was directly
caused by neutrophil influx, and that SP-D regulates lung ILC2 in response to O3. METHODS:
Mice were exposed to 3 ppm ozone for 2 hours. To test O3-induced neutrophilia was related
to AHR, we treated Balb/c mice with anti-Ly6G (neutrophil depleting Ab) prior to O3
inhalation and measured neutrophilia and AHR. The activation of the lung ILC2 population
in response to O3 was measured in C57BL/6 and SP-D-/- mice. RESULTS: O3-induced airway
neutrophilia was abolished in the peripheral blood but not the BAL despite anti-Ly6G
treatment in Balb/c mice. O3-induced airway hyperresponsiveness persisted in anti-Ly6G
treated Balb/c mice. O3 increased lung ILC2 population but dampened ILC2 ST2 expression.
SP-D-/- mice expressed higher level of IL-33, GATA-3 mRNA and increased number of ILC2 in
the lung. O3 stimulated ILC2 in the lung in SP-D-/- and WT mice and altered expression of
surface markers. CONCLUSIONS: These data indicated that O3-induced AHR was not
mediated by neutrophilia, and instead local factors produced from cells like ILC2 could
contribute to AHR pathology. In addition, we propose that SP-D is a lung specific regulator
of ILC2 activation and function after O3.

Melanie Gareau
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GI pathophysiology following early
life environmental exposure
The microbiota-gut-brain (MGB)-axis is an important pathway for maintaining health and
well-being. Disruptions in the axis have been identified in numerous disease states,
including inflammatory bowel disease, diabetes, and autism spectrum disorders. Early
development is an important life stage for normal establishment of the microbiota,
development of the gastrointestinal (GI) tract and neurobiological growth and
maturation, which together comprise the MGB-axis. Exposure to pathophysiological
stimuli, such as neurotoxicants, during this important developmental period can have
long-term consequences on overall health and well-being. We hypothesize that exposure
to polychlorinated biphenyls (PCB) during gestation and lactation in mice will result in GI
pathophysiology and an altered intestinal microbiota composition. Intestinal and fecal
samples were collected from male and female mice at post-natal day 28 (P28) following
developmental exposures to a complex mixture of PCBs detected in the blood of women
at increased risk for having a child with autism. We compared wild type (WT) to mice
homozygous for the Ryr1(T4826I) gain of function mutation and the X-linked FMR1
premutation (180-200 CGG repeats). Ussing chamber studies were performed for distal
ileal and proximal colon and microbiota sequenced by Illumina. WT and mutant mice did
not show significant differences in baseline intestinal physiology, with similar short
circuit current (Isc) and conductance (G) measurements in both the ileum and colon. We
are currently assessing the impact of PCB exposure on intestinal parameters in both WT
and mutant mice. In conclusion, intestinal physiology was not affected by gain of
function mutations in the ryanodine receptor or the FMR1 CGG repeat expansion. We will
now determine whether environmental exposures to PCBs can lead to changes in GI
physiology and contribute to long-lasting changes in the MGB-axis.
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Polychlorinated biphenyl (PCB) 95
enhances dendritic arborization via
inhibition of DNA methyltransferases
Environmental exposures are implicated in the pathogenesis of neurodevelopmental
disorders yet mechanisms by which they act remain speculative. One plausible mechanism
is by altering DNA methylation. Since altered dendritic arborization is associated with many
neurodevelopmental disorders, we tested the hypothesis that DNA methyltransferases
(DNMTs) mediate enhanced dendritic arborization observed in rodent central neurons
following exposure to environmental neurotoxicant, polychlorinated biphenyl (PCB) 95.
Neuron-glia co-cultures dissociated from hippocampi and cortices from C57BL/6 mice or
Sprague Dawley rats at postnatal day 0 were treated with either: vehicle (0.1% DMSO), PCB
95 (1pM-1pM), pan-DNMT inhibitor RG108 and/or siRNA targeting Dnmt3b. Dendritic
morphology and DNMT abundance were quantified using Sholl analysis,
immunocytochemistry and MetaMorph imaging software. RG108 alone increases dendritic
arborization in female mouse cortical neurons and enhances dendrite promoting activity of
PCB 95. siRNA knockdown of DNMT3B phenocopies PCB 95 effects on dendritic growth. PCB
95 also decreases nuclear intensity of de novo DNMT3A and 3B but not maintenance DNMT1
relative to vehicle control in rat hippocampal neurons. These results suggest that DNMTs
regulate basal dendritic growth in vitro and that de novo DNMT inhibition may in part
mediate PCB 95 effects on dendritic growth. Funding: NIH F32HD088016, ES014901,
ES011269 and US EPA R833292.
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Hepatic contribution to lung toxicity
induced by naphthalene,
ethylbenzene, and styrene
Naphthalene, ethylbenzene, and styrene toxicity in the lung requires metabolic
activation by cytochrome P450 monooxygenases. We are developing an in vitro
approach to determine whether hepatic bioactivation of these aromatic hydrocarbons
can contribute to lung toxicity. We expect that hepatocytes will be capable of escalating
lung epithelial cell damage caused by naphthalene, ethylbenzene, and styrene in this
system. Methods: Cytotoxicity was tested with a human bronchiolar epithelial cell line,
HBE1, by measuring membrane permeability. HBE1 cells were exposed in a Transwell
permeable support system with a basal compartment for mouse liver microsomes that
catalyze metabolite formation. Future studies will use primary cells from humans and
genetically modified mice. Exposures consisted of naphthalene, ethylbenzene, styrene,
or previously demonstrated toxic metabolites (1,4-naphthoquinone or styrene oxide).
Results: A combination of cell density and cell viability measurements was the most
sensitive and reliable measure of cell death in this system. Styrene seems to be the least
responsive to metabolism relative to ethylbenzene and naphthalene. In the group with
HBE1 cells alone, naphthalene did not cause toxicity at concentrations ranging from 30
to 300μM, however 1,4-naphthoquinone doses ranging from 2.4 to 240μM consistently
caused toxicity. Styrene and styrene oxide exposures, at 1 to 5μM, caused similar levels of
HBE1 toxicity as observed for 24μM of 1,4-naphthoquinone. Conclusions: Liver
microsome-generated naphthalene, ethylbenzene, and styrene metabolites can cause
toxicity to human lung epithelial cells with ethylbenzene metabolites more potent than
those of styrene and naphthalene as the least potent.
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Wnt4a is expressed in the early gonad
and is required for female sex
determination
Sex determination in zebrafish is not well understood. In AB and TU laboratory strains, sex
determination occurs in the absence of a typical sex chromosome, but animals directly from
nature have a strong sex determinant on LG4. Regardless, early stage oocytes are necessary
for primary female sex determination, and therefore it is hypothesized that oocytes produce
a signal that acts on the somatic gonad to promote female and/or inhibit male sex
differentiation. In mammals, WNT4 is a signaling ligand that is essential for female
development. We therefore asked if Wnt4a, the ortholog of WNT4 in zebrafish, has a similar
role in zebrafish primary sex determination. Our results show that Wnt4a is required for
female sex differentiation.
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UC Davis College of
Agricultural and
Environmental
Sciences Assistant
Professor

B REAST CANCER

Perinatal DDT exposure shortens the
latency of mammary tumorigenisis in
mice
The contribution of exposure to dichlorodiphenyltrichloroethane (DDT) to breast cancer
risk is controversial. Recently the International Agency for Research on Cancer (IARC)
Working Group concluded that “no clear association exists between breast cancer and
DDT or DDE measured in samples of blood or adipose taken in adulthood; however, the
possible importance of early-life exposure to DDT remains unresolved.” Methods: We
hypothesized that perinatal DDT exposure would result in shortened latency of
mammary tumorigenesis and increased incidence of metastasis. To test this hypothesis,
C57BL/6J female mice, bred with B6.FVB-Tg(MMTV-PyVT)634Mul/LellJ male mice, were
administered DDT from gestational day 11.5 to postnatal day 5 to achieve maternal
serum levels within the upper range of the human cohort study that found a positive
association between prenatal DDT exposure and breast cancer risk. We evaluated
mammary and pulmonary lesions in offspring. Results: Perinatal DDT exposure
significantly shortened latency of spontaneous mammary tumorigenesis and was
associated with a statistically insignificant doubling of the number of central pulmonary
metastases per mouse. Prior to the development of mammary lesions, mice with
perinatal DDT exposure had delayed pubertal maturation of mammary glands and
elevated fasting blood glucose. Conclusions: These studies in mice support the finding in
humans that perinatal DDT exposure is associated with an increased risk of mammary
tumors. Further, the data suggest that disrupted puberty and metabolism may
contribute to the early incidence of mammary tumors in mice with perinatal DDT
exposure. Our findings call for future research to further evaluate the mechanisms of
these effects.
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Chemical characterization of indoor dust
by comprehensive target screening using
GC- and LC-QTOF-MS
House dust is frequently contaminated with a broad range of chemicals such as pesticides,
plasticizers, constituents from personal care products, and flame retardants, thus acting as
a known reservoir through which humans are exposed, especially children. Using a targeted
analytical approach, this study aims to characterize the chemical fingerprint in dust
samples collected from two groups of households: families with normal developing children
and families with children having developmental issues. Methods for sample extraction and
time-of-flight (TOF) mass spectrometry were optimized using 133 commonly encountered
chemicals. Optimized sample preparation includes sonication extraction with hexane and
acetone without subsequent SPE clean-up to enable sensitive non-target screening in a
future step. Extracts were halved into an LC fraction for analysis on an LC-QTOF-MS in
positive and negative electrospray-ionization mode, and a GC fraction for GC-QTOF-MS
analysis in electron-impact mode. The developed method achieved absolute recoveries
between 70-130% for more than 70% of the chemicals, while method detection limits were
below 100 ng/g for 80% of the chemicals. Chemical classes most commonly detected
include flame retardants, plasticizers, perfluoroalkylated compounds, and select pesticides.
This mixture of chemicals may have an effect on exposed populations that requires further
investigation.
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The effect of smoke exposure on the
rhesus macaque (Macaca mulatta)
retina
The rhesus macaque is considered a good model for the study of human ophthalmic
disease because of the presence of a macula, fovea, and shared susceptibility to macular
diseases such as AMD. Smoking has been associated with an increased risk for
development of this disease, among others, in humans. It is hypothesized that this
increased risk is secondary to more free radical damage, ischemic damage, and
neovascularization. Our study sought to elucidate the effect of smoke exposure on the
thickness of individual retinal layers in Macaca mulatta. In our study, 4 monkeys with
healthy retinas free from true drusen were chosen after a thorough ophthalmic
examination from a licensed ophthalmologist. Monkeys were exposed to cigarette smoke
for 6 hours per day, 5 days a week, for 4 weeks. 2 healthy monkeys free from clinically
significant retinal lesions were used as controls. Statistical analysis using a mixed linear
regression model was used to analyze retinal thickness at 5 data points: -1.5mm, -0.5mm,
0mm, 0.5mm, and 1.5mm. Negative numbers represent a nasal position in relation to
the fovea while positive numbers represent a temporal position in relation to the fovea.
At the fovea, the outer nuclear layer (ONL) was significantly thinner in this same group.
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Towards developing animal model of AMD Identification of age-related circulatory
miRNA changes in rhesus macaque’s
plasma and ocular fluid samples
Age-related macular degeneration(AMD) is a deterioration or breakdown of the eye’s
macula, which causes loss in the center of the field of vision among people over the age of
50. Smoking is the highest modifiable risk factor of AMD development. Our intent is to
develop an animal model of AMD, utilizing non-human primates exposed to cigarette
smoke. We hypothesize that exposure to cigarette smoke will show signs of accelerated
aging; therefore, we first needed to establish aging changes in our model.
MicroRNAs(miRNAs) have been proven excellent aging or disease biomarkers. Although AMD
is an eye disease, people found a correlation between miRNA circulating in the body fluids
with disorder of the organs. We used plasma, and ocular fluid samples from Rhesus
macaque of different age group(1yr-28yr) to identify age-related miRNAs changes. Isolated
miRNAs were quantified by Agilent 2100 BioAnalyzer. Affymetrix microRNA microarrays 4.1
were run and data was analyzed using Affymetrix Expression Console and Transcriptome
Analysis Console Software. miRNAs that showed greatest fold changes(p<0.05) were
mml-miR-192, and mml-miR-7205 in plasma, mml-let-7b, and mml-miR-124a in vitreous,
and mml-miR-320, and mml-miR-1227 in aqueous. In conclusion, we identified several
age-related miRNA changes that are body fluids-specific. Some of our candidates have been
described in literature as having a role in aging, such as miR-320 was found to be lower in
female gastric cancer patients older than 60yr compared to controls. Furthermore, human
plasma miR-192 in patients with wet AMD was significantly downregulated(p<0.05), which
has also been observed in our aging monkey plasma samples.

Sunjay Sethi
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3,3'-Dichlorobiphenyl (PCB 11) and its metabolites
promote axonal growth and dendritic arborization
in primary rat cortical and hippocampal neurons
PCB 11 is a byproduct of contemporary paint pigment production that has become a
ubiquitous global pollutant. Neurotoxicity is a primary endpoint of concern for the more
highly chlorinated PCBs and their metabolites generated by phase 1 and 2 metabolism.
Whether human exposure to PCB 11 is a public health concern is unclear since few
studies have evaluated its toxicity. Therefore, this study investigated the effects of PCB 11
and two of its metabolites on axonal growth and dendritic arborization in primary
neuron-glia co-cultures. Primary neuron-glia co-cultures dissociated from the
neocortices or hippocampi of neonatal Sprague Dawley rats were exposed to vehicle,
PCB 11, 4OH-PCB 11, or 4OSO3- PCB 11 for 48 hours beginning 0 days in vitro (0 DIV) to
assess axonal growth or at 7 DIV to assess dendritic growth. Exposure to PCB 11
increased axonal length and increased dendritic arborization in both cortical and
hippocampal neurons. Both metabolites of PCB 11 phenocopied the dendritic growth
promoting effects of the parent compound. Both metabolites also increased axonal
length in cortical neurons, but only the sulfated metabolite increased axonal length in
hippocampal neurons. PCB 11 and its metabolites promote neurite outgrowth in primary
neurons suggesting that Phase 1 and Phase 2 metabolism are not detoxification
processes for this PCB congener. Since altered spatiotemporal patterns of axonal and
dendritic arborization are associated with neurodevelopmental disorders, these findings
suggest that PCB 11 poses a potential risk to human neurodevelopment.

Zeljka Smit-McBride
UC Davis School of
Medicine Project
Scientist
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Dysregulation of microRNAs in ocular
tissue exposed to cigarette smoke
Age-related macular degeneration (AMD), a blinding disease having both genetic and
environmental components, is the most common form of visual impairment in elderly
individuals, and cigarette smoke (CS) is the leading environmental insult. Recently, a central
regulatory role for a novel type of molecule, microRNA (miRNA), had been discovered in
many human diseases. The goal of this pilot project was to compare dynamic of change of
circulatory miRNA in aging and in chronic exposure to CS in the Rhesus macaque model.
We used 6 animals of the same gender per group: young (2-4 years old), old (20-25 years old)
and middle aged (9-12), 4 of which were exposed to smoke for 1 month at CNPRC facility.
Eyes were examined before and after smoke exposure for signs of retinal degeneration using
several imaging techniques. Ocular fluids and plasma samples were collected, microRNA
isolated, and expression data obtained from Affymetrix microRNA microarrays 4.0, followed
by bioinformatics analysis. Ocular imaging showed statistically significant retinal
degeneration at the central part of the retina, fovea. In the plasma samples 45 miRNAs were
strongly upregulated (Fold Change >1.5, p<0.05) with smoke exposure. In vitreous, 3 miRNAs
were upregulated, miR-762, miR-6794 and miR-6790, while there was no change in aqueous.
In conclusion, one month of CS exposure even at low level resulted in the beginning of
retinal degeneration. We identified several CS related miRNA changes that are plasma or
ocular fluid-specific, and some of them are the same ones that are changing in an
age-specific manner.

Jennie Sotelo
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Plasma metabolome, PON1 status,
environmental exposures and
childhood autism
Autism Spectrum Disorder (ASD) is a highly diverse disorder which affects multiple
systems and is brought about by an interplay between genetics and environment. The
paraoxonase 1 (PON1) gene has an important role in breaking down organophosphate
(OP) pesticides in the body and serves as an important antioxidant. PON1 levels may be
affected by single nucleotide polymorphisms (SNPs), therefore individuals with certain
PON1 SNPs plus environmental exposure during pregnancy may be at an increased risk
of having a child with autism. The objective of this study was to examine a possible
gene-environment interaction that focuses on prenatal environmental exposures and
child metabolic vulnerability as a consequence of polymorphisms in the PON1 gene.
Overall, we did not find a significant difference in the PON1 status of children with ASD
compared to controls. However, we found that PON1 SNPs significantly affected its
plasma concentrations. Moreover, there were a disproportionate number of children
with specific PON1 SNPs that correlated with maternal environmental exposures.
Substantial overlap comparing the plasma metabolome of the ASD group to TD controls
highlighted the heterogeneity of ASD. In general, ASD was associated with a metabolome
consistent with impaired methylation, mitochondrial dysfunction, and altered energy
metabolism, suggesting an increased systemic burden of oxidative stress. Interestingly,
maternal environmental exposure during pregnancy, such as in-home pesticide use, was
correlated with the child’s metabolome. These results suggest that maternal
environmental exposures during pregnancy in combination with genetics may impact a
child’s metabolic outcome and in turn affect neurodevelopment.

Ameer Taha
UC Davis College of
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Streamlining pesticide analysis in
human breast milk
Pesticides pose a risk to human health, particularly during development, as evidenced by
the established correlations between some pesticides and autism spectrum disorder and
other developmental anomalies. Although breast milk provides optimum nutrition for
infants, it represents a route of exposure to pesticides. Current analytical methods used to
probe pesticide levels in human breast milk are expensive and time-consuming due to the
large extraction solvent volume requirements (10-40 ml) and the number of steps needed to
extract and clean-up samples (5-10 steps). The objective of this study is to develop a
simplified pesticide quantitation method in dried breast milk spot (DBMS) samples using
microwave-assisted extraction as a way to reduce solvent volume requirements to 1 ml and
bypass clean-up steps. Pesticides will be quantified using a sensitive liquid-chromatography
tandem mass spectrometry assay. Establishing a rapid, inexpensive DBMS method will
enable routine and accurate monitoring of infant pesticide exposure through breastmilk, to
better relate exposure risks to developmental outcomes.
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Role of environmental chemicals in
pathogenesis of autoimmune disease
Although alterations of immune functions triggered by environmental chemicals have
been suggested to play a key role in autoimmune diseases, the mechanisms of how
environmental chemicals cause autoimmunity remain largely unknown. Polycyclic
aromatic hydrocarbons (PAHs) are a group of chemical pollutants generated from
incomplete combustion of fuels, such as coal and gasoline. This study is directed to
examine the effects of a panel of well-defined PAHs on the immune functions in patients
with systemic lupus erythematosus (SLE), a classical autoimmune disease. We utilize
blood samples from patients with SLE to generate dendritic cells (DCs), a key player in
maintenance of homeostasis and immune response, and examine the effect of PAHs on
DC functions. DCs were generated from peripheral CD14+ monocytes by stimulation with
GM-CSF and IL-4 for 6 days and thereafter stimulated by chemicals (TCDD, PCB126, TCE,
BPA) with different concentration for 24h and 48h. The levels of inflammatory cytokines
(IL-8, IL-6, IL-1b, IL-10, IL-12p70 and TNFα) and the expression of activation molecules
(CD40, CD80, CD83, HLA-DR, CD11c, DC-H1 and CD14) on DCs were evaluated. Our data
indicated that chemicals could activate DCs and modulate their inflammatory cytokine
production. This work provide the evidence that chemical pollutants in the environment
can contribute to the development of autoimmune disease.
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Investigating the links between
chemical composition of atmospheric
particulates and adverse health effects
The association between atmospheric particulate matter (PM) and adverse health effects,
such as cardiopulmonary disease, has long been recognized, yet due to the enormous
chemical complexity of PM connections between PM chemical properties and toxicological
responses remain poorly understood. The goal of this project is to identify both sources and
key chemical components of PM that are potentially responsible for adverse health effects
through detailed analysis of PM samples. A secondary goal is to use analytical techniques
that can identify markers for inflammation in a non-selective, top-down approach using a
High-Resolution Time-of-Flight Aerosol Mass Spectrometer (AMS). PM2.5 filter samples
collected during winter from California and China were analyzed using the AMS to
determine their chemical composition, including the degree of oxidation of the organic
compounds. Further, Inductively Coupled Plasma Mass Spectrometry analysis indicated
differences in metal content for the two samples, with a higher abundance of copper in the
California PM. A mouse model used to investigate toxicological effects demonstrated
significantly different inflammatory responses between China and California PM. Lavage
fluids collected from mouse lungs after exposure were also analyzed using the AMS,
indicating that samples from mice exposed to PM had differences in their compositions
compared to the control group. Some differences between samples for mice exposed to
California and China PM were also discerned. Ultimately this work will inform regulatory
policy and provide much needed information for risk assessment of air quality as well as
identify markers for disease outcomes with the aim of improving human health.
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Placental DNA methylation in relation
to maternal periconceptional prenatal
vitamin use and child outcomes in the
MARBLES prospective autism study
Placental tissue, usually discarded at birth, is a potential rich source of for epigenetic
biomarkers that the interface of genetic risk and in utero exposures in autism spectrum
disorders (ASD). In addition, maternal use of prenatal vitamins containing the methyl
donor folic acid could alter placental methylation in persistent ways that influence
neurodevelopment. This study was designed to identify regions of differential DNA
methylation in placenta from a prospective ASD study in high-risk families. We also
studied the relationship between maternal prenatal vitamin use and DNA methylation.
MARBLES (Markers of Autism Risk in Babies-Learning Early Signs) mothers who had a
child with ASD were interviewed about prenatal vitamin use during a new pregnancy.
Placentas were collected for the younger siblings who were followed until they were 3
years old and clinically diagnosed with ASD or typical development (TD). MethylC-seq
was performed on DNA isolated from 20 ASD and 21 TD male placentas using Illumina
next-generation sequencing on HiSeq 2000 machine with one sample per lane using
single-end 100 bp sequencing. We identified differentially methylated regions (DMR)
using the DMR finder approach based on bsseq R package. Two DMRs showed significant
differences after FDR correction between ASD and TD selected by DMR finder based on
MethyC-seq data and validated by pyrosequencing. Both DMRs showed association
between prenatal vitamins taken during the first pregnancy month and percent
methylation. They were also associated with Mullen Scales of Early Learning on four
subscales categories and the Early Learning Composite. This study identified two high
confidence DMRs that could be useful in assessing risk for ASD at birth and determining
the impact of maternal prenatal vitamin usage on ASD occurrence in offspring.

