
Progress Report on Developmental Project: Circulating microRNA biomarkers of FAE 
 
I. Principal Investigator: Rajesh C. Miranda, Ph.D. 
 
II. Title of Project: Circulating microRNA biomarkers of Fetal Alcohol Exposure 
 
III. Objectives: 
 

a. To determine the exten



Preliminary results: 
In our preliminary data analysis, comparing plasma miRNA profiles from ethanol-exposed third 
trimester ewes to a composite of control third-trimester ewes, none of the differentially-regulated 
miRNAs exceeded a cutoff criterion of p<0.05 when controlling for the false discovery rate 
(FDR). However, 8 miRNAs exceeded a FDR-controlled criterion of p<0.1, and an additional 3 
miRNAs exceeded a FDR-controlled criterion of p<0.15. With the less stringent FDR-controlled 
criterion of p<0.15, 10 out of the 11 identified miRNAs were induced following ethanol exposure, 
and only one was decreased. Interestingly, 10 out of the 11 top candidates in this screen were 
evolutionarily recent miRNAs, i.e., they have been identified in humans and other primates, but 
have not been shown to be present in the mouse and rat. It is likely that the addition of more 
samples to this analysis will increase the probability that a number of these miRNAs will exceed 
the FDR-controlled criterion of p<0.05. We also intend to validate these data using real-time RT-
PCR arrays. Importantly, in all of our expression studies so far, we see that levels of other small 
RNAs like U6 snRNA are relatively low, whereas these are among the most abundant small 
RNAs in cells and tissues. Therefore, it is likely that the detected miRNAs are a natural part of 
plasma and not the result of cellular damage and death.   
 
VI. Discussion: 
 
Our preliminary data indicate that it is feasible to detect ethanol exposure-dependent miRNA 
expression in plasma samples obtained from pregnant ewes. Interestingly, our initial screen 
reveals an unexpected result, i.e., that evolutionarily recent miRNAs appear to make up the 
majority of ethanol-regulated miRNAs in plasma. Importantly, sheep appear to express many 
primate-associated miRNAs whereas the rodent does not suggesting that the ovine genome is 
evolutionarily more proximate to the primate genome compared to the rodent, at least in terms 
of miRNA expression. 
 
VII. Interrelation with Aims of the Consortium and Other Projects: 
 
This project is conducted in collaboration with Dr. Timothy Cudd (CIFASD Collaborative 
Component, Translational Studies of FASD Using a Sheep Model). 
 
VIII. Plans for the Next Year: 
 
In the next year, we will continue with our expression profiling experiments in maternal, neonatal 
and juvenile sheep plasma. We plan to use a combination of microarray and PCR-based 
platforms to cross-validate the experimental data. Additionally, we plan to screen maternal ovine 
leukocytes and placental tissue to determine if these tissues are the source of ethanol-
dependent variation in plasma miRNA content. As we acquire a panel of validated ethanol-
sensitive plasma miRNAs, we also intend initiating experiments to determine the extent to which 
these circulating miRNAs can influence the growth and differentiation of ovine trophoblasts, 
using a cell culture model. 
 
IX. Publications (2009): None 
 
X. Posters and Presentations (2009): None 
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Progress Report on Developmental Project: Network Connectivity and Dynamics in FASD 

I. Principal Investigator: Claudia D. Tesche, Ph.D. 
 
II. Title of Project: Network Connectivity and Dynamics in Fetal Alcohol Spectrum Disorders  
 
III. Objectives: The objective of this study is to initiate the use of magnetoencephalography 
(MEG) to characterize brain dynamics in adolescents with FASD. MEG is a non-invasive 
neuroimaging methodology which detects ongoing brain activity with exquisite temporal 
resolution. This effort will build on existing electroencephalographic (EEG) studies which reveal 
differences in brain dynamics between adolescents with FASD and normal children. The 
specific aims include ideintification of potential abnormalities in cortico-cerebellar network 
dynamics, particularly those that involve midline structures. Predictive capability and plasticity 
are characteristic features of cortico-cerebellar networks. Moreover, cerebellum has been 
suggested to play an important role in adaptive control of behavior through the development of 
models for mental representations that are critical to effective cognitive and affective processes.   
 
IV. Methods: We hypothesize that abnormalities in cortico-cerebellar dynamics will be found in 
adolescents with FASD. We use aversive conditioning and entrainment of movement to visual 
cues to probe the integrity of these networks. Whole-scalp (306-channel) MEG and 3 T 
structural MRI data will be recorded from 23 adolescents (12-18 years old) with FASD and 23 
normal controls over a three-year period. Abnormal dynamics observed both during entrainment 
and aversive conditioning will support to the notion that abnormal cortico-cerebellar network 
dynamics in adolescents with FASD are pervasive, and may contribute to a broad spectrum of 
cognitive and behavioral disabilities.  
 
Aversive conditioning:  
The conditioning paradigm utilizes CS- visual images that are presented in isolation and CS+ 
visual images that are paired on 50% of trials with aversive sounds. 
 
a) We will utilize MEG to characterize the conditioned auditory C50m evoked response to the 
unpaired CS+ images. This response in auditory cortex is elicited by visual stimuli even though 
no sounds are presented. We hypothesize that the C50m evoked response will develop more 
slowly within training blocks and will occur with smaller amplitude in adolescents with FASD.  
 
b) We will quantify evoked-response measures of activation of medial prefrontal cortex and 
cerebellum elicited by the conditioned stimuli. We hypothesize that these responses will show 
differences in timing and amplitude in adolescents with FASD.  
 
c)  We will quantify wavelet, coherence and Granger causality measures of network activity. We 
hypothesize that abnormalities in brain dynamics will occur on the network level in adolescents 
with FASD.  
 
d) We will assess potential correlations between differences in MEG measures of aversive 
conditioning and psychometric measures of emotional and social intelligence as measured by 
the Emotional Quotient Inventory (EQ-i). 
 
Entrainment of Movement to Isochronous Visual Cues: 
Subjects are requested to respond to the presentation of a sequence of visual images with 
button presses. Control subjects learn to recognize the temporal pattern of the presented 
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stimuli, and thus entrain their responses to the anticipated time of presentation rather than the 
actual presentation of the visual stimuli. 
 
a) We will quantify response times (RT) to isochronous visual cues. We hypothesize that 
adolescents with FASD will show a slower rate of entrainment and more variability in RT.  
 
b) We will assess potential correlations between RTs and MEG measures of cortico-cerebellar 
dynamics during the entrainment process. We hypothesize that cortico-cerebellar plasticity will 
show reduced activation in cerebellum. Moreover wavelet, coherence and Granger-causality 
measures of brain dynamics will differ for adolescents with FASD.  
 
c) We will assess potential correlations between differences in brain dynamics and 
psychometric measures of emotional and social intelligence as measured by the Iowa Timing 
Task. 
 
V. Accomplishments and Results: IRB approval granted on Nov 13, 2009. We are developing 
stimuli for the Aversive Conditioning and Entrained Movement tasks appropriate for 
adolescents. Recruitment of subjects has been initiated. We anticipate MEG and MRI 
measurement on the first subjects to begin in January. 
 
VI. Discussion: No results to discuss at this time. 
 
VII. Interrelation with Aims of the Consortium and Other Projects: The principal strategic 
goal of CIFASD is to develop better ways to diagnose fetal alchol effects. The development of 
MEG-based measures of abnormal brain dynamics using paradigms which probe elementary 
brain processes has the potential of contributing to the diagnosis of FASD, especially in the 
absence of dysmorphia. Importantly, MEG imaging of brain dynamics has the potential to 
provide a link between physical and brain-based abnormalities and specific behavioral deficits. 
Neuronal population dynamics are an emergent property of the underlying brain morphology 
and drive behavioral responses. We will use MEG to explore the hypothesis that abnormalities 
in cortico-cerebellar dynamics are present in individuals with FASD.  This effort may lead to 
further investigations at other sites of the CIFASD collaboration. Sites which also may obtain 
access to a VectorView MEG laboratory include: Harvard University, University of California, 
San Diego, San Diego State University and Folkhälsän Research Center-Helsinki. We welcome 
the opportunity to develop, in collaboration with members of CIFASD, a RO1 proposal that 
combines MEG measures of brain activation explored in the present proposal with structural 
MRI measures of brain volumes and DTI connectivity, and with an evaluation of dysmophia in 
adolescents for submission to NIAAA. 
 
VIII. Plans for the Next Year: We anticipate measurement of 8 adolescents with FASD and 8 
normal controls. The MEG data will be analyzed to yield evoked response preliminary data. 
These results will be presented at the Annual RSA Scientific Conference and at the CIFASD 
conference in 2010. 
 
IX. Publications (2009): None 
 
X. Posters and Presentations (2009): None 
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I. Principal Investigator: William K. Barnett, Ph.D. 
 
II. Title of Project: Informatics Core for the Collaborative Initiative on Fetal Alcohol Spectrum 
Disorders - U24 AA014818 
 
III. Objectives: 
 
The objective of the Informatics Core is to support the aims of the Collaborative Initiative on 
Fetal Alcohol Spectrum Disorders (CIFASD) by enabling the collection, sharing, and analysis of 
data. In particular, we aim to facilitate the creation of data dictionaries that ensure that data of 
different types and from different locations can be shared and integrated and we aim to provide 
a reliable and HIPAA-compliant central repository and other tools to facilitate data entry, data 
storage, and data retrieval. We further aim to facilitate both hypothesis-driven and data mining 
methods for analyzing data. 
 
IV. Methods: 

 
CIFASD is collecting several different types of data: Dysmorphology, Neurobehavior, 2D facial 
images, 3D facial images, Demographics, Alcohol and Control, Ultrasound, Infant 
Neurobehavior, and Brain images. For each of these categories of data, the Informatics Core is 
working with the rest of the consortium to accomplish the following: 

• Work to define a data dictionary that precisely defines what data are to be collected.  
• Create one or more input tools that allow projects to record their data. 
• Expand the central repository to be able to store the data and create methods to transfer 

data from the input tools to the central repository. 
• Expand the methods for retrieving data to include the ability to retrieve each type of data 

in turn. 
 
The result is a combination of software tools that allows project members to locally store each of 
the types of data being collected for the consortium, upload/submit those data to a central 
repository, and query that central repository for results obtained across the projects in the 
consortium. 
 
Querying the central repository provides data sets that researchers can download and use for 
hypothesis-driven analysis. Additionally flexibility in choosing datasets of interest and online 
visualization methods are being considered to enhance support for hypothesis-driven analysis. 
Supervised and unsupervised data mining algorithms, techniques, and software are also being 
considered to enable researchers to find patterns and meaning in the data. 
 
V. Accomplishments and Results: 
 
The development of data dictionaries is a particularly useful part of the Informatics Core 
services to the consortium as a whole. Data dictionaries are critical aspects of information 
repositories as they provide the necessary consistency to ensure that data from different 
projects can be compared. The creation of the data dictionary facilitates the process of the 
consortium agreeing on the meaning of the data being collected, and the definitions in the data 
dictionary are programmed into the tools used by the consortium in order to enforce that the 
data entered and submitted conform to the data dictionary. The degree of detail required to 
create shared data input tools has repeatedly helped us discover areas in which definitions were 
almost consistent rather than completely consistent. We have been very careful to leave it to 
CIFASD and subcommittees appointed by the CIFASD leadership to actually define the data 
items. This interplay has been very productive. 
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The Cross Query tool realizes the value of the integrated, consortium-wide repository by 
enabling researchers to select data of interest from across the range of data types and the 
range of participating sites and populations. The Cross Query tool provides data in multiple 
formats to enable researchers to use the provided data with the analysis tools of their choice. 
 
The status of the development of particular tools follows. An asterisk (*) represents status that 
has changed since the last report in January, 2009. 
Data Area Task Status 
Cross Query Cross Query Tool In progress * 

Data Dictionary Updated * 
MS Access Input Tool Updated * 
Central Repository Schema Updated * 
Upload Tool Updated * 

Dysmorphology 

Report Tool Updated * 
Data Dictionary Updated * 
MS Access Input Tool Updated * 
Central Repository Schema Updated * 
Upload Tool In progress * 

Alcohol & Control 

Report Tool In progress * 
Data Dictionary Finished 
MS Access Input Tool Finished 
Central Repository Schema Finished 
Upload Tool Finished 

Neurobehavior 

Report Tool Finished 
Data Dictionary Finished * 
MS Access Input Tool Finished * 
Central Repository Schema Finished * 
Upload Tool Finished * 

Neurobehavior, phase II 

Report Tool Finished * 
Data Dictionary Finished * 
MS Access Input Tool Finished * 
Central Repository Schema Finished * 
Upload Tool Finished * 
Report Tool Finished * 

Demographics 

Data Dictionary Finished * 
Data Dictionary Updated * 
Central Repository Schema Updated * 
Upload Tool Updated * 

3D Facial Images 

Report Tool Updated * 
Data Dictionary  
Central Repository Schema  
Upload Tool  

2D Facial Images 

Report Tool  
Data Dictionary Finished 
MS Access Input Tool Finished 
Central Repository Schema  
Upload Tool  

Ultrasound 

Report Tool  
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Data Dictionary Finished Screener 
MS Access Input Tool Finished 
Data Dictionary Updated * Follow-up/Outcome 
MS Access Input Tool Updated * 
Data Dictionary Finished * 
MS Access Input Tool Finished * 
Central Repository Schema Ready for user testing * 
Upload Tool Ready for user testing * 

Infant Neurobehavior 
[Bayley, Maternal 
Questionnaire, and Heart 
Rate Monitoring] 

Report Tool Ready for user testing * 
Data Dictionary Finished * 
Central Repository Schema Finished * 
Upload Tool Finished * 

Brain Imaging 

Report Tool Finished * 
Consortium researchers may download MS Access input tools from 
https://cifasd.uits.iu.edu:/downloads/.  
 
Example screen images of data entry and retrieval tools are shown in Figures 1 and 2. 
 

 
Figure 1: Neurobehavior Phase II Data Entry Input Tool. This data entry form 
includes double-entry data validation functionality to decrease data entry errors 
as well as range checking that makes it impossible to enter values outside the 
permissible ranges identified in the data dictionary. 
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Figure 2: Web-based CrossQuery data access and retrieval tool. Researchers 
use a series of three screens to choose the dataset of interest for browsing or 
download. 

 
Data for the consortium are stored in duplicate – one copy in a robotic tape storage system in 
Indianapolis, IN and a second copy in a robotic tape storage system in Bloomington, IN. This 
ensures that the consortium’s valuable data will be kept reliably even in the event of a disaster 
at one of Indiana University’s two computer rooms.  
 
VI. Discussion: 
 
The initial Informatics need for CI-FASD has been the creation of tools to enable the capture 
and submission of data. In the past year software tools for nearly every type of data collected by 
the clinical projects, representing thousands of different variables, have been created or 
updated and put to practical use. The Dysmorphology, Alcohol & Control, and 
Followup/Outcome tools were updated to fix past problems in their data dictionaries. The 
Neurobehavior II and Demographics tools were first finalized, and then revised, as expected, 
when initial use in the field resulted in new understandings of requirements. The Infant 
Neurobehavior Input tool was extended to accommodate heart rate monitoring variables. The 
3D Facial Imaging data dictionary and Upload Tools were extended to accommodate new 
measurements and to retain coordinates. A data dictionary and Upload tool were created to 
accommodate Brain Imaging for the first time. 
 
We are now entering a period where the emphasis of the Informatics Core’s work will start to 
migrate from creating tools that capture and submit data to facilitating more and better methods 
for analysis of the data that has been collected. There is, to be sure, still work to be done in 
creating tools to capture and submit data, as well as to maintain the tools that have already 
been created, but now that the core set of data are reaching the central repository we can begin 
to focus on creating more and better tools for data retrieval and analysis.  
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VII. Interrelation with Aims of the Consorium and Other Projects: 
 
The Informatics Core is essential infrastructure for CIFASD as a whole. The structure of a 
separate Informatics Core has facilitated the collaborative processes that have enabled the 
consortium’s researchers to come to consensus on data definition and measurement issues that 
are essential to the broader goals of the CIFASD as a whole. We believe that this can be a 
model for other large NIH-funded consortia in the future. The work of the Informatics Core has 
led to the creation of data dictionaries that will ensure that the common data collected by the 
consortium are usable and understandable indefinitely, and the suite of computer tools we have 
created will ensure that the data are accessible indefinitely.  
 
VIII. Plans for the Next Year: 
 
The Informatics Core will continue to work with the entire consortium to understand the ongoing 
needs for software tools and to set priorities for tool development. 
 
The primary focus of the consortium is moving from an emphasis on collecting data to an 
emphasis on analyzing data. The software tools needed to enter and submit the most pressing 
data – Dysmorphology, Neurobehavior, 3D Facial images, and Brain images – are in place. 
Although further data entry and Central Repository submission tools, such as Upload tools for 
Alcohol & Control and Infant Neurobehavior data and adding biophysical profiling variables to 
the Ultrasound data dictionary are needed, we expect priorities for the next year to focus more 
on providing new and expanded methods for both hypothesis-driven analysis and data mining. 
  
IX. Publications (2009): 
 
Arenson A.D., Bakhireva L., Chambers C.D., Deximo C., Foroud T., Jacobson J.L., Jacobson 
S.W., Jones K.L., Mattson S.N., May P.A., Moore E., Ogle K., Riley E.P., Robinson L.K., Rogers 
J., Streissguth A.P, Tavares M., Urbanski J., Yezerets Y., Surya, R., Stewart C.A, Barnett, W.K. 
(2010). Implementation of a shared data repository and common data dictionary for fetal alcohol 
spectrum disorders research, Alcohol, In press. 
 
X. Posters and Presentations (2009): None 
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I. Principal Investigator: Kenneth Lyons Jones, M.D. 
 
II. Title of Project: Dysmorphology Core - U24 AA014815 
 
III. Objectives: The objective of the Dysmorphology Core is to support all sites contributing to 
the Collaborative Initiative on Fetal Alcohol Spectrum Disorders (CIFASD) by implementing a 
standard comprehensive protocol for physical examination of all children. In addition, we 
propose to address hypotheses regarding the relationship between FASD-related structural 
features identified through standard physical examinations and neurobehavioral development as 
well as complimentary diagnostic methods that are being tested in other Consortium sites. 
 
The specific aims are as follows: 

1. To assure consistency as well as accuracy in recognition of FASD at all CIFASD 
project sites where children are being evaluated. 

2. To delineated the full range of structural anomalies in children prenatally exposed to 
alcohol in order to determine the boundaries that encompass FASD in prospective as 
well as retrospective studies in the Consortium. 

3. To identify specific structural defects or clusters of features that are predictive of or 
correlated with deficits in neurobehavioral development across development ages 
spanning from infancy to adolescence. 

4. To correlate the specific structural features or clusters of features identified on the 
CIFASD standard physical examination with alternative or complimentary diagnostic 
methods that are being tested in other CIFASD projects. 

5. To better understand the extent to which structural features of FASD are related to 
specific defects in brain development. 

 
IV. Methods: We have performed a standard comprehensive physical examination of all 
children at all consortium sites. These children were examined blind to alcohol exposure in all 
cases. Based exclusively on the standard physical examination, each child was categorized as 
FAS, No FAS or Deferred. The latter category will be used to better understand the full 
spectrum of defects resulting from prenatal alcohol exposure. 
 
V. Accomplishments and Results: Specific Aims I and II: Over the last year we have provided 
accurate recognition of FASD at sites in Ukraine, the Great Plains, South Africa, San Diego, CA, 
Atlanta, Georgia and Los Angeles, CA. During trips to Ukraine we have expended a 
considerable amount of time interacting with pediatricians and geneticists in the Rivne Oblast. 
We have been very pleased to note that our examination of children has been completely 
consistent with their examination performed at the time of birth. We have also been involved in 
re-training pediatricians in the Rivne Oblast. In addition, a new site has been established in 
Khmelnitsky, Ukraine. We have done two trainings over the last year with pediatricians and 
geneticists in that Oblast. No babies have yet been born at that site.  
 
Specific Aims II and III: With respect to delineating the full range of structural anomalies in 
children prenatally exposed to alcohol, we have completed a study documenting the full 
spectrum of defects associated with FASD. We examined 831 children from the Collaborative 
Initiative on Fetal Alcohol Spectrum Disorders using a structured protocol for diagnosis of FASD 
using the cardinal facial and growth features, and assessment of additional structural defects 
thought to occur more often in children with prenatal alcohol exposure. Subjects were classified 
as FAS, Deferred or No FAS. Groups were compared on prevalence of additional features and 
number of additional features observed, stratified by diagnostic category, sex, race and age.  
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Prevalence of most additional features was greatest among subjects with FAS and least among 
No FAS (see Section IX). 
 
With respect to Specific Aim III, as more individual children in the Consortium receive both 
neurobehavioral assessment and evaluation by the Dysmorphology Core, it is becoming 
possible to correlate features identified on the physical examination with neurobehavioral 
deficits and to determine which specific physical features are predictive of neurobehavioral 
deficits. These analyses are beginning in conjunction with the Multi-site Neurobehavioral 
Assessment of FASD. At present, I believe that a sufficient number of children who have had a 
standardized physical examination and a neurobehavioral assessment have been completed to 
allow analysis. 
 
Specific Aim IV: We have completed a study correlating maternal drinking during pregnancy 
with prenatal ultrasound findings (see Section IX). We demonstrated significant differences in 
selected somatic and brain measurements between alcohol-exposed and comparison fetuses, 
suggesting these markers may be further explored for clinical utility in prenatal identification of 
affected children. In addition, we have completed a study examining the ability to recognize FAS 
from 3D facial imaging (see Section IX). The results demonstrate that computer algorithms can 
be used to automatically detect facial features that can discriminate FAS and control faces. 
 
Specific Aim V: We have completed a study the purpose of which was to examine whether short 
palpebral fissures are independent of or determined by the OFC. We concluded that palpebral 
fissure length is predominately independent of occipitofrontal circumference in children with and 
without features of FAS. Short palpebral fissures may well reflect a defect in forebrain 
development rather than being proportionally reduced in size as a reflection of microcephaly 
(see Section IX). 
 
VI. Discussion: The Dysmorphology Core has helped to facilitate the goals of the Consortium 
and some of the individual projects primarily through traveling to Consortium sites and 
performing standardized physical examinations on children ascertained at the individual sites. 
Overall the Dysmorphology Core has performed a standardized physical examination on 2,297 
children at consortium sites throughout the world. 826 of those children have been examined 
over the last year. That has included 163 children at San Diego State University; 50 in Atlanta, 
Georgia; 186 children in Rivne, Ukraine; 85 children in the Great Plains states; 5 in New Mexico; 
38 at UCLA; and 249 in South Africa. 
 
In addition, a number of talks and training sessions have been done in Ukraine. 
 
VII. Interrelation with Aims of the Consortium and Other Projects: The Dysmorphology 
Core has interrelated with a number of other projects in the Consortium including the 3D Facial 
Imaging Project, the Spectrum of and Nutritional Risk Factors for FASD in Ukraine Project, the 
Multi-site Neurobehavioral Assessment of FASD Project and the Prenatal Ultrasound studies in 
Ukraine. 
 
VIII. Plans for Next Year: We will continue to see children ascertained at all CIFASD sites 
throughout the world. We are planning to complete the analysis of data regarding the 
relationship between FASD-related structural features identified through standard physical 
examination and 3D facial imaging. We will also begin correlating the relationship between 
FASD-related structural defects identifies through the standard physical examination and neuro-
imaging studies. Finally, it is important that we begin correlating the FASD-related structural 
features with the neuro-behavioral findings and structural brain studies. In fact we have begun 
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correlation of neuro-behavioral findings and various cardinal features on the physical 
examination with Ed Riley over the last three weeks. 
 
IX. Publications (2009): 
Kfir, M., Yevtushok, L., Onishchenko, S., Wertelecki, W., Bakhireva, L., Chambers, C.D., Jones. 
K.L., & Hull, A.D. (2009). Can prenatal ultrasound detect the effects of in utero alcohol 
exposure? – A pilot study. Ultrasound in Obstetrics and Gynecology, 33:683-9. 
 
Jones, K.L., Hoyme, H.E., Robinson, L.K., del Campo, M., Manning, M.A., Bakhireva, L.N., 
Prewitt, L.M., & Chambers, C.D. (2009). Developmental pathogenesis of short palpebral fissure 
length in children with fetal alcohol syndrome. Birth Defects Research Part A, Clinical and 
Molecular Teratology, 85:695-9. 
 
Papers under review: 

Jones, K.L., Hoyme, H.E., Robinson, L.K., del Campo,, M., Manning, M.A., Prewitt, L.M., & 
Chambers, C.D. (Submitted 2009). Fetal Alcohol Spectrum Disorders: Establishing the broad 
range of structural defects. American Journal of Medical Genetics. 

X. Posters and Presentations (2009): None 
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I. Principal Investigator:  Timothy A. Cudd, Ph.D.  
 
II. Title of Project: Translational Studies of FASD Using a Sheep Model - U01 AA017120 
 
III. Objectives: The goals of the CIFASD consortium are to identify sources of variable phenotypes 
(facial dysmorphology, structural brain damage and neurobehavioral functional deficits) resulting from 
prenatal alcohol exposure (Aims 1-4), to improve diagnosis and early identification of FASD (Aims 1 and 
5), and to develop early interventions that may limit adverse outcomes in at-risk pregnancies (Aim 6).  
This project will address many of these aims utilizing a unique translation model.  This project has two 
long-term objectives.  The first is to use the sheep model to compare the phenotypic effects of binge-like 
alcohol exposure during the period of brain development comparable to that of the human first trimester 
(1st-trimester model), with similar binge-like exposure that extends over the stages of brain development 
encompassing all three human trimesters (3-trimester model). We will compare the two patterns of 
exposure in terms of effects on growth, facial dysmorphology and brain and behavioral development—
the phenotypes used to diagnose fetal alcohol syndrome—to test the hypothesis that more pervasive 
effects on brain and neurobehavioral development will result from binge exposure that continues after 
the first trimester.  We will use measures and methods derived explicitly from, and collaboratively linked 
directly to, approaches that have been developed or applied in the human components of the 
Consortium (e.g., facial morphometrics; eyeblink conditioning and spatial learning to test neurobehavioral 
function).  The second goal is to test the hypothesis that choline supplementation initiated 
periconceptually will attenuate or prevent the adverse effects of alcohol exposure in the 3-trimester 
model.  This goal will inform and complement the two other choline-supplementation projects in the 
consortium, a basic science project using rats (Thomas) and a prospective human clinical study 
(Chambers/Keen project).    
 
Specific Aim 1: We will evaluate whether the sheep model expresses facial dysmorphology and 
microcephaly.  If so then the sheep will be uniquely valuable to the field as a translational model of FAS 
that effectively models human pregnancy.   
 
Specific Aim 2:  We will test the hypothesis that deficits in cerebellar-dependent and hippocampal-
dependent learning and memory will be more severe in the 3-trimester model than in the 1st-trimester 
model, and that these effects will be associated with more severe cerebellar and hippocampal neuronal 
loss (from Aim #3).  Pavlovian “delay” eyeblink condition will be used to assess cerebellar-dependent 
learning; Pavlovian “trace” eyeblink conditioning will be used to assess learning that requires both 
cerebellar and hippocampal function; spatial delayed alternation will also be used to assess 
hippocampal-dependent spatial working memory.   
 
Specific Aim 3: We will test the hypothesis that both the 1st-trimester and the 3-trimester models will 
produce deficits in neuron numbers in the cerebellum and hippocampus, but that loss of hippocampal 
and cerebellar neurons will be more severe in the 3-trimester model.  Stereological counts will be 
obtained for cerebellar Purkinje neurons, deep cerebellar nuclei neurons, hippocampal pyramidal 
neurons of CA1 and CA3, and granule cells of the dentate gyrus, for analysis of group differences and 
for correlation with behavioral performance from Aim 2.  Based on previous findings in mice that 
gestational alcohol exposure produces deficits in serotonin neurons, counts of serotonergic neurons in 
the raphe will be included (Dr. Zhou).   
 
Specific Aim 4: We will test the hypothesis that choline supplements in the 3-trimester model, beginning 
shortly after mating, will significantly reduce the effects of alcohol exposure on behavioral and brain 
outcomes.  Facial morphology, eyeblink conditioning, spatial learning, and neurohistological analyses 
similar to Aims 1-3 will be used to assess whether choline supplements protects against this full 3-
trimester exposure.  
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IV. Methods: These studies will utilize a sheep model whereby pregnant sheep of known breeding dates 
will receive alcohol three days in succession per week followed by four days without alcohol exposure 
repeated weekly for 1) the first trimester equivalent of human brain development only (first study only) or 
2) all three trimester equivalent of human brain development.  These studies will include normal control 
groups and saline groups that control for all conditions (except alcohol) to which alcohol treated subjects 
are subjected.  This study will establish facial, all neuroanatomical and neurobehavioral measures.  
Specifically, we will measure brain weight, cerebellar weight and cerebellar Purkinje cell number and 
density, deep cerebellar nuclei neuron number, 
hippocampal pyramidal neurons of CA1 and 
CA3, and granule cells of the dentate gyrus.  
The acquisition of classical conditioning 
learning will be measured using eyeblink 
classical conditioning.  Spatial learning will be 
measured using T-maze learning.  The 
correlation of neuroanatomical and 
neurobehavioral measures will then be 
estimated.  A second study will include groups 
that receive a choline intervention during the 
two exposure periods and these studies will 
include all appropriate control groups.  All of the 
dependent measures for the first study will also 
be applied to the second study.   
 
V. Accomplishments and Results:  Facial 
Dysmorphology: In order to develop a method 
of quantitative morphometry of facial structure 
that parallels those performed on humans, Drs 
Goodlett, Ward and  Moore at IUPUI have 
collaborated with Drs Cudd and Johnson to 
establish methods in the sheep model.  The 
established 17 anthropometric measures have 
been applied to normal control, saline control, 
first trimester alcohol exposed and all three 
trimester alcohol exposed lambs at birth, 2 
months postnatally and 5 months postnatally. 
The first time point has now been analyzed and 
will be presented below.  Collection of the 
second time point is now complete and will be 
analyzed shortly and these results will be 
presented at the January 2010 CIFASD 
meeting and will be included in an RSA 
abstract.  The dataset from the third time point 
will be completed in February 2010 and results 
will be available for presentation at the 2010 
RSA meeting.  Statistical analyses were 
performed by Leah Wetherill.  Because of a 
relatively low N for these dependent measures, 
the first trimester and all three trimester alcohol 
exposure groups were combined and compared 
to the saline control and the normal control 
groups.  An analysis of variance was performed 
to test for mean differences between the 
treatment groups.  Only two measures (nasal 
bridge and lower facial height) were different between the alcohol and normal control groups.  However,   

A. Human Widths B. Human Eye C. Human Depths

D. Mouse Widths/Height E. Mouse Depths

F. Sheep Widths/Height G. Sheep Depths

A. Human Widths B. Human Eye C. Human Depths

D. Mouse Widths/Height E. Mouse DepthsD. Mouse Widths/Height E. Mouse Depths

F. Sheep Widths/Height G. Sheep Depths

Figure 9. Comparable facial landmark measurement form 
morphometric analysis in human, mouse and sheep.  
Human facial width measurements (A), eye measurements 
(B), and facial depth measurements (C);  
Mouse facial width and height measurements (d) and facial 
depth measurements (E);  
Sheep facial widths/heights (F) and  facial depths (G) 
Cross Species Facial Measurements.  The 17 
measurements were selected on the basis of their known 
relevance to craniofacial abnormalities associated with FAS 
in humans (Moore et al, 2001; Ward, 1989). One new 
measure, nasal width was added to the list of 
measurements due to the frequency of midline defects in 
FAS. 15 of the 17 measures will be obtained in the mouse 
and sheep, and the analysis will be performed similarly for 
all three species (e.g., discriminant analysis) 
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logistic regression comparing classification of alcohol treatment and saline treatment indicated that the 
joint distribution of bigonial width, lower facial depth, and nasal bridge provided good sensitivity (94%) 
and adequate specificity (56%) when using a lenient cutoff for probability of alcohol exposure (0.40).  
The overall classification improved when comparing alcohol exposed animals to normal controls 
(specificity = 81%, sensitivity = 78%). 
 
The success of the logistic regression approach demonstrated that the identification of the alcohol 
exposed subjects could be performed effectively using multiple measures even when the average single 
measure was not different between the treatment groups.  These findings provide evidence that the 
sheep effectively models the facial dysmorphology as well as the neuroanatomical and neurobehavioral 
manifestations of fetal alcohol syndrome.     
 

 NC Sal E1 E3 
 F M F M F M F M 

Newborn facial measures 14 15 7 2 5 5 2 6 
2-month facial measures 18 17 2 1 5 3 1 7 
5-month facial measures 19 16 4 2 5 2 1 6 

 
N for the facial dysmorphology study.  Note that there are 3 remaining animals, 2 F Sal, 1 M Sal, and 
1 M E1, that finish on Feb 1, 2010. 
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Facial Dymorphology Measurements in the Sheep Model 

 
 
 
 
 
 

Type Human# Measure Comparable Measure in Mouse (#) 
Comparable Measure in Sheep (#) 

Width 1 Minimal frontal 
width 

Width across outer canthi, extended to visible edge of skull (1) 
Width at medial fronto-temporal junction (1) 

 2 Bizygomatic 
width 

NA 
NA 

 3 Bitragal width Width of head across the rt. & lt. tragus (3) 
Width of head across the rt. & lt. tragus (3) 

 4 Bigonial width Width of lower face across a line extended through corners of the mouth to the 
outer edges of face (4) 
Bigonial width (4) 

 5 Inner canthal 
width 

Inner canthal width (5) 
Inner canthal width (5) 

 6 Outer canthal 
width 

Outer canthal width (6) 
Outer canthal width (6) 

 7 Palpebral fissure 
length 

Palpebral fissure width (7) 
Palpebral fissure width (7) 

Depth 8 Upper facial 
depth 

Upper facial depth; tragus (rt. & lt) to midpoint between pupils on the bridge of 
nose (8) 
Upper facial depth; tragus (rt. & lt.)  to nasion (8) 

 9 Midfacial depth Mid-facial depth; tragus (rt. & lt) to upper philtrum (9) 
Mid-facial depth; tragus (rt. & lt) to upper philtrum (9) 

 10 Lower facial 
depth 

Length of mandible; tragus (rt. & lt.) to mandibular symphysis (10) 
Length of mandible; tragus (rt. & lt.) to mandibular symphysis (10) 

Length 11 Nasal length Snout length; midpoint between inner canthi on bridge of nose to mid point 
between nostrils (11)  
Snout length; midpoint between inner canthi on bridge of nose to mid point 
between nostrils (11) 

 12 Nasal bridge 
length 

Nasal bridge length, midpoint between inner canthi to the anterior tip of the nose 
(12) 
Nasal bridge length, midpoint between inner canthi to the anterior tip of the nose 
(12) 

 13 Philtrum length Philtrum length; line from midpoint of upper lip to intersection with line drawn 
across bottom of the nostrils (13) 
Philtrum length line from midpoint of upper lip to intersection with line drawn 
across bottom of the nostrils (13) 

 14 Lower facial 
height   

Snout height; tip of nose to mandibular symphysis (14) 
Snout height; tip of nose to mandibular symphasis (14) 

 15 Total facial 
height 

NA  
NA 

 16 Ear length Ear length (16) 
Length on dorsal side of ear from tip to junction with head (16) 

Width 17 Nasal Width Nasal width at lateral border  (17) 
Nasal width at lateral border (17) 
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Neuroanatomical dependent measures:  Human magnetic resonance imaging (MRI) and autopsy 
studies reveal abnormal cerebellar development in children who had been exposed to alcohol prenatally, 
independent of the exposure period. Animal studies conducted utilizing the rat model similarly 
demonstrate a broad period of vulnerability, albeit the third trimester-equivalent of human brain 
development is reported to be the most vulnerable period, and the first trimester-equivalent exposure 
produces cerebellar Purkinje cell loss only at high doses of alcohol. The sheep model demonstrates a 
broad period of cerebellar vulnerability. We have previously reported significant cerebellar Purkinje cell 
deficits, regardless of exposure time period, suggesting multiple mechanisms are responsible for cell loss 
during late, early, and complete exposure periods. The present study differs from previous studies in that 
neuroanatomical assessments were performed on the 5 month old postnatal lamb after first trimester 
exposure or all three trimester exposure periods and after classical conditioning learning was assessed 
by eyeblink classical conditioning and special learning was assessed by T-maze. Four groups of 
pregnant sheep were used: all-3 trimester-equivalent pair-fed saline control group, first trimester-
equivalent alcohol group (1.75 g/kg), all 3 trimester-equivalent alcohol group (1.75 g/kg), and a normal 
control group. The alcohol exposure regimen was designed to mimic a human binge pattern. Alcohol or 
saline was administered intravenously on 3 consecutive days beginning on day 4 and of gestation, and 
the treatment was followed by a 4-day inter-treatment interval when the animals were not exposed. Such 
treatment episodes were replicated until gestational day 41 and 132 in the first and all-3 trimester-
equivalent groups, respectively. All lamb brains were harvested on postnatal day 150 and processed for 
stereological cerebellar Purkinje cell counting. Cerebella have been blocked, plastic embedded, 
sectioned and stained and will be subjected to stereological counting of Purkinje cell number using the 
optical dissector method.  Cerebellar Purkinje cell count results will be presented at the January 2010 
CIFASD meeting and will be presented in abstract form at the 2010 RSA meeting. 
 

Tx     whole fore- brain- cere- 
group sex n brain (g) brain (g) stem (g) bellum (g) 

E1 F n = 6 
102.91 
(±4.06) 

74.452 
(±3.80) 

16.4 
(±0.98) 

10.71 
(±0.50) 

E1 M n = 1 108.82 78.62 15.6 13.1 
E3 F n = 1 89.84 64.76 11.86 10.45 

E3 M n = 7 
106.63 
(±1.26) 

76.91 
(±1.30) 

15.70 
(±0.69) 

11.66 
(±0.30) 

NC F n = 17 99.74 (±2.38) 
72.57 

(±1.76) 
15.54 

(±0.40) 
10.49 

(±0.28) 

NC M n = 17 
108.32 
(±1.81) 

79.15 
(±1.32) 

16.95 
(±0.35) 

11.79 
(±0.34) 

Sal F n = 4 
107.56 

(±11.24) 
76.39 

(±5.08) 
16.85 

(±1.08) 
10.77 

(±1.33) 

Sal M n = 2 120 
75.97 

(±11.62) 18.45 
12.21 

(±0.41) 
 
Note: there are 3 remaining animals, 2 F Sal, 1 M Sal, and 1 M E1, that finish on Feb 1, 2010. 
 
T-Maze Learning: Based on extensive preliminary studies with normal lambs (Johnson et al., in 
preparation), T-Maze training comparing four treatment groups (NC, Sal, E1, E3) was performed in a 
sequence of three training phases.  First, the lambs were given 3 weeks of training on a nonmatching-to-
place tasks (5 days per week, 3 trial couplets per day (separated by 2-3 hours), with each trial couplet 
including a food-reinforced “forced run” in which only one arm was open, followed 30 seconds later by a 
“choice” run in which both arms were open and the lamb was reinforced with food only in the arm that 
was not previously open during the forced run.  Across trial couplets the open arm on the forced run was 
randomly assigned so that the left and right arms were open on half the trials over blocks of 10 trial 
couplets.  Following the nonmatching-to-place training, the lambs were then trained the following week to 
learn a position discrimination (Right or Left) with the correct arm randomly assigned across subjects, 
with 5 days of training, 3 trials per day, 2-3 hours apart. For the fifth training week, the lambs were 
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trained on the reversal of the position discrimination trained in the fourth week.  Daily percent correct 
choices for the four training groups are shown below for each of the 3 training phases. 
Significant group differences were seen in the nonmatching-to-place task and in the subsequent position 
discrimination.  Surprisingly, however, significant ethanol treatment effects were found only in the E1 
group (first trimester exposure), not in the E3 group (all 3 trimesters exposure).  This is shown most 
clearly in the following graph in which percent correct choices were averaged within each week of the 
nonmatching-to-place training.  A repeated measures ANOVA with 3 treatment groups (combining NC 
and Sal groups, since there are only 4 saline-treated lambs so far) yielded significant main effects of day 
(p<0.001), treatment (p=0.019), and a day X treatment interaction (p=0.011).  Post-hoc tests indicated 
that the E1 group (but not the E3 group) differed from the controls.   Similarly, for acquisition of the 
position discrimination the E1 group (but not the E3 group) differed significantly from controls.    
 

 Normal Control Saline Control E1  First Trimester E3  All-3-Trimester 
 female male female male female male female male 

Eyeblink classical conditioning 14 6 3 1 5 1 1 6 
         

T-maze 15 7 3 1 6 1 1 6 
Note: there are 3 remaining animals, 2 F Sal, 1 M Sal, and 1 M E1, that finish on Feb 1, 2010. 
 
T-maze percent correct presented by day: Nonmatch to place followed by position discrimination 

and reversal of position discrimination epochs 
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T-Maze Percent Correct Presented by Week 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Eyeblink Classical Conditioning: Nearly all of the CIFASD lambs have completed the eyeblink 
classical conditioning component of the project. Lambs in all treatment groups acquired the conditioned 
response more rapidly than was seen in a previous study testing younger lambs. A preliminary analysis 
of mean daily percent conditioned response did not reveal significant alcohol-induced associative 
learning deficits, but we are currently in the midst of conducting a more detailed analysis of conditioned 
response acquisition within the first session(s) to determine whether or not there is a detectable alcohol-
induced decrement in the rate of acquisition, early in training. We anticipate completing this analysis in 
time to report the results at the January meeting, and to present our findings at the annual RSA meeting. 
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Post-mortem corpus callosum digital 
morphometry: In addition to the 
neurohistological cell count analyses, 
we  are obtaining corpus callosum 
morphometry data from measurements 
of callosal area in the mid-sagittal plane.  
Perfused brains are removed and 
transected along the sagittal plane, and 
both forebrain hemispheres are placed 
sagittal-side down on a clear surface 
supported at a fixed distance above a 
digital camera. All brains are 
photographed from underneath at the 
exact same distance between camera 
and brain, and at the same zoom level, 
which permits us to obtain digital images 
for unbiased comparison of callosal 
area.  Once we have obtained a digital photograph of the hemispheres (see figure above for example), 
image analysis software is used to precisely outline the cross-sectional area of the corpus callosum in 
each hemisphere, with care taken to discriminate between white matter of the corpus callosum and white 
matter of the fornix. The cross-sectional outline is sub-divided using the method of Witelson (Witelson 
1989) to obtain standardized measures of length, total area, areas of seven regional subdivisions 
(rostrum, genu, rostral body, anterior midbody, posterior midbody, isthmus and splenium, shown above). 
Other subdivision methods have been used by Sowell in her FAS studies, e.g., dividing the horizontal 
extent into equal fifths (Sowell, Mattson et al. 2001), so using her subdivision scheme may be warranted 
for comparative purposes, though it is recognized that there are structural differences in the shape of the 
corpus callosum in sheep and humans, e.g., the corpus callosum is flatter in sheep and the splenium is 
more pronounced in human.  We conclude at this time that there is an alcohol effect on total area of the 
corpus callosum.  Further analysis will be performed to asses treatment effects on subregions. 
 
 
 
 
 
 
 
 
          
 
 
 
Corpus callosum total area (pixels) 
 

 N females males 
Sal 4 3 1 
NC 29 17 12 
E3 5  5 
E1 6 5 1 

Note: 2 F Sal, 1 M Sal, 1 M E1 will complete the study on Feb 1, 2010 
 
Choline:  Choline is recognized as an essential nutrient and is necessary for fetal development (Zeisel, 
2006).  Several studies have demonstrated a beneficial effect on central nervous system development 
and behavioral measures with choline supplementation.  Similarly, CDP-choline, composed of cytidine 
and choline, has been studied in numerous clinical trials in humans with beneficial effects reported for 

TOTAL

18000

19000

20000

21000

Sal NC E3 E1

Digital photograph of the mid-
sagittal surfaces of the two 
hemispheres, (left) from which 
the areas of regional 
subdivisions of the corpus 
callosum can be obtained 
(above, shown using 
Witelson’s standardized 
divisions). 
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cerebral ischemia, traumatic brain injury, cognitive disorders, stroke, drug and alcohol addiction.  
Prenatal choline supplementation in rats has been shown to mitigate the adverse effect on development 
caused by prenatal alcohol exposure (Thomas et al., 2009).  Collectively, these studies suggest that 
choline has important potential as a therapeutic or intervention strategy for fetal alcohol spectrum 
disorders.  The human dietary reference intake for pregnancy is 450 mg/day for adequate intake and 
3500 mg/day is the tolerable upper limit (Inst. Med., Natl. Acad. Sci. USA, 1998).  This tolerable upper 
limit in humans would roughly equate to a dose of 60 mg/kg dose in a 60 kg woman.  Animal studies in 
rodents have exceeded this range, with no apparent side effects at 200 mg/kg in mice (Mehta, et al., 
2009) and amelioration of the adverse effects of prenatal alcohol exposure at 250 mg/kg in pregnant rats 
(Thomas et al., 2009).  However, in baboons choline was supplemented at a dose of 500 mg per 1000 
dietary calories to test it’s ability to prevent alcohol induced hepatic fibrosis.  The choline not only failed 
to prevent the hepatic fibrosis but caused moderate but definite hepatotoxic effects (Lieber, et al., 1985).  
In rats, dietary deficiency in choline can produce a fatty liver whereas subhuman primates are far less 
susceptible.  This species difference may be explained by differences in activity of choline oxidase, the 
enzyme that metabolizes choline.  Unlike rat liver, human liver contains very little choline oxidase activity 
(Lieber, et al., 1985).  Ruminants, like humans, also have a lower choline oxidase activity than rodents, 
and therefore both species likely have a lower tolerable upper intake level of choline than rats.  We 
hypothesized that the ovine model would more closely model choline metabolism in humans compared 
to the rat model, and that sheep are a better model for investigating the safety, dosage, and potential 
toxicity of choline supplementation.  Non-gravid sheep were divided into 3 groups: normal control, 
choline supplementation at 10 mg/kg for 30 days, and choline supplementation at 3500 mg/day for 30 
days (approximately 50 mg/kg).  The supplement was given orally as a commercial microencapsulated 
form of choline that was used to prevent choline degradation in the rumen thus permitting abomasal 
absorption (Balchem, Reashure®).  Free choline was measured with a commercial kit (BioVision, 
Choline/Acetylcholine Quantification kit) utilizing colorimetric analysis of choline oxidation.  We anticipate 
being able to report at the January 2010 CIFASD meeting and at the 2010 RSA meeting in abstract form 
liver choline levels, brain choline levels (collected from medial septum between the ventricles, occipital 
cortex and brain stem), abomasal choline level at 30, 60 and 120 minutes after oral administration, liver 
wet:dry ratios, liver:body weight ratios, liver histopathology assessments and liver enzyme values and 
therefore will be able to conclude on an appropriate dose, both from an efficacy to increase brain choline 
tissue levels and from a safety standpoint.   
 
Fetal Ultrasound: A pilot project to evaluate the feasibility of validating in the sheep model prenatal 
screening for neuoanatomical defects from prenatal alcohol exposure as presented in Kfir et al., 
Ultrasound Obstet Gynecol 33:683-689, 2009 will be performed during early 2010.  Veterinary radiologist 
Dr. Bunita Eichelberger, veterinary internist and ultrasonographer Dr. Keith Chaffin and Drs Goodlett, 
Johnson and Cudd will provide the necessary expertise to determine the viability of this approach in the 
sheep model. 
 
VI. Discussion: To date, our most interesting finding is the high sensitivity and specificity of facial 
measurements in sheep when subjected to logistical regression analysis.  The specific measures that are 
useful in the sheep likely are species specific.  Nevertheless, this finding suggests that the sheep is a 
model of FAS that could prove to be valuable in the evaluation of screening tools, mechanism and 
prevention.  The deficits in T-maze acquisition of the nonmatching-to-place task in the E1 group, but not 
the E3 group, presents a puzzling outcome, since it was expected that the E3 treatments would produce 
deficits either as or even more severe than the E1 treatments.  Though we need to add additional 
subjects and also assess the extent of neuronal loss in these lambs to confirm the degree of brain 
damage, it appears that tests of spatial working memory using the E1 exposure model may be more 
useful than measuring the rate of classical conditioning learning in moving forward with evaluations of the 
choline intervention.  
 
VII. Interrelation with Aims of the Consortium and Other Projects: We collaborate and share tissues 
with Dr. Zhou (for the evaluation of raphe serotoneric neurons), Dr. Miranda (micro RNA biomarker pilot 
project) and Dr. Savage (placental proteomic biomarkers).  Our choline project supports the choline work 
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of Dr. Thomas and Dr. Chambers.  Our ultrasound work supports the work of Dr. Hull.  Our facial 
dysmorphology work interfaces with Dr. Sulik, Dr. Zhou and Dr. Jones.  Our neurobehavioral work 
interfaces with the work of Dr. Thomas. 
 
VIII. Plans for Next Year:  During 2010, we will complete the first major study, present results at the 
2010 RSA meeting and submit these results for publication.  The second study involving the choline 
intervention has begun and we anticipate completing one half of the N (5 per group) during 2010 and the 
remaining animals in 2011.  We will complete the fetal ultrasound pilot project and report these findings 
in 2010 or 2011.   
 
IX. Publications (2009): 
 
A manuscript presenting the validation of the measurement of special learning in sheep utilizing the T-
maze, “T-Maze Learning in Weanling Lambs” will be submitted shortly. 
 
X. Posters and Presentations (2009): We will present posters on the following subjects at the 2010 
RSA meeting:  
 
Prenatal alcohol exposure effects on the cerebellum measured postnatally at 5 months of age 
Prenatal alcohol exposure effects on the sheep corpus callosum 
Prenatal alcohol exposure effects on the face in an ovine model 
Choline supplementation efficacy and safety findings in the sheep model 
Prenatal alcohol exposure effects on eyeblink classical conditioning in weanling lambs 
Prenatal alcohol exposure effects on special learning in weanling lambs: T-maze  
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I.  Principal Investigator: Kathleen K. Sulik, Ph.D. 
 
II. Title of Project: Magnetic Resonance and Diffusion Tensor Imaging of a Mouse FASD 
Model - U01 AA171204 
 
III. Objectives: The primary objective of this work is to inform the establishment of improved 
diagnostic criteria for FASD and to make new discoveries regarding the impact of prenatal 
ethanol exposure on the brain and face. Utilizing a mouse FASD model, critical periods of 
ethanol-induced teratogenesis, with emphasis on embryonic and early fetal periods of 
development, are being assessed. Magnetic Resonance Imaging (MRI) and Diffusion Tensor 
Imaging (DTI) are being employed to allow detailed analyses of brain and facial structures and 
correlation of abnormalities of the brain and face within single individuals, as well as comparison 
among experimental groups. The results of this work will be compared to corresponding 
analyses of human subjects in addressing our overall hypothesis that ethanol induces structural 
abnormalities of the brain and face of mice that are consistent with and informative for those in 
human FASD.  
 
In meeting this objective, our work is directed toward fulfilling the following specific aims: 
1. To utilize high resolution Magnetic Resonance Imaging (MRI) and Diffusion Tensor Imaging 
(DTI) as a high throughput screening platform to provide comprehensive documentation and 
discovery of the ethanol-induced CNS dysmorphology that results from prenatal ethanol 
exposure at embryonic and early fetal stages of development.  
2. To define, utilizing high resolution Magnetic Resonance Imaging (MRI) scans and 3-D 
reconstructions, the facial dysmorphology that results from prenatal ethanol exposure at 
embryonic and early fetal stages in mice and to relate the character and severity of these 
defects to accompanying brain abnormalities. 
3. To identify, utilizing selected sections or 3-D reconstructions of MRI scans, regions other than 
the brain or face that may serve as diagnostic indicators of prenatal ethanol exposure.   
 
IV. Methods: High resolution MRI and/or DTI methodologies are employed for all of our 
proposed work. Both individual scans and 3-



manuscript describing the DTI data acquired for the GD 7 exposure time is also currently in 
preparation and we have begun to collect DTI data for the GD 8 exposure time. A general 
conclusion from this work is that acute i.p. ethanol exposure at each of GD s 7-11 results in  
unique patterns (with varying degrees of severity) of CNS abnormality. As described in more 
detail below, we have also made significant progress on our proposed dietary exposure studies 
for Aim #1; have established imaging parameters and acquired control data for facial imaging as 
per Aim 2; and for Aim 3 have published data regarding choanal atresia as resulting from GD 8 
ethanol exposure, median facial clefts as resulting from GD7 exposure; and are beginning to 
turn our attention to examining the carotid body in GD8-exposed fetuses.  
 
Our progress since the last NIAAA report that was submitted in May 2009 includes the 
publication of 2 full papers (Parnell et a, 2009; Godin et al, 2009) and submission of a third that 
is currently under revision for a Jan 11, 2010 submission date. In addition a number of abstracts 
have been published and talks have been presented as enumerated in section X.   
 
With regard to each of the original specific aims, highlights of 
research progress since May 2009 follows. 
Specific Aim 1:  Much of the MRI-based progress on this Aim 
regards analysis and reporting of acute GD 10 ethanol-
exposure data (O'Leary-Moore et al, in revision). Recognizing 
that the ethanol exposure paradigm employed for our studies 
results in a generalized developmental delay in the fetuses, in 
addition to examining GD 17 controls, the brains of GD 16 and 
16.5 control fetuses were analyzed. Changes in brain and 
ventricular morphology are illustrated in Figure 1. In controls, 
from GD 16 to GD 17 each of the brain regions assessed were 
found to increase in volume (overall increase = 33%), while 
ventricular volumes, decreased by 8%. 
 

 
GD 10 ethanol exposure was found to induce generalized 
decreases in regional brain volumes as compared to chronologically-matched (GD17) controls.  

Figure 1. Shown are 3D 
reconstructions of control GD 
16, GD 16.5 and GD 17 
brains viewed from their 
dorsal (a, e, i) and lateral (b, f, 
j) aspects, as well as 
ventricular reconstructions as 
viewed from the dorsal side 
(c, g, k) and 3rd and 
mesencephalic/4th ventricle 
reconstructions as seen from 
their lateral perspective (d, h, 
l).  During development, brain 
regions increase in volume.  
The changing morphology of 
the olfactory bulbs is 
particularly evident.  In 
contrast to the normal age-
related increasing brain 
volumes, ventricular size 
decreases as a proportion of 
overall brain size with age (c 
& d, g & h, k & l).   For the 3rd 
ventricle and 
mesencephalic/4th ventricle, 
changes are particularly 
evident in the lateral MRM 
reconstructions (d, h, l).  Note 
the thicker (wider) dorsal 
portion of the 3rd ventricle in 
GD 16 (arrow in d) compared 
to GD 16.5 (h) and GD 17 (l) 
controls. 
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Additionally, specific regional effects were seen as compared to morphologically-matched 
(GD16.5) controls. These results show that the changes in regional brain volumes caused by 
GD 10 ethanol exposure are not the result of a simple developmental delay. Particularly 
noteworthy findings are ethanol-induced reductions in cerebral cortical volume, and (considering 
implications for the surrounding thalamic and hypothalamic tissue) 3rd ventricle enlargement and 
dysmorphology (Figure 2).    
 

 
Figure 2. GD 10 ethanol exposure causes significant dysmorphology of the 3rd and 
mesencephalic/4th ventricles.  As compared to the normal appearance of the morphologically-
matched control ventricles shown in a, the reconstructed ventricles from 6 out of 9 ethanol-
exposed fetuses were dysmorphic (b-g).   The 3rd ventricles appear to be too wide, involving 
those regions normally surrounded by the thalamus (arrows) and hypothalamus (arrowheads) (b 
- g).  In addition, a considerable expansion of the mesencephallic ventricle is evident in g 
(dashed arrow).  
 
Progress regarding DTI application has also been substantial, with a first manuscript describing 
this work in preparation (O'Leary-Moore et al, in prep).  Having improved imaging and analyses 
protocols, it has been possible to identify, both in color 
maps and using tractography, the major fiber tracts in 
the brains of control GD 17 fetuses and to compare 
them to comparably staged fetuses that had been 
exposed to ethanol on GD 7. Changes in the corpus 
callosum, anterior commissure and fornix have been 
identified (Fig 3). 

 

Figure 3. White matter anomalies 
induced by prenatal ethanol 
exposure on GD7 in the mouse.  
Mid-saggital and coronal color 
orientation maps are illustrated in 
control (a and b) and ethanol 
exposed (c and d) gestational day 17 
fetuses.  The different colors 
illustrate the differential fiber 
orientation in the brain as well as the 
degree of anisotropy (red: left/right, 
blue: superior/inferior, green: 
rostral/caudal). In the control, a very 
clear anterior commissure is present 
(red fibers marked by white arrows in 
a and b), while the commissure is 
much more diffuse in the ethanol 
exposed subject (white arrows c and 
d).  In addition, ethanol exposure led 
to dysmorphology in the 
hippocampal commissure (dashed 
arrows in a and c) as well as corpus 
callosum agenesis (yellow arrow in 
a, not seen in c). 
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In addition to the above, for Specific Aim #1, we have collected fetuses for the GD7-11 dietary 
ethanol exposure study, and have completed the MR imaging on 12 of the fetuses. 
 

Specific Aim 2: Since our last progress report, we have initiated our proposed facial 
dysmorphology studies in collaboration with Dr. Peter Hammond. Our initial work has entailed 
analyses of 3-D MRI reconstructions of the faces of fetal mice. Images shown in Figure 4 
illustrate one day of normal facial growth as occurs between GD 16 and 17. This work has 
provided a baseline for control vs. ethanol-exposure comparisons. Currently, the faces of 
fetuses that had been exposed to ethanol on GD7 and collected on GD17 are being imaged. 
 

 
 
Specific Aim 3: For this Aim, our attention is currently focused on GD 8 insult and hindbrain-
related dysmorphology.  Following up on previous work that has shown the epibranchial 
placodes, premigratory neural crest, rhombic lip and the hindbrain-associated cranial nerves to 



and analyses methodologies that will be applied to extension of our current ex vivo/fetal 
specimen approach to in vivo/adult investigations. Our goal is to be able to correlate our 
structural findings to behavioral endpoints. 
 

VII.  Interrelation with the Aims of the Consortium and Other Projects: Our high resolution 
MRI analyses of the CNS compliment those human MRI studies being conducted by Dr. Sowell 
and the ultrasound project of Dr. Hull, while the facial reconstruction work compliments that 
employing 3D images as are being prepared and analyzed by Dr. Foroud's group.  Additionally, 
our mouse model work correlates with that of Dr. Cudd, which employs MRI analyses of a 
sheep FASD model.  In testing our main hypothesis, we are working directly with Dr. Zhou's 
laboratory to produce and assess ethanol-exposed C57Bl mice. 
 

VIII.  Plans for the next 6 months: Over the course of the next year we hope to:  
1. Submit manuscripts describing our MRI results from the acute GD 9, and 11 exposure groups  
2. Submit a manuscript describing DTI results for the GD 7 exposure time 
3. Complete the segmentations and analyses of the chronic GD 7-11 200mg/dl exposure group. 
4. Begin collecting the specimens and conducting the MR imaging for the chronic 200mg/dl GD 
12-16 group 
5. Work with Dr. Hammond to analyze the mouse facial dysmorphology. 
6. Submit 3-4 RSA abstracts 
 

IX.  Publications (2009): 
Godin, E.A., O’Leary-Moore, S.K., Khan, A.A., Parnell, S.E., Ament, J.J., Dehart, D.B., Johnson, 
B.W., Johnson, G.A., Styner, M.A., & Sulik, K.K. (2009). Magnetic resonance microscopy 
defines ethanol-induced brain abnormalities in prenatal mice: Effects of acute insult on 
gestational day 7. Alcoholism: Clinical & Experimental Research, In press. 

Lipinski, R.J., Godin, E.A., O’Leary-Moore, S.K., Parnell, S.E., and Sulik, K.K. (2009). Genesis 
of teratogen-induced holoprosencephaly in mice. American Journal of Medical Genetics Part C, 
In press. 

Parnell, S.E., O'Leary-Moore, S.K., Godin, E.A., Dehart, D.B., Johnson, B.W., Johnson, G.A., 
Styner, M.A., & Sulik, K.K. (2009). Magnetic resonance microscopy defines ethanol-induced 
brain abnormalities in prenatal mice: Effects of acute insult on gestational day 8. Alcoholism: 
Clinical & Experimental Research, 33:1001-11. 

Sulik, K.K., O'Leary-Moore, S.K., Godin, E., and Parnell, S. (2010). Normal and abnormal 
embryogenesis of the mammalian brain. In P. Preece and E. Riley (Eds.), Drugs in Pregnancy -
The Price for the Child (In press). London, England: MacKeith Press.  

Submitted 
O'Leary-Moore, S.K., Parnell, S.E., Godin, E.A., Dehart, D.B., Ament, J.J., Khan, A.A., Johnson, 
G.A., Styner, M.A., & Sulik, K.K. (2009). Magnetic resonance microscopy defines fetal mouse 
brain development and abnormalities resulting from acute ethanol insult on gestational day 10. 
Alcoholism: Clinical & Experimental Research, Under revision. 

O'Leary-Moore, S.K., Parnell, S.E., Godin, E.A., & Sulik K.K. (2009). Magnetic resonance-based 
studies of FASD animal models. Alcohol and Health, Under revision (sidebar article). 

In preparation 
Parnell, S.E., et al. Magnetic resonance microscopy defines ethanol-induced brain abnormalities 
in prenatal mice: Effects of acute insult on gestational day 9. 

O'Leary-Moore, S.K., et al. Diffusion tensor imaging defines ethanol-induced fiber tract 
abnormalities in prenatal mice: Effects of acute insult on gestational day 7. 
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O'Leary-Moore, S.K., et al. Magnetic resonance microscopy defines ethanol-induced brain 
abnormalities in prenatal mice: Effects of acute insult on gestational day 11. 
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Abstracts 
Godin, E.A., O’Leary-Moore, S.K., Khan, A.A., Parnell, S.E., Dehart, D.B., Styner, M.A., 
Johnson, G.A., & Sulik, K.K. (2009). High resolution magnetic imaging of fetal mice highlights 
intra-litter variation in ethanol-induced dysmorphology. Alcoholism: Clinical and Experimental 
Research, 33:131A. 

O’Leary-Moore, S.K., Godin, E.A., Parnell, S.E., Dehart, D.B., Ament, J.J., Johnson, G.A., 
Styner, M.A., & Sulik, K.K. (2009). Effects of acute gestational day 10 ethanol exposure on the 
developing mouse brain: A high-resolution magnetic resonance microscopy study. Alcoholism: 
Clinical and Experimental Research, 33:132A. 

O’Leary-Moore, S.K., Godin, E.A., Parnell, S.E., Johnson, G.A., Jiang, Y., Styner, M.A., Dehart, 
D.B., Ament, J.J., Pecevich, S., Khan, A.A., & Sulik, K.K. (2010). Examination of ethanol-
induced craniofacial and central nervous system dysmorphology in an animal model using high 
resolution magnetic resonance microscopy and diffusion tensor imaging. Proceedings of the 
Greenwood Genetics Center, In press. 

Parnell, S.E., Dehart, D.B., Zhou, F.C., & Sulik, K.K. (2009). Sub-strain-dependent variability in 
susceptibility to ethanol-induced teratogenesis. Alcoholism: Clinical and Experimental Research, 
33:132A. 

Sulik, K., O'Leary-Moore, S., Godin, E., Johnson, G.A., & Parnell, S. (2009). Alcohol-induced 
neuroteratogenicity: Insights from animal models, American Academy of Child and Adolescent 
Psychiatry Annual Meeting proceedings.  

Presentations 
Godin, E.A., O’Leary-Moore, S.K., Khan, A.A., Ament, J.J., Parnell, S.E., Dehart, D.B., Styner, 
M.A., Johnson, G.A., Sulik, K.K. High resolution magnetic resonance imaging reveals ethanol-
induced cortical and ventricular heterotopias in fetal mice. FASDSG meeting, San Diego CA, 
June 2009. 

Sulik, K.K. Images, Rosett Award, San Diego CA, June 20, 2009. 

Sulik, K.K., Normal and Abnormal Embryogenesis, Ohio Fetal Diagnosis and Therapy 
Collaborative Meeting/Grand Rounds, Akron (Ohio) Children's Hospital, Oct. 9, 2009. 

Sulik, K.K. Alcohol-Induced Neuroteratogenicity: Insights from Animal Models, American 
Academy of Child and Adolescent Psychiatry, Honolulu Hawaii, Nov. 1, 2009. 

Sulik, K.K. Early Prenatal Alcohol Exposure and the Developing Brain, Ronald Lemire 
Lectureship/Grand Rounds, Seattle Children's Hospital, Seattle, Washington, Nov. 12, 2009. 

Sulik, K.K. The Application of Magnetic Resonance Microscopy to a Fetal Alcohol Spectrum 
Disorders Model, North Carolina Central University, Nov. 18, 2009. 

Sulik, K.K. Fetal Alcohol Spectrum Disorders: Research to Prevention, Speech Pathology, 
University of North Carolina Allied Health, Dec. 2, 2009. 

Sulik, K.K. Fetal Alcohol Spectrum Disorders: Pathogenesis and Mechanisms of Ethanol 
Toxicity During Prenatal Development, Swarthmore College, Dec. 4, 2009. 

Sulik, K.K. Embryogenesis of Fetal Alcohol Spectrum Disorders, University of North Carolina 
Medical School, Dec. 15, 2009. 
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X. Posters and Presentations: 
RSA abstracts (2009) 
Klingenberg, C.P., Wetherill, L., Rogers, J., Moore, E., Ward, R., Autti-Rämö, I., Fagerlund, Å., 
Jacobson, S.W., Mattson, S.N., Foroud, T., and the CIFASD. Fetal alcohol syndrome is 
associated with directional asymmetry. RSA, 2009. 

Wetherill, L., Klingenberg, C.P., Rogers, J., Moore, E., Ward, R., Autti-Rämö, I., Fagerlund, Å., 
Jacobson, S.W., Mattson, S.N., Foroud, T., and the CIFASD. Identifying fetal alcohol syndrome 
using facial shape analysis. RSA, 2009a.  
Wetherill, L., Klingenberg, C.P., Rogers, J., Moore, E., Ward, R., Autti-Rämö, I., Fagerlund, Å., 
Jacobson, S.W., Mattson, S.N., Foroud, T., and the CIFASD. Covariation of facial shape and 
neurocognitive variables in fetal alcohol syndrome individuals vs. controls. RSA, 2009b. 

Moore, E.S., Ward, R.E., Rogers, J.L., Mattson, S.N.,  Autti-Rämö, I., Fagerlund, Å.,  Foroud, T. 
and the CIFASD.  Identification of prenatal alcohol exposure using combined 3D facial imaging 
and neurobehavioral data. RSA, 2009. 

Anthony, B., Vinci-Booher, S., Wetherill, L., Ward, R., Goodlett, C., Zhou, F., and the CIFASD.  
Alcohol induced facial dysmorphology in C56BL/6 mouse models of fetal alcohol spectrum 
disorder. RSA, 2009. 

Liang, Y., Ai, H., Anthony, B., Wetherill, L., Ward, F.C., Zhou, F.C and the CIFASD. Effect of 
fetal alcohol on craniofacial bone development and facial dysmorphology in a C57BL/6J mouse 
model using microcomputed tomography imaging. RSA, 2009. 

Other meeting abstracts (2009) 

Ward, R.E. Fetal alcohol syndrome and the misuse of “race” in clinical medicine, invited 
speaker, Indiana University, Bloomington, Indiana, April 2009. 

Conference presentations (2009) 

3rd International Conference on Fetal Alcohol Spectrum Disorder, March 11-14, 2009: 3D Facial 
Imaging (L. Wetherill, presenter). 

FAS RSA satellite meeting, San Diego, CA 2009: Using Facial Shapes to Identify Fetal Alcohol 
Syndrome (L. Wetherill, presenter). 

2010 
McLaughlin, J., Fang, S., Huang, J., Jacobson, S.W., Hoyme, H.E., Robinson, L.K., Foroud, T., 
and the CIFASD. Interactive feature visualization and detection for 3D face classification. 
Submitted to 3D Data Processing, Visualization and Transmission Conference 2010. 



I. Principal Investigator: Sarah N. Mattson, Ph.D. 

Key Personnel:  Colleen Adnams, MD, Co-PI, subcontract 
  Claire D. Coles, Ph.D., PI, subcontract 
  Julie A. Kable, Ph.D., Co-I, subcontract 
  Wendy Kalberg, Ph.D., Co-PI, subcontract 
  Philip A. May, Ph.D., PI, subcontract 
  Edward P. Riley, Ph.D., Co-PI 
  Elizabeth R. Sowell, Ph.D., PI, subcontract 

II. Title of Project: A Multisite Neurobehavioral Assessment of FASD - U01 AA014834 

III. Objectives: The primary aim of this project is to determine whether a neurobehavioral 
phenotype exists in children with fetal alcohol syndrome, whether the same phenotype exists in 
children with FASD who lack facial dysmorphology, and whether the phenotype can be used for 
differential diagnosis. Secondary aims, involving collaboration with other CIFASD projects and 
cores, are to determine the relationship between brain dysmorphology, facial dysmorphology, 
and neurobehavioral function. 

IV. Methods: A standard neurobehavioral protocol will be administered to four groups of 
children at six sites and will address the functional domains of executive function, working 
memory, verbal function, and psychological symptomology. In addition to children with FASD 
and non-exposed controls, children with low IQ scores or ADHD will be included as contrast 
samples. Using this heterogeneous sample and multivariate statistical methods, 
neurobehavioral profile specific to FASD will be sought. In addition, participants will be 
assessed using methodology prescribed by the Dysmorphology Core and the facial and brain 
imaging projects of the CIFASD. Data from three broad domains (neurobehavior, 
dysmorphology, and brain morphology and function) will be analyzed both separately and 
together to address the main aim of the CIFASD: improving the diagnostic criteria for FASD.  

The current project assumed responsibility for the functions previously carried out by the 
Neurobehavioral Core. As such, the main site (San Diego) is now responsible for preparing all 
testing materials including purchasing tests and test materials, and creating and distributing 
administration manuals, summary forms, reliability protocols and forms, and scoring manuals. 
Training sessions are to be conducted at the San Diego site during the first year with follow-up 
sessions each year for reliability purposes, either in San Diego or in conjunction with one of the 
annual PI meetings. In addition, we are responsible for collaborating with the Informatics Core 
on creating the data dictionary for the input tool for the current data and on pilot testing of the 
input and upload tools created for this project.  

Six sites are used for participant recruitment. Three of these sites were included in the last 
funding period for the CIFASD through 2 separate projects. The current sites are: (1) Center for 
Behavioral Teratology, San Diego State University, San Diego, CA; (2) Marcus Institute at 
Emory University, Atlanta, GA; (3) University of New Mexico, Albuquerque, NM; (4) Seven 
Northern Plains communities, including six Indian reservations; (5) University of Cape Town, 
South Africa, and a town in the Western Cape Province with the highest recorded prevalence of 
FAS in the world; and (5) the University of California, Los Angeles, Los Angeles, CA. The 
combination of these sites allows for a study population that is both large in number and 
heterogeneous in nature. Such a sample will ensure our results are both accurate and unbiased 
by specific site characteristics.  

V. Accomplishments and Results: Funding for Phase II began on September 30, 2007, 
significant progress has been achieved as follows: 
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A. General Progress (San Diego).  

1. IRB Approvals. We have active IRB approval for the neuropsychological, 
dysmorphology, brain imaging, and 3D imaging portions of the study at each site (where 
relevant).  

2. Subcontracts. All three subcontracts are active.  

3. Hiring. We have in place staff necessary to conduct the study, including a psychometrist, 
recruiter, and research associates/assistants. The subcontract sites have personnel in 
place, with the exception of New Mexico/Plains sites. The psychometrist who was 
working at these sites left the project in September. Two positions have been advertised 
and recruitment is in progress.  

4. Purchasing. Necessary materials and equipment are in place. 

5. Material Development. We have finalized versions of test administration and scoring 
materials.  

6. Training. We conducted three training meetings in San Diego on December 3-5, 2007 
(data collection staff from University of New Mexico and UCLA), January 14-15, 2008 (all 
sites present), and most recently, March 9-13, 2009 (UCLA, Atlanta, South Africa 
present). We are considering a fourth training meeting, perhaps when the UNM 
psychometrist is hired. Pilot materials are approved for all current psychometrists and 
validity assessment (review of every 10th subject) is ongoing. This review is done at the 
San Diego site, with the exception of the South African site, where the review is done by 
Tania Badenhorst.   

7. Database Development. We completed our work with the informatics core to develop the 
input tool for the new neurobehavioral test battery (CIFASD Neurobehavioral Phase II). 
This database is in place and has been used successfully by all sites. We also 
completed review of the neuro demographics database, which is also in place. All sites 
have uploaded at least 1 subject into the demographic database (see table below).  

8. Neurobehavioral Testing. Data collection for Phase II has begun at all sites, and a total 
of 334 subjects have been tested, see below for details on CIFASD II data collection. In 
San Diego, we have tested 13 subjects using the Phase II test battery. We are 
completed our phase I testing. We tested a total of 118 subjects using this test battery 
(52 FASD, 37 CON, 20 ADHD, and 9 that don’t fall into one of these groups).  

9. MRI Evaluations. The San Diego site is also involved in the brain imaging project (E. 
Sowell, PI). We are actively collecting data and thus far, have scanned 31 of our planned 
40 subjects for scan 1. We have 9 more scheduled before the end of the year.  

10. 3-D Facial Imaging. In San Diego, we received the original 3-D camera at the beginning 
of April 2005 and evaluated 107 children. We received the new camera in July of 2008 
and have evaluated 106 children. Of these, 28 children have been evaluated with both 
cameras. All data have been transferred to Elizabeth Moore.  

11. Dysmorphology. Since the beginning of the CIFASD Phase I, 163 children have been 
examined by the dysmorphology core at the San Diego site.  

12. Genetics. During the last year we began collecting saliva samples for genotyping  under 
the direction of Dr. Tatiana Foroud. Standardized procedures were developed and 
materials distributed. Thus far, we have collected samples from 80 children. 

13. Supplemental Funds. Two ARRA supplements were sought and received. One is 
described below and is being used to supplement the San Diego and UNM/Plains sites. 
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The second is for student research activity. Three students (1 full time, 2 part time) were 
supported for Summer 2009 and 2-3 will be supported for Summer 2010.  

14. Site-Specific Progress. All sites have approved IRB approval and attended one or more 
training meetings. Our budget allowed data collection to begin in month 7 (April 2008). 
Data collection is proceeding as follows: 

Site  
San 

Diego 
Los 

Angeles Atlanta 
New 

Mexico 
Northern 

Plains 
South 
Africa 

IRB Approval  yes yes yes yes yes yes 

Trained and validated 
tester 

 yes yes yes yes yes yes 

Data Collection 
Begun/Active 

 yes/yes yes/yes yes/yes yes/no yes/no yes/yes 

FASD 34 32 21 1 23 31 

CON 37 16 13 22 9 25 

IQ 1 N/A 6 1 N/A 1 

ADHD 21 0 8 7 4 N/A 

Subjects Tested with 
Neurobehavioral Test 
Battery 

UK 11 0 5 0 0 5 

Site Total  104 48 53 31 36 62 

% of 12/2009 Goal  138.7 112.9 81.5 22.1 30.0 51.7 

Phase II Cases in CR 
(Neurobehavioral) 

 98 48 34 1 4 63 

Phase II Cases in CR 
(Demographics) 

 102 1 17 1 4 0 

Dysmorphology  yes yes yes yes yes yes 

3-D Facial Imaging  yes yes yes N/A N/A N/A 

Genetics  yes yes yes N/A N/A N/A 

B. Obstacles and Plans for Overcoming Obstacles.  

Our biggest obstacle was in getting data collection to commence and continue in a reliable and 
valid fashion. All sites have begun data collection and data collection is active at all but 2 sites. 
South Africa was the slowest to start but has been actively collecting data for the past several 
months and is at 50% of the year target. At the UNM and Plains sites, data collection is slower 
than expected for several reasons. Recruitment at the Plains site was dependent on a separate 
NIAAA award that ended April 30, 2009. We sought ARRA funding to supplement the existing 
CIFASD award. On July 15, 2009, we received $100,000 to provide employment at four 
established research sites in the Northern Plains region of the United States. These funds were 
requested to retain one employee at each of four established sites to focus exclusively on 
recruitment of subjects with FASD (those subjects who were already diagnosed in the previous 
grants who have not yet received testing with the CIFASD neuropsychological battery and a few 
newly diagnosed cases) and controls. In addition, the long-standing psychometrist at the UNM 
and Plains sites left the project in early September, 2009. Two positions are advertised and 
recruitment is ongoing. However, this leaves the two sites without a primary psychometrist. 
However, co-investigator, Dr. Wendy Kalberg, has tested some children at the UNM site.  
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A second obstacle was the development of the databases. Both the neurobehavioral and 
demographics databases have now been activated. Sites are uploading data to the central 
repository but not all data has been uploaded yet, see table above. The demographics database 
is not being actively used. Use of this database is critical as it is where the alcohol exposure 
data are housed. This is also relevant for the Phase I subjects, as indicated in the last interim 
progress report (December 2008).  

Site progress reports were requested from all sites. Reports from Dr. Coles (Atlanta) and Dr. 
Adnams (South Africa) are attached to this document.  

VI. Discussion: In the 26 months since funding began, we have made considerable progress at 
some sites. Challenges remain at other sites and data collection has not been as active as we 
had hoped at all sites. Ultimately, data collection will be conducted at multiple sites with varied 
subject characteristics, which will put us in the position to have access to a large, 
heterogeneous population on which to test our hypotheses.  

VII. Interrelation with Aims of the Consortium and Other Projects: This project relates to the 
overall aim of the consortium project in that our primary goal is to assess children with FASD 
and controls and to determine whether a profile of function exists in this population.  

VIII. Plans for the Next Year: During the next year, we plan to have reliable and valid data 
collection ongoing at all 6 sites using 3D photo, dysmorphology, brain imaging, and 
neurobehavioral testing. We will continue to provide administrative support as well as ongoing 
training and reliability assessment to the sites involved in neurobehavioral testing. We will 
continue to work with the informatics core as well as the 3D facial imaging, brain imaging, and 
dysmorphology projects. We have plans for two new studies:  

1. Examination of cross-site data from dysmorphology and neurobehavior. We plan to 
present these data at a CIFASD symposium at RSA in 2010.  

2. Follow-up to our neurobehavioral profile paper (under review, see below). We plan to 
extend our analysis of the preliminary profile to include children with ADHD or low IQ 
scores.  

IX. Publications (2009): 
Arenson, A.D., Bakhireva, L., Chambers, C.D., Deximo, C., Foroud, T., Jacobson, J.L., 
Jacobson, S.W., Jones, K.L., Mattson, S.N., May, P.A., Moore, E., Ogle, K., Riley, E.P., 
Robinson, L.K., Rogers, J., Streissguth, A.P., Tavares, M., Urbanski, J., Yezerets, Y., Surya, R., 
Stewart, C.A., and Barnett, W.K. (2010). Implementation of a shared data repository and 
common data dictionary for fetal alcohol spectrum disorders research. Alcohol, In press. 

Klingenberg, C.P., Wetherill, L., Rogers, J., Moore, E., Ward, R., Autti-Rämö, I., Fagerlund, Å., 
Jacobson, S.W., Robinson, L.K., Hoyme, H.E., Mattson, S.N., Li, T.K., Riley, E.P., Foroud, T., 
and the CIFASD Consortium (2010). Prenatal alcohol exposure alters the patterns of facial 
asymmetry. Alcohol, In press. 

Mattson, S.N., Foroud, T., Sowell, E.R., Jones, K.L., Coles, C.D., Fagerlund, Å., Autti-Rämö, I., 
May, P.A., Adnams, C.M., Konovalova, V., Wetherill, L., Arenson, A.D., Barnett, W.K., Riley, 
E.P., and the CIFASD. (2010). Collaborative initiative on fetal alcohol spectrum disorders: 
Methodology of clinical projects. Alcohol, In press.  

Norman, A.L., Crocker, N., Mattson, S.N., and Riley, E.P. (2009). Neuroimaging and fetal 
alcohol spectrum disorders. Developmental Disabilities Research Reviews, 15:209-217.  
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O’Hare, E.D., Lu, L.H., Houston, S.M., Bookheimer, S.Y., Mattson, S.N., O’Connor, M.J, and 
Sowell, E.R. (2009). Altered frontal-parietal functioning during verbal working memory in 
children with heavy prenatal alcohol exposure. Human Brain Mapping, 30:3200-3208. PMCID: 
2748151 

Spadoni, A.D., Bazinet, A.D., Fryer, S.L., Tapert, S.F., Mattson, S.N., and Riley, E.P. (2009). 
BOLD response during spatial working memory in youth with heavy prenatal alcohol exposure. 
Alcoholism: Clinical and Experimental Research, 33:2067-2076. 

Papers under review: 

Fagerlund, Å., Korkman, M., Autti- Rämö, I, Mattson, S.N., and Hoyme, H.E. (Submitted 2009). 
Risk and protective factors for mental and behavioral well-being in fetal alcohol spectrum 
disorders. Status: being revised and submitted to a different journal.  

Mattson, S.N., Roesch, S.C., Fagerlund, Å., Autti-Rämö, I., Jones, K.L., May, P.A., Adnams, 
C.M., Konovalova, V., Riley, E.P., and the CIFASD. (Submitted 2009). Towards a 
neurobehavioral profile of fetal alcohol spectrum disorders. Status: being revised after review.  

Papers in preparation: 

Kang, N., Vaurio, L., Riley, E.P., and Mattson, S.N. Objective measurement of activity levels in 
children with heavy prenatal alcohol exposure. Status: manuscript in final stages of preparation, 
should be submitted in early 2010. 

Mattson, S.N., Riley, E.P., Autti-Rämö, I., May, P.A., Konovalova, V., Jones, K.L., Roesch, S.C., 
and the CIFASD. Spatial learning and navigation deficits in an international sample of children 
with heavy prenatal alcohol exposure. Status: manuscript requires revision for resubmission.   
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Fagerlund, Å., Korkman, M., Autti-Rämö, I., Mattson, S.N., Hoyme, H.E. (2009). Risk and 
protective factors for mental and behavioral well-being in Fetal Alcohol Spectrum Disorders. 
Presented at the International Neuropsychological Society meeting, Helsinki, Finland, July 2009. 
Journal of the International Neuropsychological Society, 15, Supplement S1, 85.  

Mattson, S.N., Riley, E.P., Autti-Rämö, I, Fagerlund, Å., and the CIFASD (2009). Discriminating 
nondysmorphic children with prenatal alcohol exposure from nonexposed controls. Presented at 
the Research Society on Alcoholism meeting, San Diego, June 2009. Alcoholism: Clinical and 
Experimental Research, 33, Supplement S1, 37A.  

Moore, E.S., Ward, R.E., Rogers, J.L., Mattson, S.N., Autti-Rämö, I, Fagerlund, Å., Foroud, T., 
and the CIFASD (2009). Identification of prenatal alcohol exposure using combined 3D facial 
imaging and neurobehavioral data.  Presented at the Research Society on Alcoholism meeting, 
San Diego, June 2009. Alcoholism: Clinical and Experimental Research, 33, Supplement S1, 
39A.  

Wetherill, L., Klingenberg, C.P., Rogers, J., Moore, E., Ward, R., Autti-Rämö, I, Fagerlund, Å., 
Jacobson, S.W., Mattson, S.N., Li, T.K., Riley, E.P., Foroud, T., and the CIFASD (2009). Fetal 
alcohol syndrome is associated with directional asymmetry. Presented at the Research Society 
on Alcoholism meeting, San Diego, June 2009. Alcoholism: Clinical and Experimental 
Research, 33, Supplement S1, 130A 

Wetherill, L., Klingenberg, C.P., Rogers, J., Moore, E., Ward, R., Autti-Rämö, I, Fagerlund, Å., 
Jacobson, S.W., Mattson, S.N., Li, T.K., Riley, E.P., Foroud, T., and the CIFASD (2009). 
Identifying fetal alcohol syndrome using facial shape analysis. Presented at the Research 
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Appendix 1: Progress Report from Dr. Claire Coles, PI of Atlanta Site 

Submitted November 12, 2009 

Study Goals remain unchanged. In the current Year, the following activities were carried out in 
pursuit of these goals. 
 
1) IRB renewal to continue the study.  The protocol was updated to include consent 
procedures for the Genetic Substudy and approved for renewal on October 23, 2009.  The 
protocol qualified for expedited review and has been re-approved until October 13, 2010. 
2) CIFASD Investigators Meeting, January 5-8, 2009. Dr. Coles attended the meeting at the 
University of North Carolina. 
3) Staff.  Our initial testers left this summer and a new tester was hired in August.  There was a 
small amount of lag time in data collection until the new tester was approved by San Diego for 
testing. Currently, we are training an additional tester who will need to be approved for reliability 
by San Diego in 2010. 
4) Neuropsychological protocol and data entry procedures.  Dr. Kable traveled to San 
Diego for training on administration of the psychometric battery and the data entry procedures 
on March 12-13, 2009.  She has used this information to train and supervise several of our 
tester staff. 
5) 3-D Images.  We obtained images for 32 additional subjects at the imaging sessions on 
8/28/09 and 8/29/09 for a current total of 50 subjects imaged to date.  Leah Wetherill from 
Indiana University was on site to assist the Project Coordinator with obtaining the images.  Her 
presence expedited the number of subjects that could be seen and she was able to download 
the images and take the images back to IU for immediate review.  Since the camera used is of 
inferior quality to the one at IU, plans are underway to have a newer camera shipped from IU to 
Atlanta for the next imaging session.  Therefore, we plan to have the next imaging session on 
site at the Marcus Center instead of Emory University Human Genetics Department.  
6) Dysmorphic Core Examinations.  Kenneth L. Jones, MD, visited the project for a second 
time on August 28-29, 2009. At this time, physical exams were obtained for 32 participants for a 
current total of 50 examinations to date.   
7) Subject Recruitment.  Currently, 129 potential subjects have been recruited through the 
Marcus FAS clinic and community recruitment activities. 55 subjects enrolled in the study, 34 
were determined to be ineligible after screening, and 40 are still eligible for participation and will 
be scheduled for testing if appropriate for the study.  Staff has recruited from siblings of Clinic 
patients, local PTAs and other organizations.  To increase recruitment for the ADHD and control 
group among middle class families, a successful recruitment was conducted at a local health 
fair this Fall. 
8) Neuropsychological Testing.  Testing began on December 8, 2008, as soon as the initial 
tester was reliable. As of November 11, 2009, neuropsychological testing was completed for 56 
subjects with an additional 9 appointments scheduled.  The new Dysmorphology Core 
Demographic Forms were completed for each subject and submitted to Dr. Jones for review. 
9) Group Classification of Subjects.  Our staff worked with Sarah Mattson to develop the 
Group Classification Flow chart in order to appropriately assign subject group status.  Most 
subjects have been assigned to a group using this tool. 
10) Data Upload.  Dr. Kable has reviewed the neuropsychological data collected and currently 
is supervising entry, verification and upload for 34 subjects. 
11) Genetic Substudy.  Saliva samples have been collected for 16 subjects.  The Project 
Coordinator is working with IU staff on tracking and submission of samples. 
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Appendix 1: Progress Report from Dr. Colleen Adnams, PI of South Africa Site 

Submitted December 16, 2009 

V.  Accomplishments and Results: 2009 
In February 2009, a neuropsychologist, Tania Badenhorst, was hired 60% on the CIFASD and 
related studies and she underwent test administration and reliability training in San Diego in 
March.  Prior to commencement of data collection, it was necessary to translate the entire 
assessment battery into Afrikaans and to reproduce all written language instruction materials.  
This major task was completed in May and piloting of the Afrikaans battery was undertaken in 
June.  In May, three part-time University of Cape Town graduate psychology students were 
hired and were trained on the battery.  They participated in the piloting phase and their testing 
was reliable by June (2 administrators) and July (3rd administrator).  Subject recruitment from a 
previously diagnosed cohort of children in Wellington, commenced at the same time, aided by 
the project field worker.  Data collection commenced in mid June.  All participants were 
assessed at rented project premises in Wellington.  A fourth research assistant, who resides in 
the Wellington region was hired in July to administer the caregiver questionnaires and to co-
ordinate teacher questionnaires.  Following resolution of technical problems, data is now 
regularly uploaded to the central repository. 

VI. Discussion: 
Staffing and other resources and logistics required to conduct the study at the South African site 
are now in place.  In order to catch up with projected data collection rates for the overall study, 
(commenced in January 2008), it has been necessary to accelerate the rate of testing at this 
site.  This has been achieved and in the 6 months from commencement of data collection to end 
November 2009, 62 subjects (51.6%) of the 2008 – 2009 projected total subjects were 
assessed.   
VII. Interrelation with Aims of the Consortium and Other Projects: 
Selected participants in the neurobehaviour study are being recruited to the Face and Brain 
Imaging study.  There are plans for inclusion of 3-D imaging data on the South African 
neurobehaviour study participants, but contractual, budgetary and logistical aspects of this 
proposed study activity are as yet not finalized.  

VIII. Plans for the Next Year: 
Data collection will continue and site neurobehavioural data will be analysed, integrating 
imaging, dysmorphology and other demographic data.  
 
IX. Publications:  
Mattson et al (2009) in press 

X. Posters and Presentations:  
nil 

Colleen Adnams  

University of Cape Town  

December 2009. 
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I. Principal Investigator: Elizabeth R. Sowell, Ph.D. 
 
II. Title of Project: Mapping the Brain, the Face and Neurocognitive Function in FASD - U01 
AA017122 
 
III. Objectives: In our proposal, we outlined 4 specific aims: 
 
Specific Aim 1: To evaluate cross-sectionally and longitudinally the effects of prenatal alcohol 
exposure on brain morphology and function.   We will study differences in the patterns of results 
that occur across populations where drinking patterns may vary by making FASD/control 
comparisons within sites, and comparing the results across sites. 
 
Specific Aim 2: To evaluate relationships between brain dysmorphology and facial 
dysmorphology both cross-sectionally and longitudinally to improve diagnostic criteria using 
facial morphology data from the dysmorphology core (cross-sectional data only) and the 3D 
camera project. 
 
Specific Aim 3: To determine whether the anatomical "phenotype" relates to neurobehavioral 
profiles in children with fetal alcohol syndrome or FASDs. 
 
Specific Aim 4: To investigate dysmorphology in the brains of human children based on 
findings in the mouse and sheep models conducted in the laboratories of Drs. Sulik, Zhou and 
Cudd. 
 
IV. Methods: To conduct brain imaging, neuropsychological evaluations, and 3D facial imaging 
across 3 data collection sites. 
 
V. Accomplishments and Results: 
 
Brain Image Acquisition 
UCLA:  30 FASD, 15 controls 
SDSU:  16 FASD, 14 controls 
SA:  16 FASD, 12 controls 
 
Co-investigator, Katherine Narr, has been imaged at all 3 sites as part of the “human phantom” 
aspect of the project.  She was most recently scanned at UCSD in November 2009, and will 
return to South Africa to further supervise image acquisition and to conduct the human phantom 
scanning. 
 
Central Repository Entry:  We have entered neurobehavioral and demographic information for 
46 subjects into the central repository.  The Brain Image Upload functionality was finalized on 
December 11, and brain volumetric measures and raw structural MRI from 52 subjects has 
been uploaded into the central repository. 
 
Brain Image Analyses 
Structural MRI: We have completed all preprocessing 40 FASD subjects and 23 unexposed 
subjects, and conducted preliminary studies using tensor-based morphometric (TBM) and 
volumetric methods.  Other analyses have been conducted as well, as will be presented at the 
January 2010 meeting. 
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Figure 1:  Statistical maps from TBM analyses showing regions of volume reduction (red) or 
expansion (blue) in 3 independent samples of children with FASDs vs. their respective 
controls.  Data from combined samples  are shown in the top row, UCLA cohort in the 2nd 
row, South Africa cohort in the 3rd row, and SDSU cohort in the bottom row. 
 

TBM: Here we evaluated brain structural image data from 3 independent samples of subjects 
including 29 controls and 31 FASD subjects collected at UCLA, SDSU and South Africa as part 
of the current CIFASD project (i.e., all new data).  High-resolution T1-weighted MRI data were 
analyzed with tensor-based morphometry (TBM), which allows investigations of regional 
differences in the volumes of brain substructures by globally aligning all brain images into a 
common brain template before applying localized deformations to adjust each subject’s 
anatomy to match the global group-average template.  Using these methods, all T1-weighted 
images are non-linearly deformed to the global brain template (including the average of all 60 
subjects) to obtain a Jacobian determinant which characterizes the local expansion or 
contraction factor at each voxel.  These Jacobian determined deformation fields are then used 
to measure local volume differences between the individual and the group average.  Voxel-
based statistical analyses can then be employed to evaluate the extent to which groups differ on 
the amount of expansion or contraction needed to match the template at each voxel. Shown in 
Figure 1 are statistical maps localizing brain regions where brain morphology differed between 
the FASD and control groups for each independent sample, and from the combination of all 
subjects using sample collection location as a covariate. Volume reductions are observed in 
basal ganglia, medial parietal and cerebellar white matter regions in SDSU and UCLA samples 
(shown in red in Figure 1).  The SDSU data show volume reductions in dorsal, orbital and 
medial prefrontal regions as well, and the South Africa data show volume reductions in lateral 
parietal and cingulated cortices relative to their respective controls.  The combined data 
comparing all controls to all FASD subjects show the robust volume reductions in basal ganglia 
(nucleus accumbens portion), thalamus, lateral prefrontal and cerebellar regions.  While 
preliminary, these data illustrate some common phenotypes in brain structure across imaging 
sites.  Further studies are underway to determine if volume reductions in basal ganglia, 
thalamus and cerebellar white matter can predict group membership, and whether these 
dismorphologies are related to cognitive deficits common in children with FASDs.  
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Figure 2:  Correlations between FSIQ and total cerebral gray matter in the left and right 
hemispheres.  Note the cluster of FASD subjects from the SA site in the lower left corner. 
 

Volumetrics: 

Using FreeSurfer's automated brain segmentation software (FreeSurfer 4.0.3, 
http://surfer.nmr.mgh.harvard.edu), as described in the work of Fischl and Dale (A. M. Dale et 
al., 1999; B. Fischl et al., 1999; B. Fischl et al., 2002), we obtained volume measurements of 
several subcortical brain regions (including caudate, putamen and thalamus) as well as 
hemispheric measures of total brain, total cortical gray matter, and total white matter volumes.  
64 subjects were analyzed across 3 sites including 40 FASD subjects (18 from LA, 12 from SA, 
and 10 from SD) and 24 controls (10 from LA, 1 from SA, and 10 from SD) and group effects on 
regional volumes were evaluated using scan location, age, and total brain volume as nuisance 
covariates.  Further, we evaluated relationships between FSIQ (data downloaded from central 
repository) and regional brain volumes.  Of the brain regions evaluated, the left and right 
putamen (left p = 0.034, right p = 0.038) and left and right total white matter volume (left p = 
0.006, right p = 0.07) significantly (or at trend level) differentiated groups above and beyond the 
overall brain volume reduction in the exposed population.  These findings are consistent with 
both the TBM findings in a subset of the same subjects studied here (see Figure 1), and with 
previous findings in independent samples.  Group by IQ score interactions were significant in 
most gray matter regions including total cortical gray matter volume (left p = 0.033, right p = 
0.014) even when controlling for age.  The effects became non-significant when scan location 
was entered into the equation.  This is because the SA sample had predominantly the lowest IQ 
scores and the lowest gray matter volumes. Within the FASD group highly significant positive 
correlations were observed between IQ and total cortical gray matter (see Figure 2) in both 
hemispheres (left r = 0.696, p < 0.001, right r = 0.690, p < 0.001), but the effects became only 
trend level when scan location was used as a covariate.  Correlations with intracranial volume, 
left and right white matter were not significant within the FASD group, and none of the 
correlations were significant in the control group.  Taken together, these preliminary results 
suggest the effects of prenatal alcohol exposure are more toxic in basal ganglia and white 
matter, and that more impaired alcohol exposed children have less gray matter volumes. 
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Figure 3:  Functional MRI results for Paired Associates Learning (PAL) task. Group averages for 
BOLD signal difference during all learning and recall vs rest are shown in the top 2 rows for each 
site, and group differences within each site are shown in the bottom 2 rows. 

 
Figure 4:  Functional MRI results for Visuospatial N-back task.  Group averages for BOLD signal 
difference during all working memory vs rest are shown in the top 2 rows for each site, and group 
differences within each site are shown in the bottom 2 rows.   

Functional MRI: See Figures 3 and 4. 

Neurobehavioral, Dysmorphology, Facial Imaging and Genetic (saliva) UCLA Data 
Collection Sample Sizes: 
Controls:  
Face: 7 
3D: 7 
Saliva: 17 
Neurobehavior: 16 
ALC: 
Face: 27 
3D: 27 
Saliva: 35 
Neurobehavior: 32 
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VI. Discussion: To date, we have collected and analyzed data from all 3 brain image collection 
sites.  Preliminary results suggest some consistency across sites in brain dysmorphology and 
activation across samples, and combining data across sites has revealed highly significant 
basal ganglia volume reductions above and beyond the overall microcephaly common in 
FASDs.  White matter volume reductions are more prominent than gray matter volume 
reductions, but highly significant correlations between general intellectual functioning and global 
gray matter volume are intriguing.  Qualitative observations of the fMRI data for working 
memory across the 3 sites suggest increased activation in dorsal frontal cortices in children with 
FASDs relative to their respective controls.  More data has been collected to date than have 
been analyzed at the time of this report, and it is likely that we will have enough data for 
preliminary data publications within the next few months. 
 
VII. Interrelation with Aims of the Consortium and Other Projects: Thus far, our integration 
with other projects has been limited to the neurobehavioral project as described above.  As part 
of the analyses conducted for this progress report, we did do some preliminary analyses with 
data from the dysmorphology core, and these investigations will continue as we add more 
subjects to the brain imaging data sets.  Integration with the facial imaging projects will be 
developed in the coming year as new investigators are brought on board. 
 
VIII. Plans for the Next Year: We will continue data collection, and begin the longitudinal 
component of the brain imaging study.  Data analyses and manuscript preparation will continue.  
 
IX. Publications (2009): 
O’Hare, E.D., Lu, L.H., Houston, S.M., Bookheimer, S.Y., Mattson, S.N., O’Connor, M.J, & 
Sowell, E.R. (2009). Altered frontal-parietal functioning during verbal working memory in 
children and adolescents with heavy prenatal alcohol exposure. Human Brain Mapping, 
30:3200-8. 

Submitted Manuscripts: 

Nuñez, S.C., Roussotte, F., & Sowell, E.R. (Submitted 2009). Structural and functional brain 
abnormalities in fetal alcohol spectrum disorders, Alcohol Research & Health. 

Sowell E.R., Leow A.D., Bookheimer S.Y., Smith L.M., O’Connor M.J., Kan E., Rosso C., 
Houston S., Dinov I.D., & Thompson P.M. (Submitted 2009). Differentiating prenatal 
methamphetamine from alcohol exposure using tensor based brain morphometry and 
discriminant analysis. 

Colby, J.B., Smith, L., O’Connor, M.J., Bookheimer, S.Y., Van Horn, J.D., & Sowell, E.R. 
(Submitted 2009). The effects of prenatal methamphetamine exposure on white matter 
microstructure: A tract-based diffusion imaging study. 

Roussotte, F.F., Bramen, J.E., Nunez, S.C., Quandt, L.C., Smith, L., O’Connor, M.J., 
Bookheimer, S.Y., & Sowell, E.R. (Submitted 2009). Abnormal brain activation during working 
memory in children with prenatal exposure to drugs of abuse: The effects of methamphetamine, 
alcohol, and polydrug exposure. 

X. Posters and Presentations (2009): 
Nuñez, S.C., Starr, A., O’Hare, E.D., Bookheimer, S.Y., O’Connor, M.J., Smith, M., & Sowell, 
E.R. (2009). Decreased activation associated with verbal working memory maintenance in 
children prenatally exposed to methamphetamine and/or alcohol. Poster submitted to the 39th 
Annual Meeting of the Society for Neuroscience, Chicago, IL. 
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