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FUNCTIONAL DEVEOPMENT OF REWARD CIRCUITRY

Rebecca Jones, BJ Casey
Adolescence is a developmental period characterized by suboptimal decisions and actions that give rise to an increased incidence of unintentional injuries and violence, alcohol and drug abuse, unintended pregnancy and sexually transmitted diseases. Traditional neurobiological and cognitive explanations for adolescent behavior have failed to account for the nonlinear changes in behavior observed during adolescence, relative to childhood and adulthood. A biologically plausible conceptualization of the neural mechanisms underlying these nonlinear changes in behavior, as a heightened responsiveness to incentives while impulse control is still relatively immature during this period will be presented. Recent human imaging and animal studies provide a biological basis for this view, suggesting differential development of limbic reward systems relative to top-down control systems during adolescence relative to childhood and adulthood as depicted below (see Figure 1). This developmental pattern may be exacerbated in those adolescents with a predisposition toward risk taking, increasing the risk for poor outcomes. 
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This work was supported in part by grants from the National Institute of Drug Abuse R01 DA18879 and the National Institute of Mental Health 1P50 MH62196.

brain Imaging in fetal alcohol spectrum disorders 

Elizabeth R. Sowell, Ph.D.

Fetal alcohol syndrome (FAS) results from maternal alcohol use during pregnancy, though it is not clear how much alcohol is required to result in the syndrome. Facial dysmorphology (i.e. smooth philturm, thin upper lip, small palpebral fissures), growth deficits and CNS abnormalities are required for the diagnosis of FAS 1.  Children with FAS exhibit a range of symptoms such as severe growth restriction and intellectual disability. Brain abnormalities, most commonly microcephaly and neuronal migration anomalies, have been documented in post mortem studies of FAS 


2 ADDIN EN.CITE .  It is important to note that children with heavy prenatal alcohol exposure but without facial dysmorphology have also exhibited neurocognitive and neuroanatomical abnormalities, and fall within the range of fetal alcohol spectrum disorders (FASDs).  Within the last decade, brain imaging studies have yielded considerable insights into the effects of heavy prenatal alcohol exposure on developing brain structure, brain function, and brain-behavior relationships. Using state-of-the-art image analysis techniques, we and others have shown that brain morphological abnormalities in children with prenatal alcohol exposure are regionally specific, and not merely reflective of the overall microcephaly common in this disorder. Specifically, we have observed increased cortical thickness, decreased brain size and decreased white matter density (WMD) in parietal and posterior temporal regions 


3 ADDIN EN.CITE . Decreased brain activation has been observed in the posterior temporal language regions during a verbal learning task 4, in the same region where increased cortical thickness was seen suggesting that an abundance of cortical tissue does not provide functional advantage in those with severe prenatal alcohol exposure. In addition to overall white matter volume reductions 5, shape abnormalities have been noted in white matter structures such as the corpus callosum 


6 ADDIN EN.CITE . We have also recently observed abnormalities of white matter microstructure using diffusion tensor imaging which may help explain findings of posterior callosal dysmorphology and cortical thickness abnormalities in posterior perisylvian regions.  Overall, the results are showing that regions of relatively more spared and relatively more dysmorphic cortex seem to correspond to functional activation patterns and cognitive functions in individuals with FASDs. Importantly, we are finding that “more” brain tissue (i.e., increased cortical thickness) is not necessarily better in children with FASDs, and that increases in brain activity do not necessarily result in improved brain function.  Findings from all of these studies will be discussed.

Funding Sources: Support was provided by the National Institutes of Health (NIDA R21 DA15878 and RO1 DA017831, NIAAA U24AA014808 and U01AA017122, and NCRR U54 RR021813), and the March of Dimes (5FY03-12).
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 brain Function in Adolescent heavy drinkers

Susan F. Tapert, Ph.D.

Alcohol and other drugs are commonly used among adolescents worldwide; for example, 56% of U.S. high school seniors report they have gotten drunk. This peak period of substance use experimentation occurs when the brain is undergoing key remodeling processes, ideally resulting in selectively pruned gray matter and myelinated white matter by young adulthood. Animal models have suggested heightened vulnerability to neurotoxic effects of substances during this developmental stage.  

Here, Dr. Tapert will describe the results of several studies comparing adolescent heavy drinkers to demographically similar non-drinkers, on structural, functional, and diffusion magnetic resonance imaging. These cross-sectional studies have provided a foundation for prospective work examining the extent to which adolescent heavy drinking may alter brain functioning.  Adolescent boys and girls ages 15-18 were recruited from local schools and carefully screened to exclude those with histories of head injury, neurological illness, prenatal substance exposure, psychiatric disorders (mood, psychotic, and attention deficit hyperactivity disorders), psychiatric medication use, and substantial other substance use. 

Structural findings are that, compared to demographically similar non-drinkers, heavy drinking adolescents showed reduced prefrontal and hippocampal volumes (p<.05) and different hippocampal asymmetry, which were more divergent from controls for drinkers meeting more alcohol abuse/dependence criteria. Functional MRI studies have examined blood oxygen level dependent (BOLD) response during working memory, inhibition, and learning tasks. Among teens meeting criteria for alcohol use disorder (AUD), spatial working memory response was reduced in frontal and cerebellar areas but increased in parietal regions (p<.05) despite adequate task performance, suggesting subtle neural compensation (N=34). Similar results were seen in non-AUD teens with histories of binge drinking (N=30). In contrast, young adults with AUD who started drinking in adolescence (N=20) showed globally reduced activation and poorer performance to the same task, suggesting that compensation may deteriorate with continued heavy alcohol exposure. On an inhibition task, teen binge drinkers showed less frontal and parietal response yet more cerebellar response than controls (p<.05), despite similar performance (N=24).  Compared to nondrinkers’ response to a verbal learning task, bingers showed less frontal and parietal response, no differentiation between novel and familiar stimuli (ps < .05, clusters >1512µl), and recalled fewer words nondrinkers (p=.07) (N=24). No BOLD response differences were observed during a finger-tapping task. Diffusion tensor imaging assessed white matter integrity in adolescent binge drinkers and non-drinkers (N=28). Drinkers showed lower FA in many white matter areas (clusters>38 µl, p<.05), including superior longitudinal fasciculus, corona radiata, internal and external capsules, and commissural, limbic, brainstem, and cortical projection fibers. Among drinkers, decreased FA was related to more lifetime drinking episodes and more lifetime alcohol withdrawal/hangover symptoms (p<.05). 

In general, abnormalities were greater for teens reporting more alcohol consumption and greater withdrawal or hangover symptoms, and were and more pronounced in female drinkers. Results could indicate that even relatively infrequent exposures to large doses of alcohol may compromise white matter fiber coherence, which is important to consider in the context of adolescent neurodevelopment and ongoing myelination. Longitudinal studies are underway to evaluate abnormalities in conjunction with substance use changes across adolescence. 

Acknowledgements: 2R01 AA13419-06A1, 1R01 DA021182-02

Glial NEUROPATHOLOgy of alcoholISM in THE PREFRONTAL CORTEX

Jose Javier Miguel-Hidalgo

Alcoholism features lower-than-normal densities of neurons and glial cells in the prefrontal cortex (PFC), brain region heavily involved in addictive and affective disorders. In establishing the pathophysiology of alcoholism, loss of glial cells might be as relevant as neuronal pathology, because glial cells are essential in the regulation of neurotransmission, conduction of action potentials and neuronal metabolism. In our human postmortem studies we found that in average the density of glial cells is significantly lower in the dorsolateral prefrontal (dlPFC) and orbitofrontal (ORB) cortex of uncomplicated alcoholics as compared to controls. To better characterize the role of glial cells in alcoholism we are studying the expression of structural and functional proteins in glial cells, particularly astrocytes, that might contribute to the pathophysiology of alcoholism. In addition, we are addressing alterations in the proliferation and death of glial cells as immediate causes of lower glial densities in the prefrontal cortex. One of the most important functions of astrocytes in the central nervous system is the reuptake of extracellular glutamate released by neurons during synaptic activity. In fact most of this reuptake is performed by astrocytes through glutamate transporters EAAT1 and EAAT2. In Western blots from the ORB of alcohol dependent subjects we have recently detected decreases in the levels of glial glutamate transporters EAAT1 and EAAT2, suggesting that glutamate uptake is altered in the prefrontal cortex of alcoholics which might contribute to withdrawal symptoms and cognitive and emotional disturbance in alcoholics. In addition, we have measured lower levels of the cytoskeletal component glial fibrillary acidic protein (GFAP), a marker of astrocytes, in alcoholics as compared to controls, even if the distribution of the GFAP in the ORB of alcoholics appears not to differ from controls subjects and does not necessarily coexist with glutamate transporter expression. Ethanol is also known to reduce the proliferation of astrocytes and oligodendrocytes in cell cultures. However, it is unknown whether in the human ORB the lower numbers of glial cells may be related to a reduced proliferative potential of glial cells. In the neocortex of primates including humans it appears that there is not significant neurogenesis, although gliogenesis throughout life. If alcoholism is mechanistically related to a reduced proliferation of glial cells in the prefrontal cortex then there should be a significantly lower density of cells with markers of cell proliferation in that cortical region of alcoholics as compared to controls.  Ki-67 is a nuclear protein that is used as a marker for proliferating cells, because is expressed in cell undergoing the cell cycle and is absent in quiescent cell that exit the cell cycle to stay on stage Go. We measured significantly lower densities of Ki-67 immunoreactive nuclei in the ORB of alcoholics as compared to controls. Since relatively young chronic alcoholics in our studies had the lowest glial cell densities there is the possibility that lower numbers of astrocytes predate the manifestations of alcoholism or that they are involved in increasing the vulnerability to it. An involvement of GFAP-immunoreactive astrocytes in modulating the vulnerability for alcoholism is underscored by our findings that the density of GFAP-immunoreactive astrocytes in the PFC is lower in alcohol-preferring rats than in the same region of Wistar rats or alcohol non-preferring rats. Furthermore, in Wistar rats, application into the rat PFC of gliotoxins (known to preferentially damage astrocytes) results in a transient increase of ethanol preference. In summary, glial involvement in the etiopathology of alcoholism may include reductions in glial packing density, in proteins mediating glutamate transport, in the communication between astrocytes, and in processes affecting gliogenesis. Functional and structural alterations in glial cells may offer new opportunities to treat the consequences of and vulnerability to alcoholism.

Supported by ABMRF, NARSAD and RR17701.
VOLUMETRIC DIFFERENCES IN CEREBELLUM, AMYGDALA, AND ORITOFRONTAL CORTEX IN ASSOCIATION WITH SUSCEPTIBLITY FOR ALCOHOL DEPENDENCE






Shirley Y. Hill, Ph.D.

Background:  It has long been known that excessive use of alcohol is associated with neuropathological changes.  Studies assessing those who have already developed alcohol use disorders may mask possible genetically based morphological differences that predispose individuals to alcohol dependence. We propose that susceptibility for developing alcohol dependence (AD) may be related to structural differences in brain regions that are part of circuits that influence the salience of rewards and/or modify the efficiency of information processing. The role of the cerebellum in regulating cognitive functions is being increasingly recognized along with its well-known influence on motor performance. Recently, we reported that high-risk offspring in comparison to low risk controls have significantly greater cerebellar grey volume, and show slower reduction of grey  through adolescence and young adulthood (Hill et al 2007).

The amygdala and the orbitofrontal cortex (OFC) have well-known roles in emotional regulation. Increased liability for addiction may result from behavioral predispositions that are associated with morphology of these regions.  Volumetric differences in the amygdala was first reported by our group (Hill et al 2001) for 34 adolescent/young adults who were either at high or low genetic risk because of differing familial loading for alcohol dependence.  Because these participants had minimal exposure to alcohol and other drugs at the time of scanning, it appeared that amygdala volume might be a predictor of alcohol use disorders.  

Methods:  Structural MRIs were obtained using a 1.5 T GE signa scanner at the University Pittsburgh Medical Center, Department of Radiology MRI Research Center.  T1 weighted images were obtained with a spoiled gradient-recalled pulse sequence (echo time = 5 msec, repetition time = 25 msec, flip angle = 40, acquisition matrix = 256 X 192, field of view = 24 cm, number of excitations = 1, slice thickness = 1.5 mm) for 124 contiguous images in the coronal plane.  Coronal sections were obtained perpendicular to the anterior/posterior commissure line to provide a reproducible guide for image orientation. The high-risk offspring were selected from among multiplex alcohol dependence families, and compared with community controls.  Region of interest measures were determined using BRAINS2 software utilizing the T1 images.  Raters had reliability greater than 90%.  Statistical analyses adjusted for gender, age, BMI and IQ.  

Results: High-risk (HR) adolescents/young adults showed increased total grey cerebellar volume in comparison with control subjects.  Significant age-related decreases in total grey volume were seen in controls, a pattern that was not seen in HR offspring.  In addition to these cerebellar differences, high risk offspring show reduced volume of the amygdala.  These amygdala results first seen in a smaller sample of 34 cases have now been found in a new larger sample of high and low-risk offspring (N=115).  Young adult follow-up is available for a subset (N=61) of these 115 child/adolescent/young adults that has allowed us to determine that amygdala volume is associated with SUD outcome.   Finally, we find marked differences in laterality of OFC volumes in high-risk offspring, especially males. Analyses of BDNF and 5HTT  genotypes in association with right OFC volume has demonstrated an interaction between these two genes.

Conclusions: Offspring from multiplex families for AD manifest genetic susceptibility by having smaller amygdala volume, larger cerebellar grey volume and a slower rate of change in cerebellar grey matter for age.  Larger cerebellar volume in adult obsessive compulsive disorder (OCD) patients has been reported along with reduced amygdala volume. This suggests a possible similarity in structural underpinnings for alcohol dependence and OCD.  Additionally, we conclude that morphological differences in the OFC and amygdala may predispose high-risk offspring to addiction through the behavioral manifestations that these alterations bring with them. Among these may be altered social cognition, greater tendency for impulsivity and aggressivity.  Finally, our preliminary results showing an association between lateralized OFC volume and the interaction of two candidate genes suggest the presence of one neurogenetic mechanism for increasing alcohol susceptibility.

Support: NIAAA Award: AA 05909

NEURAL Oscillations and genes involved in risk for alcohol dependence and related disorders 

Bernice Porjesz

Biological endophenotypes reflect more proximal effects of genes than diagnostic categories, providing a powerful strategy in searching for genes in complex psychiatric disorders.  These intermediate phenotypes (biological traits), which are often quantitative, identify both affected and unaffected members of an affected family, including offspring at risk, providing a more direct connection with underlying biological vulnerability. The Collaborative Study on the Genetics of Alcoholism (COGA) has employed heritable neurophysiological traits (e.g., brain oscillations) as endophenotypes in the search for genes associated with the risk for alcohol dependence and other related psychiatric disorders. This strategy has successfully identified susceptibility genes that may be difficult to detect with diagnosis alone. Subsets of COGA samples comprising more than 1,000 Caucasian only subjects in each subset were included in genetic linkage and family based association analyses. We have used various endophenotypes as well as psychiatric diagnoses in the analyses. We found significant linkage and association between brain oscillations and genes involved with inhibitory neural networks (e.g. GABRA2, CHRM2, GRM8) including frontal networks that show deficits in individuals with alcohol dependence, high impulsivity and related disorders. We have found that these genes are also associated with diagnosis of alcohol dependence and related disorders.  Thus, the identification of genes important for the expression of the endophenotypes (brain oscillations) help in identifying genes that increase the susceptibility for risk of alcohol dependence and related disorders. Our results suggest that these genes may be involved in modulating brain oscillations and in vulnerability to alcoholism and related disorders. These findings underscore the utility of using quantitative neurophysiological endophenotypes in the genetic study of alcohol dependence and other complex psychiatric disorders.

The national COGA study is supported by NIH Grant U10AA008401 from the National Institute on Alcohol Abuse and Alcoholism (NIAAA) and the National Institute on Drug Abuse (NIDA).
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Figure 1.The traditional explanation of adolescent behavior has been suggested to be due to the protracted development of the prefrontal cortex. Our model takes into consideration the development of the prefrontal cortex together with subcortical limbic regions (e.g., nucleus accumbens & amygdala) that have been implicated in risky choices and emotional reactivity.








