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IMAGING GENETICS AND BRAIN FUNCTION

David Goldman

With: M.A. Enoch, K. Xu,  M. M. Heitzeg, Y.R. Smith, J. A. Bueller, Y. Xu, R.A. Koeppe, C. S. Stohler, J. Zubieta

    
Imaging genetics utilizes brain structural and functional intermediate phenotypes to identify roles of genes in behavior and to understand the causal relationships of functional alleles in behavior. Imaging genetics is a relatively new approach which has already yielded decisive information on allele function in brain, presumably because of the precision of the methods and their ability to directly access phenotypes which are ordinarily obscured by other sources of variance, i.e. the environment. Linkages of COMT Val158Met, BNDF Val66Met and HTTLPR to behaviors were achieved by a multilevel approach incorporating imaging measures. fMRI, PET and SPECT techniques captured information on gene expression, neurotransmitter binding and release and regional brain metabolic response to cognitive challenges. 

An example of the application of functional neuroimaging in psychiatric genetics is the iIdentification of counterbalancing roles of  COMT Val158Met in the behavioral domains of cognition and anxiety/stress response. The power of imaging genetics is illustrated by a synthesis of recent findings on the role of COMT Val158Met in behavior. This functional locus has been linked to complex psychiatric diseases including schizophrenia, alcoholism, and OCD. Val158 and Met158 exert opposing effects on two intermediate phenotypes, potentially explaining the high abundance of the two alleles in various populations. Executive cognition is enhanced in individuals with Met158 genotypes predicted to elevate frontal dopamine levels.  We have identified an opposing effect of Met158 genotypes to elevate trait anxiety levels and pain/stress responses. Dimensionally measured anxiety was assessed in Bethesda [N=149] and American Indian [N=252] population samples using the TPQ. The Met158 allele associated with higher levels of anxiety, in women only and in both samples, consistent with estrogen regulation of COMT.  A pain-stress challenge was used in combination with opioid receptor imaging to measure the influence of Val158Met on capacity to modulate responses to pain-stress. µ-opioid receptor binding was measured in 30 healthy volunteers with the selective radiotracer [11C]carfentanil before and after pain-stress induced by infusion of hypertonic saline into the masseter muscle. Displacement of opioid binding reflects opioid activation and predicts resilience to pain/stress. The Met158 allele predicts diminished regional µ-opioid system activation as well as higher ratings of sensory and affective qualities of the pain, and a more negative internal affective state during the stimulus. These data demonstrate that COMT Val158Met influences the experience of pain, and may underlie interindividual differences in the adaptation and responses to pain and other salient and stressful stimuli.

EXECUTIVE COGNITIVE FUNCTION IN ALCOHOLISM:  

INSIGHT FROM FMRI

Edith V. Sullivan

   Alcohol-related cognitive dysfunction is typified by processing inefficiency.  Traditional concepts of processing inefficiency derive from conditions engendering altered speed/accuracy trade-offs.  Clinically, alcoholism is characterized by distractibility, poor problem solving, working memory difficulty, and perseveration.  These symptoms are also reflections of impaired executive function, a complex cognitive domain comprising multiple component processes, each subserved by frontal neural systems.  Neuroimaging studies of uncomplicated alcoholism have noted significant volume shrinkage and metabolic abnormalities of the frontal lobes.  Yet alcoholism does not result in frank lesions but rather incomplete lesions, affecting multiple neural systems but leaving open the possibility for “normal” performance when overtrained or given adequate time to complete a task.  Whole brain functional MRI (fMRI) provides a window on brain function to examine what neural systems alcoholics recruit relative to controls when both groups perform a task at comparable levels. 

   Our fMRI studies have led us to speculate that while alcoholics may perform tasks at normal levels despite brain structural compromise, they do so at the price of usurping reserves needed for conducting multiple tasks simultaneously.  Our results indicate that when engaged in a spatial working memory and attention paradigm, in contrast to controls who activated the dorsal "Where?" neural stream and dorsolateral prefrontal cortex, alcoholics activated the ventral "What?" neural stream and ventrolateral prefrontal cortex.  In performing a verbal working memory task, alcoholics recruited more widely spread frontal and cerebellar brain regions than controls to achieve normal performance.  While resolving proactive interference, alcoholics activated a frontally-based brain system associated with high-level executive function rather than a basal forebrain system, adequate for completing this low-level form of interference resolution, activated by controls.  Extensive recruitment of selective brain regions appears to be essential when automatic processing becomes effortful and intrudes into limited processing capacity, which could be used for executing other tasks requiring simultaneous cognitive engagement.  Whole brain functional MRI permits speculation about non-normal strategies of cognitive performance involving recruitment of brain systems when optimal ones are compromised by disease, thereby providing a new form of evidence for processing inefficiency.  

Supported by NIAAA:  AA10723, AA05965, AA12388

AUTOMATIC PROCESSING OF ALCOHOL CUES IN CHRONIC ALCOHOLISM:  

ERP AND FMRI DATA

Daniel H. Mathalon

With: E. Daurignac, T. DiGiacomo, M. Oustinovskaya

Attention to alcohol-related environmental cues has been shown to heighten craving for alcohol in alcoholic patients.  Alcohol-cue exposure and its associated craving induction is thought to play a role in the maintenance of alcoholic drinking, as well as to increase the likelihood of relapse in recovering alcoholics attempting to abstain from alcohol consumption.  Whether this attentional bias toward alcohol-related cues in alcoholic patients is primarily regulated by involuntary “bottom-up” orienting of attention or more “top down” selective attention to alcohol-related “target stimuli” is not clear.  Nor is it clear how this attentional bias is achieved, given that alcoholism is associated with deficits in the structural and functional integrity of the prefrontal cortex—including components of the neural circuitry that mediate attentional processes.  In particular, the P300 (also known as “P3b”) component of the event-related brain potential (ERP) to target stimuli, considered to be a neurophysiologic index of the allocation of attentional resources, has been repeatedly shown to be abnormally reduced in patients with alcoholism and has been linked to a positive family history of alcoholism.  Despite these deficits, we asked whether the automatic allocation of attention to novel stimuli, reflected in the novelty P300 or “P3a”, might be enhanced in alcoholics when processing task-irrelevant, but alcohol-related, novel stimuli during an oddball target detection task.  Moreover, we asked whether the greater automatic attentional engagement by alcohol-related stimuli in alcoholics would have deleterious consequences for their top-down allocation of attention to task-relevant stimuli reflected in their P3b to targets.  To examine these issues, alcohol-dependent patients (currently drinking) and healthy control subjects are being studied in parallel ERP and functional magnetic resonance imaging (fMRI) paradigms.  The paradigms are variants of the commonly used 3-stimulus visual oddball task in which infrequent task-irrelevant alcohol-related pictures and neutral beverage pictures are randomly imbedded in a sequence of frequent standard stimuli (small blue circle) and infrequent target stimuli (large blue circle).  Subjects are instructed to press a response button each time they see the target stimulus, but do not respond to other stimuli.  We are examining fMRI activations associated with processing of target and novel stimuli, with a particular emphasis on prefrontal and temporal cortical regions involved in automatic and controlled attentional processes.  We are also examining the ERP P3b response to targets and P3a response to novel stimuli.  Preliminary results will be reported.  

THE ROLE OF FUNCTIONAL IMAGING IN ASSESSMENT OF 

CRAVING FOR ALCOHOL

Hugh Myrick

   Functional imaging techniques have been increasingly used to understand the neurobiology of addictive disorders. An important scientific goal is to better understand which brain regions are implicated in subjective craving. Using fMRI, our group found that alcoholics had increased differential brain activity in the prefrontal cortex and anterior thalamus after a sip of alcohol and exposure to alcohol beverage pictures.  This second study utilizes improved methodology including acquisition of full brain images, visual presentation via MRI-compatible video goggles, and the ability to gather “real time” craving data via an MRI-compatible trackball while viewing the stimulus presentation. 

   In a Philips 1.5 Tesla MRI scanner, 10 non-treatment seeking alcoholics as well as 10 age matched healthy social drinking subjects were given a sip of alcohol before viewing a 12 minute randomized presentation of pictures of alcoholic beverages, non-alcoholic beverages, and two different visual control tasks. During picture presentation, changes in regional brain activity were measured in 15 transverse T2*-weighted BOLD slices.  Subjects rated their urge to drink after each picture sequence.  Differences in regional brain activity between viewing alcoholic beverage and non-alcoholic beverages were averaged over subjects and compared within groups and between groups (p<0.05, extent 0.05).  Craving ratings were correlated to brain activity.

   Alcoholics, compared to the social drinking subjects, reported significantly higher craving ratings for alcohol throughout the procedure.  Brain activity analysis suggests that after a sip of alcohol, while viewing alcohol cues compared to viewing other beverage cues, the alcoholics, but not social drinkers, had increased activity in the prefrontal cortex and anterior limbic regions. Correlation of craving data with regional brain activity will also be presented.  

Sponsored by NIAAA Alcohol Research Center Grant 2 P50 AA10761-03 and NIAAA K23 AA00314 to Dr. Myrick.

FUNCTIONAL MRI STUDIES IN ADOLESCENTS WITH ALCOHOL USE DISORDERS

Susan F. Tapert

   Although 30% of 12th graders report getting drunk in the past month and 6% of high school students meet criteria for alcohol use disorders (AUD), little is known regarding the effects of heavy drinking on brain functioning in adolescence. Our group has conducted a series of functional magnetic resonance imaging (FMRI) studies to understand how heavy alcohol use affects brain functioning in youth. 

   One set of studies examined whether AUD during adolescence affects brain functioning during neurocognitive tasks. Adolescents ages 14-17 with AUD (n=15) and demographically similar nondrinkers (n=19) were compared after >5 days of abstinence during FMRI acquisition on tests of spatial working memory, pattern recognition, and inhibition. We observed subtle blood oxygen level dependent (BOLD) response abnormalities in youths with ~2 years of AUD, but no performance differences. However, in young adults with >4 years of AUD that started during adolescence, task performance and brain function abnormalities appear. As marijuana is commonly used with alcohol, we studied adolescents with both alcohol and marijuana use disorders (n=15), and found additional BOLD response abnormalities. Low levels of nicotine use were not associated with additional brain function abnormalities. Preliminary results suggest that girls are somewhat more vulnerable than boys to deleterious alcohol effects. Family history of AUD was associated with different abnormalities than those linked to personal drinking. These results parallel our neuropsychological studies, and suggest that AUD during teenage years may be harmful to brain functioning, possibly altering adolescent neuromaturation. 

   Another set of studies investigated brain activation in response to alcohol cues. We studied brain response to pictorial alcohol advertisements versus non-alcohol beverage ads in adolescents with and without AUD. Youths with AUD showed substantially greater brain response while viewing alcohol ads than non-alcohol beverage ads, unlike peers without AUD. Additionally, college-age women with alcohol dependence showed enhanced brain response to alcohol-related words relative to neutral words in brain regions associated with reward circuitry. These results confirm studies in adults by associating urge to drink with blood oxygen usage in areas of the brain associated with reward and positive affect, and suggest a neural basis for response to alcohol ads in youths with drinking problems.

Sponsored by NIAAA

MOTIVATION IN ALCOHOLISM

Daniel W. Hommer

With: JM Bjork, G. Fong, B. Knutson

   Motivation is the process by which a desire, physiological need, or similar impulse acts to incite action.  We have used event related FMRI BOLD techniques to study the functional neuroanatomy of human motivation.  The appetitive phase of incentive motivation was modeled by measuring a subject’s BOLD while they anticipated responding for monetary reward and comparing it to BOLD while they anticipated responding for no reward. The consummatory phase of incentive motivation was modeled by measuring a subject’s BOLD while they were informed that their response had successfully won money compared to being informed that they had failed to gain money.  Among healthy adults the most robust activation during the appetitive phase is found in the ventral striatum (Knutson, et al (2001) J Neuroscience, 21, 1-5).  During the consummatory phase the greatest activation is on the mesial surface of the inferior frontal lobe (BA 10) (Knutson, et al (2003) NeuroImage, 18, 263-272).

   Since addiction is a disease in which normal motivation is altered such that obtaining and using drugs becomes a predominant incentive, we examined motivation in a group of alcoholics 3 weeks from their last drink.   During the appetitive phase the alcoholics showed a significantly blunted BOLD response in the ventral striatum compared to the non-alcoholics. During the consummatory phase there were no significant differences between the two groups.  These results suggest a hypofunction of brain motivation circuits to monetary reward among alcoholics, but do not indicate if the hypofunction precedes or follows the development of alcoholism.

   To determine if dysfunction of incentive motivation might precede alcoholism we measured BOLD response during working to obtain monetary reward among healthy young adults and healthy adolescents with or without a family history of alcoholism.  The adolescents without a family history of alcoholism had significantly lower BOLD activation in the ventral striatum than the young adults, suggesting that brain function underlying incentive motivation is still maturing during adolescence.  The adolescents with a family history of alcoholism had significantly less BOLD activation in the ventral striatum during anticipation of working for reward than the adolescents without a family history did.  These results suggest that hypofunction in brain circuits involved in appetitive motivation may precede the development of alcoholism.
























