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the future of high-resolution PET imaging

Richard E. Carson

Diagnostic Radiology and Biomedical Engineering, Yale University

Positron emission tomography (PET) provides quantitative dynamic images of radiotracer concentration in human beings and research animals. Combining this instrumentation and reconstruction algorithms with the techniques of tracer kinetic modeling provides the ability to produce quantitative neuroreceptor measurements in vivo from 4D data. When these approaches are applied for every voxel in a 3-D volume, parametric images of physiological parameters can be obtained. However, widespread use of these quantitative imaging techniques has been limited primarily to a few academic centers due to their overall complexity. Thus, the development of automated, robust algorithms for analysis of PET data can dramatically expand the applicability of this technology to a wide range of clinical and research studies. This presentation reviews the current state-of-the-art for high resolution PET neuroreceptor imaging and considers the major challenges and opportunities in the coming years. These issues will be addressed in the context of the HRRT, the highest resolution human brain PET imaging system available. 

The first step in quantitative neuroreceptor imaging is the use and application of appropriate PET technology to yield high resolution, accurate images of radioactivity concentration with low noise.  The key physics components to achieve these goals include, the effects of resolution and partial volume effects, issues arising from count-rate effects and randoms, and the magnitude of scatter and the accuracy of scatter correction; this last of these is particularly important in low activity regions. Reconstruction issues include quantitative accuracy of iterative algorithms and practical tradeoffs between resolution and noise. The key issue of subject motion will be addressed; this is a critical factor due to long acquisition times. 

Once images are obtained, the next step is the application of tracer kinetic modeling techniques. Currently, a number of issues are challenging the PET modeling community. The detailed structure of the kinetic models is often confusing in the literature where the number of compartments and the physiological interpretation of the model parameters is not clear. Statistical noise is always a primary limit in PET images, especially at high resolution, and has lead to a wide variety of noise reduction techniques which must be carefully assessed to minimize bias. Measurement of the input function, particularly when radioactive metabolites are present, can be problematic for short-lived tracers such as C-11. In addition, uptake of these metabolites into the target tissue must be assessed and corrected. For input function measurement, the use of reference regions to replace blood sampling has obvious advantages, but the subtle biases introduced by these techniques must be carefully evaluated and controlled. 

In the future, direct measurement of an appropriate input function for the models is being replaced by image-based analyses, since the quality of measurements in the carotid has improved with high-resolution PET . Development of improved, rapid parameter estimation algorithms is necessary to assure unbiased parametric images with low statistical noise. Finally, direct incorporation of the kinetic model into the reconstruction process may be the ultimate path for production of tracer kinetic parametric images for PET and the wider use of PET kinetics for neuropsychiatric disorders.

Acknowledgements: NINDS, Siemens Medical Systems
IMAGING RECEPTOR TRAFFICKING

Marc Laurelle

NO ABSTRACT AVAILABLE

DELINEATING THE REGULATORY EFFECTS OF ALCOHOL DRINKING AND TOBACCO SMOKING ON BRAIN NICOTINIC ACETYLCHOLINE RECEPTOR AVAILABILITY 

Julie K. Staley, Ph.D

Departments of Psychiatry and Diagnostic Radiology Yale University School of Medicine and the Veteran’s Affairs Connecticut Healthcare System (VACHS), West Haven, CT 06516
Concurrent alcohol and tobacco abuse have plagued society for decades. Epidemiological studies report that as many as 60 to 80% of heavy alcohol drinkers also smoke cigarettes. The relationship between alcohol drinking and tobacco smoking appears to be synergistic such that smokers drink more alcohol than nonsmokers and alcohol drinkers smoke more than nondrinkers. The synergistic increase in alcohol consumption and tobacco smoking may be due to reciprocal neurochemical adaptations induced by tobacco and alcohol.  The nicotinic receptor (β2-nAChR) is the initial site of action of nicotine, the primary addictive constituent of tobacco. Pre-clinical studies suggest that chronic exposure to nicotine upregulates β2-nAChR numbers and that chronic ethanol treatment decreases β2nAChR numbers. Opposing adaptations in the β2-nAChR may underlie cross-tolerance to the effects of alcohol and tobacco smoking and may explain why smokers feel less intoxicated by alcohol than nonsmokers.

Using molecular imaging, specifically SPECT with the nicotinic agonist radiotracer [123I]5-IA-85380 ([123I]5-IA), we imaged β2-nAChR availability in recently abstinent human smokers, recently abstinent heavy alcohol drinker nonsmokers, and age and sex-matched never smokers.  Human smokers had smoked of 20.1 + 7.5 cigarettes per day for 18.6 + 10.1 years, and were imaged at 6.8 + 1.9 days (mean + S.D.) of abstinence.  Abstinence was confirmed by daily assessments of urinary cotinine and carbon monoxide levels. In smokers, β2-nAChR availability was significantly higher throughout the cerebral cortex (26-36%) and in the striatum (27%) compared to nonsmokers. β2-nAChR availability remained elevated through 2 weeks of abstinence and then slowly declined over the next four weeks of abstinence.  Heavy alcohol drinker nonsmokers drank on average 222.2+149.4 standardized drinks per month for 15.5 + 13.8 years and were imaged 3.3+3.5 days of abstinence. Abstinence was confirmed by an alcohol breathlyzer on the SPECT scan day.  In addition, all of the nonsmokers (drinkers and nondrinkers) provided breath CO and urine cotinine levels in order to ensure no recent nicotine use. Overall there was no significant difference in β2-nAChR availability in heavy alcohol drinker nonsmokers versus control nonsmokers.  However, when evaluated by sex, β2-nAChR availability was significantly lower (32-39%) in parietal, frontal and cerebellar cortices, and also in the thalamus in women drinker nonsmokers versus women nonsmokers. In contrast, men drinkers demonstrated a tendency towards higher cortical β2-nAChR availability (average of 18% for cortical regions) compared to men nonsmokers. Collectively these finding suggest that alcohol and tobacco have opposing effects on β2-nAChR availability in women, but not in men. These opposing effects on β2-nAChR availability may underlie cross-tolerance to the effects of smoking and alcohol and may explain why women smokers feel less intoxicated by alcohol than women nonsmokers. 

Funding: Support contributed by Center for Translational Neuroscience in Alcoholism at Yale University (CTNA, P50 AA012870)l Alcoholic Beverage Medical Research Foundation (ABMRF) Transdisciplinary Tobacco Use Research Center (P50AA15632), R01DA015577 and K02 DA021863.

IMAGING THE GABA-a BENZODIZEPINE SYSTEM IN ALCOHOL DEPENDENCE

David Nutt 

University of Bristol UK

Given the undisputed involvement of GABA in the actions of alcohol the GABA-A benzodiazepine receptor system is an obvious candidate for potential sources of pathogenesis of alcohol dependence, withdrawal and relapse. Moreover there is evidence that this system is also involved in other disorders such as epilepsy and anxiety disorders. For these reasons we and others have worked for decades to develop PET and SPECT tracers to explore this system in the living human brain. 

A number of imaging tracers have been developed and some tested in alcohol dependence; these include 11C-flumazenil, 123I-iomazenil and 11C-RO15-4513 each of which have a somewhat different profile of activity at the receptor. Flumazenil is an antagonist at the majority of alpha-subtypes of the GABA-A receptor [1,2,3,5,] and a lower affinity partial agonist at a4 and possibly a6. Iomazenil shows a similar binding profile but may have some inverse agonist actions. RO15-4513 is an inverse agonist at the a1,2,3,5 subtypes and possibly an antagonist at the a4[delta] and a6 subtypes.  In membrane binding assay preparations it shows 10-fold greater affinity for a5 than other receptor subtypes and our evaluation of this tracer in humans reveals a binding profile that parallels the a5 distribution in post-mortem human brain – ie highest density in limbic regions - hippocampus and anterior cingulate cortex especially [Lingford-Hughes et al 2002]. Moreover we have recently performed human in-vivo challenge with the a1 selective agonist zolpidem and shown this produces very little if any displacement from the hippocampus which helps support the view that at tracer doses 11C-RO15-4513 is imaging mostly the a5 subtype. 

Over the past decade we have used both 11C-flumazenil 123iomazenil and 11C-RO15-4513 to explore the role of GABA-A receptors in alcohol dependence. Early studies showed that in patients recovered for some time from alcohol dependence a frontal reduction in iomazenil binding in male but not female subjects [Lingford-Hughes et al 1998,2000]. This was not associated with MRI reductions in volume so presumably reflects a long-lasting alteration in receptor number [or possibly some increase in an endogenous ligand], though we cannot tell if this predates the alcohol dependence or is a consequence of it. However in a pk/pd study in another similar group of male patients using an iv midazolam challenge we found that there was  clear evidence of reduced agonist sensitivity especially on EEG sleep measures, consistent with reduced number of receptor binding sites [Lingford-Hughes et al 2005]. 

Given the rodent evidence that the a5 subtype is involved in some of the actions of alcohol and our own data that a selective a5 subtype inverse agonist will reverse alcohol amnesia [Nutt et al 2007] we have explored the idea that the a5 subtype might be involved in human alcohol alcohol dependence. 11C-RO15-4513 scans were performed on recovered alcoholics and we found a general reduction in binding in the alcohol dependent patients, though analysis is ongoing and more will be reported at the meeting

Lingford-Hughes et al (1998). Reduced levels of the GABA-benzodiazepine receptor in alcohol dependency in the absence of grey matter atrophy. British Journal of Psychiatry, 173, 116-122. 

Lingford-Hughes et al (2000). Levels of GABA-benzodiazepine receptors in female abstinent alcohol dependent subjects : preliminary findings from an [123I]-iomazenil single photon emission tomography study. Alcoholism : Clinical & Experimental Research. 24, 1449-1455

Lingford-Hughes et al [2005]. GABA-benzodiazepine receptor function in alcohol dependence: a combined 11C-flumazenil PET and pharmacodynamic study. Psychopharmacology 180: 595-606.

Lingford-Hughes et al (2002). Imaging the GABA-benzodiazepine receptor subtype containing the  5-subunit in vivo with PET. J Cereb Blood Flow Metab. 22(7):878-89

Nutt DJ et al [2007]  Blockade of alcohol’s amnestic activity in humans by an 5 subtype benzodiazepine receptor inverse agonist.   Neuropharmacology 53: 810-820
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SPECT Imaging of GABAA-benzodiazepine receptors during acute and prolonged withdrawal from chronic alcohol consumption in nonhuman primates

Kelly P. Cosgrove, PhD
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Background: GABA receptors are ligand gated ion channels that are the primary mechanism for modulating inhibitory synaptic transmission in the brain, and it is well established that GABAA receptors have a central role in modulating the effects of ethanol in the central nervous system. Acute exposure to ethanol potentiates GABA-gated currents and long-term ethanol exposure significantly interferes with GABA transmission, function and neuronal excitability, mainly by reducing GABA inhibition, which is clearly evidenced by seizure activity during ethanol withdrawal. These alterations in GABA-ergic neurotransmission are associated with symptoms of alcohol tolerance, dependence and withdrawal. In vivo SPECT studies consistently demonstrate lower GABAA-BZRs in alcohol dependent subjects at approximately 1 month and 3 months withdrawal. The most recent study by Staley and colleagues (2005), which was the first to evaluate GABAA-BZRs while controlling for smoking status, demonstrated higher GABAA-BZRs at about 1 week withdrawal in alcohol-dependent nonsmokers that was suppressed in alcohol-dependent smokers.  The purpose of the current study is to investigate the effects of chronic orally-delivered ethanol on GABAA-BZRs by imaging drug-naïve animals prior to ethanol consumption and during acute and prolonged withdrawal.  Methods: Adolescent male rhesus macaques participated in baseline [123I]iomazenil SPECT scans and one MRI.  Then, animals self-administered alcohol, up to 6 g/kg/day, for 6 months and were scanned at the following withdrawal time points: 1 day, 8 days, and 12 weeks.  Animals were injected with a bolus and constant infusion of [123I]iomazenil at a ratio of 4.8h and scanned for 6 hours.  Equilibrium was approached between hours 4 and 6, defined by < 7 % change/hr. The outcome measure is VT and is defined as the regional brain activity divided by the free parent plasma activity at equilibrium. Emission scans were reconstructed, attenuation corrected, coregistered to each animals MRI and region-of-interest templates were applied. Results and Conclusions: Animals have been scanned and the data is currently being analyzed.  Preliminary data in one animal are shown below. This data suggests that [123I]iomazenil uptake is slightly elevated compared to baseline at 1 day withdrawal (16-50% across regions), and robustly elevated at 8 days of withdrawal (67-112% across regions).  Also, consistent with clinical studies, [123I]iomazenil uptake is decreased compared to baseline after extended withdrawal, e.g., 7-12 weeks.  Subsequently, this animal completed a second round of 6 months of ethanol dependence and is currently undergoing scans to determine the effect of repeated ethanol withdrawal.  Findings from this study will determine the time course of GABAA-BZ receptor regulation during acute and prolonged withdrawal and its correlation to signs of ethanol withdrawal. 

Sponsored by the Center for Translational Neuroscience of Alcoholism, VA Alcohol Center, Transdisciplinary Tobacco Use Research Center (P50AA15632) and NIDA (KO1DA020651). 
Treatment implications of opiate receptor binding -PET
Gary Wand, M.D., Elise M. Weerts, Ph.D., J. James Frost, M.D., Ph.D., and Mary E. McCaul, 

Ph.D.; The Johns Hopkins University School of Medicine, Baltimore, Maryland


Regional brain mu opioid receptor (MOR) and delta opioid receptor (DOR) availability was investigated in recently abstinent alcohol-dependent subjects and age-matched healthy control subjects with Positron Emission Tomography (PET) imaging.  [11C]-carfentanil (CAR) derived MOR binding potential and [11C]-methyl naltrindole (MeNTI) derived DOR Ki were determined in the same subjects.  Alcohol dependent subjects (N=25) completed an inpatient protocol, which included alcohol abstinence, medication-free, supervised withdrawal, and PET imaging on day 5 after withdrawal symptoms subsided and then again following 4 doses of naltrexone, 50-mg administration. PET imaging for healthy control subjects (N=23) was completed following an overnight stay.  Subjects were also genotyped for the MOR A118G single nucleotide polymorphism (SNP).  When controlling for age and gender, ANCOVA indicated that alcohol dependent subjects had significantly higher MOR BP in ventral striatum, amygdala, caudate, globus pallidus, Insula, putamen and thalamus. In contrast, DOR ki did not differ between alcohol dependent and healthy control subjects. Comparison of MOR BP between the two A118G SNP genotypes (AA vs. AG) in the MOR gene using statistical parametric mapping (SPM) revealed significant differences between genotype groups in multiple brain regions.   Blockade of brain MOR and DOR was investigated in the abstinent alcohol-dependent subjects (N=21) maintained on 50 mg naltrexone for 4 doses.  Blood samples were collected after the first administration of naltrexone to evaluate serum levels of naltrexone and 6-beta-naltrexol.  6-beta-naltrexol is a major metabolite of naltrexone, is biologically active and has a longer half-life (12-18 hrs) than naltrexone.  Naltrexone inhibition of [11C]-CAR BP was near maximal across all brain regions of interest with little variability across subjects (mean +SD % inhibition = 94.9 +4.9%).  Naltrexone only partially inhibited [11C]-MeNTI Ki and there was more variability across subjects (mean +SD % inhibition = 21.1 +14.49%).  Peak serum levels of naltrexone were positively correlated with % inhibition of DOR Ki in neocortex and basal ganglia.  Peak serum levels of naltrexone were not correlated with % inhibition of MOR BP.  Peak levels of 6-beta-naltrexol were not significantly correlated with % inhibition of MOR BP or DOR Ki.  Thus, alcohol dependent subjects have greater MOR BP than matched controls.  Persons expressing the A118G MOR receptor variant have lower MOR BP than persons expressing the more common receptor type. The FDA recommended therapeutic dose of naltrexone was sufficient to produce near complete inhibition of the MOR in recently abstinent alcohol dependent subjects. The lower percent inhibition of DOR and greater variability in DOR blockade by naltrexone across subjects may contribute to individual differences in treatment outcomes to naltrexone. Further investigations on the relationship between individual differences in DOR blockade by naltrexone and clinical outcomes should be explored.

Sponsorship: AA 11855 (MEM), AA12303 (GSW)  and AA 11872 (JJF)  

PET IMAGING OF THE SEROTONIN TRANSPORTERS AND 5HT-1A RECEPTORS IN ALCOHOL DEPENDENCE

Diana Martinez, M.D. 1, Mark Slifstein, Ph.D.1 , Roberto Gil1, M.D., Dah-Ren Hwang, Ph.D.1,2, Yiyun Huang, Ph.D.1,2, Audrey Perez, R.N. 1,Marc Laruelle, M.D.1,2 John Krystal, M.D.3, and Anissa Abi-Dargham, M.D.1,2.

Departments of Psychiatry1 and Radiology2, Columbia University College of Physicians and Surgeons, New York, NY 10032, and Yale University3, New Haven, CT, 06510.

Previous studies have investigated parameters of serotonin transmission in alcohol dependence with conflicting results.  We investigated serotonin transporter and serotonin 1A receptor availability using Positron Emission Tomography (PET).  The radiotracer [11C]DASB was used to measure the serotonin transporter and [11C] WAY 100345 was used to image the 5HT-1A receptor.  The study using  [11C]DASB included 12 alcohol dependent (AD) subjects (10M/2F, 35 ± 8 years old) and twelve healthy control subjects (10M/2F, 33 ± 6 years old, p = 0.6). Subjects were matched for ethnicity and cigarette smoking.  The AD subjects consumed 16 ± 8 standard drinks per day and had been drinking for 21 ± 9 years.  All subjects met criteria for alcohol dependence prior to the age of 25.  The AD subjects had an average Alcohol Dependence Scale (ADS) score of 21.0 ± 8.2.  For the  [11C]WAY100345 study, there were 13 AD subjects (11M/2F, 36 ± 8 years old) and twelve healthy control subjects (11M/2F, 36 ± 6 years old, p = 0.9), matched for ethnicity and cigarette smoking.  The AD subjects consumed 15 ± 8 standard drinks per day and had been drinking for 21 ± 9 years.  The alcohol dependent subjects met criteria prior to the age of 25 and had an average Alcohol Dependence Scale (ADS) score of 20.9 ± 8.3.  

All scans were acquired on the ECAT EXACT HR+ (Siemens/CTI, Knoxville, TN). The input function was derived for all PET scans.  Regions of interest were drawn on each individual subjects’ MRI and applied to the co-registered PET images for activity concentration measurement. For [11C]DASB the ROIs included the following regions: medial prefrontal cortex, subgenual prefrontal cortex, anterior cingulate, amygdala, hippocampus, parahippocampus, entorhinal cortex, insula, thalamus, and striatum. For [11C]WAY100345 the ROIs included the: medial prefrontal cortex, subgenual prefrontal cortex,  dorsolateral prefrontal cortex, orbito-frontal cortex, insula, anterior cingulate cortex, amygdala, hippocampus, parahippocampus, and entorhinal cortex, temporal cortex, occipital cortex, and parietal cortex.  The outcome measures were the binding potential (BPP) and the specific to nonspecific partition coefficient (BPND).


For both radiotracers, no significant differences were seen in the size of the regions of interest between the alcohol dependent subjects and healthy controls. No significant group differences were seen any region for [11C]DASB BPP or BPND (BPp: main effect of group, p = 0.36, group by region interaction, p = 0.20; BPND: main effect of group, p = 0.79, group by region interaction 0.36).  The post-hoc analysis of the midbrain showed no significant difference between the two groups (p = 0.60 for V3").  Similar results were seen for [11C]WAY 100635 (BPp: main effect of group, p = 0.22, group by region interaction, p =0.36; BPND: main effect of group, p = 0.69, group by region interaction, p = 0.30).  Thus, no significant difference was seen between the alcohol dependent subjects and healthy controls for either the serotonin transporter or the 5HT-1A receptor.  

Supported by NIAAA.
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