Copyright
by
Jianwen Liu
2005

The Dissertation Committee for Jianwen Liu Certifies that this is the approved
version of the following dissertation:

Studies of the Global Gene Expression Changes in Alcoholic Human
Brain and Blood

Committee:

R. Adron Harris, Supervisor
R. Dayne Mayfield, Co-Supervisor
Susan E. Bergeson
Vishwanath R. Iyer
Edward M. Marcotte
Philip W. Tucker

Studies of the Global Gene Expression Changes in Alcoholic Human
Brain and Blood

by
Jianwen Liu, B.S.

Dissertation
Presented to the Faculty of the Graduate School of
The University of Texas at Austin
in Partial Fulfillment
of the Requirements
for the Degree of

Doctor of Philosophy

The University of Texas at Austin
December, 2005

Acknowledgements
I am very grateful to my supervisor, Dr. R. Adron Harris and co-supervisor, Dr.
R. Dayne Mayfield. I thank them for their great guidance and all their encouragement
during my graduate study in the lab. Thanks for their patience for going through and
revising all my proposals, manuscripts, presentations, dissertation and many others.
They are certainly great supervisors.
My thanks to all other members on my committee. They have been providing
me valuable advice. Special thanks to Dr. Iyer and his lab for setting up microarray
facility. Thanks to Dr. Bergeson for all her help during my graduate studies. I also thank
Dr. Marcotte and Dr. Tucker for their time, help and suggestions.
I sincerely thank my father, Liu, Riliang, and my mother, Yang, Lingyuan, for
all their love and their support for me to study abroad. I am very proud for having such
great parents. Thanks to my sisters for their encouragement. It is my greatest experience
to grow up in such a nice family. I also thank my wife, Sun, Hong, for her support, help,
and encouragement.
It has been my great pleasure to conduct my Ph.D. studies with such a wonderful
and generous group of people. I am grateful to Dr. Joanne Lewohl for organizing and
sending all the brain samples. Dr. Patrick Randall and Dr. Igor Ponomarev have
provided me lots of insightful and valuable advice on statistical issues. I thank the
Bergeson lab for sharing information and providing suggestions on microarray. I also
would like to thank Dr. Ingrid Lobo, Dr. Rajani Maiya, Dr. Sangwook Jung, Dr. Cecilia
Borghese, Dr. Steve Boehm II, Yamin Li, Kerry Hall, Ari Berman, Debbie James,
Virginia Bleck, Elizabeth Osterndorff-Kahanek, Guohong Cui, Dr. Tao Zhang, Dr.
Junichi Ogata, and all other members in the Waggoner Center for Alcohol and
Addiction Research.
iv

I would like to thank people who have collected and maintained the brain banks
at two sites, Brisbane Node of the National Health and Medical Research Council Brain
Bank and the Tissue Resource Centre at the University of Sydney in Australia. Thanks
to all of the volunteers, Dr. Harris, Dr. Mayfield, Dr. Borghese, Kerry Hall, Dr.
Munehiro Shiraishi, Mara, and Dr. Steve Boehm II, for donating their blood for the
studies in this dissertation.

v

Studies of the Global Gene Expression Changes in Alcoholic Human
Brain and Blood

Publication No._____________

Jianwen Liu, Ph.D.
The University of Texas at Austin, 2005

Supervisor: R. Adron Harris
Co-Supervisor: R. Dayne Mayfield

Alcohol is known as a drug subject to addiction. Long-term excessive drinking
may cause alcohol tolerance, dependence, and craving. Neuroadaptations underlying
these effects are likely due to changes at the gene expression level in the brain. Previous
gene expression studies in the post- mortem human brain of alcoholics demonstrated that
several gene families were altered by alcohol abuse (Lewohl et al. 2000; Mayfield et al.
2002). However, it is not clear how individual variability contributes to the observed
changes. In addition, most changes in alcoholic human brain were relatively small. It is
not clear if patterns of gene expression have sufficient power to discriminate control
from alcoholic individuals. Around 10~15% of alcohol abusers develop liver cirrhosis.
It is still unknown how concomitant liver cirrhosis may alter gene exp ression level in
alcoholic human brain on a global scale. In the present study, microarray analysis was
first performed on both frontal and motor cortex. A clustering analysis of cases
suggested that patterns of gene expression changes in the frontal cortex were more
vi

consistent than these in motor cortex. Therefore the subsequent studies were focused on
the frontal cortex. The sample size was increased to 14 uncomplicated alcoholics and 13
controls. A total of 532 genes were identified as differentially exp ressed. Those genes
were involved in several functional groups, including myelination, ubiquitination,
apoptosis and cell adhesion. In addition, several of those genes have been suggested to
be involved in the development of other neural diseases. Expression profiling of the
frontal cortex from seven cirrhotic alcoholics was conducted to examine how
concomitant liver cirrhosis influences gene expression in human brain. Both glial and
neuronal cells were affected at the transcriptional level in cirrhotic alcoholics relative to
non-cirrhotic alcohol abusers. Gene expression profiling was also performed in
alcoholic blood to identify potential biomarkers for alcohol abuse. Initial studies
indicated that gene expression levels were also affected in the blood of alcoholics. In
conclusion, a consistent re-programming of gene expression occurs in the brain of
alcohol abusers with and without concomitant liver cirrhosis. Similar changes may also
exist in the blood of alcoholics.
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Chapter 1. Introduction

1.1. Alcohol and Alcoholism
Alcohol is the oldest known drug in human history. The production of alcohol
beverages dates back to as early as 8000 BC and it can still be obtained legally today
(Feldman et al. 1997). Although it provides metabolic energy, alcohol beverages are
mainly consumed for their psychoactive, sedative, anxiolytic, and euphoriant effects.
Approximately 75% of all American adults drink alcohol beverages occasionally. Light
to moderate alcohol consumption may have a benedictory effect on heart disease
(Puddey and Croft 1999); however, many drinkers lose control over their drinking and
develop a series of behavioral responses, which may include tolerance, dependence,
sensitization and addiction to alcohol. The American Psychiatric Association has
established a detailed definition for alcohol abuse and alcohol dependence in the
Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) in
1994.
Alcohol abuse results in tremendous social and economic costs. It has been
estimated that as many as 4.65% of American adults abuse alcohol (Grant et al. 2004)
and approximately 100,000 deaths each year are associated with this disorder (Gordis
2000). Economically, alcohol abuse in the USA is associated with a loss of 184.6 billion
dollars annually (Gordis 2000). Alcohol abuse is often associated with higher
occurrence of other disease state or disorders such as heavy smoking, breast cancer,
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cirrhosis and chronic pancreatitis (Merrill et al. 1993). Acute alcohol poisoning induces
edema (swelling) in brain areas which control respiratory and cardiovascular function
and can result in the death of the drinker. Alcohol is neurotoxic for human brain.
Women appear to be more susceptible to the neurotoxic effect of alcohol (Prendergast
2004). Inherited factors, cultural acceptance, availability of alcohol, stress as well as
other factors can all influence the development of alcoholism.
Researchers and clinicians have been working together to find effective treatment
for alcohol dependence. Currently, three pharmacotherapies have been approved in the
United States for alcoholism treatment, including disulfiram (aldehyde dehydrogenase
inhibitor), naltrexone (opioid antagonist) and acamprosate (possible glutamate and
GABA modulator) (Bouza et al. 2004; Kenna et al. 2004a). More recently, ondansetron
(5-HT3 -receptor antagonist), aripiprazole (dopamine agonist and antagonist), and
topiramate (anticonvulsant, multiple mechanisms of action) also have shown promising
effects on treatment of alcoholism in a subgroup of alcoholics (Bouza et al. 2004;
Johnson 2004; Kenna et al. 2004b). Alcoholics anonymous and behavioral therapy are
choices for non-drug therapies to treat the alcohol dependence (for review, see Johnson
and Ait-Daoud 2004). Despite the significant advances in the treatment for alcoholism,
specific molecular mechanisms underlying the development of this disease are still
unclear.

1.2.

Alcohol-Induced Organ Damage
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1.2.1. Alcohol-Induced Brain Damage
Excessive alcohol intake has adverse effects on multiple organs directly or
indirectly. Ethanol is completely soluble in water, and is able to quickly cross the bloodbrain barrier and reach the highly vascularized CNS. In the brain, acute alcohol
consumption has effects on multiple ion channels including GABA, glutamate, GIRKs,
etc. (for review, see Harris 1999). In the long-term, noticeable brain damage has been
documented by neuroimaging and pathological studies. Imaging studies have found
significant loss of cortical gray matter and white matter, and enlargement of the
ventricles (Pfefferbaum et al. 1992; Sullivan et al. 1995; Agartz et al. 1999). In a
pathological study with post- mortem human brain, Kril and Harper found a reduction in
the mean neuronal area in several cortical brain regions (frontal, motor, and cingulate
cortices), possibly due to the retraction of the neuronal dendritic arbor (Kril and Harper
1989). In addition, there is a selective neuronal loss in the superior frontal cortex (22%)
but not other cortical brain regions of alcoholics, compared to controls (Kril and Harper
1989). Further studies have found neuronal loss in several other regions, namely
hypothalamus and cerebellum (Harper 1998; Baker et al. 1999). However, such findings
were not confirmed by a different group (Jensen and Pakkenberg 1993). Jensen and
Pakkenberg using stereological techniques found a difference between alcoholics and
controls only in the archicortex but not neocortex neuronal loss. Several molecular
mechanisms have been proposed for the brain damage in alcoholics including thiamine
deficiency, withdrawal hyperexcitability, oxidative stress, and glutamatergic
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mechanisms of ethanol- induced neurotoxicity (Fadda and Rossetti 1998).
Another change that has been observed is a significant reduction of the white
matter in the alcoholic brains. The volume of white matter is negatively correlated with
the amount of alcohol consumption (Jensen and Pakkenberg 1993; Kril et al. 1997; Kril
and Halliday 1999). Follow-up neuroimaging studies have suggested that this white
matter loss is reversible through alcohol abstinence and such reversal happens as early
as one month after alcohol abstinence (Shear et al. 1994).
Large amounts of alcohol consumption result in loss of appetite and consequently,
lack of intake of sufficient nutrients such as proteins and vitamins, especially thiamine.
Thiamine (Vitamin B1) deficiency is the leading cause for Wernicke-Korsakoff
syndrome, a neuropathology found predominantly in alcoholics (Martin et al. 2003).
Several mechanisms are proposed for the development of thiamine deficiency in
alcoholics, including inhibition of oral thiamine hydrochloride absorption, decreased
intake and intestinal transport, and impaired utilization (Thomson 2000).
1.2.2. Alcohol-Induced Liver Damage
The liver is the main organ responsible for ethanol metabolism. Excessive alcohol
consumption is the most common cause of liver cirrhosis in western countries (Grant et
al. 1988). An estimated 10 ~ 15% of heavy alcohol drinkers develop liver cirrhosis
(Mann et al. 2003). The death rate due to cirrhosis among the heavy alcohol drinkers is
2~23 fold higher than that among the general population (Mann et al. 2003). Alcohol
intake is highly correlated with the development of alcoholic liver disease (Lelbach
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1975; Becker et al. 1996). Elevated levels of the alcohol metabolite acetaldehyde result
in increased NADH:NAD ratios, and increased gut permeability are thought to be the
main causes of development of liver damage (Tome and Lucey 2004). Depending on
the period of alcohol drinking, genetic and environmental factors, the development of
alcoholic liver disease in alcohol abusers can progress through different stages from
fatty liver (steatosis), alcoholic hepatitis and eventually to irreversible liver cirrhosis.
Gender and viral infection can also influence the development of alcoholic cirrhosis (for
review, see Tome and Lucey 2004). Several therapies have been developed for treating
alcoholic liver cirrhosis but the most effective one is through liver transplantation
(Tome and Lucey 2004). Abstinence from alcohol is the most effective treatment for
early stages of alcoholic liver disease.
A secondary adverse effect of cirrhosis is brain damage resulting from elevated
cytokines, malnutrition and the decreased ability of the liver to remove certain
neurotoxins (e.g. ammonia and manganese) from circulating blood (Butterworth 2003).
In some cases, serious damage to the liver can even induce a form of brain disease,
hepatic encephalopathy (Butterworth 2003).
1.2.3. Damage to Other Organs
Excessive alcohol intake has adverse systematic effects on other organs as well
(Feldman et al. 1997; Montalto and Bean 2003). Among them is the increased
occurrence of cancer in the gastrointestinal system. Disruption in the mitochondrial
function and protein synthesis seen in heavy alcohol drinkers causes pathological
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changes in the heart muscle and therefore cardiomyopathy. Noticeable adverse effects
have also been observed in eyes, respiratory system, pancreas, skin, muscles and other
tissues.

1.3. Genes and Gene Expression in Alcoholism
1.3.1. Genetic Contributions to the Development of Alcoholism
Genetic composition and environmental influence contribute about equally to the
development of addiction to alcohol and those two factors further interact with each
other (Johnson et al. 1998; Nestler 2000; Crabbe 2002b). Different genetic component s
(polymorphic variants) may encode proteins with different activity or transcript
abundance. Several genes have been indicated to be correlated to the susceptibility to
the development of alcoholism. These genes fall into three major categories. The first
category is the alcohol metabolizing genes, including alcohol dehydrogenase (ADH),
aldehyde dehydrogenase (ALDH), and cytochrome P450 2E1 (CYP2E1) (Li and
Bosron 1986; Agarwal 1997; Chen et al. 1999; Agarwal 2001; Quertemont 2004) .
Genes in the second category are neurotransmitter receptors/subunits, namely DRD2,
GABRB1, GABRA2, GABRG3 and CHRM2 (Parsian and Zhang 1999; Noble 2003;
Dick et al. 2004; Edenberg et al. 2004; Konishi et al. 2004; Wang et al. 2004b). The
third category of genes are neurotransmitter transporters, such as EAAT2 and 5HTTLPR (Sander et al. 2000; Foley et al. 2004).
A number of animal models have been developed to study different traits of
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alcoholism in humans (Browman and Crabbe 1999; Crabbe 2002a). By selective
breeding, several genetic models have been developed to study alcohol-related
behaviors, such as alcohol preference (e.g. AA/ANA rats, P/NP rats and subsequent
HAD/LAD rats), withdrawal seizure prone/resistant mice (WSP/WSR), hypnotic effect
(LS/SS mice), hypothermic effect (COLD/HOT mice), locomotor stimulatory effect
(FAST/SLOW mice), and acute functional tolerance to alcohol (HAFT/LAFT mice)
(for review, see Tabakoff and Hoffman 2000). Recombinant inbred strains have also
provided opportunities to study the genetic component in the development of
alcoholism (Crabbe 2002a). Several groups have also attempted to develop animal
models for alcohol- induced tissue damage, e.g. alcohol- induced liver damage with
different levels of success (for review, see Tabakoff and Hoffman 2000).
1.3.2. Alcohol Addiction and Changes in Gene Expression
Regulation at the transcriptional level is likely involved in the development of
drug addition (Miles 1995; Nestler 2000, 2001b; Chao and Nestler 2004). One example
is the accumulation of delta-FosB in the nucleus accumbens after chronic exposure to
several drugs including alcohol (Kelz et al. 1999; Kelz and Nestler 2000). Acute
exposure to drugs induces all Fos family members; however this induction is transient
for all Fos members except delta-FosB, which persists at an elevated level long after
other member have returned to the basal level (Chao and Nestler 2004). Up-regulation
of cAMP signaling pathway has also been well studied in drug addiction (Nestler
2001a). Regulation of transcription factors (e.g. CREB) may further induce other
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changes that are respons ible for the development of addiction. In addition, alcohol
intake can affect a number of signaling pathways, including calcium influx, cAMP
metabolism, PKA and PKC activity, MAP kinase pathway and insulin signaling
pathway (for review, see Fan et al. 2004). All of these pathways can potentially
influence down-stream gene expression level. The rate of RNA decay and binding of
other molecules also affect the amount of mRNA molecules available for translation.
A number of genes have been shown to be regulated by alcohol treatment in
cultured cells, animal models and huma n alcoholics. These genes are involved in
neurotransmission, signal transduction, molecular chaperones, inflammation and other
processes (Mochly-Rosen et al. 1988; Buck et al. 1991; Gayer et al. 1991; Miles et al.
1991; Montpied et al. 1991; Mhatre and Ticku 1992; Miles et al. 1992; Charness et al.
1993; Miles et al. 1993; Miles et al. 1994; Miles 1995; Devaud et al. 1997; Lewohl et al.
1997; Caberlotto et al. 2001; Buckley and Dodd 2004).
The difference in gene expression level in alcoholic human brain could be a result
of multiple reasons. The observed changes may reflect pre-existing differences in
alcoholic human brain as a result of genetic variation. Alcohol intake may directly cause
regulation of gene expression level in human brain, i.e. primary changes. These primary
changes can also induce further regulation of genes that are down-stream in the cellular
pathways (secondary changes), such as cAMP signaling pathway. Alcohol exposure
presents neurotoxicity in the brain and causes cell death (certain ne urons and glial cells,
e.g. oligodendrocytes) (Kril et al. 1997). The expression level of genes specific to those
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cell types will be detected as down-regulated or completely turned off.
1.3.3. Gene Expression Studies Using Traditional Methods
1.3.3.1. Subtractive mRNA Hybridization
Subtractive mRNA hybridization was developed about two decades ago (Travis et
al. 1987). With this method, mRNA from the drug-treated cells/tissues is reverse
transcribed into radioactive cDNA and then combined with the control RNA. The druginduced genes in the treated sample are expressed in excess relative to the control and
remain single-stranded. These genes are selected, cloned, and sequenced. The existing
gene information may indicate their cellular function. Miles and his group identified
Hsc70 and other five clones that showed elevated levels in alcohol- treated cultured cells
through subtractive RNA hybridization (Miles et al. 1992; Miles et al. 1994).
1.3.3.2.

Differential Display
In the differential display, mRNA is reverse-transcribed with 3 different

anchored oligo dT primers, and then PCR amplified with 80 arbitrary forward primers
couple with each of the 3 specific reverse primers in the presence of radioactive
nucleotides, followed by acrylamide gel electrophoresis and film exposure. By
comparing the band pattern of amplified products between test and control RNA, one
can identify genes with different level of expression, especially when the expression of
a gene is turned on or off. The genes are then subjected to cloning, sequencing and
database-searching for functional annotations (Liang et al. 1993).
A number of alcohol responsive genes have been identified using differential-
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display. Using this technique, mitochondrial NADH dehydrogenase subunit 4 was
shown to be induced in the hippocampus of ethanol- treated rats for up to 48 hr after
withdrawal (Chen et al. 1997). In addition, A similar technique was used to identify a atropomyosin (TM) gene that was induced in the mouse embryo after alcohol exposure
(Lee et al. 1997). Neuroendocrine-specific protein (NSP) was shown to be induced after
alcohol treatment in the whole brain of withdrawal- seizure prone mice (Schafer et al.
1998). Fan and colleagues observed an up-regulation of two mitochondrial genes in the
nucleus accumbens of post- mortem alcoholic human brain (Fan et al. 1999). Nishida et
al. also identified ethanol responsive genes in N18TG2 neuroblastoma cells (Nishida et
al. 2000). In another study, the same group identified a neuron-specific gene, hNP22,
showing altered expression in human brain (Fan et al. 2001). Sommer et al. found
ribosomal protein L18a and diacyglycerol kinase iota were differentially expressed in a
rat model, alcohol accepting and alcohol non-accepting rats (Sommer et al. 2001).
Although both subtractive mRNA hybridization and differential display
identified a list of ethanol-responsive genes, they are very labor- intensive. Each
identified genes has to be cloned and sequenced. Only a handful number of genes can
be studied at a time. In addition, subtractive hybridization has relatively low sensitivity
to moderate expression changes (Rahman and Miles 2001), whereas improper handling
of the differential display technique may result in false positive findings due to the
nature of exponential amplification.
1.3.4. Gene Expression Studies Using DNA Microarray Technology
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1.3.4.1.

Introduction to DNA Microarray Technology

1.3.4.1.1. Overview
Microarray technology is a relatively novel tool to study gene expression (Schena
et al. 1995; Lockhart et al. 1996). Compared with other low-throughput methods that
have been developed over the last decade (cDNA sequencing, differential display, serial
analysis of gene expression, total gene expression analysis and subtractive mRNA
hybridization), microarray analysis is a comprehensive and reliable parallel analysis of
gene expression profiles on a genome-wide scale (Brown and Botstein 1999; Duggan et
al. 1999; Lockhart and Winzeler 2000). Such comprehensive expression studies make it
possible to build a systematic and integrated picture of the whole system. For organisms
with small genome such as yeast (~6,200 open reading frames), the expression pattern
of all of the genes in the genome have been studied under various conditions (Wodicka
et al. 1997; Cho et al. 1998; Chu et al. 1998; Hauser et al. 1998; Spellman et al. 1998).
Since it was invented, microarray technologies have been used in a wide spectrum of
research fields, among which are studies of neurodegenerative diseases (section 1.3.4.2),
cell cycle (Cho et al. 1998), tumor classification and prediction (Golub et al. 1999),
protein-DNA interactions (Iyer et al. 2001), mechanisms of drug action (Marton et al.
1998), single nucleotide polymorphism (Liljedahl et al. 2005).
1.3.4.1.2. cDNA Microarray Technology
A number of microarray platforms are currently available, but the basic principle
underlying the technique is the same, that is, hybridization of two complimentary
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strands of nucleotides between DNA and DNA (or cRNA). Spotted cDNA microarrays
are the most popular non-commercial platform. For this technology, each cDNA clone
from a cDNA library is PCR-amplified and deposited onto a supporting surface (usually
coated glass) through a pin-based touch-off deposition techniques or reagent jetting
technology (Doktycz 2005). DNA molecules are attached to the glass surface mainly
through electrostatic interaction between negatively charged DNA molecules and the
positively charged surface of coated slides. Usually, RNA from two different sources is
reverse transcribed to cDNA, during which modified nucleotides are incorporated. The
resulting cDNA is labeled in a subsequent step through coupling of cDNA molecules
with fluorescent dye, such as Cyanine 3 (Cy3) or Cyanine 5 (Cy5). The two labeled
cDNA samples are then mixed together and applied onto the spotted array where
thousands to tens of thousands of probes (i.e. deposited cDNA PCR product) reside.
The labeled cDNA molecules from two sour ces, containing relative abundance
information of each mRNA species in the original starting RNA, can competitively
hybridize with the fixed probes on the array. After hybridization, the slide is scanned,
which converts the amount of hybridized labeled molecules on the array into digital
signal intensities of the spot from each fluorescent channel. The relative expression
level of each transcript (mRNA species) in the two samples is expressed as the ratio of
signal intensities from two channels. This “mix-of-two ”design can effectively avoid
issues related to differences in hybridization kinetics (Brown and Botstein 1999). In
addition, cDNA array platform has the obvious advantage of low cost and high
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versatility. The gene set can be easily modified and expanded. However, there may exist
certain level of cross-hybridization on the cDNA array.
1.3.4.1.3. Oligonucleotide DNA Microarray Technology
High-density oligonucleotide DNA microarray technology has been reviewed
before (McGall and Christians 2002). The arrays are designed and synthesized based on
gene sequence information alone. Briefly, around 10-20 pairs of 25- mer short oligos
corresponding to different pre-selected regions on each gene are synthesized on a solid
substrate through photolithography. For each pair of short oligos, one sequence
(perfectly matched sequence, PM) from each pair perfectly matches the complimentary
sequence of a gene, whereas the other (mismatched control probe, MM) has the same
sequence as PM sequence except the middle nucleotide which is used to calculate nonspecific hybridization during data-analysis. An RNA sample from a single source is
reverse transcribed with a primer containing the promoter sequence for the
bacteriophage T7 RNA polymerase, followed by in vitro transcription. During in vitro
transcription, fluorescent- labeled nucleotides are incorporated into cRNA products. The
resulting cRNA molecules are broken into short oligo nucleotide strands and then
hybridized onto the array. The absolute expression level of each mRNA species is
reflected by the spot intensities, whic h will be used for comparison purposes. The
oligonucleotide design makes it possible to distinguish expression differences between
even closely related members of a gene family. However, the cost of such arrays is
relatively high.
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1.3.4.1.4. Other Forms of DNA Microarray
There are several other microarray platforms currently in use. Nylon-based
microarrays contain smaller gene set (up to 4,000 genes) and usually use radioactive
labeling method (Jokhadze et al. 2003). Similarly, plastic film arrays (BD Atlas Plastic
Film) requires no special equipment and has broad coverage up to 40,000 oligos. It is
more suited for long oligonucleotide arrays (60~80 bases) (BD Biosciences Clontech)
(Munishkin et al. 2003). Long oligo-arrays are also commercially available from other
sources (Agilent, Amersham, etc.).
1.3.4.2. Application of Microarray Technology in the Study of Neurobiology
Brain represents the most complex organ in human body. A large number of genes
are involved in the brain activity. Microarray technology has its obvious advantage over
traditional “one-gene-at-a-time”approaches for neurobiological studies (Lockhart and
Barlow 2001). Microarray technology has been used widely in many studies of the CNS
including brain development (Geschwind et al. 2001), behavior (Cavallaro et al. 2001;
Leil et al. 2003) and neurological diseases (Henry et al. 2003; Mirnics and Pevsner
2004). Those diseases include Alzheimer’s disease (Ginsberg et al. 2000),
Schizophrenia (Mirnics et al. 2000), Parkinson’s disease (Mandel et al. 2003),
Huntingdon’s disease (Luthi-Carter et al. 2002), bipolar disorder (Niculescu and Kelsoe
2001), and multiple sclerosis (Lock and Heller 2003). Microarray technology has also
been used to study the effects of drugs of abuse on brain function in human subjects and
animal models. These studies include alcohol (see section 1.3.4.3), cocaine (Albertson
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et al. 2004), amphetamine (Noailles et al. 2003), and morphine (Loguinov et al. 2001).
1.3.4.3.

Gene Expression Studies of Alcoholism Using DNA Microarray Technology

1.3.4.3.1. Overview
Alcohol-related behaviors are complex traits with multiple genes and cellular
mechanisms involved. Each gene only counts for a small portion towards the
development of the trait. Multiple genetic loci in human and animal models have been
found to be associated with alcohol-responsive behaviors (Crabbe 2002b). It is desirable
to study the gene expression on a large scale in order to get a complete picture of how
alcohol affects gene expression level in the brain. Early studies have used different
methods to measure multiple genes at a time (see section 1.3.3). Microarray technology
is a very powerful method to discover novel alcohol-responsive genes. It also allows the
identification of overall patterns of gene expression alterations. This technology has
been used to study gene expression changes in response to alcoho l exposure in cultured
cells and brain of animals and human alcoholics as shown below.
1.3.4.3.2. Microarray Studies in Cultured Cells
Miles and his group studied gene expression changes in the human SH-SY5Y
neuroblastoma cells after chronic ethanol treatment (Thibault et al. 2000). The mRNA
level of 46 genes were consistently increased or decreased, including genes involved in
glutathione metabolism, and protection against apoptosis, and especially catecholamine
metabolism. The authors also suggested that ethanol and cAMP may share some
pathways in regulating the gene expression changes (Thibault et al. 2000). Gutala et al.
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studied gene expression changes in cortical neurons before and after ethanol treatment
and identified 56 down- and 10 up-regulated genes (Gutala et al. 2004). Specifically,
they noticed a significant decrease in ubiquitin-proteasome and protein synthesis
pathways.
1.3.4.3.3. Microarray Studies in Animal Models of Alcohol
Microarray technology has been applied to identify gene expression differences in
several animal models (Hoffman et al. 2003; McBride et al. 2005; Sommer et al. 2005).
These studies focused on the innate gene expression differences across strains of
animals differing in alcohol-related phenotypes (e.g. drinking preference) in order to
identify pre-existing gene expression differences that may underlie behavioral
differences (Xu et al. 2001; Tabakoff et al. 2003; Arlinde et al. 2004; Edenberg et al.
2005). Some studies investigated gene expression changes after alcohol exposure in
whole brain or specific brain regions (Rimondini et al. 2002; Saito et al. 2002; McBride
et al. 2005). Other studies have compared different responses to alcohol exposure at
gene expression level in the CNS of different strains of animals (Daniels and Buck 2002;
Hoffman et al. 2003; Saito et al. 2004; Treadwell and Singh 2004; Kerns et al. 2005;
McBride et al. 2005).
1.3.4.3.4. Microarray Studies in Post- mortem Human Brain
Several groups have studied gene expression changes in the brain of the autopsy
alcoholic human brain using microarray technologies. The first study by Lewohl et al.
compared gene exp ression profiles of alcoholics with matched controls in the superior

16

frontal cortex using both cDNA microarray containing over 4,000 genes and nucleotide
arrays representing about 5,600 genes (Lewohl et al. 2000). The most significant
finding was the down-regulation of a group of myelination-related genes. In a second
study, Mayfield et al. surveyed the gene expression changes in both superior frontal
cortex and motor cortex of alcoholic human brain using cDNA microarray containing
about 10,000 cDNA elements (Mayfield et al. 2002). The previous finding of downregulation in the myelination-related genes was confirmed. In addition, other groups of
genes also showed changes including protein trafficking and several signaling pathway
(calcium, cAMP and thyroid) (Mayfield et al. 2002). In both studies, RNA from
different individuals was pooled together to reduce individual variability. Sokolov et al.
examined the pattern of expression in the temporal cortex from 11 alcoholics with or
without other psychiatric diseases and 11 controls matched for disease condition
(Sokolov et al. 2003). The expression profiling was performed on oligonucleotide
arrays containing 12,626 genes. The authors found dysfunctions in several functional
groups of genes at the transcription level: mitochondrial function, ubiquitin system and
signal transduction. More recently, gene expression changes in the prefrontal cortex and
nucleus accumbens was examined by pair comparison between alcoholic and control
cases (Flatscher-Bader et al. 2005). There were a total of 6 pairs of comparisons (6
cDNA arrays with each containing 19,200 cDNA clones) in each brain region. Findings
by the previous studies in the frontal cortex of post- mortem human brain were
confirmed in this study. In addition, a number of genes involved in vesicle formation
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and regulation of cell architecture were altered in the nucleus accumbens of alcoholics.

1.4. Alcoholism and Gene Expression in Human Blood
Alcohol abuse and alcoholism have a great impact on our community (see section
1.1). However, routine alcoholism diagnostic tests are not administered to individuals.
An effective screening test would be important for early diagnosis and preventio n of
further development of the disease. Such tests would be of great interest to insurance
companies that would like to classify applicants into different levels of risk for alcohol
consumption (Montalto and Bean 2003). Blood is an ideal tissue to screen for
alcoholism based on biomarkers existing in white blood cells, to monitor treatment
effect on alcohol abuse, or for other purposes. Several markers exist on the market
currently based on the biochemical effect of alcohol intake, including liver enzymes
(gamma glutamyltransferase, GGT; aspartate aminotransferase, AST; and alanine
aminotransferase, ALT), lipids, lipidproteins and red blood cell volume (mean
corpuscular volume, MCV) (Meera et al. 2001; Conigrave et al. 2003; Helander 2003).
However, the use of each of these markers for alcohol abuse may be complicated by
factors other than alcohol intake, resulting in low specificity and limited sensitivity
(Conigrave et al. 2003). A combination of multiple markers has been reported to be a
better indicator than any single one alone. For instance, Meera et al. developed a
formula that 84.7% subjects (alcohol dependent users or controls) can be predicted
based on the levels of several lipids and lipidproteins in the blood (Meera et al. 2001).

18

Recently a new test has been developed, which measures the level of
carbohydrate-deficient transferrin (CDT) in blood. Relatively high level of CDT is
found in the serum of chronic alcohol abusers compared to normal population. This test
was approved by Food and Drug Association (FDA) in the United States in 2001
(Anton et al. 2001). It has higher specificity than other biomarkers; however, its
sensitivity is also affected by a few other factors such as severe liver disease and genetic
variation (Montalto and Bean 2003).
Alcohol consumption can induce changes of mRNA and protein level in the
leukocytes, for example, CYP2E1, perforin, granzyme B, and IFN-gamma (Raucy et al.
1995; Dokur et al. 2003; Dey et al. 2005). In addition, Gs-alpha, TNF-alpha-inducible
NF kappa B, HIV-1-LTR, and proopiomelanocortin (POMC) are also induced by
alcohol treatment under different experimental paradigms (Waltman et al. 1993;
Winkler et al. 1998; Dong et al. 2000). Heat shock proteins in lymphocytes are upregulated by alcohol exposure, at least at protein level (Rodenhiser et al. 1986). Another
study showed that ethanol treatment suppressed expression of IL-1 beta at both mRNA
and protein level induced by adherence or bacterial stimulation (Szabo et al. 1993). It
should be possible to identify a set of genes as a specific and sensitive biomarker for
alcoholism.

1.5. Dissertation Aims
The overall aim of this dissertation is to examine gene expression differences in
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the brain of human alcoholics with and without concomitant liver cirrhosis. In addition,
initial studies of gene expression changes in alcoholic human blood will also be
described. The hypothesis is that alcohol abuse can alter gene expression level in both
human brain and blood, and such changes can explain, at least partially, the
development of alcohol dependence. This overall aim includes three specific aims.
Aim 1. To compare gene expression patterns of uncomplicated alcoholics with
controls in two cortic al brain regions, frontal and motor cortices.
Aim 2. To identify genes with altered expression level in cirrhotic alcoholic brain.
Aim 3. To perform initial studies of gene expression changes in the blood of
human alcoholics.

1.6. Chapter Overview
The next chapter describes all of the methods and materials used in this study.
Chapter 3 describes the optimization of an RNA amplification method that was used for
the subsequent studies. Chapter 4 is focused on the study of gene expression changes in
uncomplicated alcoholics using microarray technology. Chapter 5 is about the study of
gene expression changes in the frontal cortex of cirrhotic alcoholics compared with
uncomplicated (non-cirrhotic) alcoholics. In Chapter 6, methods for gene expression
profiling in human blood are developed. General conclusions and pertinent discussions
are made in the Chapter 7 and 8, respectively.
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Chapter 2. Methods and Materials

2.1. Case Selection
Brain samples were obtained from the Brisbane Node of the National Health and
Medical Research Counc il (NHMRC) Brain Bank and the Tissue Resource Centre at the
University of Sydney, Australia (http://www.braindonors.org). Alcoholics were
classified based on the amount of alcohol consumption according to the National Health
and Medical Research Council (NHMRC) (>80 g of alcohol per day), instead of the
criteria established by the American Psychiatric Association (DSM-IV) or World Health
Organization (ICD-10). Many alcoholic patients in this study consumed more than 200
grams per day for most of their adult life. Control cases either abstained from alcohol
completely or were social drinkers. Uncomplicated alcoholics were defined as
alcoholics without any other medical symptoms such as other drug abuse, mental
disorder, liver cirrhosis and Wernicke-Korsakoff Syndrome. In experiments examining
gene expression in cirrhotic alcoholic brain (Chapter 5), the uncomplicated alcoholic
cases were also referred as non-cirrhotic alcoholics. The cirrhotic alcoholics were
alcoholic patients with concomitant liver cirrhosis but not other diseases or brain
pathology, including no other drug addiction problems. Controls were selected matched
for age and post-mortem interval (PMI). Samples were taken by qualified pathologists
under full ethical clearance #97/36 and informed written consent from the next of kin.
Case information of all the cases used in this dissertation is summarized in Table 2.1.
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Table 2.1 Clinical information for the cases included in this dissertation. C1~C13 are
control cases. Case A1~A14 are uncomplicated alcoholics, which are also referred as
NA1~NA14 (non-cirrhotic alcoholics) in Chapter 5. CA1~CA7 are cirrhotic alcoholic
cases.

Case ID
Age (yrs)
Sex
PMI (hrs)

C1 C2 C3 C4 C5 C6 C7 C8
85 55 54 56 58 62 78 70
M M M M M M F
F
38 38 56 10 27 18 22 18

Case ID
A1 A2 A3 A4
Age (yrs) 34 29 70 36
Sex
M M M M
PMI (hrs) 31 24 15 29
Case ID
Age (yrs)
Sex
PMI (hrs)

CA1
75
F
87

CA2
58
M
<6

CA3
39
M
<24

A5
58
M
29

C9 C10 C11 C12 C13
32 79 61 59 67
F
M M M M
48 8.5 27 12 34

A6 A7 A8 A9 A10
79 70 44 59 43
M F M M M
20 17 22 15 22

CA4
51
F
17

CA5 CA6
46
51
M
M
24
14
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CA7
39
F
9

A11
57
M
67

A12
67
M
46

A13
49
M
16

A14
42
M
35

2.2. Selection of Brain Regions
Alcohol studies in human brain have shown that frontal cortex is susceptible to
alcohol damage (Harper and Kril 1989; Harper and Corbett 1990). Chronic alcohol
consumption can result in significant brain damage, especially in the frontal cortex. This
brain region has major connections with the mesolimbic reward pathway, suggesting its
potential role in the development of alcoholism. Therefore, frontal cortex is selected for
the current gene expression studies. Changes in the size of neuronal soma and dendritic
arborization of pyramidal neurons in the motor cortex besides frontal cortex (Harper
and Kril 1989; Harper and Corbett 1990) suggest motor cortex may also be a target of
alcohol abuse in the gene expression level. Thus, both frontal and motor cortices were
included for the current study of changes in gene expression level.

2.3. Total RNA Preparation
Total RNA was extracted from the frontal and motor cortices of human cases
using a modified guanidine isothiocyanate extraction procedure (Chomczynski and
Sacchi 1987) that produces high-quality RNA from autopsy brain samples. The
concentration and quality of all RNA samples were determined using a high-resolution
electrophoresis system (BioAnalyzer 2100; Agilent Technologies; Palo Alto, CA).
Degraded and/or contaminated RNA samples were identified by visual inspection of the
results. The presence of distinct 18S and 28S ribosomal peaks and the absence of
multiple peaks corresponding to smaller RNA fragments were indicative of good
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quality. Only samples containing high-quality RNA were used for amplification and
subsequent microarray hybridization.
Mouse liver and brain total RNA was extracted using TRIZOL reagent as per
manufacturer’s instructions (Invitrogen; Carlsbad, CA). Tissue was homogenized in
TRIZOL reagent and then subjected to centrifugation (4o C, 12,000 g, 10 minutes). The
particulate matter was then removed. The supernatant was purified by chloroform
extraction followed by centrifugation at 4o C. The aqueous phase was further purified
with equal volume of acidic pheno l:chloroform:IAA (pH4.5, Ambion; Austin, TX)
followed by a second chloroform extraction. Finally, RNA was precipitated with an
equal volume of isopropanol in the presence of 10 ug linear polyacrylamide. The pellet
was washed with 70% ethanol, resuspended in DEPC-treated water and stored at -80o C
freezer for subsequent amplification and hybridization. The quality of the RNA was
assessed in the same way as human RNA using BioAnalyzer 2100.

2.4. RNA Amplification
The current modified protocol was based on the methodology developed at
Stanford University (http://www.microarrays.org/pdfs/ModifiedEberwine.pdf). The
sequence of PAGE-purified T7-oligo dT primer (IDT; Coralville, IA) starting from the
5’end was GCATTAGCGGCCGCGAAATTAATACGACTCACTATAGGGAGA(dT)21 V. Total RNA (0.2~2.0 ug) was co-denatured with 0.2 ug T7-oligo dT primer at
70o C for 5 minutes and then chilled on ice. Reverse transcription was carried out as a 20

24

ul reaction, containing 1 ul of SuperScript II (200 U/ul, Invitrogen), 1 ul RNase
inhibitor (40 U/ul, Promega; Madison, WI), 4 ul 5x 1st strand buffer, 2 ul dithiothreitol
(DTT, 0.1M), 1 ul DEPC-H2 O (Ambion), and 1 ul of 10mM dNTP mix (PE Applied
Biosystems; Foster City, CA). The reaction was then incubated at 42o C for 2 hours
followed by the addition of the 2nd cDNA strand synthesis [2.5 ul E.coli DNA
polymerase I (10 U/ul, NEB; Beverly, MA), 1.5 ul E.coli DNA ligase (10 U/ul, NEB),
1.0 ul RNase H (10 U/ul, Ambion), 3.0 ul of 10mM dNTP mix, 10 ul 10x 2nd strand
synthesis buffer, and 62 ul DEPC-treated water]. The ingredients of 1x 2nd cDNA strand
synthesis buffer were the same as those outlined in the modified Eberwine protocol
except the pH was changed from 6.9 to 7.5 (room temperature) which is optimal for all
three enzymes used in the reaction. The reaction was carried out at 16o C for 2 hours.
Double-stranded cDNA was first purified by basic phenol:chloroform:IAA extraction
(pH 7.9, Ambion) and the aqueous phase was collected. Then, 50 ul of 7.5 M
ammonium acetate (Sigma), 10 ug linear polyacrylamide (Ambion), and 375 ul of 100%
ice-cold ethanol were added to the aqueous phase. The cDNA was precipitated
immediately by centrifugation (14,000 rpm, room temperature, 20 minutes). The pellet
was washed twice with 70% ethanol and then resuspended in 20 ul of in vitro
transcription mixture (8 ul DEPC-H2 O, 8 ul rNTP mix, 2 ul of 10x buffer, and 2 ul of
enzyme mix) as described in the User’s Manual of the T7 MegaScript kit (Ambion).
The in vitro transcription reaction was carried out at 37o C for 6 hours. Amplified
antisense RNA was purified using the RNeasy Mini kit (QIAGEN; Valencia, CA)
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according to manufacturer’s instructions. The quality and concentration of unamplified
total RNA and amplified antisense RNA were determined using the Agilent 2100
BioAnalyzer.

2.5. Test of cDNA Purificatio n Method
A test sample containing 40 nmol of dNTP in 100 ul DEPC water was subject to
the cDNA ethanol purification step (section 2.3). The resulting pellet after ethanol
purification was dissolved in 100 ul TE buffer and the absorbance of this solution at 260
nm (A260nm ) was measured. For comparison, A260nm of four other solutions containing
different known amounts of dNTP (0.4 nmol, 1.0 nmol, 4.0 nmol and 40 nmol) was also
measured without going through the purification step. Similar comparisons were also
performed with the 0.2 ug of T7-oligo dT primer.

2.6. Blood RNA Extraction
Blood RNA was extracted by using the PAXgene Blood RNA kit (QIAGEN,
Valencia, CA) as per manufacturer’s instructions. Briefly, blood (~2.5 ml) was collected
into a blood collection tube containing a lysis buffer and a stabilizing additive. This
additive can inhibit transcript induction and degradation. Tubes were subjected to
centrifugation (3000 g for 10 minutes) and the pellet was collected, washed with
RNase-free water and resuspended in BR1 (360 ul), BR2 (300 ul) and protease K (40
ul), followed by protein digestion (55o C, 10 min). Subsequently, the mixture was
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centrifuged and supernatant was obtained. After adding ethanol, the sample was loaded
onto a purification column. The RNA was washed with BR3 (700 ul) once and then
BR4 (500 ul) twice. The RNA was eluted into 80 ul of RNase- free water.

2.7. cDNA Labeling and Hybridization (Genisphere; Hatfield, PA)
DNA labeling using Genisphere kit was done by following manufacturer’s
instruction. Briefly, total RNA (3.0 ug) was denatured at 80o C for 10 min and then
reverse transcribed by SuperScript II (Invitrogen; Carlsbad, CA) using an RT-primer
containing a 3DNA capture sequence at 42o C for 2 hours. The reaction was stopped by
NaOH/EDTA solution and RNA strand was degraded. Concentrated cDNA from two
sources was combined and mixed with hybridization buffer. The hybridization solution
(50 ul) was then applied onto the isopropanol post-processed microarray slide. After
this first hybridization (16 hours, 65o C), slide was washed as in the user’s manual. The
denatured 3DNA hybridization solution (50 ul) containing 3DNA capture reagents was
then applied onto the slide for the second hybridization (4 hours, 50o C) to allow the
binding of 3DNA capture reagent onto the slide. After the second hybridization, slide
was washed three times again and scanned with Axon GenePix 4000 scanner as above.

2.8. cDNA Labeling (Amino-allyl dUTP)
cDNA was labeled via indirect labeling through amino allyl- modified dUTP. Total
RNA (15 ug) with (dT)21 primer (5 ug) in a volume of 15.5 ul was denatured at 70o C for
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10 minutes and then chilled on ice. In the case of polyA+ RNA or amplified antisense
RNA, the same procedure was followed except that 2 ug of RNA and 5 ug of random
hexamer primer (Amersham; Piscataway, NJ) were used. Then 14.5 ul of 1st strand premix was added, containing 6 ul of 5x 1st strand buffer, 3 ul 0.1 M DTT, 3 ul DEPC-H2 O,
1.9 ul SuperScript II (Invitrogen), and 0.6 ul 50x dNTP mix (0.15 mM amino allylmodified dUTP, 0.1 mM dTTP, 0.25 mM dATP, 0.25 mM dCTP, and 0.25 mM dGTP).
The reaction was incubated at 42o C for 2 hours, stopped by incubation at 95o C for 5
minutes, and the n snap-cooled on ice. The RNA strand was degraded by adding 13 ul of
1.0 M NaOH and 1 ul of 0.5 M EDTA, and then incubating at 67o C. The extra NaOH
was neutralized with 50 ul of 1.0 M HEPES solution. cDNA was purified using YM-30
Microcon (Millipore; Bedford, MA) and concentrated to 9.0 ul. Cy3 or 5 (Amersham)
was resuspended with 9 ul cDNA together with 1 ul of 1.0 M fresh NaHCO3 buffer (pH
9.0). The labeling reaction was incubated in dark for 1 hour at room temperature. The
labeled cDNA was then purified by QIAquick PCR purification kit (QIAGEN) and
eluted twice with 60 ul elution buffer.

2.9. cDNA Microarray Fabrication
The cDNA microarray was printed on poly- L-lysine coated microscope slides at
the microarray facility, the University of Texas at Austin. Mouse arrays included 11,136
Brain Molecular Anatomy Project (BMAP) clones and 5,184 sequence-verified mouse
Integrated Molecular Analysis of Genomes and Expression (IMAGE) clones (Resgen;
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Carlsbad, CA), representing a total of 9,511 unique UniGene clusters (UniGene Build
#147). Human arrays included a set of 46,656 IMAGE clones representing 30,738
unique UniGene clusters (UniGene Build #184). The cDNA clones were PCR-amplified
and deposited on the glass through pin-based touch-on technology. The arrays were
printed and post-processed using succinic anhydride methodology as described except
that the UV crosslink step was skipped (DeRisi et al. 1997). In the case of Genisphere
kit labeling methodology, an isopropanol post-processing method was adopted
according to the User’s Manual (Genisphere; Hatfield, PA).

2.10. Microarray Hybridization (Amino-allyl dUTP)
Each slide was post-processed after printing as described
(http://www.microarrays.org/protocols.html). Equal amounts of two differentially
labeled cDNA samples were combined and concentrated in YM-30 Microcon tubes.
The labeled cDNA mixture, hybridization buffer (final concentration 3.5X SSC, and
0.26% SDS), and blocking reagents (10 ug mouse/human Cot-1 DNA, 5 ug polyA and 5
ug yeast tRNA) were mixed as the final hybridization solution. The hybridization
solution was adjusted to 70 ul, denatured at 100o C for 2 minutes and cooled to room
temperature. The hybridization was performed in a humidity chamber (Corning;
Corning, NY) at 65o C (human arrays) or 62o C (mouse arrays) for 16 hours. After
hybridization, the slides were washed with washing solutions containing 0.6x SSC and
0.03% SDS followed by a wash in 0.06x SSC at room temperature. The slides were then
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dried by centrifugation at room temperature.

2.11. Scanning, Gridding, and Normalization
Slides were scanned with Axon GenePix 4000 (Axon; Union City, CA). The
intensity of labeled cDNA on each spot was measured at two different wavelengths, 532
nm (Cy3) and 635 nm (Cy5). The generated images from two wavelengths were
referred as images from two channels. PMT settings were adjusted for each slide to get
the overall intensity ratio from two channels close to 1. Images were analyzed using
GenePix 4.0/5.0 software. Detected or non- flagged spots were defined as those that
passed the default setting of the GenePix software. Data normalization, spot filtering
and hierarchical clustering were performed using the Longhorn Array Database at the
University of Texas at Austin (Killion et al. 2003). The normalized data set were then
uploaded into Microsoft Office Excel for further filtering and analysis. The normalized
ratios of median intensities from two channels on each array were log2-transformed for
subsequent analysis. The normalization was based on the assumption that the logtransformed ratio of net channel 2 intensity to net channel 1 intensity for each spot was
centered at zero. The normalized ratio of medians was the raw ratio of medians divided
by the calculated normalization factor.

2.12. Bayesian Statistics
Confidence in the interpretation of microarray data with a relatively small number
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of replicates can be improved by using a Bayesian statistical approach. The Bayesian
strategy relies on prior information of treatment measurements. This prior information
assumes that genes of similar expression level have similar measurement error. The
Bayesian posterior probability is defined as the probability of an event occurring after
empirical data has been considered. In the section 4.2.1, the selection criteria for
differential expression was a Bayesian posterior probability of greater than 95% or 99%
for mean expression (relative to reference) being different by at least 1 standard
deviation. Priors were normal, based on previous estimates of random pairing of control
tissue. Bayesian statistical procedures were performed according to the literature (Baldi
and Long 2001; Long et al. 2001) using IGOR Pro (WaveMetrics; Portland, OR).

2.13. Partial Least Squares (PLS) Analysis
Partial least squares (PLS) analysis was performed with log2-transformed ratio of
median intensity from two channels (test/UHRR). Missing values were first calculated
through k-nearest neighbor method in the significance analysis of microarray (SAM)
program (Tusher et al. 2001). The data were then uploaded into JMP IN (SAS Institute;
Cary, NC). Cases in one group (e.g. control) were coded as 0 and cases in the other
group (e.g. alcohol) were coded as 1. Loading score for each gene was then calculated,
which indicates how well the gene can separate two groups (e.g. control and alcohol
group). The loading score was used as one of criteria for the following gene selection.
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2.14. Hierarchical Clustering
One-way or two-way hierarchical clustering was performed with Cluster Ver3.0
software (Eisen et al. 1998). The distance between genes or cases was calculated with
centroid linkage algorithm. The clustering results were viewed in the TreeView
program (Eisen et al. 1998). Unless stated otherwise, expression values for each gene
were median-centered for hierarchical clustering analysis.

2.15. Functional Grouping
Differentially expressed genes were uploaded into the Database for Annotation,
Visualization and Integrated Discovery (DAVID) to obtain functional annotations
(Dennis et al. 2003). The Gene Ontology (GO) database was used to classify genes into
functional groups (biological process, molecular function and cellular component)
(Ashburner et al. 2000).
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Chapter 3. Optimization of RNA Amplification Procedure

3.1. Introduction
cDNA microarray technology allows the simultaneous measure of tens of
thousands of genes on a single chip (Schena et al. 1995). However, a broader use of this
technology is often hindered by the amount of RNA that is required. The amount of
RNA to be used is doubled, or even more when replicates or reverse labeling are desired
(Lee et al. 2000). However, the availability of tissue for RNA extraction becomes a
limiting factor particularly in brain studies in which specific regions or nuclei are to be
compared. A method that can either significantly improve the sensitivity of detection or
amplify the RNA available is desirable. The widely accepted method is to amplify the
available messenger RNA (Wang et al. 2003).
Current methods for RNA amplification fall into two categories, in vitro
transcription (IVT)-based linear amplification and polymerase chain reaction (PCR)based exponential amplification. In the IVT-based amplification protocols, poly(A)+
RNA is first reverse transcribed with a modified oligo-dT primer (usually containing a
phage T7 promoter sequence), followed by a second cDNA strand synthesis (Van
Gelder et al. 1990). Amplification is realized in the last step, dur ing which multiple
copies of anti-sense RNA are generated from a single double-stranded cDNA template
through in vitro transcription. Several commercial kits have been developed based on
the similar principle (MessageAmp, Ambion; Austin, TX) (Ovation, NuGen; San Carlos,
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CA) (RiboAmp, Arcturus; Mountain View, CA) (SenseAmp, Genisphere).
Exponential RNA amplification is another method that has been developed
(Iscove et al. 2002). In this method, mRNA is first reverse transcribed followed by PCR
amplification of the cDNA strand. Unlike linear amplification, such amplification for
each mRNA species is sequence dependent (Glanzer et al. 2004). In addition, PCRbased methods tend to amplify abundant transcripts more efficiently than rare ones,
therefore altering the relative abundance in the original total RNA (Lockhart and
Barlow 2001; Jenson et al. 2003).
RNA amplification in combination with DNA microarray has been successfully
used in many studies (Wang et al. 2003). Several groups have tried to optimize the
amplification procedure (Wang et al. 2000; Baugh et al. 2001; Pabon et al. 2001; Hu et
al. 2002; Zhao et al. 2002). Typically these studies report 3~20 fold increase of total
RNA following one round of amplification (yield of amplified RNA divided by the
amount of starting total RNA). Additional improvements have been made to this
method in the current study. The efficiency and reproducibility of amplification and
hybridization were also tested. Gene expression profiling after amplification was
compared with that of original total RNA.

3.2. Results
In the RNA amplification procedure, dNTP (40 nmol) and T7-oligo dT primer
(0.2 ug) were used and both were in excess of thousands of fold. Various methods have
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been used in different protocols to eliminate the extra free nucleotides and
oligonucleotide primers that result from this procedure. An alternative approach to
eliminate the free nucleotides is through ethanol precipitation with polyacrylamide as
the carrier (Gaillard and Strauss 1990). This approach was tested to determine if it could
be incorporated into current amplification protocol (see Method section 2.4). Only trace
amount of the free nucleotides (< 1%) that were used during the cDNA synthesis
remained in the pellet, whereas 67-base oligonucleotide was recovered (over 95%)
(Table 3.1).
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Table 3.1 Efficiency of ethanol precipitation to clean up double-stranded cDNA product.

dNTP

T7-oligo dT

Amount
40 nmol
0.4 nmol
1.0 nmol
4.0 nmol
40 nmol
0.2 ug
0.2 ug

Purification
Yes
No
No
No
No
Yes
No

A260nm
0.0252
0.0492
0.1152
0.4192
2.7379
0.0696
0.0722
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The amplification efficiency of the optimized protocols (section 2.3) was tested
using mouse brain total RNA and Universal Human Reference total RNA (UHRR,
Stratagene; La Jolla, CA). The same RNA sample was amplified four times following
the current optimized protocol. The original total RNA was amplified by 16-, 28-, 33-,
and 35- fold, respectively. Human reference RNA was amplified by over 50-fold,
starting from as little as 0.2 ug total RNA. The amplification efficiency of the current
protocol was compared with an amplification kit by amplifying 0.5 ug of the control
RNA in the kit. The original total RNA was amplified by 34- and 16- fold, respectively.
Figure 3.1 shows the microcapillary electrophoresis profile of the amplified UHRR. The
amplified RNA ranged from 200 bp to up to 6 kb, mostly around 2 kb. The size
distribution of the amplified product was consistent with the literature (Feldman et al.
2002).
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Figure 3.1 Microcapillary electrophoretic profiles of the amplified universal human
reference RNA (UHRR; blue trace) together with a ladder (red trace). The size of seven
peaks in the Ambion 6000 ladder from left to right is 200 bp, 500 bp, 1 kb, 2 kb, 4 kb,
and 6 kb, respectively.
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In order to determine if similar expression profiles were represented by different
amplified RNAs, the same mouse brain total RNA was amplified three times (A, B, and
C). Then the three amplified RNAs were compared on two mouse cDNA microarrays,
array 1 (A vs. B) and array 2 (B vs. C). The signal intensities of each detected spot on
the array 1 are plotted in Figure 3.2. Correlations between the intensities from two
channels were both over 0.98 on both arrays. A close examination of several outliers
indicated that those outliers were not consistent across different amplifications.
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Figure 3.2 Plot of spot intensity on an array of two amplified RNA samples from the
same total RNA. The median intensity of each spot is log10-transformed. Correlation
between two amplifications is 0.98.
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It is important to determine how many spots can be detected on microarray. Two
arrays were performed using polyA+ RNA and amplified RNA. Approximately 74%
and 76% of clones represented on the array were detected on polyA+ RNA array and
amplified RNA array, respectively. Approximately 90% of spots detected on polyA+
RNA array (89%) were also detected on the amplified RNA array.
The reproducibility of the hybridization and linearity of amplification were
evaluated by the following experiments. A total of 16 arrays were performed in 4
batches. The first 8 arrays were done on 2 separate days with 4 arrays each day using
mouse brain (Cy3) and liver (Cy5) total RNA. The other 8 arrays were done in the same
way except that amplified RNA from the above total RNA was used. Figure 3.3 is a
typical plot of log2-transformed ratios of medians on a total RNA array against an
amplified RNA array. Plotted are 12,457 spots that were detected on both arrays
without further filtering. The average correlation coefficients, based on the logtransformed ratio of medians of all detected genes, between total RNA arrays, between
amplified RNA arrays, and between total RNA and amplified RNA arrays are 0.89, 0.95,
and 0.84, respectively.
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Figure 3.3 Log transformed ratios on a total RNA array are plotted against ratios on an
amplified RNA array. On the total RNA array, mouse brain (Cy3) RNA was hybridized
against mouse liver (Cy5) RNA, whereas amplified RNA array were done with
amplified RNA from same total RNA as on the total RNA array. The Pearson
correlation R2 between two arrays is 0.78.
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A total of 2,804 clones on 8 total RNA arrays were selected, based on the criteria
of 40% higher or lower expression level in the brain than liver and detected on all 8
total RNA arrays. Figure 3.4 (left panel) shows a two-way hierarchical clustering based
on these 2,804 clones on all 16 arrays. Similarly, a total of 4,653 clones were also
selected, based on the criteria of 40% higher or lower expression level in the brain than
liver and detected on all 8 amplified RNA arrays (Figure 3.4, right panel). The
amplified RNA arrays were very similar to the original total RNA arrays. More spots
were consistently detected as differential expressed on amplified RNA arrays than total
RNA arrays.
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Figure 3.4 Hierarchical clustering of 16 mouse brain and liver RNA arrays. Left panel:
2,804 spots were selected based on the criteria of (1) non- flagged; (2) differentially
expressed over 1.4-fold on all 8 total RNA arrays. The log2-transformed ratios of
medians were used for hierarchical clustering. Right panel: 4,653 common spots on all
8 amplified RNA arrays that passed the same criteria as in the left panel.

Amp

Total

Amp

Total
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3.3. Discussion
This chapter describes an optimized procedure for linear RNA amplification. The
performance of this procedure was further tested for microarray studies. The gene
expression profile was highly reproducible in the amplified RNA. Comparison between
amplified RNA arrays and total RNA arrays revealed that the expression pattern in the
starting total RNA was faithfully retained after amplification.
Frequently, a limited amount of RNA is available for gene expression studies
using microarray technology. In the current optimized protocol, an extended T7-oligo
dT primer was used (six nucleotides past the start site). Such primer has been shown to
give higher transcription initiation (Milligan and Uhlenbeck 1989). The pH of the
second cDNA strand synthesis buffer was optimized for all three enzymes in the
reaction, RNase H, E.coli DNA polymerase I, and E.coli DNA ligase. Various methods
have been developed to purify the double-stranded cDNA, such as BioGel p-6
chromatography column (BIO-RAD; Hercules, CA), QIAquick PCR purification kit
(QIAGEN), and Sephadex G75 spin column (Pharmacia; Piscataway, NJ) (Wang et al.
2000; Baugh et al. 2001; Bonaventure et al. 2002; Puskas et al. 2002). The current
results demonstrated that transcripts over 67 bases could be efficiently recovered while
eliminating over 99% of the free nucleotides in the reaction by a routine DNA
purification procedure (phenol:chloroform extraction followed by ethanol precipitation
at room temperature). The excessive T7-oligo dT primer was washed away in RNA
purification step.
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Two-round linear RNA amplification has been developed in literature to obtain
higher amplification (Xiang et al. 2003). However, this procedure is time-consuming
and additional variations may be introduced in the second round amplification (Feldman
et al. 2002). The present modified protocol makes it possible to do one round of
amplification, starting with as little as 0.2 ug of total RNA, and yielding enough RNA
for multiple array hybridization. The messenger RNA was amplified over 2000 fold.
Non-messenger RNA portion in the starting total RNA makes up less than 5% in the
final amplified RNA product, making it unnecessary to digest the ribosomal RNA after
cDNA synthesis. The amplification efficiency is highly dependent on the quality of the
starting RNA. It is critical to get clean and intact starting RNA.
The expression profiles represented in different amplifications were very similar,
even when different amplification efficiency was achieved. The relative abundance of a
few genes may vary in different amplified products; however, such variations were just
random events. This also emphasizes the importance of replicates in DNA microarray
studies. With more replicates and proper experimental design, random variations in
amplification, hybridization and signal detection may be minimized for further analysis.
Linearity of amplification is another concern for the subsequent gene expression
profiling studies. Expression profiles of amplified RNA and total RNA were highly
correlated. In addition to producing more RNA and higher signals, another advantage of
using amplified RNA over total RNA is that hybridization with amplified RNA was
more reproducible than total RNA arrays. The higher signal intensity using amplified
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RNA array also resulted in more detected features on the array.
In summary, the current optimized RNA amplification protocol could produce
higher amplification efficiency and reproducible results. The gene expression pattern in
the original total RNA was faithfully preserved in the amplified RNA. It can be reliably
applied into the following studies.
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Chapter 4. Gene Expression Changes in the Brain of Uncomplicated Alcoholics

Part of this chapter has been published in the Journal of Neurochemistry (2004, Vol 90,
p1050~1058). Appropriate permission has been granted by the publisher.

4.1. Introduction
Chronic alcohol abuse produces persistent changes in brain function which are
manifested as tolerance, physical dependence, craving, and other behavioral changes.
These changes in brain function likely emanate, in part, from alterations in gene
expression which in turn may underlie the cellular adaptations to chronic alcohol abuse
(Nestler 2000). A number of genes with differential expression levels in response to
alcohol treatment have been identified using traditional methods (section 1.3.3). More
recently, application of DNA microarray technology has greatly accelerated the process
of discovering novel candidate genes in alcoholism. This methodology has been applied
in alcohol studies in cell culture and animal models (section 1.3.4).
Alcohol studies in human brain have shown that chronic alcohol consumption can
result in significant brain damage in the frontal cortex (Kril et al. 1997). This brain
region has major connections with the mesolimbic reward pathway, suggesting its
potent ial role in the development of alcoholism. Neuropathological studies indicate that
the effects of chronic alcohol abuse may be greater in the frontal cortex than other
cortical regions. In addition, dendritic arborization of pyramidal neurons were affected
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significantly in both frontal and motor cortices of alcoholics (Harper and Corbett 1990).
A reduction in the mean size of the neuronal soma in both the superior frontal and
motor cortices has been observed (Harper and Kril 1989), indicating that motor cortex
may also be an important target of chronic alcohol exposure (Welch et al. 1997;
Sullivan et al. 2000; Sullivan et al. 2002). Therefore, gene expression studies in these
brain regions can greatly help to understand the development of alcoholism in human.
Several studies have suggested that chronic alcohol consumption can induce gene
expression changes in human brain (see section 1.3.4.3.4). Families of functionallyrelated genes have also been identified in the post- mortem brain of human alcoholics
(Lewo hl et al. 2000; Mayfield et al. 2002; Liu et al. 2004; Flatscher-Bader et al. 2005).
Genes involved in myelination, trafficking, ubiquitination and mitochondrion function
showed consistent changes at the transcriptional level. In the first two studies, pooled
RNA from the frontal and motor cortices of several individuals were used to reduce
individual variations. Sokolov et al. studied expression profiles in the temporal cortex
of human alcoholics. Flatscher-Bader et al. compared the expression level in the frontal
cortex and nucleus accumbens of alcoholics on a relatively small scale (six cases) on
cDNA microarray.
The goal of the present study was to identify genes or families of genes that show
altered expression level in the alcoholic human brain, and to evaluate the potential
influence of individual variation on gene expression patterns. Gene expression profiling
was performed in both frontal cortex and motor cortex with relatively small case groups
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first. Then frontal cortex was selected for further ana lysis with an increased sample size.

4.2. Results
4.2.1. Comparison of Gene Expression in Alcoholic Frontal and Motor Cortex
A total of 28 array hybridizations were performed on frontal and motor cortex
samples from each of seven control (case C1~C7; Table 2.1) and seven uncomplicated
alcoholic cases (case A1~A7; Table 2.1). The average number of features detected in
each experimental group ranged from 30,061 to 33,820 per array. In the frontal cortex,
fewer features (~3,700) were detected in the alcoholic group comp ared with controls.
This trend was not observed in the motor cortex (Figure 4.1).

50

Figure 4.1 Frequency of detection in two brain regions, frontal and motor cortices, of
control and alcohol groups. In the frontal cortex, significantly fewer spots were detected
in the alcohol group compared with controls. This trend was not observed in the motor
cortex. Asterisk indicates p- value less than 0.05 (t-test).
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A Bayesian statistic was used to identify genes with high probability to be truly
differentially expressed. The differentially expressed genes were defined as the ones
with Bayesian posterior probability of at least 99%. Hierarchical clustering was
performed on differentially expressed genes to investigate individual variation in
expression and the extent to which gene expression differentiates control and alcoholic
cases. The hypothesis was that differentially expressed genes did not necessarily
distinguish all alcoholic cases from controls due to individual variability and relatively
small differences in expression. Clustering of 793 genes differentially expressed genes
in the frontal cortex completely distinguished all alcoholic cases from controls (Figure
4.2A). In motor cortex, clustering of the 1,025 genes also distinguished between the
groups with the exception of one alcoholic that clustered with the control cases (Figure
4.2B). In addition, cases were more similar to each other in the frontal cortex than
motor cortex, as indicated by shorter branches in the dendrogram. Clustering analysis
also distinguished the groups when performed on 30 signal transduction genes which
were down-regulated in the frontal cortex (Figure 4.2C). In the motor cortex, clustering
failed to separate cases using 27 genes from the same functional group (Figure 4.2D).
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Figure 4.2 Clustering of 14 cases. Panel A&C: clustering of cases based on all (panel A)
or a subset (panel C; signal transduction genes) of differentially expressed genes in the
frontal cortex. Panel B&D: clustering of cases based on all (panel B) or a subset (panel
D; signal transduction genes) of differentially expressed genes in the motor cortex.

Panel A.

Panel B.

Panel C.

Panel D.
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Of the features that were common to each brain region, a group of genes (7)
belonging to the ubiquitin-proteasome system was identified. Ubiquitin-conjugating
enzyme E2L 3 and ubiquitin-conjugating enzyme E2- like genes were both up-regulated.
Down-regulated genes included F-box and leucine-rich repeat protein 2, F-box and
leucine-rich repeat protein 3A, ring finger protein 14, ubiquitin specific protease 8, and
ubiquilin 2.
4.2.2. Gene Expression Changes in Alcoholic Frontal Cortex
Given the consistent expression changes in the frontal cortex, the subsequent
studies were focused only on the frontal cortex. The number of cases was increased to
13 controls and 14 uncomplicated alcoholics (Table 2.1). RNA sample from each case
was extracted from the frontal cortex and linearly amplified as described in the Chapter
2. Consistent with the result above, the average number of genes (cDNA spots) detected
in the alcoholic group was significantly less than the control group (data not shown).
A total of 15,762 genes were identified that were consis tently expressed in at least
10 out of 13 controls, and 11 out of 14 alcoholic cases. PLS analysis was used for data
reduction and to identify the set of genes that best distinguish control from alcoholic
cases. The mean latent variable scores derived from this analysis differed significantly
between control and alcoholic cases (p < 0.001, two-sample student t-test). Although
the greatest differences in expression between control and alcoholic cases tended to be
associated with high absolute loading scores, genes with relative small differences in
expression may also have high loadings (Figure 4.3).
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Figure 4.3 Percent change of each gene in the alcoholic cases relative to control cases is
plotted against PLS loading scores for that gene. Dotted line indicated the cut-off used
in this section (fold change over 20% or below -20% and PLS loading score over 2 or
below -2).
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To define cellular pathways altered in alcoholism, both Class I and Class II genes
were identified. The regulated genes included two classes. Class I genes were those
detected on at least eight more arrays in one group than the other. Thus, genes
expressed in control cases but not alcoholic cases would represent genes that were more
likely to be "turned off" or down-regulated to the level under the detection limit in the
alcoholic cases. Genes in the Class II were defined as those detected in both groups and
with absolute PLS loadings > 2.0 and p < 0.05 (two-sample student t-test). In addition,
genes with an absolute value of mean expression differences < 20% were also excluded
for further analysis. Some genes were not consistently detected across all cases possibly
due to pre-existing individual variability and potential variation in detection. This was
particularly true for low abundance transcripts. Therefore, in the initial screen, up to
three missing values (not detected) were allowed in each group. A total of 46 genes
were consistently expressed only in the control but not alcoholic cases, while only three
genes were consistently observed only in the alcoholic but not control cases (Class I).
PLS analysis was not appropriate for this set of genes due to undetectable expression in
alcoholics or controls. Among the 15,762 genes consistently expressed in both groups,
484 genes were differentially expressed (Class II). Genes in both Classes were
combined (531 genes). The complete list of genes is shown in the Appendix.
A total of 232 of the 531 differentially expressed genes are well annotated in the
literature at the time of writing this dissertation. Functional grouping was conducted
with the combined dataset based on their functional annotations (Table 4.1). Consistent
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with previous studies, many of these genes are associated with myelination,
immune/stress response, ion channels, lipid metabolism, synaptic transmission,
trafficking, and ubiquitination. In addition, genes involved in cell adhesion and
apoptosis were also significantly down-regulated. Interestingly, five genes in the neural
disease-related group are known to be involved in Alzheimer’s Disease (AD).
Apoptosis, cell adhesion, and ubiquitin- mediated protein degradation were three groups
with highest average PLS loading scores.
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Table 4.1 Functional groups of differentially expressed genes. Up, number of upregulated genes; down, number of down-regulated genes.

Functional groups
Apoptosis
Carbohydrate metabolism
Cell adhesion
Cytoskeleton
Immune/stress response
Ion channels
Lipid metabolism
Mitochondrial proteins
Myelination-related genes
Neural disease-related genes
Neuroge nesis/development
Protein turnover/modification
Synaptic transmission
Trafficking proteins
Transcription-related genes
Ubiquitin- mediated protein degradation
Total

up
3
1
2
5
11
2
2
5
1
3
15
20
6
10
17
9
79

58

down
8
5
18
7
13
6
11
8
10
11
20
30
12
18
26
12
153

total
11
6
20
12
24
8
13
13
11
14
35
50
18
28
43
21
232

In order to verify the current results, the list of candidate alcohol-responsive genes
identified in this study was compared with published studies. Only alcohol studies using
autopsy human brain were included in this comparison (Lavoie and Butterworth 1995;
Lewohl et al. 2000; Mayfield et al. 2002; Sokolov et al. 2003; Flatscher-Bader et al.
2005). Two of these five published reports were from our laboratory; however, different
cases and methodologies were used in those studies. The first study used both cDNA
arrays and Affymetrix oligonucleotide arrays (Lewohl et al. 2000). The second study
used cDNA arrays (Mayfield et al. 2002). In addition, both studies used pooled RNA
from cases that did not overlap with the cases included in this study. The accession
number for each gene used in different studies was converted to the UniGene Cluster ID
(Build #182) to reflect the fact that a same gene may be represented by different clones
(accession numbers) in different studies. Since the unnamed genes (ESTs) could not be
analyzed this way, only 232 named genes were considered to search for genes
overlapped with literature. Out of the 232 named genes, 27 genes have been identified
in previous studies (Table 4.2). Among those 27 genes, 21 were found to be regulated to
the same direction, and in general, to a similar extent. In particular, the down-regulation
of peripheral myelin protein 22 has been observed in both microarray and real-time
PCR studies (Flatscher-Bader et al. 2005). The other 6 genes showed opposite direction
of regulation.
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Table 4.2 Transcripts from current study which have been reported in previous studies
of human alcohol abuse. Top 21 genes were regulated to the same direction, whereas
the bottom six genes were regulated to the opposite direction in the current results.

% change
Gene Symbol
TF
CAPN3
MCM5
UGT8
AGT
HLA-DRB5
LAMP2

published
-150%
-75%
-54%
-50%
-50%
-45%
-42%

present
-49%
-36%
-30%
-46%
turned off
-48%
-40%

EDIL3
SPOCK
TIMP2
PSMB2
PMP22

-40%
-37%
-33%
-32%
-32%

-33%
-21%
-24%
-20%
-44%

SMARCA5
IFRD1
CANX
ULK2
GABBR1
PLP1
CNP
SLC12A2
TKT
C4BPB
NDUFA11
SCD
ANP32E
CDKL5

-31%
-31%
-17%
-20%
55%
-100%
-100%
-40%
-19%
-52%
-32%
27%
54%
90%
45%

-27%
-32%
-30%
-27%
29%
-46%
-20%
-21%
-36%
25%
45%
-37%
-23%
-26%
-24%

UQCRC2

Reference for published value
Lewohl, et al 2000
Lewohl, et al 2000
Mayfield, et al 2002
Lewohl, et al 2000
Lewohl, et al 2000
Lewohl, et al 2000
Sokolov, et al 2003; Flatscher-Bader, et al
2005
Lewohl, et al 2000
Flatscher-Bader, et al 2005
Flatscher-Bader, et al 2005
Flatscher-Bader, et al 2005
Lewohl, et al 2000; Flatscher-Bader, et al
2005
Sokolov, et al 2003
Sokolov, et al 2003
Sokolov, et al 2003
Sokolov, et al 2003
Flatscher-Bader, et al 2005
Lewohl, et al 2000
Lewohl, et al 2000
Mayfield, et al 2002
Lavoie, et al 1995
Flatscher-Bader, et al 2005
Flatscher-Bader, et al 2005
Mayfield, et al 2002
Sokolov, et al 2003
Sokolov, et al 2003
Lewohl, et al 2000

60

To determine the contribution of individual variability to gene expression patterns
and whether changes in only a subset of those genes could discriminate alcoholics from
non-alcoholic controls, a principal component analysis (PCA) was performed using the
Class II genes in each functional group. The first two principal components are plotted
to illustrate the clustering of individual cases (Figure 4.4). Four representative
functional groups are shown (cell adhesion, neural disease-related genes, synaptic
transmission, and ubiquitin- mediated protein degradation). Control and alcoholic cases
were largely separated in all functional groups. Interestingly, three alcoholic cases
tended to be different from other alcoholic cases. Available clinical information
indicates several unique features of these three cases. Case A4 was also dependent on
morphine in addition to alcohol while none of the other cases were poly-drug abusers.
Case A7 had showed strong alcohol withdrawal symptoms and was abstinent for two
years prior to death, whereas case A8 had been treated for depression. It is possible that
these factors can contribute to the gene expression patterns.
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Figure 4.4 PCA analysis of gene expression levels for individual functional groups. The
first two principal components are plotted. Case A4, A7 and A8 consistently differ from
other alcoholic cases in all functional groups. Green dots represent controls cases and
red triangles represent alcoholic cases. Cases A4, A7, and A8 are identified by number.
The number of genes included in the PCA analysis is shown in parentheses.
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Aging and post- mortem interval (PMI) can potentially induce gene expression
changes in human brain (Schramm et al. 1999; Lu et al. 2004). In addition, alcoholics
tend to have younger ages, although not statistically significant. To determine if the
gene expression changes identified in this study were correlated with these factors, a
linear regression model was fitted to gene expression level and age or PMI. After
correction for multiple comparisons, none of the 482 regulated genes was significantly
correlated with age or PMI at a false discovery rate of less than 30% (q- value < 0.30)
(Storey and Tibshirani 2003). In addition, a hierarchical clustering of the 27 cases based
on the 482 Class II genes revealed that cases formed clusters based only on the history
of alcohol consumption, but not age or PMI (Figure 4.5). This is further supported by
the fact that even cases within the same group (control or alcoholic group) did not form
clusters based on age or PMI.
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Figure 4.5 Age and PMI were not significantly correlated with expression level of
identified genes. Cases were clustered based on the expression levels of 482 Class II
genes. Control and alcoholic cases form two separate nodes. The age and PMI for each
individual are color coded under the case IDs (yellow and blue scale). The expression
level of each gene was median-centered; green indicates lower expression than the
median level for that gene, and red indicates higher expression than median levels. Note
that only one case (A8) was misclassified.
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4.3. Discussion
The current dataset provides the largest study to date of gene expression in human
alcoholism and confirmed and extended findings from earlier studies (Lewohl et al.
2000; Mayfield et al. 2002; Sokolov et al. 2003; Liu et al. 2004; Flatscher-Bader et al.
2005). Importantly, this study revealed novel genes involved in cell adhesion, apoptosis,
and other functions that were altered by long-term alcohol abuse.
Unlike cancer studies, gene expression changes in alcoholic human brain are
relatively small. This raised the question of whether they are sufficient to separate
alcoholics and controls based on gene expression profiles. The current hierarchical
clustering results clearly demonstrate the feasibility of distinguishing alcoholics from
controls by the expression level of a set of selected genes, especially in the frontal
cortex. Separation of alcohol and control cases by even a subset of genes in the frontal
but not motor cortex further supports the finding that the frontal cortex shows more
consistent changes in gene expression across case individuals.
A remarkable down-regulation of genes in the ubiquitin-proteasome system was
observed in both brain regions. Components of this system have been shown to be
essential for the regulation of synaptic transmission and plasticity (Speese et al. 2003;
Zhao et al. 2003). Proteasome function is impaired in several neurological diseases
(Cline 2003). This system has also been shown to be altered in postmortem temporal
cortex of alcohol abusers (Sokolov et al. 2003). Altered expression level of components
in this system in both brain regions studied suggests a universal impairment of
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ubiquitin- mediated protein degradation in human brain; and in turn, dysfunction of this
system may lead to impaired synaptic plasticity.
Array experiments characteristically have many measured variables (genes) and
relatively few observations (experiments). Valid statistical methods are required to
identify regulated genes. The statistical techniques utilized in this study are particularly
well suited for these types of data (Datta 2001, 2003). It should be noted that expression
analysis using PLS techniques have been used to classify and discriminate among tumor
types (Nguyen and Rocke 2002a, b), and to predict clinical outcome and patient
survival with a high degree of accuracy (Nguyen and Rocke 2002c; Perez-Enciso and
Tenenhaus 2003). However, cancer studies report relatively large changes in expression
and this statistical technique has not been applied to data sets with modest expression
changes such as those observed in alcoholism (typically 20-50%). The current data
suggest that response of the brain to chronic alcohol abuse affects multiple genes in
several functional systems.
Alcohol’s effects on gene expression in the CNS have been widely studied in
animals, using both array and non-array techniques (Worst and Vrana 2005). In contrast,
there are only limited studies with human subjects, largely due to the shortage of high
quality autopsy human brain available for alcohol research and other challenges when
working with autopsy human brain (Mirnics et al. 2004; Mirnics and Pevsner 2004).
Interestingly, most of the published results show a decrease in mRNA levels, consistent
with the current findings of down-regulation of particular biological groups, for
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example, the myelination (4 genes) and calpain/calpastatin systems. The agreement
between the current study and literature is remarkably good considering the differences
among the studies in methodologies, array platforms, individual cases, and other factors.
A striking finding of this study was that 18 of the 20 identified cell adhesion genes
were down-regulated. Cell adhesion molecules play critical roles in the development of
CNS, synapse formation, and immune responses (Lee and Benveniste 1999; Huntley et
al. 2002; Milner and Campbell 2002; Hirano et al. 2003; Scheiffele 2003). For instance,
neurotrimin and activated leukocyte cell adhesion molecule are necessary for outgrowth
of neurites and deficiency in scavenger receptor class B (member 2) can cause
neuropathies. Ethano l has been shown to change neural cell-cell adhesion in vitro
(Charness et al. 1994). Down-regulation of genes in this group may compromise
neuronal functio ns in alcoholic human brain.
In the PCA analysis of functional subgroups, cases groups could be distinguished
based on the expression of as few as 12 genes. This supports the previous conclusion
that relatively small expression changes in the frontal cortex of alcoholic human brain
are quite consistent across individuals and likely represent important alcohol-responsive
genes. The hierarchical clustering of 27 cases identified two primary clusters, one
comprised of control cases and the other alcoholic cases. One exception was A8 which
was the only case that had been treated for another psychiatric disorder (depression).
Depression alters gene expression (Sibille et al. 2004) and may explain the deviation
from the alcoholic cluster. Overall, clustering of 27 cases only by history of alcohol

67

consumption but not age or PMI suggests strongly the accuracy of the current list of
genes as candidate alcohol responsive genes.
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Chapter 5. Gene Expression Changes in the Brain of Cirrhotic Alcoholics

5.1. Introduction
Liver is the main site where ethanol is metabolized to acetaldehyde and acetate.
Although a number of factors may contribute to liver dysfunction (genetic
predisposition, alcohol drinking, viral infection, sustained exposure to environmental
toxins, etc.), chronic alcohol consumption remains the most common cause in western
countries (Grant et al. 1988; Tome and Lucey 2004). Alcohol abuse can result in the
development of different histological stages, steatosis, alcoholic hepatitis and eventually
liver cirrhosis, largely depending on the amount of drinking. It has been reported that
over 10% of heavy alcohol drinkers develop liver cirrhosis (Mann et al. 2003). Alcohol
consumption-induced malnutrition, immune response to acetaldehyde, hypermetabolic
state, and generation of reactive oxygen species are all thought to contribute to the
development of alcoholic cirrhosis (Lieber 1993; Halsted 2004; Tome and Lucey 2004).
In cirrhotic patients, certain neurotoxins can not be removed from the circulation
system, particularly ammonia and manganese (Rose et al. 1999; Norenberg 2003). A
proportion of these neurotoxins in the blood can pass through the blood-brain barrier
and cause brain dysfunctions (Butterworth 2003). Elevated level of proinflammatory
cytokines (e.g. TNF-alpha) has also been observed in the brain of cirrhotic alcoholic
brain, which may potentiate glutamate- induced neurotoxicity (Zou and Crews 2005). A
trace element, zinc, plays an important role as antioxidant. Decreased level of zinc has
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been observed in cirrhotic patients (Chetri and Choudhuri 2003). Zinc deficiency may
also alter neurotransmission in human brain (Smart et al. 2004; Frederickson et al.
2005).
Imaging and pathological studies suggest that chronic alcohol abuse results in
significant brain damage and this damage is even more severe in alcoholic patients with
concomitant liver cirrhosis (Kril and Harper 1989; Harper and Kril 1991). The
difference between cirrhotic and non-cirrhotic alcoholics is also reflected at the
molecular level. For example, different expression patterns of GABAA receptor subunits
have been observed in the brain of cirrhotic alcoho lic relative to uncomplicated ones by
competitive RT-PCR (Lewohl et al. 1997). Studies by Wixey et al. using real-time PCR
suggested a down-regulation of another gene, regulator of G-protein signaling protein 4
(RGS4) at mRNA level in the superior frontal cortex of cirrhotic alcoholics (personal
communication). Study of gene expression on a genome-wide scale will reveal a more
complete image of how concomitant cirrhosis in alcoholics affects the brain function at
the transcriptional level.
The goal of the current study was to identify patterns of gene expression changes
in the cirrhotic alcoholic brain on a global scale. The previous study compared
expression profiles in the brain of non-cirrhotic alcoholics (14 cases) with controls
subjects (13 cases), and found a consistent transcriptional re-programming in alcoholics
(Liu et al. 2005). In this section, the expression profiles of cirrhotic alcoholics (7 cases)
were directly compared with those of non-cirrhotic alcoholics (14 cases) that were
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included in the previous study. Such comparison allowed us to focus on the effect of
concomitant liver cirrhosis on the gene expression level in the brain of alcohol abusers.

5.2. Results
A total of 21 cases (7 cirrhotic and 14 non-cirrhotic alcoholics) were included in
the current study (Table 2.1). Total RNA from the frontal cortex of each case was
amplified and hybridized against a common reference RNA on a ~50,000-featured
cDNA microarray. Transcriptome of cirrhotic alcoholics in the frontal cortex was
compared with that of non-cirrhotic alcoholics. Similar number of features was detected
in two groups (~30,000). A comparison of the current results with previous ones clearly
demonstrated that the magnitude of changes in cirrhotic compared to non-cirrhotic
alcoholics were much greater than those in non-cirrhotic alcoholics compared to
controls (Figure 5.1). Given the observed greater changes, a set of stringent criteria
were applied to define genes with altered expression level (absolute fold change over
40%, absolute PLS loading score over 3, and p-value of t-test less than 0.0002). Among
the genes that were well detected in both groups (15,833), 1,125 genes (482 higher and
643 lower expression level in cirrhotic cases) passed the selection criteria for
differential expression.
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Figure 5.1 Plot of number of genes detected as a function of percent changes. Solid line:
cirrhotic compared to non-cirrhotic alcoholics; dotted line: non-cirrhotic alcoholics
compared to controls. Changes in cirrhotics are much greater than those in
uncomplicated alcoholics.
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In order to examine whether gene expression profiles in brain can distinguish
between cirrhotic and non-cirrhotic alcoholics, a partial least squares approach was
conducted with all of the 15,833 detected genes. This analysis can derive linear
combination of gene expression ratios that co-vary maximally with a categorical
variable coding cirrhotic and non-cirrhotic samples cases. The mean latent variable
scores derived from the PLS analysis differed significantly between cirrhotic and noncirrhotic alcoholic cases (Figure 5.2).
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Figure 5.2 Discrimination of cirrhotic and non-cirrhotic alcoholic cases. All of the welldetected genes (15,833) were included in this analysis. Individual latent variable scores
are shown for cirrhotic (squares) and non-cirrhotic alcoholic cases (triangles).
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The up- and down-regulated genes in the cirrhotic alcoholics were subject to the
EASE over-representation analysis (Hosack et al. 2003). This program assigns a score
to each functional group that indicates if there are significantly more genes in a selected
list (differentially expressed genes) falling into a functional group than the background
list (all genes detected). Table 5.1 lists the functional groups that were over-represented
(EASE score <0.05) in down- and up-regulated genes. Only one group was retained if
multiple groups reflected a similar function. There were more over-represented groups
in the list of down-regulated genes than up-regulated. Groups of genes that are involved
in cell adhesion, mitochondrial function and synaptic transmission were overrepresented in the list of down-regulated genes. Functional groups including apoptosis
and mitosis were both over-represented in the list of up-regulated genes.
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Table 5.1. Over-represented (OR) functional groups in the list of down- and upregulated genes in cirrhotic alcoholics. Both up- and down-regulated genes are listed for
each group.
Category

down

up

Ratio
(down/up)

OR functional groups in the down-regulated genes in cirrhotic alcoholics:
G-protein coupled receptor protein signaling pathway
20
6
GTPase regulator activity
13
2
cell adhesion
25
10
transcription corepressor activity
8
2
protein amino acid phosphorylation
24
11
synaptic transmission
10
3
ion transport
20
7
mitochondrion
25
3
clathrin-coated vesicle
5
0

3.3
6.5
2.5
4
2.2
3.3
2.9
8.3
~

OR functional groups in the up-regulated genes in cirrhotic alcoholics:
apoptosis
8
18
mitosis
0
9
peptidase activity
8
15

0.4
~
0.5
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Astrocytes have been suggested to be the main target of neurotoxin ammonia in
cirrhotic patients (Norenberg et al. 2004). In order to study possible effects of cirrhosis
on the astrocytes at the transcriptional level, expression levels of astrocytic genes in the
cirrhotic alcoholics were compared with those in non-cirrhotic alcoholics. A previous
study has identified about 153 astrocyte-specific genes in mouse (Bachoo et al. 2004).
The corresponding human genes were found based on the UniGene Cluster name. In the
current study, 79 astrocyte-specific genes (represented by 112 clones) were well
detected in both groups of alcoholics. All cases in those two groups (21) were clustered
based on the expression level of the 112 astrocyte-specific clones (Figure 5.3A). Two
groups of cases formed two separate branches based on the expression level of those
astrocytic genes except one (A3). Genes including RTN4 (reticulon 4), ABCA1 (ATPbinding cassette sub- family A member 1), APOE (apolipoprotein E), and MGST1
(microsomal glutathione S-transferase 1) were all significantly up-regulated in cirrhotic
alcoholics. Other genes such as AQP4 (aquaporin 4), TM4SF2 (Transmembrane 4
superfamily member 2), and PEA15 (phosphoprotein enriched in astrocytes 15) were
down-regulated. In order to exclude the possibility that separation of two case groups
was a result of systematic bias, a similar hierarchical clustering was conducted with
genes (125 clones) involved in a universal cellular process, carbohydrate metabolism
(Figure 5.3B). The two case groups did not fo rm separate branches based on this group
of genes.
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Figure 5.3 Hierarchical clustering of 7 cirrhotic and 14 non-cirrhotic alcoholics. Panel A:
clustering based on 112 astrocyte-specific clones; Panel B: clustering based on 125
genes involved in the carbohydrate metabolism. NA: non-cirrhotic alcoholic case; CA:
cirrhotic alcoholic case.

Panel A.

Panel B.
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In addition to glial cells, cirrhosis may also affect neuronal cells at the mRNA
level. In order to evaluate the possible transcriptional changes in the neurons, genes that
are neuron-specific or predominantly expressed in neuronal cells were identified from
15,833 detected genes, based on available information resources (LocusLink, OMIM,
PubMed, Gene Ontology, SWISS-Prot and GeneCard). A total of 213 genes
(represented by 285 clones) were identified as neuronal genes. Hierarchical clustering
of 21 cases was performed based on these 285 neuronal clones (Figure 5.4). All the
cirrhotic alcoholics were clustered together.
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Figure 5.4 Hierarchical clustering based on 285 neuronal-specific clones (representing
213 unique genes). 26 of those neuronal genes also passed the stringent criteria (page 72)
for differential expression. The expression level of each gene was median-centered;
green indicates lower expression than the median level of that gene, and red indicates
higher expression than median levels. The green bar along the right side indicates genes
down-regulated in cirrhotic alcoholics and red bar indicates up-regulation. NA: noncirrhotic alcoho lic case; CA: cirrhotic alcoholic case.
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In line with EASE analysis, over half of neuronal genes were down-regulated in
cirrhotic alcoholics, indicated by the green bar along the right side of the graph. There
was also a small number of genes up-regula ted (red bar). These regulated neuronal
genes were placed in the cellular context (Figure 5.5). Overall, these genes formed
several groups. Over a dozen of genes were involved in neurite growth, neuronal cell
adhesion, presynaptic vesicle release machinery and postsynaptic neurotransmitter
receptors. Nearly all of the postsynaptic genes and neuronal cell adhesion genes were
down-regulated in cirrhotic alcoholics. Several secreted neuropeptides were also downregulated. Other genes were involved in neural cytoskeleton structure and control of
transcription in neurons.
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Figure 5.5 The regulated neuronal genes in a neuron cellular context. Genes with white
and black background are down- and up-regulated, respectively, in cirrhotic alcoholics.
A total of 91 down- and 17 up-regulated genes are included in this graph.
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Based on the literature and findings described above, cirrhosis- induced gene
expression changes in alcoholics are summarized in Figure 5.6. Long-term alcohol
exposure results in sustained liver inflammation and elevated serum level of cytokines
synthesized by Kupffer cells (e.g. TNF-alpha). With increased proportion of scarred
tissue in the liver, certain neurotoxins can not be effectively removed from circulation
system whereas supply of other elements (e.g. zinc) is deficient. As a result, cellular
functions of neurons and glial cells are both affected, such as cell communication,
signal transduction, ion transport, and mitochondrial function. In glial cells,
programmed cell death is induced, which is manifested as more severe brain atrophy.
Glial cell death stimulates cell proliferation of progenitor cells through mitosis. In
neuronal cells, synaptic transmission is inhibited, which may cause more severe motor
and cognitive dysfunction. However, it is also possible that the observed changes are
merely a result of greater lifetime alcohol consumption (therefore greater alcohol
toxicity), or genetic predisposition to alcohol neurotoxicity in those alcoholics with
concomitant diseases.
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Figure 5.6 Summary of the effects of concomitant cirrhosis on the gene expression in
the alcoholic frontal cortex.
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5.3.

Discussion
In the current study, gene expression profiles of cirrhotic alcoholics were

compared with non-cirrhotic alcoholics in the frontal cortex and discovered a wide
spread gene expression differences. Both glial cells and neuronal cells were affected at
the transcriptional level. Genes involved in neurite growth, neuronal cell adhesion and
synaptic transmission were all inhibited at mRNA level in cirrhotic alcoholics.
Previously our group have studied alcohol effect on the gene expression in human
brain by comparing 14 uncomplicated alcoholics with 13 controls, and found that
expression level of genes involved in cellular functions such as cell adhesion,
myelination, and protein trafficking were altered by alcohol (Liu et al. 2005). The same
14 uncomplicated alcoholic cases were included in the current study. Interestingly,
genes involved in stress response that were regulated in uncomplicated alcoholics
relative to controls were all further up-regulated in the current cirrhotic alcoholic cases.
In addition, further regulation in cirrhotic alcoholics was also reflected at the functional
group level, including cell adhesion, ion channel, synaptic transmission, and
mitochondrial function. Proper cell adhesion is critical for cellular communications
within and between neurons and glial cells. Cell adhesion is also essential in the neurite
growth and synapse formation (Fan et al. 2002; Welzl and Stork 2003; Theodosis et al.
2004). Studies of other neurological diseases suggest that alteration in mitochondrial
machinery may result in cellular dysfunction and even cell death (Betts et al. 2004;
Polster and Fiskum 2004). Taken together, these results suggest a further impairment in
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brain function in cirrhotic relative to non-cirrhotic alcoholics.
The current study suggests that concomitant liver cirrhosis among alcoholics
induced gene expression regulations in astrocytes. Astrocytes play important roles in the
proper function of CNS. In addition to provide basic structures, they can also produce
trophic factors for neurons, maintain the concentrations of ions and neurotransmitters in
the extracellular space, and remove neurotoxins and cellular debris in the brain
(Aschner et al. 2002). Increase ammonia level in blood of cirrhotic patients has been
well established. The main target of neurotoxin ammonia is astrocytes in the brain
(Norenberg et al. 2004). In addition, ammonia can prominently induce mitochondrial
permeability transition (MPT) in cultured astrocyte possibly through increased
oxidative stress, therefore causing dysfunction of astrocytes (Norenberg et al. 2004).
Several astrocyte-specific genes were significantly up-regulated. Reticulon 4
(RTN4/NOGO) is a member of reticulon family. Protein encoded by this gene is a
potent neurite outgrowth inhibitor (Buss et al. 2004). The up-regulation of this gene
may strongly inhibit regeneration of synapse after neural injury. ABCA1 (ATP-binding
cassette sub- family A member 1) is a cholesterol efflux pump in the cellular lipid
removal pathway. It has been suggested to be involved in removal of toxic excessive
cellular cholesterol (Kellner-Weibel et al. 2003). Apolipoprotein E was also upregulated in cirrhotic alcoholics. This protein mediates transport and metabolism of
lipoproteins. It is also an important antioxidant by acting as a free radical scavenger
(Christen 2000). Another protein, microsomal glutathione S-transferase 1 (MGST1) is
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an enzyme that catalyzes the conjugation of reduced glutathione to various hydrophobic
electrophiles, and therefore is also involved in cellular defense against oxidative stress
(Nebert and Vasiliou 2004; Maeda et al. 2005). The up-regulation of these genes
suggests an increased level of oxidative stress in the astrocytes of cirrhotic alcoholic
brains.
Several other astrocyte-specific genes were significantly down-regulated.
Aquaporin 4 (AQP4) is the major water channel in human brain (Venero et al. 2001).
The aqp4-null mutant mice showed a water imbalance and deregulated neural signal
transduction (Manley et al. 2004). Transmembrane 4 superfamily member 2 (TM4SF2)
is a cell surface glycoprotein. A previous study suggests that this gene may be involved
in the control of neurite growth and neuropsychiatirc diseases (e.g. X- linked mental
retardation) (Zemni et al. 2000). Phosphoprotein enriched in astrocytes 15 (PEA15)
diverts astrocytes from TNF alpha-triggered apoptosis, and therefore plays a protective
role in the astrocyte survival (Sharif et al. 2003). It is also involved in the regulation of
the actions of the ERK MAP kinase cascade in a cell (Renault et al. 2003).
Expression levels of genes involved in neuronal activity were altered and most of
them were down-regulated. Genes involved in neuronal cell adhesion and neurite
growth are essential components for proper development of neural plasticity (Kiss and
Muller 2001; Yamagata et al. 2003). In addition, down-regulation of neuronal genes
that are involved in neurotransmitter release machinery and neurotransmitter receptor
systems also suggests an overall inhibition of neuronal transmission in cirrhotic
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alcoholics. Frontal cortex has been indicated to be critical for cognitive and executive
processes such as working memory, decisio n- making, and other important functions
(Barbas 2000; Fuster 2002; Ridderinkhof et al. 2004). Changes of neuronal genes in this
brain region may contribute to the further impairment in movement and cognitive
function in cirrhotic alcoholics (Arria et al. 1991; Butterworth 1994).
The diagram in Figure 5.6 is based on current results together with existing
information in the literature. Some of those functional groups are common cellular
functions to both neurons and glial cells, such as cell communication and mitochondrial
function; whereas other groups are specific only to a subgroup of brain cells. For
example, alteration of expression level of synaptic transmission genes occurs only in
neuronal cells. Similar extent of neuronal loss was observed in the alcoholics with and
without liver cirrhosis (Kril 1995). Therefore, the elevated expression level of apoptosis
genes is likely to occurs mostly in glial cells, which may also explain more severe brain
atrophy in cirrhotic relative to non-cirrhotic alcoholics. However, cell death may also
occur in the neuronal cells as a result of increased level of cytokines in the brain, at least
in the hippocampus (Zou and Crews 2005). More studies are necessary to verify such
relationships.
In summary, the present study of cirrhotic alcoholics is an initial investigation of
global transcriptional changes occurring in the complicated alcoholic human brain.
Further studies of changes at the protein and mRNA level with a larger case group will
ultimately provide a more complete understanding of the effect of concomitant
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alcoholic cirrhosis on brain function.
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Chapter 6. Gene Expression Profiling in the Blood of Human Alcoholics

6.1. Introduction
Blood plays critical roles in immune/infection response and hormonal
communication in the body. Development of diseases in other organs often induces
changes that are detectable in blood. Owing to its easy accessibility, blood is an ideal
tissue for monitoring changes associated with infection, disease development and drug
treatment. This could be especially important for studies of brain diseases including
alcoholism, where brain samples are impossible to obtain from living patients. Also,
alcohol consumption can cause various changes in the immune system (Diaz et al. 2002;
Haddad 2004). Therefore, human blood is an ideal tissue to search for biomarkers for
alcoholism.
Unlike red blood cells, white blood cells still have the nucleus and corresponding
mRNA product. Changes in the white blood cells may be also reflected at the
transcriptional changes in those cells. cDNA microarrays could be a powerful approach
for identifying biomarkers at the mRNA level (Kiviat and Critchlow 2002). The
feasibility of blood-based gene expression profiling from human whole blood has been
assessed for neuropsychiatric diseases in human. Tsuang et al. investigated the
possibility of using RNA expression profile to classify schizophrenia and bipolar
disorder, and several candidate marker genes were identified and confirmed by realtime PCR technique (Tsuang et al. 2005). Controls and patients with schizophrenia or
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bipolar disorder can be discriminated accurately, based on the expression level of a
combination of eight marker genes. Other researchers studied serum response to
xenobiotic agents such as cigarette smoke using microarray technology. In a study by
van Leeuwen et al., cultured human peripheral blood mononuclear cells (PBMC) were
exposed to cigarette smoke and its genotoxic constituents to identify possible blood cell
responses at mRNA level by using cDNA microarray technology (van Leeuwen et al.
2005).
The purpose of current study was to develop and assess methods required to study
the serum response at gene expression in whole blood after alcohol consumption. The
ultimate goal is to identify candidate biomarkers in human blood for alcoholism. RNA
extraction protocols and cDNA labeling methods were both developed and assessed.

6.2. Results
The first step was to find an appropriate RNA extraction method. Among several
commercial kits available on the market, PAXgene blood RNA extraction system
(QIAGEN Inc.) is one of the most commonly used protocols. Test extractions were
performed with blood samples drawn from eight volunteers, three of which were drawn
twice. Blood RNA was extracted from the sample one day post-collection. To allow for
the extended time for transportation in the subsequent studies, the stability of RNA was
also tested up to three days in the stabilizing solution. The three duplicate tubes from
subject A, B and C were extracted 3 days post-collection stored at room temperature.
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The RNA yield and ratio of absorbance at 260 nm and 280 nm are listed in Table 6.1.
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Table 6.1 Blood RNA extraction using PAXgene kit (QIAGEN).

Subject
A
B
C
D
E
F
G
H

1-day post-collection
yield (ug) A260nm /A280nm
3.57
2.08
2.36
2.11
7.31
2.07
3.65
2.11
4.23
2.09
6.34
2.08
4.16
2.03
5.85
2.07

3-day post-collection
yield (ug) A260nm /A280nm
3.43
2.09
4.02
2.08
13.06
2.10
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Figure 6.1 shows a typical electrophoresis of extracted blood total RNA on
Agilent BioAnalyzer 2100 chip. The yield showed a significant individual variation.
The typical yield was over 3 ug from 2.5 ml whole blood for both 1- and 3-day-postcollection. Similar yield was produced for the same individual with different time
delays (1 or 3 days) before RNA extraction. There was little protein contamination as
indicated by high ratio of A260nm /A280nm. RNA integrity was also very high, shown by
two intact ribosomal peaks. The quality of RNA was not compromised by the delay for
RNA extraction.
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Figure 6.1 Microcapillary electrophoresis of blood total RNA (red trace) and Ambion
6000 RNA ladder (blue trace). The first peak in both samples (around time of 23
seconds) is the marker peak. The size of six following peaks in the Ambion 6000 ladder
from left to right is 200bp, 500bp, 1kb, 2kb, 4kb, and 6kb, respectively.
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The next step was to select an efficient labeling method for microarray studies.
Since the amount of total RNA yield was limited (usually less than 10 ug from one
collection tube), it is necessary to either amplify available RNA or increase detection
sensitivity. The amplification procedure described in the Chapter 3 was first tested.
Although the yield of amplification was similar to brain RNA, there was a characteristic
dominant peak around 700 bp, instead of a typical smear from 200 bp to 6 bp. The main
product around this peak region was globin mRNA from immature red blood cells. An
alternative way is to use a kit developed by Genisphere. This kit requires 1 ~5 ug of
total RNA for cDNA microarray analysis. Figure 6.2 shows the raw intensity from two
channels on a control array with 3.0 ug of total reference RNA in both channels. The
intensities from two channels were highly correlated (Pearson R2 = 0.98). Using the
combination of PAXgene Blood RNA Isolation System followed by gene expression
profiling by Genisphere 350 labeling kit and cDNA microarray, gene expression levels
in blood from 12 controls and 16 alcoholics have been profiled.
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Figure 6.2 A control hybridization using Genisphere DNA labeling kit. A reference
RNA (3 ug) was hybridized against itself. Only features with absolute intensity of over
100 are included in this graph.
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6.3.

Discussion
Several studies have assessed the PAXgene blood RNA extraction system under

different conditions. They find that factors such as time delay and storage temperature
all have an impact on the final expression pattern of the sample (Thach et al. 2003;
Breit et al. 2004; Spijker et al. 2004; Wang et al. 2004a). Other studies have compared
PAXgene system with different extraction methods and suggest that reliable results can
be obtained from PAXgene kit (Muller et al. 2002; Rainen et al. 2002; Feezor et al.
2004; Habis et al. 2004). This kit has been successfully used to determine the blood
RNA expressio n in combination with subsequent real-time PCR studies (Stordeur et al.
2003; Hamaoui et al. 2004; Li et al. 2004). Overall, PAXgene blood RNA extraction
system gives satisfactory performance. The current project is an ongoing multicenter
collaboration, which makes it important to determine how stable the blood RNA is once
blood is collected into the tube. The present results suggested that both yield and quality
of RNA were stable for up to three days.
It has been noticed that RNA extracted from whole blood usually show a high
level of globin mRNA from immature red blood cells (Wu et al. 2003; Debey et al.
2004). This is especially obvious when RNA is amplified (up to ~70% of all messenger
RNA). High amount of globin mRNAs in the total RNA sample will greatly reduce the
relative abundance of other mRNA species, which will affect the detection sensitivity of
those other mRNA transcripts. One possible solution is to fractionate blood cells and
extract RNA only from fractionated leukocytes. However, such procedure is not
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practical in a clinical setting as in the current project. Such additional steps with live
cells may also induce regulation of gene expression after blood is drawn (Muller et al.
2002; Rainen et al. 2002; Thomson and Wallace 2002). Alternatively, commercial
products have been developed to reduce the amount of globin mRNA in the total RNA
extracted from whole blood (Globin Reduction Protocol, Affymetrix; GLOBINclear,
Ambion). Instead of adding an extra cleanup step which could potentially introduce
variation in gene expression, Genisphere kit was chosen for labeling and hybridization.
Therefore, RNA expression level is measured at the total RNA level without any
additional manipulation. This kit has been successfully adopted by other laboratories.
For example, by using this labeling method, Bergeson and her group have successfully
applied this method into the analysis of gene expression using total RNA samples of
mouse brain (personal communication).
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Chapter 7. Conclusions
In the current studies, an in vitro transcription-based linear RNA amplification
protocol was first optimized. Sufficient amount of RNA for multiple replicates could be
generated from 0.5 ~ 1.0 ug of total RNA with this modified protocol. The amplified
RNA provided a faithful representation of the RNA profile in the total RNA.
Reproducible results could be obtained by independent amplifications.
A comparison of pattern of gene expression in alcoholic frontal and motor cortex
suggested that both cortical regions were affected at the transcriptional level by chronic
alcohol consumption. However, such changes were more consistent across individuals
in the frontal cortex than motor cortex, especially when only a subgroup of genes was
considered.
Gene expression changes in the frontal cortex were further studied with a larger
group of cases. Findings in the previous studies were confirmed, such as downregulation of genes involved in myelination process in the alcoholic frontal cortex.
Furthermore, a number of new groups were identified including cell adhesion and
mitochondrial function. Candidate genes for other neural diseases also showed different
expression level in the alcoholic brains. Those identified gene expression differences
were not confounded by age or post- mortem intervals.
One of the most common concomitant diseases of alcoholism is liver cirrhosis.
Comparison between the transcriptomes of cirrhotic alcoholics and non-cirrhotic
alcoholics revealed a wide gene expression differences. Among them were down-
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regulation of genes involved in the synaptic transmission and neuronal cell adhesion,
and up-regulation of genes in apoptosis and cell proliferation. Both glial cells and
neurons were affected at the transcriptional level by the concomitant alcoholic cirrhosis.
Initial studies of gene exp ression profiling in human blood showed that sufficient
amount of RNA could be obtained from 2.5 ml of whole blood using PAXgene blood
RNA extraction kit. The extracted total RNA was successfully applied into gene
expression studies with Genisphere labeling kit.
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Chapter 8. Discussion
DNA microarray technology has revolutionized the study of biology. It allows
researchers to monitor gene expression activity on a genome-wide scale. The
importance of understanding changes in gene expression in alcoholism can be
apprecia ted by the impact of gene expression profiling in other diseases, most notably
cancer, where studies have lead to improved pharmacotherapies (Okutsu et al. 2002;
Zembutsu et al. 2002; Taxman et al. 2003) and to a molecular classification of disease
which promises to be more accurate and informative than traditional diagnostic tests
(Kim et al. 2002; Mor et al. 2003; Bueno et al. 2004). As a hypothesis-generating
technique, such global gene expression profiling studies will accelerate our
understanding of and treatment for these brain diseases. Gene expression profiling is
only beginning to be applied to psychiatric illnesses (Mirnics et al. 2000; Geschwind
2003; Marcotte et al. 2003; Tkachev et al. 2003).
Traditional microarray study requires a relatively large amount of RNA. However,
with autopsy human brain samples, usually only very limited amount of RNA is
available, which makes RNA amplification important for standard microarray labeling
method. The majority of the current protocols and commercial kits on the market are
based on the concept developed by Eberwine and his group over a decade ago (Van
Gelder et al. 1990). Different protocols may vary in the oligo-dT primer design,
synthesis of second cDNA strand and mechanism of in vitro transcription (Livesey
2003). This method is optimized for different purposes. For example, it has been
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successfully modified and incorporated in the expression profiling studies of single cell
in combination with laser capture dissection technique (Kamme et al. 2004). Despite its
general linearity of amplification, this procedure may also introduce systematic errors
into the amplified RNA (Wilson et al. 2004). Such bias is minimized when comparisons
were made between samples that have been amplified in the same way. This is
supported by the current results that confirmed the previous studies using unamplified
RNA from control and alcoholic human brain.
The application of microarray technology in the study of neural diseases
including alcoholism is faced with several challenges. Mammalian brain is anatomically
divided into many regions. Even within a single brain region, multiple cell types coexist and each of them has distinct functions and properties of activity. Changes that
occur exclusively in one subgroup of cells are often diluted out by the neighboring cells
that do not show similar changes. Single-cell RNA amplification has been developed in
order to reduce such dilution effect (Eberwine et al. 1992; Ginsberg et al. 2004). Glial
and neuronal cells interact with each other through various direct and indirect ways.
Furthermore, neuronal cells are highly inter-connected with each other over a long
distance with the soma in one brain region and axon projecting to anatomically distant
brain areas. Compared with studies in animal models, human subjects have more
diverse genetic, nutritional and other environmental factors that could impact gene
expression. In the case of alcohol studies in human brain, alcohol is thought to have
relatively small effects on multiple cellular systems. Consequently, the gene expression
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changes are usually only 20~40% (Lewohl et al. 2001; McBride et al. 2005).
Understanding the mechanisms underlying alcoholism must encompass these small but
abundant and widespread changes in regulation. Thus, rigorous statistical methods are
essential to analyze and interpret microarray results in these studies.
As a relatively new technology, the reproducibility of microarray results has been
an area of debate and question. Investigators have compared the results of parallel
studies using different microarray platforms, and observed significant inter-lab and
inter-platform variations that are sometimes even greater than the biological differences
under study (Kuo et al. 2002; Mah et al. 2004; Marshall 2004; Shippy et al. 2004).
However, three recent studies revealed that with careful handling and standardized
protocols from data collection and analysis, those variations may be minimized to such
a level that inherent biological variations among samples predominate among the
microarray results (Bammler et al. 2005; Irizarry et al. 2005; Larkin et al. 2005;
Sherlock 2005). Those studies also point out that discordant results between different
platforms may be a result of different splicing variants represented on the array. In the
current study (Chapter 4), 21 out of 27 genes that have been identified before were
consistent in the direction of change seen in the literature. Given that only a relatively
small proportion of current gene set was represented on the arrays in the previous
studies (~20%) and less than half of those clones are named genes, the number of genes
with consistent changes was actually larger. This also supports the above conclusions
about reproducibility of microarray results.
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There have been a number of microarray studies of alcohol effects (Table 8.1).
These studies examined different aspects of alcohol effect in human cell line, animals or
post-mortem human brain. In general, alcohol has effects on multiple cellular systems.
Genes involved in regular cell activity showed different expression level, including
protein metabolism (translation, ubiquitination, modification and trafficking), lipid
metabolism, signal transduction (cAMP, calcium, retinoic acid and thyroid signaling),
regulation of transcription, cell adhesion and cytoskeleton. Some genes are involved in
cell survival/proliferation activity, including stress/oxidative response, inflammatory
response, apoptosis and cell cycle regulation. Other genes are involved in neuronal
activity, such as ne urotransmission, synaptic plasticity, myelination, and neurogenesis.
Many genes have multiple functions, and therefore are involved in several cellular
activities. However, most of those changes are relatively small. It is important to
include those small changes in multiple systems when studying the effect of alcohol on
gene expression in the CNS.
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Table 8.1 Gene expression studies of alcohol using microarray technology.
Reference Aim
Thibault et To identify genes regulated at the
al. 2000
transcriptional level by alcohol exposure
in cultured cells

Subjects
Brain region(s)
SH-SY5Y
N/A
neuroblastoma
cells

Xu et al.
2001

ILS & ISS
mice

whole brain

Wistar rats

cingulate,
frontal cortex
& amygdala
hippocampus

Rimondini
et al. 2002
Daniels &
Buck 2002

Saito et al.
2002
Hoffman et
al. 2003

Tabakoff
et al. 2003

To compare global gene expression
profiles of brain between two lines of
mice that differ in sensitivity to ethanol
To examine gene expression changes in
rat brain after repeated cycles of ethanol
intoxication and withdrawal
To determine gene expression changes
in hippocampus of two lines of mouse
that differ in the behavioral response to
ethanol withdrawal during withdrawal
after chronic and acute ethanol exposure
To determine gene expression changes
in the rat hippocampus after chronic
alcohol treatment
To determine gene expression
differences after chronic alcohol
treatment in the cerebellum of PKCgamma null mutant mice
To identify candidate genes for the
development of tolerance to alcohol

C57BL/6J &
DBA/2J mice

Lewis rats

hippocampus

PKC-? null- cerebellum
mutant & wildtype mice
HAFT &
LAFT mice
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whole brain

Functional groups
metabolism, cell signaling, regulation
of transcription, morphology, extracellular matrix, cellular defense,
protein metabolism
neurotransmission, protein
metabolism, immune response
neurotransmission, signal transduction,
synaptic plasticity
proliferation, apoptosis, inflammatory
response, oxidative stress,
neurotransmission, protein
metabolism, lipid metabolism
signal transduction, protein
metabolism, neurotransmission,
cytoskeleton
stress response, neuronal activity

signal transduction, neurotransmission,
transcription factor

Saito et al. To examine gene expression changes in
2004
the striatum of congenic mice after oral
self-administration of ethanol
Treadwell To investigate gene expression changes
and Singh after acute alcohol treatment in two
2004
mouse strains

Congenic
striatum
mouse strains

metabolism, transport, signal
transduction, cell cycle, regulation of
transcription, biosynthesis
C57BL/6J & whole brain
cell signaling, regulation of
DBA/2J mice
transcription, immune/stress response,
proliferation, protein metabolism,
transport, apoptosis, myelination
Arlinde et To identify gene expression differences AA, ANA & cingulate
signal transduction, neurotransmission,
al. 2004
in four brain regions of 3 lines of rats
unselected
cortex, NAcc, protein chaperone, cell adhesion,
Wistar rats
amygdala &
cytoskeleton
hippocampus
Kerns et
To identify gene expression changes in DBA/2J &
VTA, NAcc
neuroplasticity, glucocorticoid
al. 2005
the mesolimbic reward pathway after
C57BL/6J
and PFC
signaling, neurogenesis, myelination,
alcohol treatment
mice
neuropeptide & retinoic acid signaling
McBride et To identify gene expression changes in iP rats
PFC,
synaptic plasticity, apoptosis,
al. 2005
VTA projection regions after selfamygdala,
neurotransmission
infusion of ethanol in the posterior VTA
Nacc
McBride et To study gene expression differences in WSP & WSR PFC,
protein metabolism, lipid metabolism,
al. 2005
several brain regions of two mouse lines mice.
hippocampus, regulation of transcription,
that differ in their withdrawal severity
hypothalamus cytoskeleton, RNA editing
after chronic ethanol exposure
& inferior
colliculus
Edenberg To compare gene expression profile in iP & iNP rats hippocampus cell growth, cell adhesion, stress
et al. 2005 the hippocampus of innate rats that
response, trafficking, transcription
differ in their alcohol preference
regulation, synaptic function
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Lewohl et
al . 2000

To identify differentially expressed
genes in alcoholic postmortem human
brain

human

Mayfield To identify differentially expressed
et al. 2002 genes in two cortical brain regions of
human alcoholics

human

Sokolov et To identify differentially expressed
al. 2003
genes in alcoholic postmortem human
brain matched for psychiatric diseases
Flatscher- To identify differentially expressed
Bader et
genes in two alcoholic human brain
al. 2004
regions in the reward pathway

human

human
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frontal cortex

structural protein, neurotransmission,
cell adhesion, immune response,
metabolism, cell signaling,
transcription, cell proliferation
frontal &
myelination, trafficking proteins,
motor cortices thyroid signaling, neurodegeneration,
calcium signaling, cell survival, cAMP
signaling, cell proliferation
temporal
mitochondrial function, ubiquitination,
cortex
cell adhesion, signal transduction,
regulation of transcription
frontal cortex DNA binding, translation, protein
& nucleus
trafficking, metabolism, mitochondrial
accumbens
function, signal transduction,
neurotransmission, myelination, cell
adhesion, immune response, apoptosis

Differences between alcoholics and controls in gene expression levels reflect both
pre-existing differences (predisposition factors to the development of alcoholism) and
alteration as a result of alcohol consumption. Some secondary effects of alcohol
consumption may also come into play. For example, alcohol consumption can induce
change s in body temperature (Crawshaw et al. 1998). This change alone may alter gene
expression levels. Changes in transcription factors and second messenger systems (e.g.
cAMP signaling pathways) may also result in changes in transcript levels that are under
the control of these factors. It is not clear whether the genes identified in the current
study are pre-existing difference in alcoholics, secondary effect of alcohol consumption,
direct regulation by alcohol, or downstream changes as a result of changes of
transcription factor activity. Studies in model systems are valuable to separate these
different effects.
Post-mortem human brain has been a valuable source for studying alcoholism.
Both pre- and post-mortem factors can potentially influence the integrity and abundance
of certain mRNA molecules. Pre- mortem factors mainly include age, disease and agonal
state, which may influence brain pH, an indicator of mRNA integrity in human brain
tissue (Barton et al. 1993; Harrison et al. 1995). Post- mortem factors are PMI and
freezer storage conditions (Harrison et al. 1995; Preece and Cairns 2003). The stability
of RNA in the autopsy human brain has been examined extensively in both human and
animals (Johnson et al. 1986; Burke et al. 1991; Barton et al. 1993; Leonard et al. 1993;
Schramm et al. 1999; Bahn et al. 2001; Hynd et al. 2003; Tomita et al. 2004). The
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general conclusion is that although a few mRNA species are not stable (induced or
suppressed), high-quality RNA suitable for DNA microarray studies can be obtained
from autopsy human brain tissue collected up to four days after death with proper
handling and storage conditions. It is important to consider such factors when
interpreting the results of mRNA expression levels in autopsy human brain. In the
current result, neither age nor PMI was correlated with the identified gene expression
pattern, suggesting that the identified candidate alcohol-responsive genes are not
confounded by those two factors.
Proper experimental design is critical for microarray stud ies (Churchill 2002).
Reference design, in which a common reference RNA sample is used for a specified
channel across all arrays, for the two-color cDNA microarray technology allows one to
make direct comparisons between cases, projects and laboratories, and increase sample
size when more samples are available (Park et al. 2004). Several references have been
proposed and tested, including experimental control samples, cell line mixtures, mixture
of samples under study, and a mix of the PCR products spotted on the array
(Sterrenburg et al. 2002). In the current study, a cell line mix from a commercial source,
universal human reference RNA (Stratagene), was used for individual profiling
(Novoradovskaya et al. 2004). This design made it possible to compare expression
patterns of non-alcohol controls, uncomplicated alcoholics, and cirrhotic alcoholics that
were done at different times and batches. As the brain collection grows, other factors
may also be included in the future analysis.
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Alcoholism and Alzheimer’s Disease (AD) share common properties, such as
deregulation of neuroimmune connections (Evseev et al. 2001) and destruction of
myelin structure (Noble et al. 2003). Several genes have been proposed to be risk
factors for both diseases. For example, the apolipoprotein E epsilon4 allele is associated
with hippocampal volume reduction in both alcoholism and AD (Mori et al. 2002;
Bleich et al. 2003). Also, transferrin protein has been implicated in both AD and
alcoholism (van Rensburg et al. 2000; Zambenedetti et al. 2003; van Rensburg et al.
2004). While apolipoprotein E epsilon4 is not represented on the array in the current
study, transferrin was down-regulated at the transcriptional level in alcoholics compared
to controls. The calpain/calpastatin system is involved in neural vesicle exocytosis.
Calpain 3, a calcium-dependent cysteine proteinase, and calpastatin, endogenous
inhibitor of calpains, are involved in the proteolysis of amyloid precursor protein, which
is thought to be abnormal in patients with AD. Presenilin 1 (Alzheimer’s disease 3) is
an anti-apoptosis protein, and it was down-regulated in the alcoholic brain. In contrast,
the expression level of a glial specific gene (PRKC, apoptosis, WT1, regulator) was
increased in the alcoholic group. This gene has been shown to be up-regulated in
vulnerable neurons of AD brain (Guo et al. 1998). Together, these findings suggest that
specific neural pathways may share common regulatory mechanisms at the
transcriptional level in these two brain diseases. These findings also support the idea
that different brain disorders may show similar changes in gene expression, and such
changes reflect a “non-specific brain tissue malfunction”(Mirnics and Pevsner 2004).
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However, such a relationship based on the current results is only speculative. Further
investigations will be necessary to build such connections.
The current results had a large overlap with previous studies of schizophrenia in
the frontal cortex. Schizophrenia, like alcoholism, is a complex mental disorder and
multiple genes have been proposed to predispose individuals to susceptibility to
schizophrenia (McGuffin et al. 1995). Patients with schizophrenia have significantly
impaired neuronal function and a loss of oligodendrocytes in prefrontal cortex (Hof et
al. 2002). Myelination-related genes decreased in alcoholics, for example, transferrin,
were also down-regulated in patients with schizophrenia, suggesting a common
impairment of oligodendrocytes in this brain region (Hakak et al. 2001). Transcript
level of glutamate decarboxylase 1 (67kDa, GAD67) has been consistently shown to be
decreased in schizophrenics in prefrontal cortex, indicating reduced GABAergic
function in both diseases (Mirnics et al. 2000; Vawter et al. 2002; Hashimoto et al.
2003). Increased expression level of genes in both ubiquitin-proteasome system and
cytochrome P450 family in the present alcoholism study, an opposite direction of
change in schizophrenia, may represent the unique increased oxidative stress from
alcohol consumption (Vawter et al. 2001; Middleton et al. 2002; Vawter et al. 2002).
Similarity between brain diseases may indicate some common underlying cellular
themes.
I was the first to investigate how concomitant disease in alcoholics, specifically
alcoholic liver cirrhosis, changes the brain function at the transcriptional level on a
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genome scale. It has been recognized that alcoholics with liver cirrhosis show more
severe brain dysfunction on certain tasks. My results suggest that genes involved in
various functional groups, especially synaptic transmission in neuronal cells and cell
death in astrocytes, were regulated in cirrhotic alcoholics relative to the uncomplicated
ones. Such regulation may count, at least partly, the more severe brain damage and
dysfunction in alcoho l abusers with liver dysfunction. Cirrhosis alone can disturb proper
brain function and even induce hepatic encephalopathy possibly through increased
neurotoxins (ammonia, manganese, etc.) and decreased zinc in the circulation system
(Butterworth 2003). When brain tissues from patients with liver cirrhosis induced by
factors other than alcohol drinking are available in the future, contributions of alcohol
drinking alone, cirrhosis alone, and interaction of those two factors to the observed gene
expression changes in cirrhotic alcoholics may be identified.
Significant brain atrophy in alcoholic human brain, especially in the frontal cortex,
has been noted in a number of previous studies, and this shrinkage is largely due to
myelin deficiency (section 1.2.1). Previous studies have noted an overall downregulation in the expression level of myelination-related genes in the brain of patients
with alcoholism, schizophrenia, and bipolar disorder (Lewohl et al. 2000; Lewohl et al.
2001; Mayfield et al. 2002; Sokolov et al. 2003; Tkachev et al. 2003). In the present
studies, eleven myelination-related genes (ten down- and only one up-) were regulated
in uncomplicated alcoholics compared to control cases. A major component of the
myelin sheath, proteolipid protein 1, and several minor components (UDP
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glycosyltransferase 8, CNP, CD9 antigen, and claudin 11) were all down-regulated. In
cirrhotic alcoholic cases, another four myelination-related genes were down-regulated
compared to uncomplicated cases, including contactin associated protein 1, carbonic
anhydrase XI, myelin basic protein and purine-rich element binding protein A. Those
results support the idea that myelin structure is damaged by chronic alcohol abuse and it
is further compromised by concomitant liver cirrhosis. Investigation of genes at the
protein level will further characterize change of myelination status in alcoholic human
brain.
Peripheral blood is an ideal surrogate for direct sampling of diseased tissue in
human body. Compared to human brain, blood has the obvious advantage of easy
access. Unlike brain, blood is constantly regenerated, which makes it ideal to search for
markers and monitor the progress of disease or treatment for alcohol abuse. Previous
studies have surveyed individual variation in the gene expression level in leukocytes
(Whitney et al. 2003; Radich et al. 2004). Those studies suggest that gene expression in
the peripheral blood is affected by a variety of factors including age, gender, time of
collection, and relative abundance of each blood cell type. A set of individual-specific
genes has been identified by studying expression patterns from the same individuals at
multiple time points (Radich et al. 2004). However, such individual variability is
relatively restricted when compared with variability seen in disease states (Whitney et
al. 2003). Those studies indicate the importance of large sample size, careful case
selection and rigorous statistical analysis in the analysis of gene expression data.
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Researchers generally accept the concept that “there is a sensible link between the
expression pattern and the function of its gene product”(Brown and Botstein 1999),
although regulation and modification of proteins are not reflected in the corresponding
alterations at mRNA level (Gygi et al. 1999; Arava et al. 2003; Ghaemmaghami et al.
2003; Kern et al. 2003; Beyer et al. 2004). Several techniques have been used for
analyzing global protein states in the cell including two-dimensional gel electrophoresis,
protein arrays and yeast two- hybrid assays in combination with mass-spectrometry
analysis. Due to the complexity of proteins, the development of protein microarrays has
lagged behind that of DNA arrays. Global measurements at mRNA level are more
accessible to most researchers than similar measurement of proteins. Proteomics studies
aiming to identify protein abundance, subcellular localization, protein modifications and
interactions on a global scale, together with other others will depict a complete picture
and eventually develop possible treatment for alcoholism.
In the future, similar studies using independent groups of cases, both controls and
alcoholics, would be very desirable in order to identify gene expression changes that are
consistent among human alcoholics. This is especially important for human subjects
who may have very different combination of genetic background, nutrition status,
medications, drinking pattern, cause of death, age, etc. In addition, it is also important to
study how other factors, such as age, smoking history and gender, contribute to the gene
expression in alcoholic human brain. These are variables that are common to human
studies. Further studies could be the confirmation of observed changes in microarray
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studies with other techniques such as in situ hybridization in the post-mortem human
brain. It is also important to determine if the changes at mRNA level are also reflected
at the corresponding protein level when developing potential pharmacotherapy
treatments for alcoholism. In addition to the studies in human brain, studies in human
blood would be important identify biomarkers for human alcoholism. Such markers
could be valuable for screening alcoholics as well as monitoring the treatment
effectiveness for this disease. Those studies may make it possible to find the right
medication for the right patient based on their genetic components.
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Appendix
The list of 532 genes with altered expression level in uncomplicated alcoholics relative
to controls. N/A: accession number or annotation for that clone is currently unavailable.

Clone ID

Accession
Number

Annotation

Down-regulated genes (Class I)
1737122 AI125545
A disintegrin and metalloproteinase domain 29
241894 N/A
AE binding protein 2
124014 R02663
Angiotensinogen (serine (or cysteine) proteinase inhibitor,
clade A (alpha-1 antiproteinase, antitrypsin), member 8)
773250 AA425851 AP2 associated kinase 1
1519127 AA902764 Apolipoprotein L, 1
2111810 AI393558
Calsyntenin 2
293444 N63696
CDNA FLJ14152 fis, clone MAMMA1003089
1911099 AI268937
Chemokine (C-C motif) ligand 8
1524130 AA912199 Chromosome 20 open reading frame 112
812127 AA455350 Deafness, autosomal dominant 5
1564433 AA934128 Dihydrodiol dehydrogenase (dimeric)
36369
R62461
G protein-coupled receptor 83
417811 W89148
Glycophorin A (includes MN blood group)
1626228 AI005452
Hypothetical gene supported by BC043001
2131230 AI492288
Hypothetical LOC388375
1504201 AA904738 Hypothetical LOC388903
1753951 AI200728
Hypothetical protein LOC255330
809812 AA455516 KIAA0141 gene product
470092 AA029283 Like- glycosyltransferase
279592 N48294
MGC4170 protein
1839122 AI208487
N/A
435141 AA701345 N/A
1460603 AA897493 N/A
432097 AA679306 N/A
1507265 AA904562 N/A
867580 AA780560 N/A
275154 R85707
N/A
1292124 AA707608 N/A
117

1672035
1876164
1654632
1525461
796258

AI074532
AI273265
AI021885
AA913804
AA461125

1620806 AI004466
1700310
261841
283237
289417
1523272
1416101
320588

AI049647
H99213
N51388
N63951
AA909207
AA878236
W31566

461772

AA682393

1460696 AA868802
1526485 AA923358

2106139 AI422536
1435870 AA937899

Oxysterol binding protein- like 11
Phosphatidylinositol-4-phosphate 5-kinase, type II, beta
Protein C (inactivator of coagulation factors Va and VIIIa)
Receptor- interacting serine-threonine kinase 2
Sarcoglycan, alpha (50kDa dystrophin-associated
glycoprotein)
Similar to GTP-binding protein SAR1a (COPII-associated
small GTPase)
Transcribed locus
Transcribed locus
Transcribed locus
Transcribed locus
Transcribed locus
Transcribed locus
Transcribed locus, moderately similar to NP_858931.1
NFS1 nitrogen fixation 1 (S. cerevisiae) [Homo sapiens]
Transcribed locus, moderately similar to XP_497913.1
similar to RIKEN cDNA E330026B02 [Homo sapiens]
Transcribed locus, moderately similar to XP_528864.1
similar to hypothetical protein [Pan troglodytes]
Transcribed locus, weakly similar to NP_004736.2 discs,
large (Drosophila) homolog-associated protein 2 [Homo
sapiens]
Uronyl-2-sulfotransferase
Zymogen granule protein 16

Down-regulated genes (Class II)
46786
H09906
2',3'-cyclic nucleotide 3' phosphodiesterase
1534010 AA918686 6-phosphofructo-2-kinase/fructose-2,6-biphosphatase 2
325526 W52355
6-phosphofructo-2-kinase/fructose-2,6-biphosphatase 2
78144
T61647
A kinase (PRKA) anchor protein 11
2466685 AI932231
Abl interactor 2
587992 AA130596 Acidic (leucine-rich) nuclear phosphoprotein 32 family,
member E
262932 H99699
Aconitase 2, mitochondrial
26617
R13558
Activated leukocyte cell adhesion molecule
503155 AA148945 Adaptor-related protein complex 4, epsilon 1 subunit
2074176 AI383775
Adenosylmethionine decarboxylase 1
139649 R64346
ATPase, Class VI, type 11A
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743773
47291
502242
950883
1688553
346134
2558248
757248
591381
345538
727251
51103
261745
1417174
859586
786291
868472
448085
2012610
448489
362532
242955
50276
823679
504705
814285
51405
22866
436062
815047
130242

AA634308
H10434
AA133296
AA608713
AI093975
W77951
AW055281
AA426053
AA158584
W73874
AA412053
H19217
H99152
AA911476
AA668681
AA451865
AA634261
AA702702
AI359120
AA777626
AA018613
H95716
H17861
AA489736
AA142888
AA459012
H18949
R38547
AA700808
AA465166
R22625

854668
506648
295843
50469
843085
198855

AA630082
AA708794
N66957
H16810
AA488628
H82870

ATP-binding cassette, sub-family A (ABC1), member 8
Baculoviral IAP repeat-containing 6 (apollon)
Bobby sox homolog (Drosophila)
C1q domain containing 1
Cadherin 19, type 2
Calcium regulated heat stable protein 1, 24kDa
Calnexin
Calpain 3, (p94)
Calpastatin
Cathepsin L
CD9 antigen (p24)
CDNA FLJ12425 fis, clone MAMMA1003104
CDNA FLJ13267 fis, clone OVARC1000964
CDNA FLJ43039 fis, clone BRTHA3003023
Cell division cycle 42 (GTP binding protein, 25kDa)
Chloride channel 3
Chloride intracellular channel 4
Chloride intracellular channel 4
Chromodomain helicase DNA binding protein 6
Chromosome 11 open reading frame 9
Chromosome 12 open reading frame 22
Chromosome 13 open reading frame 22
Chromosome 17 open reading frame 27
Chromosome 18 open reading frame 1
Chromosome 3 open reading frame 4
Chromosome 6 open reading frame 209
Chromosome 6 open reading frame 33
Chromosome 9 open reading frame 77
Coproporphyrinogen oxidase
Cyclin L1
Cyclin-dependent kinase 7 (MO15 homolog, Xenopus
laevis, cdk-activating kinase)
Cyclin-dependent kinase inhibitor 1B (p27, Kip1)
Cyclin-dependent kinase-like 5
Cytochrome P450, family 27, subfamily A, polypeptide 1
DDHD domain containing 1
DEAD (Asp-Glu-Ala-Asp) box polypeptide 17
DEAD (Asp-Glu-Ala-Asp) box polypeptide 17
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162775
2013178
435992
505836
1568423
204146
843429
1457416
296793
279563

H27564
AI359211
AA703219
AA683490
AA953139
H55920
AA489520
AA922917
W01171
N48891

151055

H02231

306066

N91003

50990
2011273
2563383
1506570
25778
1569418
308437
1853760
2016775
260325

H18436
AI371499
AI969667
AA905463
R37265
AA973642
N95761
AI280035
AI356028
H96241

288663

N62394

2150100
506281
1663842
34140
2248902
562101

AI887844
AA709309
AI041628
R44739
AI686016
AA211496

293635
298696
384999

N63807
N74677
AA709142

DEAD (Asp-Glu-Ala-Asp) box polypeptide 5
Death associated transcription factor 1
Dedicator of cytokinesis 10
DHHC-containing protein 20
Dicer1, Dcr-1 homolog (Drosophila)
Dmx- like 1
Dynein, cytoplasmic, intermediate polypeptide 2
Dystonin
EGF- like repeats and discoidin I- like domains 3
Elongation of very long chain fatty acids (FEN1/Elo2,
SUR4/Elo3, yeast)- like 4
ELOVL family member 5, elongation of long chain fatty
acids (FEN1/Elo2, SUR4/Elo3- like, yeast)
ELOVL family member 7, elongation of long chain fatty
acids (yeast)
Family with sequence similarity 13, member C1
Far upstream element (FUSE) binding protein 3
Farnesyltransferase, CAAX box, alpha
F-box and leucine-rich repeat protein 3
F-box and leucine-rich repeat protein 3
FLJ40142 protein
Fucosidase, alpha-L- 1, tissue
G elongatio n factor, mitochondrial 1
G protein-coupled receptor, family C, group 5, member B
GA binding protein transcription factor, alpha subunit
60kDa
Gap junction protein, beta 1, 32kDa (connexin 32, CharcotMarie-Tooth neuropathy, X- linked)
GDNF family receptor alpha 3
Glucuronyl C5-epimerase
Glyoxylate reductase/hydroxypyruvate reductase
Grancalcin, EF-hand calcium binding protein
GRB2-associated binding protein 1
Hect (homologous to the E6-AP (UBE3A) carboxyl
terminus) domain and RCC1 (CHC1)- like domain (RLD) 1
Heterogeneous nuclear ribonucleoprotein A2/B1
HLA class II region expressed gene KE2
HMG-box transcription factor 1
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111571
1682875
1927339
25396
784212
280640
884662
248975
53332
813671
251753
346545
754112
109488
288658
595620
246449
882483
1606780

T84669
AI167667
AI346986
R17747
AA446864
N50428
AA629903
H79970
R15923
AA447768
H96908
W74293
AA479205
T81840
N79353
AA167328
N73222
AA676598
AA995783

753321
825002
283340
781151
825350
563201
25606
1899701
81357
739450
141623
1629788
1507352
1908810
111405

AA406589
AA489189
N45322
AA446193
AA504489
AA114106
R17682
AI266713
T63779
AA477227
R69307
AA984322
AA905100
AI302307
T84485

289615 N77754
2443695 AI890760

HP1-BP74
Huntingtin interacting protein E
Hypothetical protein dJ462O23.2
Hypothetical protein DKFZp761D221
Hypothetical protein FLJ20152
Hypothetical protein FLJ30046
Hypothetical protein LOC143458
Hypothetical protein LOC151162
Hypothetical protein LOC157503
Hypothetical protein LOC285086
Hypothetical protein MGC10067
Hypothetical protein MGC16037
Hypothetical protein MGC29956
Hypothetical protein MGC33302
Immunoglobulin heavy chain variable region 194-5
Implantation-associated protein
Interferon regulatory factor 2 binding protein 2
Interferon-related developmental regulator 1
KH domain containing, RNA binding, signal transduction
associated 1
KIAA0232 gene product
KIAA0826
KIAA0826
KIAA0999 protein
KIAA1040 protein
KIAA1128
KIAA1212
Kruppel- like factor 7 (ubiquitous)
Kruppel- like factor 9
LAG1 longevity assurance homolog 2 (S. cerevisiae)
Leucine aminopeptidase 3
Leucine rich repeat (in FLII) interacting protein 2
Leucine-rich PPR- motif containing
LIM domain 7
Low density lipoprotein receptor-related protein binding
protein
Lysosomal-associated membrane protein 2
Major histocompatibility complex, class II, DR beta 4
121

795677
795321
2490442
700721

AA459935
AA454175
AI972766
AA285155

1894005 AI290403
46836
26536
144834
232670
897603
701819
773282
757191
378461
232887
79935
22283
161195
271280
41580
825669
296208
491500
2098914
1542749
241482
2043093
712526
2446706
1466529
300012
179672
1916194
825659
1845168
71763

H10308
R38475
R77251
H73313
AA496896
AA287122
AA425297
AA443966
AA775616
H73479
T61475
T87219
H25229
N34637
R59187
AA505082
N74391
AA152202
AI424099
AA909118
H80707
AI376113
AA278393
AI925065
AA885126
N78895
H51134
AI309037
AA505075
AI218581
T51290

Male sterility domain containing 2
Mannosidase, alpha, class 2A, member 2
MAP/microtubule affinity-regulating kinase 3
MCM5 minichromosome maintenance deficient 5, cell
division cycle 46 (S. cerevisiae)
Membrane protein, palmitoylated 5 (MAGUK p55
subfamily member 5)
Methionyl aminopeptidase 2
Microfibrillar-associated protein 3
Microtubule-associated protein 7
Mitochondrial ribosomal protein L48
Mitochondrial tumor suppressor 1
Muscleblind- like 2 (Drosophila)
Myosin IXA
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
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1908712
137236
120238
712460
773305
823629
22328
825394
49162

AI301123
R36431
T95766
AA281731
AA425422
AA496964
T89077
AA504250
H16589

627086
341316
133273
2444518
41929
198960
60605
1536172
1762186

AA190558
W58084
R26960
AI889466
R59062
H83225
T40568
AA923518
AI207338

305809
823756

N90051
AA490238

796147

AA460986

814546

AA480859

842820
727390
268188
122241
25315

AA486221
AA403083
N30161
T98663
R39089

823876

AA490696

22731

T75041

251250

H96534

N/A
N/A
N/A
Natural killer-tumor recognition sequence
Neurotrimin
NIMA (never in mitosis gene a)-related kinase 1
NMDA receptor regulated 1- like
NPD014 protein
Nuclear ubiquitous casein kinase and cyclin-dependent
kinase substrate
Nucleoporin 133kDa
PAP associated domain containing 4
Peripheral myelin protein 22
Phosphatidic acid phosphatase type 2C
Phosphatidylinositol binding clathrin assembly protein
Phosphatidylinositol glycan, class T
Phosphatidylinositol-4-phosphate 5-kinase, type II, alpha
Phosphoinositide-3-kinase, class 2, beta polypeptide
Phosphoribosylglycinamide formyltransferase,
phosphoribosylglycinamide synthetase,
phosphoribosylaminoimidazole synthetase
Phytoceramidase, alkaline
Pleckstrin homology domain containing, family C (with
FERM domain) member 1
Pleckstrin homology domain containing, family H (with
MyTH4 domain) member 1
Pleckstrin homology, Sec7 and coiled-coil domains
1(cytohesin 1)
Poly(A) binding protein, cytoplasmic 4 (inducible form)
Presenilin 1 (Alzheimer disease 3)
Proline rich Gla (G-carboxyglutamic acid) 1
Proteasome (prosome, macropain) subunit, beta type, 2
Protein phosphatase 1B (formerly 2C), magnesiumdependent, beta isoform
Protein phosphatase 2 (formerly 2A), catalytic subunit, beta
isoform
Proteolipid protein 1 (Pelizaeus-Merzbacher disease, spastic
paraplegia 2, uncomplicated)
Putative NFkB activating protein HNLF
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179232
773556
42008
2028847
2014610
2464519
1562618
180018
1640634
2504218
2556742
884836
1636844
271472
795453
2463915
347687

H50229
AA428182
R60711
AI263095
AI359768
AI928123
AA954092
R85466
AI122802
AW009247
AW055114
AA669356
AI015569
N35020
AA454193
AI934380
W81563

1034625
2018138
858911
49482
232946
21899
121489

AA779835
AI364513
AA776891
H16515
H75599
T65211
T97303

2013633 AI359446
594500 AA164750
1840827 AI220372
428163

AA001874

878698
754358

AA775372
AA436142

1573305 AA953973
594796 AA171421
1588700 AA975354

Pyrophosphatase (inorganic)
RAB, member of RAS oncogene family- like 2B
RAB6 interacting protein 1
Radixin
Ras homolog gene family, member U
Replication factor C (activator 1) 1, 145kDa
Rhomboid, veinlet- like 2 (Drosophila)
Rhotekin
Ribonucleotide reductase M2 B (TP53 inducible)
Ribosomal protein S6 kinase, 90kDa, polypeptide 1
Ring finger protein 103
Ring finger protein 130
Ring finger protein 14
Ring finger protein 141
RING1 and YY1 binding protein
SA hypertension-associated homolog (rat)
Sarcoglycan, beta (43kDa dystrophin-associated
glycoprotein)
Scavenger receptor class B, member 2
Scavenger receptor class B, member 2
Scavenger receptor class B, member 2
Serine palmitoyltransferase, long chain base subunit 2
Serum/glucocorticoid regulated kinase
SFRS protein kinase 2
Signal sequence receptor, alpha (translocon-associated
protein alpha)
Signal transducing adaptor molecule (SH3 domain and
ITAM motif) 1
Similar to hypothetical protein FLJ20079
Solute carrier family 12 (sodium/potassium/chloride
transporters), member 2
Solute carrier family 9 (sodium/hydrogen exchanger),
isoform 9
Solute carrier organic anion transporter family, member 3A1
Sparc/osteonectin, cwcv and kazal- like domains
proteoglycan (testican)
Spastic paraplegia 20, spartin (Troyer syndrome)
Spastic paraplegia 4 (autosomal dominant; spastin)
Spire homolog 1 (Drosophila)
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739247
197913

AA421230
R96240

809535
123474
897761

AA454585
R00707
AA598468

134476 R27644
2014932 AI362226
23228

R38662

2020460
280444
1534435
453233
41463
42063
45582
594806
361798
1902086
1901472

AI382562
N51577
AA917374
AA704860
R59173
R60822
H08120
AA171426
W95948
AI300120
AI302661

843159

AA488497

240248
212429
666218
855389
530875
810901
1276318
838899
754250
814528
770878
34010

H89512
H69531
AA233809
AA664006
AA070357
AA459293
AA693488
AA464935
AA479270
AA459364
AA434395
R44647

Splicing factor 3b, subunit 1, 155kDa
Splicing factor proline/glutamine rich (polypyrimidine tract
binding protein associated)
Splicing factor, arginine/serine-rich 2
Stearoyl-CoA desaturase (delta-9-desaturase)
SWI/SNF related, matrix associated, actin dependent
regulator of chromatin, subfamily a, member 5
Synaptobrevin- like 1
Tankyrase, TRF1- interacting ankyrin-related ADP-ribose
polymerase
TATA box binding protein (TBP)-associated factor, RNA
polymerase I, B, 63kDa
Taxilin
TBC1 domain family, member 12
Tissue inhibitor of metalloproteinase 2
TPA regulated locus
Transcribed locus
Transcribed locus
Transcribed locus
Transcribed locus
Transcribed locus
Transcribed locus
Transcribed locus, weakly similar to NP_060312.1
hypothetical protein FLJ20489 [Homo sapiens]
Transcription factor 12 (HTF4, helix- loop-helix
transcription factors 4)
Transferrin
Transferrin
Transforming growth factor, beta 2
Transforming, acidic coiled-coil containing protein 1
Transketolase (Wernicke-Korsakoff syndrome)
Transmembrane protein 23
Transmembrane protein 23
Tripartite motif- containing 2
Tumor differentially expressed 2
Tumor protein p53 inducible nuclear protein 1
Tweety homolog 2 (Drosophila)
Ubiquinol-cytochrome c reductase core protein II
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126338
415786
254328

R06429
W84743
N22272

884531
29185
897830
41207
246661
2490795
79782
26520

AA629801
R05458
AA598573
R56772
N59690
AI973060
T63988
R20670

Ubiquitin protein ligase E3B
Ubiquitin specific protease 31
UDP glycosyltransferase 8 (UDP-galactose ceramide
galactosyltransferase)
UMP-CMP kinase
Unc-51-like kinase 2 (C. elegans)
Unc-84 homolog A (C. elegans)
Uncharacterized hypothalamus protein HT008
WD repeat and SOCS box-containing 1
WNT1 inducible signaling pathway protein 2
Zinc finger protein 161
Zinc finger, DHHC domain containing 21

Up-regulated genes (Class I)
451898 AA706955 ATPase, Na+/K+ transporting, alpha 4 polypeptide
824886 AA488889 Early B-cell factor
430510 AA680367 Solute carrier family 38, member 4
Up-regulated genes (Class II)
244815 N54425
1-acylglycerol-3-phosphate O-acyltransferase 5
(lysophosphatidic acid acyltransferase, epsilon)
294457 W01520
AAA1 protein
1519711 AA911811 Abhydrolase domain containing 4
271054 N29915
Abl- interactor 1
430646 AA677828 AT rich interactive domain 1B (SWI1- like)
809876 AA455126 ATP synthase, H+ transporting, mitochondrial F0 complex,
subunit c (subunit 9), isoform 2
855438 AA664077 ATPase, H+ transporting, lysosomal 14kDa, V1 subunit F
1032431 AA779480 Bone morphogenetic protein 8a
347520 W81290
Brother of CDO
1620513 AA992324 Calcium binding atopy-related autoantigen 1
290213 N64379
Calcium channel, voltage-dependent, gamma subunit 4
282587 N52089
Carbonic anhydrase XI
506583 AA708512 Cardiotrophin 1
144878 R78539
Catenin, beta interacting protein 1
683059 AA213816 CDC42 effector protein (Rho GTPase binding) 3
214253 H77820
CDK5 regulatory subunit associated protein 1- like 1
126

811032 AA485422
139376 R65573
1625834 AA995208

76252
1863932
303023
392588
322652
2126121
742541
842813
247233
450883
1652685
1602516
756847
1354618
782725
825060
1710329
429499
265503
299360
1860019
1471821

T59873
AI243965
N91566
AA708135
W15487
AI436109
AA400013
AA486228
N57936
AA682674
AI057404
AA988524
AA425806
AA830392
AA447986
AA489219
AI127671
AA011480
N21321
N75581
AI198170
AA873339

241996
121485
300618
838999
366778

H92965
T97493
N78661
AA487297
AA029722

300899
133002
37449
1655795
232786

N80593
R24477
R35292
AI033539
H73941

CDNA FLJ14942 fis, A-PLACE1011185
CDNA FLJ42249 fis, clone TKIDN2007667
CDNA FLJ42607 fis, clone BRACE3012806, weakly
similar to Homo sapiens adrenergic, alpha-1A-, receptor
(ADRA1A)
Chromosome 14 open reading frame 123
Chromosome 20 open reading frame 28
Chromosome 21 open reading frame 49
Chromosome 5 open reading frame 16
Chromosome X open reading frame 34
CK2 interacting protein 1; HQ0024c protein
Clone IMAGp998D064417Q2 mRNA sequence
Coatomer protein complex, subunit zeta 1
Complement component 4 binding protein, beta
Cullin 1
Cyclin I
Death-associated protein 6
Deformed epidermal autoregulatory factor 1 (Drosophila)
DnaJ (Hsp40) homolog, subfamily C, member 4
DnaJ (Hsp40) homolog, subfamily C, member 4
DUTP pyrophosphatase
Endonuclease G- like 1
Epoxide hydrolase 2, cytoplasmic
Eukaryotic translation initiation factor 3, subunit 6 48kDa
Far upstream element (FUSE) binding protein 1
Fas (TNFRSF6) associated factor 1
F-box and WD-40 domain protein 7 (archipelago homolog,
Drosophila)
F-box protein 3
Fc fragment of IgG, receptor, transporter, alpha
FK506 binding protein 7
Fucosyltransferase 11 (alpha (1,3) fucosyltransferase)
Fucosyltransferase 4 (alpha (1,3) fucosyltransferase,
myeloid-specific)
Gamma-aminobutyric acid (GABA) B receptor, 1
Golgi phosphoprotein 3 (coat-protein)
Growth arrest-specific 2 like 1
Guanine nucleotide binding protein (G protein), gamma 12
Hemoglobin, zeta
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2308841
416325
1486071
1574405
304868
1468642
431212
195104
203805
1754412
306806
1642051
488301
1292148
210881
2108514
1751125
753382
417229
32794
1853524
71597
1635618
647435
207421
201551
130002
241824
1472797
66390
592594
2248780
840404

AI652159
W85851
AA936753
AA954925
N93197
AA884651
AA682513
R91152
H56424
AI205913
W24055
AI018719
AA085748
AA705798
H65673
AI394037
AI083911
AA410255
W87749
R43553
AI243609
T57865
AI016007
AA199585
H58866
R97970
R19394
H93217
AA873182
T66920
AA159578
AI685807
AA485653

743532

AA609421

729972
451788

AA416911
AA706804

HLA-B associated transcript 2
Homo sapiens, clone IMAGE:4715175, mRNA
HSPC135 protein
Hypothetical gene supported by AK124342
Hypothetical gene supported by AK126569
Hypothetical gene supported by BX648112
Hypothetical LOC339281
Hypothetical protein BC007901
Hypothetical protein FLJ12735
Hypothetical protein FLJ25402
Hypothetical protein FLJ31434
Hypothetical protein LOC146174
Hypothetical protein LOC149603
Hypothetical protein LOC149837
Hypothetical protein LOC151878
Hypothetical protein LOC157860
Hypothetical protein LOC197322
Hypothetical protein LOC285733
Hypothetical protein LOC388536
Hypothetical protein MGC2752
Kelch- like 7 (Drosophila)
Kelch- like 7 (Drosophila)
KIAA1115
KIAA1193
KIAA1374 protein
KIAA1456 protein
Kinesin family member 13B
Laminin, beta 1
Leprecan-like 1
Leucine rich repeat (in FLII) interacting protein 2
Leucine-rich repeats and immunoglobulin- like domains 1
Likely ortholog of mouse la related protein
Mannosyl (alpha-1,6-)-glycoprotein beta-1,2-Nacetylglucosaminyltransferase
Membrane protein, palmitoylated 6 (MAGUK p55
subfamily member 6)
Membrane-associated phospholipase A1 beta
Methyl-CpG binding domain protein 3
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1643280 AI024743
283668 N52928
33715
300051
301309
1983029
2019088
2002169
121853
266161
2112963
436531
46294
196055
322838
1667864
201090
1899187
258606
454501
704076
2118279
230432
731393
412927
67769
796079
1942022
75494
193937
645670
1460366
47853
231526
204301
796227
809939

R44078
N78927
W07654
AI252472
AI363050
AI250724
T97347
N21592
AI468376
AA703046
H09132
R91426
W44923
AI078856
R99849
AI288843
N32201
AA677361
AA279172
AI568702
H80283
AA421054
AA707728
T49657
AA460363
AI206282
T57642
R83853
AA206454
AA883586
H11346
H92473
H59260
AA460669
AA454819

Morn
MRNA full length insert cDNA clone EUROIMAGE
283668
Muskelin 1, intracellular mediator containing kelch motifs
Myosin, light polypeptide 2, regulatory, cardiac, slow
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
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23804
1910469
726414
2060963
1030618
2028031
2017905
782335
122091
2030430
704261
1849185
325513
129986
1755072
1948645
233457
1597388

R38383
AI348544
AA399166
AI345617
AA608824
AI356395
AI364107
AA432270
T98414
AI493835
AA279396
AI247833
W52248
R19275
AI200771
N/A
H78896
AA973224

1291678
73720
1661450
1492287
68345
2272704
291222
502819

AA776819
N/A
AI167460
AA888225
T57002
AI681514
N72196
AA137266

1616229
147508
897546
233635
341051
33293
192310
1854982

AA985305
R81201
AA496998
H77381
W57983
R43956
H39071
AI285967

230397

H75795

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
NADH dehydrogenase (ubiquinone) 1 alpha subcomplex,
11, 14.7kDa
Neurochondrin
Neuropilin 1
NHL repeat containing 2
NS5ATP13TP2 protein
Nuclear factor I/C (CCAAT-binding transcription factor)
Nuclear receptor subfamily 0, group B, member 1
Nuclear receptor subfamily 4, group A, member 3
Nuclear ubiquitous casein kinase and cyclin-dependent
kinase substrate
PDZ domain containing RING finger 3
PHD finger protein 3
Phosphatidylethanolamine N-methyltransferase
Phosphatidylinositol glycan, class W
Pinin, desmosome associated protein
Pleckstrin homology, Sec7 and coiled-coil domains 4
Pleckstrin homology- like domain, family B, member 3
Pleiotrophin (heparin binding growth factor 8, neurite
growth-promoting factor 1)
Plexin A2
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2191807 AI804543
2306804 AI651748
294486
428431
276484
1714018
1561409
506669
192593
1942432
725308
1056217
51737
810263
178137
2252417
590853
611206
261408
284908
593537

N70998
AA004415
N39074
AI128305
AA953395
AA708916
H41496
AI206966
AA291556
AA621047
H23021
AA464728
H47015
AI611010
AA158162
AA176812
H98967
N66750
AA165410

357778
208940
811842
510679

W95428
H61684
AA443177
AA099394

396358 AA758379
2019387 AI369312
430068
795538

AA009830
AA459651

282501

N49856

112232 T93956
1461068 AA890146

POU domain, class 2, transcription factor 3
Proteasome (prosome, macropain) 26S subunit, nonATPase, 13
Proteasome (prosome, macropain) subunit, alpha type, 1
Protein kinase (cAMP-dependent, catalytic) inhibitor beta
Protein phosphatase 1, regulatory (inhibitor) subunit 12A
PTK2 protein tyrosine kinase 2
Putative neuronal cell adhesion molecule
PWWP domain containing 2
Pyridoxal (pyridoxine, vitamin B6) kinase
Pyruvate dehydrogenase kinase, isoenzyme 1
Ras and Rab interactor 1
Regulatory factor X, 3 (influences HLA class II expression)
Retinoblastoma binding protein 8
Rhophilin, Rho GTPase binding protein 2
Ribosomal protein L34
Ribosomal protein S10
RNA binding motif protein 21
RNA polymerase I associated factor 53
SEC22 vesicle trafficking protein- like 3 (S. cerevisiae)
SEC63-like (S. cerevisiae)
Sema domain, immunoglobulin domain (Ig), short basic
domain, secreted, (semaphorin) 3D
Sestrin 3
Short-chain dehydrogenase/reductase 9
Signal recognition particle 72kDa
Signal sequence receptor, alpha (translocon-associated
protein alpha)
Similar to cDNA sequence BC035954
Small nuclear RNA activating complex, polypeptide 4,
190kDa
Sno, strawberry notch homolog 1 (Drosophila)
Solute carrier family 25 (mitochondrial carrier: glutamate),
member 22
Solute carrier family 6 (neurotransmitter transporter,
betaine/GABA), member 12
Sorting nexin 13
Sprouty homolog 1, antagonist of FGF signaling
(Drosophila)
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429011
506270
345469
1564861
757340
111054
745072
1634962
815665
432611
795355
1507241

AA004719
AA706107
W72525
AA931772
AA437090
T81574
AA626275
AA994958
AA485117
AA699443
AA453489
AA904542

2028221 AI262156
322033

W37833

257926

N27028

2109495 AI392953
529307

AA069704

127519
855749
795210
79739
1867690
232651
23018
109951
2489196

R08876
AA663983
AA453580
T62575
AI240939
H72612
R43580
T88821
AI971344

970649
530545
1672097
193913

AA774724
AA112979
AI122709
R83836

Stannin
Suppressor of Ty 5 homolog (S. cerevisiae)
Thymus expressed gene 3- like
Transcribed locus
Transcribed locus
Transcribed locus
Transcribed locus
Transcribed locus
Transcribed locus
Transcribed locus
Transcribed locus
Transcribed locus, moderately similar to NP_055301.1
neuronal thread protein AD7c-NTP [Homo sapiens]
Transcribed locus, strongly similar to XP_511903.1 similar
to mitochondrial ribosomal protein S23 [Pan troglodytes]
Transcribed locus, weakly similar to XP_209041.2 similar to
KIAA1503 protein [Homo sapiens]
Transcribed locus, weakly similar to XP_518257.1 similar to
Nuclear pore complex protein Nup153 (Nucleoporin
Nup153) (153 kDa nucleoporin) [Pan troglodytes]
Transcription factor 1, hepatic; LF-B1, hepatic nuclear
factor (HNF1), albumin proximal factor
Translocase of outer mitochondrial membrane 7 homolog
(yeast)
Transmembrane anchor protein 1
Triosephosphate isomerase 1
Tripartite motif- containing 11
Tripartite motif- containing 33
Tripartite motif- containing 55
Tubulin, beta 1
Ubiquilin 2
Ubiquitin specific protease 32
Ubiquitin-conjugating enzyme E2M (UBC12 homolog,
yeast)
Uncharacterized bone marrow protein BM039
Vaccinia related kinase 1
Vesicle docking protein p115
V-yes-1 Yamaguchi sarcoma viral related oncogene
homolog
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1858786 AI224867
859857 AA679459
47963
H11642

Zinc finger and SCAN domain containing 5
Zinc finger protein 148 (pHZ-52)
Zinc finger, DHHC domain containing 18
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