\ N

CENTER FOR ENVIRONMENTAL GENETICS UNIVERSITY OF CINCINNATI
Daniel W Nebert, M D, Editor

Marshall W Anderson, PhD, Director

I ssue Number 28

NTERFACE

s

&

YIANYIN

GENESAND THE ENVI RONI\/I ENT

SUMMER/FALL 2004
Marian L Miller, PhD, Assistant Editor

Everything you Always Wanted to Know about Dioxin but
WereAfraid to Ask

Sincethealleged dioxin poisoning of Viktor
Yushchenko during apolitical dinner on5 Sep
2004, and now that he won the 26 Dec 2004
electioninthe Ukrainewith 52% of thevote, many
guestionsare being asked about dioxin. A number of
laboratoriesinthe CEG havecarried out dioxin
research for many years. “Dioxins’ isagenera term
describing agroup of 72 chemicalsthat arehighly
persstent intheenvironment; thetermisaso
appliedto 15 or 20 “dioxin-like compounds’

(DL Cs) that includethe co-planar polychlorinated
biphenyls(PCBSs). Their chemicd Structuresare
suchthat they are degraded with great difficulty—
whether itisby bacteria, plants, fungi, animals, or by
smplesunlight photooxidation. Dioxinsarebest
degraded at very high temperatures(incineration).
Thismeansthat dioxinsenter thefood chain (plants,
agricultura animals, fish, etc.) and ultimately wind up
in humanswho eat thesefoods. Because of their
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persistence, thesedioxinsare stored inthefat tissues
of everyone sbody. Dioxinsare present evenin
penguinsand polar bearsthat livefar fromthe
sourcesof production of these chemicals (however,
ocean currentscarrying plankton, fishand other
marineanimalsdo reachthearctic and antarctic
regions, wherethese predators eat them).

Chemistry

For the chemistsamong you, the most potent of
thedioxinsis2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD; Figurel). Thismoleculehas® 3-plane
symmetry”; aso, thereare no adjacent carbon
atomsthat arefree of chlorineatoms, meaning that
epoxidation or hydroxylation acrossacarbon-carbon
doublebond by anenzymeisvirtualy impossible.
Dioxinsareformed asanincidental byproduct of
many industrial processesinvolving the high-tem-
perature combination of phenolsand chlorine—such
aswasteincineration, pulp and paper bleaching,
synthesisof hexachlorophene soap, chemica and
herbicide manufacturing—and evenforest fires.
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Fig. 1. Chemical structure of TCDD

Environmental Contamination

Vietnam. Although present at 1% or less,
TCDD isthe primary toxic component of Agent
Orange, the principal herbicide sprayedinVietnam
(morethan 19 million gallonsbetween 1961 and
1971). Agent Orangeisa* super-agonist” of the

1



normal plant hormoneindoleaceticacid (IAA),
which speedsup the process of leaf growing, thus
resultingintherapid defoliation of trees.

Love Canal. TCDD contamination wasthe
problem at Love Cana (near NiagaraFalls, NY).
Thiscana beganin 1892, whenWilliamT. Love
proposed digging acanal to connect the upper and
lower partsof the NiagaraRiver; the canal was
never completed. Hooker Chemical and Plastics
Corporation purchased the property and, between
1947 and 1954, they deposited an estimated
20,000tonsof “high-level toxicwaste” intothe
concrete-lined canal. A total of 248 assorted chemi-
caswereburied at thedte, including: the pesticide
hexachlorocycl ohexane, chlorobenzenes, chlorinated
hydrocarbons, benzene, chloroform, trichloroethyl-
ene, methylene chloride, benzenehexachloride,
phosphorous, and PCBs. Inaddition, it isestimated
that about 130 pounds of dioxinwereburiedin
Love Canal. Thecanal wascovered withdirtin
1953, and most people presumed it was* safe’.
Residentsinthe area, however, beganto report foul
odorsand health problems between the mid 1950s
and mid 1970s, and the previous dumping of
hazardouswaste wasthen investigated. Government
officialsdecided that Love Canal wasahedlth
hazard, and the area began to be evacuated (1978-
80). The problemsat the Love Canal played an
important rolein Congressestablishingthe
Superfund Basic Research Programs (seeissue #27
of I nterface). In 1980 Congress passed the
Comprehensive Environmental Response, Com-
pensation, and Liability Act (CERCLA) [Public
Law 96-510], commonly known as Superfund,
which required EPA tolocateall contaminated sites
intheU.S., establish prioritiesfor cleaning them up,
and then clean them up. Since 1980, Superfund
beganto clean upthe Love Canal. Asaresullt,
peopl e began moving back to Love Canal inthe
early 1990s. Many of the homes have been reno-
vated and resold to new citizens (at much lower
ratesthan that of other surrounding communities),
andtheregionisgradualy moving back to normal.

TimesBeach. TCDD was a so the cause of
the evacuation (1983-85) of TimesBeach, asmall
town 17 milessouthwest of St. Louis, Missouri. In
thiscase, dioxinswere present inamixture of “ dust-
controlling oil”, madeout of chemical wasteby
Northeast Pharmaceutical and Chemica Company

(NEPACCO), which had produced Agent Orange
during the Vietnam War. In 1971, thousands of
gallonsof thisoil were sprayed on the unpaved
roads (and in horse stables and race tracks) of
TimesBeach. Just afew daysafter theoil had been
sprayed, anima sintheareabegan dying; afew
monthsl|ater, children withillnessesbeganto be
reported. By 1981, about 75 horses, and an un-
known number of dogs, cats, chickens, rodentsand
birdshad perished, and some scientistswere
recommending that people evacuatethearea. In
Nov 1982, soil testshad confirmed that highlevels
of dioxinwere poisoning thetown. In Feb 1983,
US$33 million of Superfund money wasused to
purchase Times Beach and rel ocate the people. The
townwasofficialy closedinApr 1985. About
265,000 tons of contaminated soil and debrisfrom
TimesBeach, and 28 other Sitesin eastern Missouri,
were burned at high temperatures (between Mar 96
and Jun 97) inanincinerator built and operated on
thesiteby Syntex, the parent company of
NEPACCO. Thecleanup cost thegovernment a
total of US$110 million—3$10 million of whichwas
reimbursed by Syntex. After the cleanup, theincin-
erator wasdismantled and the sitewasturned over
tothe State of Missouri. Thesiteof TimesBeach
now housesawild-bird sanctuary, a409-acre state
park commemorating Route 66 (thefamoushigh-
way that stretched from Chicagoto LosAngeles,
passing near thiscommunity) and asmall museum
detailing the“environmentd history” of thearea.

Seveso. TCDD wasalso the cause of prob-
lemsin Seveso, Italy. A chemical plantinltaly was
producing hexachlorophene (an antiseptic soap),
of which TCDD isabyproduct; anexplosion at this
siteon 10 Jul 1976 caused alarge cloud, which
began settling on the streetsand buildings of the
smdl village. Childrenwho playedinthecloud
“becauseit looked like snow” developed burnson
their skin; after afew weeks some devel oped
chloracneontheir facesand other skin areas
exposed to the chemical cloud. Chloracneisabad
caseof pimples, caused by abnormal growth of
sebaceous (swest) glandsintheskin. Thisisthe
condition that can now be seen ontheface of Viktor
Yushchenko.

Again, animalsdying onthestreetsof Seveso, in
those next several daysfollowingtheblast, were
more of aharbinger of thetoxic effectsof that cloud
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than thechildren suffering afew superficia burnson
their skin. Follow-up studies of the exposed Seveso
human popul ation 20 yearslater havefound no
highly significant increasesin birth defectsor cancer,
but—intriguingly—asgnificantly increasedriskin
certaintypesof heart disease. Problemswith
TCDD-induced arteriosclerosishave also been
foundinlaboratory animas.

Disclaimer

Inany of thesefour locations (Vietnam, Love
Canal, TimesBeach, Seveso), TCDD wasnot the
solecontaminant; rather, therewasawaysamixture
of persistent organic pollutantsand DL Cs. Hence, it
isimposs bleto concludethat the medical problems
seeninany of theselocationswere caused specifi-
caly by TCDD intoxication.

High-Dose TCDD Toxicity

In contrast tothese“relatively large-dose
exposures’ viacontaminated land, water or air
(described above), what might happenwith the
sudden ingestion of an even higher, sudden dose of
TCDD?Acutetoxicity inlaboratory animalspeaks
between 7 and 30 days, and pretty much subsides
by 8 weeks. If deathisgoing to occur, it usualy
occurs between 28 and 35 days—yprobably associ-
ated with suppression of theimmune systemand
bonemarrow. Thislab-animal scenario seemsto
have been the course of Yushchenko'sillness: he
had abdominal cramping the night after thealeged
poisonous meal, hewasmost ill in October, and
now he has continued to get better withtime. His
faceisdtill heavily pocked, anditisnot clear if the
effectsof hischloracnewill ever becompletely
reversible. Asfar asisknown, no human hasever
died acutely fromaTCDD overdose.

With an estimated dose of 25 micrograms per
kilogrambody weight, Yushchenko might have
consumed 2to 3milligramsof TCDD at that dinner;
at thecurrent listing of US$81 for 10 microgramsof
TCDD (from SigmaChemica Company), this
alleged attempt at poi soning would have cost
someone between US$16,000 and US$25,000
(unlessagovernment lab synthesi zed thisfor the
explicit purposeof trying to poison someone). This
approximationis, of course, arough estimate, and
the dose might have been ten timeshigher. Interest-
ingly, for whatever reason, humans seemto befar
moreresistant to dioxin-induced lethaity than most

anima s—aswitnessed by animalsdyinginthe
streetsof Love Canal, TimesBeach, and Seveso
whereashumanssuffered milder effectslater.

Long-Term TCDD Toxicity

Long-term effectsof TCDD inhumansinclude
anincreased risk of: cardiovascular disease, skin
disorders (especially the chloracne, asdescribed
above), soft-tissue cancers, and certain types of
leukemia. Thesetwo latter diseases(different forms
of malignancy) areepidemiologicaly not well
established, because—among other reasons—there
iIsno specifictarget organ or cell type. In 1997 the
International Agency for Research on Cancer
(IARC; based in Lyon, France) classified TCDD as
a“Class| carcinogen”—meaning that itisa“known
human carcinogen.” However, TCDD istheonly
compound that hasbeen classified by IARC asa
human carcinogen without awell-established target
organ or cell type. The EPA reassessment of TCDD
asacarcinogenisunderway, withtheir conclusions
expected to be reported during 2005.

Long-term effectsof TCDD inlaboratory
animals, aswith humans, lsoincludean increased
risk of heart disease, skin disorders (sebaceous
gland overgrowth, manifested aschloracnein
humans), soft-tissue cancers, and certain types of
leukemia. Other maladiescaused by TCDD inlab
animalsbut not yet provenin humans (dueto
difficultiesin epidemiologic Sudies) include: en-
dometriosis (issue#17 of | nterface), lowered
fertility (low testosteronelevel sand reduced sperm
counts), birth defects (in children of parentsex-
posed), diabetes, learning disabilities, lung problems,
and endocrinedisruption (at least in someanimals,
such astherat, thereisdemasculinization of males).
Endometriossisadisorder inwhichthelining of the
uterusisfoundinlocationsoutsidetheuterus; itis
themost common cause of pelvic paininwomen
and acauseof infertility. Femalerhesusmonkeyson
very low exposurelevelsto TCDD have been
shownto devel op endometriosis. Because TCDD
toxicity isnot an al-or-noneeffect but rather smply
“increasesone’srisk,” itisextremdy difficult (ina
court of law) to attribute any particular medical
problem exclusively to prior dioxinexposure.

Possible Treatment of Dioxin Poisoning?

Can anything be doneto treat alarge overdose and/
or ahigh body burden of TCDD?Until recently it




was believed that nothing could be done—except to
allow the poorly-degradable chemical to leavethe
body dowly, withahdf-lifeof morethan 7 years.
Recent studies (by Paul Tso and Ron Jandacek,
University of Cincinnati, Department of Pathology),
however, have shown that body burdensof very
poorly-degradable chemicals (such asdioxinsand
PCBSs) can betreated successfully with olestraand
olestra-like compounds (sucrose polymersthat pass
through the gastrointestina tract without being
absorbed); coincidentally, olestra® pullsout” these
highly fat-solublechemicals, enabling thechemicas
to be excreted in the stool. We woul d hope that
Yushchenkoisbeing treated in thisway.

Olestra-containing foodsinclude“ fat-free’
versionsof Pringles, Lays Potato Chips, Ruffles,
Doritos, and Tostitos. Thesefoods havethe
unfortunate S de-effects(at least, in some susceptible
people) of diarrhea, cramps, and even bleeding.
—Contributed by Dan Nebert; reviewed by Alvaro Puga

Latest in Genetics and
Genomics,...

What followsis a synopsis of some of the more
interesting things that have happened during the last 6
monthsof 2004 with the Human GenomeProject (HGP), and
related genetics/genomics news, provided chronologically:

Jul 2004 RNA interference (RNAI) has been
discussed in many past issues of | nterface, but there
is awonderful review in Nature 2004; 430: 161.
Definitions of short-interfering (SSRNAS), micro
(miRNASs), tiny non-coding (tncRNAS) and small
modulatory (SMRNAS) are given. Not only has
RNAIi become a powerful laboratory tool (one can
knock down each gene of an organism’s genome and
test each mutant on DNA chips), but RNAi isa
widespread natural phenomenon occurring probably in
al plantsand animals.

The human genome has an estimated 11 million
single-nucleotide polymorphisms (SNPs) occurring at
frequencies of 1% or greater. Sequencing of 15 loci
in maize (Zea mays) hybridsindicates that thislittle
corn plant has the number of SNPs an order of
magnitude greater than that of human [Plant Cell
2004; 16: 1707]..! Thismight be why agricultural

corn hasimproved so quickly, dueto selective
breeding.

Itiswell known that the aryl hydrocarbon
receptor (AHR) regulates many genes by binding to
the AHR response element (AHRE) in their regula-
tory regions. Now a second DNA motif has been
discovered [BBRC 2004; 321: 707]—meaning that
the latter should be named AHRE2.

Aug 2004 After identifying all genesina
genome, one needsto identify all expression patterns
to understand systems biology. A first version of the
Caenorhabditis elegans (roundworm)
“promoterome” has now been offered [Genome
Res 204; 14: 2169], which can be combined with
open reading frames (ORFs) availablein
“ORFeome” resources (described in previous issues
of the Interface).

Sept 2004 The DNA sequence and compara-
tive analysis of human chromosome 5 is now com-
pleted [Nature 2004; 431: 268]. It is one of the
largest chromosomes, yet has one of the lowest gene
densities. Intotal, 923 manually-curated protein-
coding genes|[including the protocadherin (PCDH)
and interleukin (IL) gene families] were compiled.

Cryptic geneticvariation (CGV) isnot normally
seen, very much underappreciated, not at all under-
stood, but isan essential source of physiological and
evolutionary potential [Nat Rev Genet 2004; 5: 681].
CGV occurs when an organism is stressed by
environmental pressuresand probably helpsexplain
certain complex diseases seen clinically. For example,
CGV somehow allows a synonymous mutation (i.e. no
amino-acid change) in the Drosophila Egfr gene on
one chromosome to override the dominant phenotype
on the other chromasome [Curr Biol 2003; 13: 1833].

Oct 2004 The Human Gene Nomenclature
Committee (HGNC) Database was pleased to
announce on Friday, October 15th, http://
www.gene.ucl.ac.uk/nomenclature/, that they had
now approved 20,001 gene symboals, thereby
breaking the magic “20,000-gene barrier”.

Using amaskless photolithography method to
produce microarrays of the entire fruit fly genome
[Science 2004; 306: 655], differential splicing of
about 40% of predicted genes was found. This
compares to an estimated >70% of alternatively
spliced protein-coding genesin the human genome.

Isit possible that active genes (distal from one
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another, in the sense of chromosomes) migrate in the
nucleus to preassembled transcription sites, where
such gene expression activity isturned up? Evidence
for such “transcription factories’ is presented [Nat
Genet 2004; 36: 1065].

The Drosophila gene Dscam (Down syndrome
cell adhesion molecule) encodes an axon-guidance
protein. The DSCAM transcript undergoes a remark-
able degree of alternative splicing—resulting in
perhaps as many as 38,016 different proteins [Cell
2004; 118: 619]..!

The human genome’'s DNA sequence was
~97% completed in 2001, and now it is perhaps ~99%
completed [Nature 2004; 431: 927]. Build 35
contains 2.85 billion basesinterrupted by only 341
gaps|ibid, p 931]. Segmental duplications (in each
individual’ sgenome) must beresolved, however,
because they show high transcriptional content, they
are associated with disease and large-scale copy-
number polymorphisms, and have played animportant
roleinthe chromosomal evolution of mammalian
genomes.

Nov 2004 The microRNA (miRNA) genes,
which are about 1% as abundant as all human genes,
appear to regulate protein production of about 10% or
more of al human genes [PLoS Biol 2004; 2: €363].

Using RNAI analysisin Drosophila, 47 proteins
were identified as splicing regulators, 26 of which
had not previously beenimplicated in alternative
splicing [PNAS2004; 101: 15974].

“GeneFinder” programs of course are designed to
identify the trandation start-site of proteins with
the ATG initiation codon. Thiscould be aproblem if
thetranslation initiation startswith CUG for leucine
[PLoS Biol 2004; 2: €366]..!

Dec 2004 There are three nuclear factor
(erythroid-derived 2)-like genesin the human ge-
nome: NFE2L1, NFE2L2 and NFE2L3. Their
previous unofficial names were Nrfl, Nrf2 and Nrf3,
but this“NRF’ root and series had to be changed—
dueto the earlier official designation of nuclear
respiratory factor-1 as the NRF1 gene. The
electrophile-response-element (EPRE)-binding
NFE2L 1 and NFE2L 2 factors are known to up-
regulate a battery of defensive genesin response to
oxidative stress; NFE2L 3 is now suggested to be a
negative regulator, also binding to the EPRE [J Biol
Chem 2004; 279: 50810].

“If a person isn’t liberal
at 20, he has no heart,
[ ISn’'t conserva-

|t’sthat timeof year when weare
asked towriterecommendations!

Robert Thornton, aprofessor of economics
a Lehigh University in Bethlehem, PA, wasfrus-
trated about an occupational hazard for teachers,
i.e. having to writeletters of recommendationfor
peoplewith dubiousqualifications, so he put to-
gether an arsenal of statementsthat can beread two
ways.

You're called upon for an opinion of a friend who
is extremely lazy:

“I'n my opinion, you will beveryfortunateto
get this person to work for you.”

To describe a person who is totally inept:
“I most enthusiastically recommend this
candidate with no qualifications whatsoever.”

To describe an ex-employee who had problems
getting along with fellow workers:

“| am pleased to say that this candidate is a
former colleague of mine.”

To describe a candidate who is so unproductive
that the job would be better left unfilled:

“| can assureyou that no person would be
better for the job.”

To describe a job applicant who is not worthy of
further consideration:

“1 would urge you to waste no time in making
this candidate an offer of employment.”

To describe a person with lackluster credentials:
“All in all, I cannot say enough good things
about this candidate or recommend him too
highly.”
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Biotechnology, ...

Tidbitsduring the last half of 2004, concerning genetically-
modified (GM) plants, biotechology, and related topics:

Jul 2004 T cell-derived cytokines are im-
portant in the devel opment of an effective immune
response, but, when dysregulated, they can promote
disease. A new cytokine, interleukin-31 (IL-31),
wasidentified, whichis preferentially produced by T
helper type-2 cdlls. IL-31 signals through a receptor
composed of IL-31 receptor A and oncostatin M re-
ceptor. Using transgenic mice that overexpress IL-31,
it was found that IL-31 appearsto beinvolved in me-
diating dermatitis and hyperresponsive airway disease
[Nat Immunol 2004; 5: 752].

Aug 2004 Many laboratories usefirefly lu-
ciferase (LUC) bioluminescence as a reporter
gene—in cells, tissues and intact animals. Lipoic
acid hasaninhibitory effect on LUC expression
[BBRC 2004; 323: 625], which might need to be con-
sidered in theinterpretation of various experimental
results using the LUC reporter gene.

Sep 2004 Microarray data need to be stan-
dardized acrossthe world, as discussed previously in
I nterface. Experiments should adhere to the “Mini-
mum Information about aMicroarray Experiment”
(MIAME) [PloS Biol 2004; 2: €317].

M edulloblastomas (acommon childhood braintu-
mor) and some other cancers have a defect in the
sonic hedgehog (SHH) pathway. In mice having
medulloblastomas, aninhibitor of the SHH signal
transduction pathway was able to shrink these tumors
and allow the mice to stay tumor-free for longer peri-
ods of time [Cancer Cell 2004; 6: 229]. The hope is
that such compounds can be used to treat these types
of cancer; however, many compounds—targeting dif-
ferent cell-growth pathwaysin various tumor types—
will probably be necessary.

Oct 2004 Clinical pharmacology isaways
fraught with the dangers of walking on atightrope.
When a drug helps one system (or set of diseases), it
could be making something else worse. This summa-
rizes the “cyclooxygenase-inhibitor story” [Sci-
ence 2004; 306: 384; N Engl J Med 2004; 351.:
1709], in which Vioxx (for treatment of arthritis) has

been withdrawn from the market (because of in-
creased risk of blood clots and heart disease). Similar
drugsarelikely to follow (being accused of increasing
one'srisk of heart disease), but, hey, isn't thissimply
the Story of Life: “what isone man’s meat is another
man’ spoison”.

Nov 2004 Telomeric length is a crucial fac-
tor in normal chromosomal function and senescence.
Now, the DNA helicase DDX11 gene has been
shown to participate in the regulation of telomere
length [Am J Hum Genet 2004; 76: 147]. Thisfinding
could lead to a better understanding of chromosomal
assembly, telomere biology, and age-related diseases.

Ethical, Legal and
Social Issues, ...

ELSI tidbits from the last 6 months of 2004:

Jul 2004 Using a stable hepatomaccell line to
express the human pregnane X receptor (PXR), it
was shown that organochlorine, organophosphate and
pyrethroid pesticides are able to activate the human
CYP3A4 and CYP2B6 genes via the PXR [Biochem
Pharmacol 2004; 68: 2347]. Thisis another piece of
evidence that pesticide exposure can affect some
people’s rates of metabolism of certain prescribed
drugs.

Some have advocated the prescribing of drugs
based on “race”. However, the use of “race” as a
biological variableisproblematic[AmJ
Pharmacogenomics 2003; 3: 385]. And it now
appears likely that the pattern of heterogeneity
“across the entire planet” will be one of gradients of
allelic frequencies rather than finding any major
genetic discontinuities on different continents [ Ge-
nome Res 2004; 14: 1679].

Sep 2004 From the Discovery Institutein
Seattle WA comes a paper arguing that the complex-
ity of living organisms cannot be explained by Dar-
winian evolution [Proc Biol Soc Wash 2004; 117:
213]. This paper was regarded by advocates of
creationism and intelligent design as a “break-
through” publication of thispoint-of-view inascien-
tificjournal. Opponentsinsist that “peer review isnot
aguarantee of accuracy, and thisis especially true of
review articles’ [Nature 2004; 431: 114].

Next-Best typo 2004 “polypeptied”




Oct 2004 The most likely explanation for the
“Gulf War Syndrome” (fatigue, muscle and joint
pain, memory loss, dizziness) isthe effect of
neur otoxicants [Science 2004; 306: 26]. Since the
nervous system and immune system are intimately
linked, this makes sense. In issue #1 of |nterface, we
had discussed the possibility that genetic variationsin
the PON1 gene might reflect interindividual differ-
encesin one'srisk for the Gulf War Syndrome (given
the same exposure to any two soldiers to whatever
toxicant in thewar zone). That possibility continuesto
be feasible and is consistent with these latest conclusons.

Just in case you need to see agraph, proving the
point that the NIH budget has more than doubled
since 1999 while the total number of RO1 applica-
tions hasremained constant or slightly fallen, this
problem is addressed [J Clin Invest 2004; 114: 872].
Obviously, thebiggest problemisthat, throughout
history, themajor contributor to almost all novel
breakthroughs in U.S. biomedical research has been,
of course, theindividual lab funded by the RO1
mechanism.

Nov 2004 The addition of isosorbide dinitrate
and hydralazine to conventional therapy for heart
failure decreased the relative 1-year mortality rate by
43% among African-Americans [N Engl J Med
2004; 351: 2049 & 2035]. Thisreport will generate a
lot of interest. What if an African-American’s genes
responsiblefor thistherapeutic improvement actually
carry Caucasian aleles? African-Americans have, on
average, 26% Caucasian alleles—with higher ratesin
the Chicago-to-New-Orleans corridor [Hum Genet
1999; 104: 109].What if a European-American’s
genesresponsiblefor thisimprovement are actually
African aleles? Elsewhere in thisissue (see “Human
Variation”), it is reported that a single gene (MC1R)
isresponsible for all shades of skin color. It therefore
becomes problematic when one begins to choose drug
therapy, based on what ethnicity the person “seems’ to be.

PARADOX --
If youchoosetodo

nothing, you'll never
befinished

Evolutionarily Speaking, ...

What followsis a synopsis of some of the more interesting
things that have happened during the last 6 months of 2004
withthe Human GenomeProject (HGP), and evol utionarily-
related news, provided chronologically:

Jul 2004 “Horizontal gene transfer”(HGT)
occurs when a gene from one organism is “ captured”
and put into the genome of another organism; past
issues of | nterface have described thisin detail, since
many were worried that HGT would mess up phylo-
genetic trees. It now appears clear that HGT is
limited pretty much to different bacteria [Science
2004; 305: 334]. For example, about 25% of the
genome of the common intestinal bacterium, Escheri-
chia coli, has been “acquired” from other species.

What is the world’s smallest and lightest-
weight vertebrate? The stout infantfish, or
Schindleria brevipinguis, averages 7 mm in
length—with pregnant females ~8.4 mm and weigh-
ing 1 mg. Adultsretain larval characteristics, have no
teeth or scales, and contain no pigment except in the
eyes [Science 2004; 305: 472].

Aug 2004 The previous conclusion that
“chromosomal rearrangements played akey rolein
human-chimpanzee speciation” now appears not
to be the case [Genomics 2004; 84: 757]. The
confounding factorsof limited samplesize, nonuni-
form distribution of genes, and stochastic noise (chaos)
insubstitution rates—suggest that bioinformatic
surveys must be carried out with great caution.

Sept 2004 In yeast, calorie restriction activates
S R2 and increases life span. Disruption of the FOB1
gene decreases extrachromosomal ribosomal DNA
circles (ERCs) and enhances the reproductive life
cycle. Deletion of both the FOB1 and SR2 genes act
in parallel pathways to promote longevity [PL0S
Biol 2004; 2: €296]. Can these data be extrapolated
tolongevity inmammals?

High school kids learn that there are 64 possible
codons (triplets of 3 basesin MRNA) that encode the
20 essential amino acids by way of 20 universal
aminoacyl tRNA synthetases—one for each amino
acid. In certain Archaebacteria, however, thereis a
21st amino acid (pyrrolysine) encoded by UGA
(normally a stop codon) viaa21st aminoacyl tRNA
synthetase [Nature 2004; 431: 333]. Selenocysteine
is another example of an unusual 22nd amino acid
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[PNAS 2004; 101: 13395], encoded by UGA viaa
special elongation factor, SelB, that bindsto the seleno-
cysteine-loading tRNA [Mol Cell Biol 2002; 22: 3565].
There are ten bone morphogenic protein

genes (BMP1 to BMP10) in the human genome, and
defects in BMP2 are associated with increased risk in
osteoporosis [Growth Factors 2004; 22: 233]. Now
it turns out that BM P4 isimportant in the devel op-
mental formation and shape of the beak in chickens,
ducks and finches [Science 2004; 305: 1462 & 1465].

Oct 2004 Recent work suggests that sequence
diversity in a648-bp region of the mitochondrial gene,
cytochrome c oxidase (MT-COL1), might serve as a
bar code for the identification of animal species—
including mammals and birds[PLoSBiol 2004; 2: e312].

Diatoms are single-celled algae (containing
plastids and encased in silica) and are responsible for
~20% of al carbon fixation in the world. They are
eaten by marine animals, including the whale. Now
the 34.5-Mb genome has been sequenced: it contains
~11,500 genes—including some needed for silicic
acid transport and formation of their silica-based cell
walls [Science 2004; 306: 79].

Conserved nongenic sequences (CNGs) were
described in the last issue of I nterface; they do not
encode any protein, are on average about 520-540 bp
in length, sometimes exist near genes but often are
located in “ gene-desert” regions, and are nearly 90-
100% conserved across species as diverse as human
and Takifugu rubripes (puffer fish). Deleting two
large segments (845 kb and 1,511 kb) of “gene-desart”
DNA in the mouse that harbored 1,243 CNGs, only
minor differences in expression patterns were seen
[Nature 2004; 431: 988]—thus keeping it a mystery
asto the function of these highly conserved nongenic
seguences.

Nov 2004 The duck-billed platypus (marsu-
pia in Australia) has been an enigma, asfar asits
karyotype (chromosomal configuration). Now the
52-chromosome total has been resolved: there are 21
pairs of autosomes and TEN sex chromosomes (5 X
and 5Y), and the ten sex chromosomes are linked by
homol ogous regions as a 10-membered circular chain
during meiosis [PNAS 2004; 101: 16257], sharing
geneswith the bird Z and mammalian X chromo-
somes [Nature 2004; 432: 913]..!

Modern head lice, Pediculus humanus, origi-
nated from two ancient lineages ~1.18 million years
ago; there was a recent population bottleneck
(~100,000 years ago). If these two louse species

codiverged with their Homo hosts more than amillion
years ago, then arecent host switch is required to
explain the occurrence of both lineages on modern H.
sapiens—suggesting that there must have been some
direct physical contact between archaic and modern
forms of humans [PLoS Biol 2004; 2: €340].

Dec 2004 A dense SNP map has been
generated for in silico mapping in the mouse [PL0S
Biol 2004; 2: €393]: 10,990 evenly-spaced SNPs
were established across 48 inbred mouse strains. A
haplotype refers to the pattern (relationship of oneto
another) of DNA variant sites, along one chromo-
some. Unique patterns, within blocks of three SNPs
asan inferred haplotype, could successfully map
known single-genetraits and acloned quantitative
trait gene.

From the evolution of drug resistance to the
phenomenon of cancer progression, “adaptive
mutation” representsthe availability of alternative
pathways for genetic or evolutionary adaptation and
clonal expansion in organismsthat are being sub-
jected to stress. The most-well-studied model is the
starvation of stationary-phase E. coli cells on lactose
medium that induces Lac* revertants at frequencies
higher than that predicted by usual mutation models
[PLoSBiol 2004; 2: €399]. Adaptive mutation is not
the same as cryptic genetic variation [see Sept of
“Genomically” inthisissue].

The parathyroid gland, derived from the
pharyngeal pouch endoderm, iscontrolled by akey
regulatory gene, GCM2. Following expression of this
gene [PNAS 2004; 101: 17716], it was determined
that the parathyroid gland likely cameinto being asa
result of thetransformation of fish gillsduring evolu-
tion of the tetrapod (4-legged animal).

How did the human brain evolve so quickly, to
distinguish usfrom other primates or mammals?
Higher rates of protein evolution in primates were
foundfor 9 developmental genes, 9 physiological
genes, and 6 unclassified genes [Cell 2004; 119:
1027]. In contrast, rodents have higher rates of
protein evolutionfor only 2 developmental and 1
physiological genes—these three genes being differ-
ent from the 24 primate genes.

Patient at death’s
door---Drs. manage
to pull him through.
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Aug 2004 Smoke, derived from burning plant
material, has been known for some years to increase
germination of awide range of plant species; obvi-
oudly, for plants to repopul ate aregion after aforest
fire would be advantageous to us all. Now, a specific
compound (derived from plant- and cellul ose-derived
smoke) that stimulates germination has been
isolated and identified: butenolide 3-methyl-2H-
furo[2,3-c]pyran-2-one [Science 2004; 305: 977].

Performing alarge insertional mutagenesis screen
in zebrafish, the data [PNAS 2004; 101: 12792]
suggest there are ~1400 embryonic-essential
genes; this report shows that 315 mutants (one-fifth
of thistotal) have been cloned and identified. This
mutant sel ection should become a valuabl e resource.

Whereas the number of environmental stressors
on the planet runsinto the millions, and the combina-
tions of stressorsrun into even higher numbers, itis
likely that all stressorselicit their toxic or carcinogenic
effects viaa finite number (e.g. 2 dozen or less) of
modes-of-action [Toxicology 2002; 181-182: 131].
A 69-gene set has been chosen to separate the
maximal number of compoundsinto control, macroph-
ageactivator, peroxisomal proliferator, and oxidative
stress/reactive metabolite classes [ Biochem
Pharmacol 2004; 68: 2249].

Three genes are known to harbor mutations
that lead to cleft lip or palate (CLP): HOX?7,
FGFR1, and IRF6 (the latter being interferon-
regulatory factor-6). Possible teratogens for CLP
includematernal smoking, dioxin, benzodiazepines,
and perhaps phenytoin; “environment” must be a
factor, since identical twins are not always concor-
dant for CLP, i.e. both twins might not have the
disorder. In afamily-based association study, it was
found that the Val274lle mutation in the IRF6 gene—
when the child received one copy of this mutation
from both parents—increases the risk of CLP to 9%,
several times higher than that in the general popula-
tion [N Engl J Med 2004, 351: 769]. This represents
an important advancein genetic medicine.

Sept 2004 Arsenic-contaminated well water
in Bangladesh was associated with decreased

intellectual function, in adose-response fashion.
Children with exposure level s above 50 pug/L had
significantly lower scoresthan children with exposures
below 5.5 pg/L [Environ Health Perspect 2004;
112: 1329].

Genetic diseases need not be inherited viathe
germ ling; somatic mutations can arise in discrete
cell lineages early in embryonic devel opment or
during postnatal life. For the latter we think of cancer,
but this mechanism also appears to occur with the
autoimmunelymphoproliferativesyndrome, ALPS[N
Engl J Med 2004; 351: 1409 & 1388].

Inflammation is a major means by which our
bodiesfight pathogens (virus, bacteria, fungus) and, if
something goes awry, the result can lead to problems
such asarthritis, Alzheimer disease, multiple sclerosis
or heart disease. Chronic inflammation at a particular
site can aso lead to cancer. Now it appears that
NFKB is a key player, because it might activate
signaling pathways in both cancer cells and tumor-
associated inflammatory cell s—leading to malignancy
[Nature 2004; 431: 461 & 405].

Oct 2004 If you start along-distance run with
asprint, within seconds your hypoxia-inducible
factor-a (HIFA) gene triggers the glycolytic
pathway to produce more ATP that is needed.
Hifa(-/-) knockout mice were created, and they were
ableto swim faster and run uphill longer than normal
mice—nbut at a price: by the final day of a4-day
exercise regimen, their muscles were clearly irrevers-
ibly damaged [PloS Biol 2004; 2: €315]. Therefore,
disrupting thisgene might give you the gold medal, but
at a serious price.

CYP3A4 and CYP3AS5 are important enzymes
that metabolize >50% of all prescribed drugs. Intrigu-
ingly, the frequency of the CYP3A5*3 dleleis
significantly correlated with distance from the equator
[Am J Hum Genet 2004; 75: 1059]; the Met235Thr
mutation of AGT [angiotensinogen (serine or cys-
teine) proteinaseinhibitor, clade A (alpha-1
antiproteinase; antitrypsin), member 8], anunlinked
gene, showsasimilar distribution—suggesting that
both of these CYP3A5 and AGT alleles may have
resulted from the same selective pressure (of heat,
correlated with latitude) and perhaps are associated
with salt sensitivity.

Dec 2003 In phagocytosing cells (e.g. mac-
rophages, neutrophils) the reactive oxygen species
(ROS) precursor, superoxide, is produced by a
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NADPH-oxidase complex. These oxidases are now designated the Nox gene family and are currently under
intense investigation [J Biol Chem 2004; 279: 51715].

Cadmium, aknown human lung carcinogen, inhibits DNA mismatch repair (MMR). There are at |east
five MSH genes (E. coli mutShomologs) in the human genome. The MSH2-M SH3 and MSH2-M SH6
heterodimers (two different transcription factor proteins that bind together) are the specific targets for
cadmium-induced inhibition of MMR [J Biol Chem 2004; 279: 53903].

YYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYY

“Multiple Chemical Sensitivities
Syndrome” (MCSS): What IsIt, and What |s Known about 1t?

| am writing on behalf of Omnigraphics, apublisher in Detroit, to request your permission to reprint [the
leading article from your] “ Interface: Genes and the Environment,” University of Cincinnati Center for
Environmenta GeneticsFall/Winter 2001", in our upcoming reference book, |mmune Systems Disorders Sourcebook,
2nd Edition.

Omnigraphicsisapublisher that focuses on the limited area of producing reference volumes for public,
school/college, and hospital libraries. Immune Systems Disorders Sourcebook, 2nd Edition, part of our Health
Reference Series, will be a500-600 page, edited, anthol ogy-type book compiling reprinted material from public
and private groups on topics related to genetic disorders for alay audience. Each reprinted item will be accom-
panied by an appropriate credit citation listing the source of the material, and indicating that it is copyrighted and
reprinted with permission. The purpose of our Health Reference Seriesisto serve the needs of librariesthat seek
printed compilations of reference materia for patronswho wish to research personal healthissues. Assourcebooks,
our volumes al so show consumers the types of information that is available from various organi zations.

Permission was given!

Observations by a Biologist

How Many Geneslnvolved in SporeFormation?

Thebacterium, Bacillussubtilis, can form two different cell types. aresistant spore, and a
mother cell that can engulf the sporeand surround it with aprotective coat. How doesthiscell make
everything happen ontime? Moreover, how doesthe cell prevent everything from happening all at
once?

During the 5-hour time period of “ mother-child development”, L ocke and coworkers deter-
mined that 383 individua genes (representing 9% of the entiregenome of 4,106 genes) are activated.
Theinitiator of the entire processis sigma-E, which bindsto RNA polymerase and increasesits
affinity (and thereforeitsability) to activate aspecific set of 262 genes. So, one set of genesturnson
a2nd set of genes (after which most of the 1st set getsturned off), whichturnson a3rd set of genes
(after which most of the 2nd set getsturned off), and so on, and so forth [PLoSBiol 2004; 2: €359].

Thisisavery simpleexampleof “systemshiology”, or gene-geneinteractions, which hap-
pensduring the devel opment (or generation) of different cell types.

Lifeistheart of drawing sufficient conclusions from
insufficient premises.
Samuel Butler (1612-1680)
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LETTERSTO THE EDITOR

RESPONSES/COMMENTS TO VARIOUS QUESTIONS

Q My 11-year-old daughter istaking aselective serotonin reuptakeinhibitor (SSRI) for mental
depression. I’'veheard commentsboth ways:. isthisagood thing or not?

A It isthe old story that perhaps began with birth control pillsin the early 1960s. “ If 10,000
women each take an oral contraceptive for 1 month and no adver se effects are reported, does this
mean that the drug is safe for 100 women each to take these pills for 100 months?” Before 1980
essentially no children received antipsychotic drugs — because they had not been “ proven to be
safe” in children. Many believe that children’ sbrains are still developing, until the age of 18 or even
older. Various studies have shown a 3- to 10-fold rise in the use of antidepressants among children
between 1987 and 1996, and an additional spike of 50 percent between 1998 and 2002. This di-
lemma is being revisited this year [ Nature 2004; 430: 401] and the final answersare not in yet. If a
child is suicidal, might the drug help? Or might it make matters worse? Obviously, for the sake of
your child’sbrain, it isalways best not to expose her to unnecessary drugs. But —the bottomlineis
—when you believe the possible benefit of the drug outwei ghs the dangerous risks without the drug,
then perhapsiit’s best to take the drug. Interestingly, advisorsto the US Food and Drug Administra-
tion (FDA) have now recommended that all antidepressants include a warning that “ these drugs
cause some children to attempt suicide” [ Nature 2004; 431: 393].

COMMENT Thecofactor nicotinamide adeninedinucleotide (NAD) hasjust been el-
evated initsimportance(tocritical lifeprocesses) by work in yeast from theMilbrandt labor atory
[Science 2004; 305: 1010 & 954]. NAD providesan important link between metabolism, cellular
resistancetostressor injury, and longevity.

COMMENT Thecipher lawsrelated tothealgorithmsof Shor and of Grover havebeen
used asencryption codes, wher e, for example, oneletter of thealphabet issubstituted for an-
other. Thefirst published “ polyalphabeticcipher” wasinvented by L eon BattistaAlberti (~1467),
using a Caesar cipher to encrypt amessage; knowingthe code, hisfriend could decodethemes-
sage.

Theworm C. elegansbeginsdevelopment with exactly 1,090 cells, of which exactly 131 un-
dergoprogrammed cell death (PCD) toresult intheadult, which alwayscomprisesexactly 959
cells. During embryogenesis, exactly 113 under go PCD — subdivided as98 for the AB lineage,
14 for theM Slineageand 1 for the C lineage. The count of these cellsundergoing PCD hasbeen
shown to comply with thesecipher laws[BBRC 2004; 321: 515]..!

Somesay that activated cancer genes(oncogenes), or inhibition of tumor suppressor genes,
causeinstability of thechromosomes, whileother ssay that “ chromosomal instability” causes
cancer. Which oneiscorrect?

A Probably both are correct. The work of Vogelstein and others (on colon cancer more than a
decade ago) certainly proved that, as more and more abnormal genes became activated during the
process of “ tumor progression” , genomic instability clearly was one of the events that occurred ...
eventually. Thisis most likely the more common scenario in cancer.

In five familiesin which a child had a particular childhood cancer, receiving two copies (one
from each parent) of an abnormally mutated BUB1B gene (“ budding uninhibited by benzimidazoles-
1-homolog-beta” in yeast) were discovered [ Nat Genet 2004; 36: 1159]. This gene guidesthe cell’s
chromosome-partitioning system, and this might represent an example in which aneuploidy (abnor-
mal numbers of chromosomes) occurs first, which then leads to cancer.
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CEG Members

In the News

Dan Nebert was invited as Feature Speaker at
the 20th Annual Meeting of the Mountain States
Regional Genetics Network, sponsored by the
American Board of Medical Genetics (Jul 04), Denver,
Colorado; the reason for thisinvitation was hisreview
article, “What does pharmacogenetics mean to the
practicing physician?’ [Clin Genet 1999; 56: 247-
258), which is used as reference materia for the
Annual Boards for the American Association of
Medical Geneticists. Dan was dso an Invited Speaker
at the 3rd Annual Symposium on Pharmacogenomics,
2nd International “ Biologie Perspective’ Santorini
Conference (Sep 04), Santorini, Greece.

Glenn Talaska was an Invited Participant at the
Biological Monitoring portion of thel nternational
Health Sciences Institute (IL SI) Meeting, Research
Triangle Park (Sept 04). Glenn also presented an
invited seminar, titled “ Molecular epidemiology:
tools and methods for occupational and public
health” at the School of Public Health, Ohio State
University (Dec 04).

Nancy Warren gave atalk titled “ Changing the
face of the genetic counseling profession”,
Hueston Woods Conference Center, Dayton, OH,
(Aug 04). She dso delivered talks on “ Starting a
genetic counseling program at YOUR institution”,
at the National Society of Genetic Counselors Annual
Education Meeting, Washington, DC (Oct 04), the
American Society of Human Genetics Meeting,
Toronto, Canada (Oct 04), and the Hispanic Con-
gress of Health-Related Professions, San Juan,
Puerto Rico (Dec 04).

SOME CEG MEMBERS ARE ALSO
PARTICIPATING IN THE CINCINNATI
BREAST CANCER & THE ENVIRONMENT
RESEARCH CENTER (BCERC), co-funded by
the NIEHS and the NCI. These include Center
Director Sue Heffelfinger (Dept of Pathology);
Deputy Director Bob Bornschein; Community
Outreach and Tranglation Core (COTC) Director
Katie Brown; and Center members Ranjan Deka,

Joyce Martin, Mario Medvedovic, Susan
Pinney, Glenn Talaska, Craig Tomlinson and
Dave Warshawsky (al in the Department of
Environmental Health).

In collaboration with three other Centers based at
the University of California-San Francisco, Fox
Chase Cancer Center (Philadel phia), and Michigan
State University, the Cincinnati BCERC isworking
to:

@ better understand the devel opment of the

mammary gland and how/when it is affected by
environmental agents, by way of |aboratory studies;

learn more about how environmental and
genetic factors affect the start of puberty in girls, by
way of clinical studies (early puberty isaknown risk
factor for breast cancer later in life); and

involve the community in the BCERC' s efforts
to educate the public and policy makers about breast
cancer research findings.

The first annual meeting of the four Centers
participating in this 7-year project washeld Nov 04 in
Princeton, NJ. The Cincinnati Center was well-
represented by six community breast cancer
advocates, eight scientists, and two staff members.
Sue Heffelfinger co-chaired a session on
environmental carcinogenesis, aswell as the poster
session. Bob Bornschein served as a mentor for
breast cancer advocates, attending an educational
preview of the scientific topics to be presented at the
conference. Glenn Talaska presented in a mini-
Symposium on “How carcinogens are evaluated
and defined at an agency level”, and served as a
panelist for a“Talk with the experts’ session for
breast cancer advocates. Dave War shawsky
presented a poster on “Rat mammary organoids:
metabolism and DNA binding of PAHS'. The
Cincinnati COTC, led by Katie Brown and advocate
Kathy Ball, took first place in the advocacy poster
contest for “ Trading spaces. breast cancer
advocates & researchers build a partnership”,
based on the theme of the popular television program.
The BCERC is now working to develop new
collaborations so as to expand research on “breast
cancer and the environment” at the University of
Cincinnati.

12



##m L

“a—OnlyTn America

Joes a slight tax increase cost.yeu
hundred dollars.and a substantial
tax cut save you thirty cents?

web-cytes

Although history books usually cater to presidents, kings, queens and military officerswho have
helped to shape the course of human events—insects and other arthropods have aso done their
bit. The URL http://scarab.msu.montana.edu/historybug is an interesting site with some fascinating
stories about bug-borne diseases, how historical events have been changed due to “these bugs’, and
other interesting tidbits about such insects and parasites.

Do you find yourself saying that you can predict the weather at least 50% of the time, while that
guy (or girl) on TV seemsto be missing it at least 75% of the time? If you want to become even a
better expert on meteor ology, check out www.meted.ucar.edu . This site lets you delve into more
than 100 topics, from the southern Pacific Ocean’s El Nino Oscillation cycle, to dust-storms, and
hurricanepredictions.

A unique genome-wide and nonredundant mouse transcription factor database, and its viewer
http://genome.gsc.riken.jp/TFdb/, has been devel oped by the Genome Science Laboratory of RIKEN
in Japan. This URL should provide useful information for systematic genome-wide studies of tran-
scriptional regulation [BBRC 2004; 322: 787].

Here is a website to help researchers quickly find fruit fly (Drosophila melanogaster) genes
that have orthologs (equivalent genes) for human diseases http://superfly.ucsd.edu/homophila.

Bioinformatics expert Bertram Weiss of Schering AG (Berlin) offers acompendium of informa:
tion on genes and their effects from WormBase, FlyBase, Online Mendelian Inheritance in Man
(OMIM), and other collections www.phenomicDB.de . Thissite allowsthe visitor to understand which
genes cause different traits (phenotypes) across various species.

For more than 1200 human (and mouse) proteins that function in the cell’s nucleus, check out
http://npd.hgu.mrc.ac.uk/index.html , and for dozens of movies about things happeninginsidethecell’s
nucleus, check out www.cellnucleus.com .

Don’t worry about what people “think”
..... they Don’t Do it very often (source unknown)
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SCIENCE LITE

New Species?

RETREAGLE
DOGIBBORAM
HAWKAT
PUGORILLA
CATQUIN
MACAWNINE
BOXORSE
DOXOWL

With permission Humandescent.com & Thanksto Worth1000.com

Graduate studentssay
thedarndest things

KUPPER CEL L S=K upffer cells
SPEEN=SPINE
PSORASIS=PSORIASIS
MICROPHAGES=macrophages
SUMPTIVE=? consumptive
SYNTHETIZED=syntheszed
B-ACTION=B-ACTIN

When
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look like a nall.



Human Variation, Disease,
Migration and Evolution, ...

Tidbitsfromthelast half of 2004:

Jul 2004 The entire UGT1A1 gene (en-
hancer, promoter, all 5 exonsand their flanking
regions) was resequenced in 195 Japanese subjects
[Clin Pharmacol Ther 2004; 75: 501; 495]. This
elegant, complete study reveal ed two linkage disequi-
librium (L D) blocks separated by arecombination
“hot spot”, dividing exons 1 from exons 2-5. Four and
two haplotype groups were assigned to LD blocks 1
and 2, respectively. Even more excitingly, aparticular
hapl oty pe was associated with those patients who
developed highbilirubinlevels(early indicator of liver
damage) after receiving irinotecan (as treatment for
cancer).

More and more diversity within the genome
continues to be appreciated. L ar ge-scale copy
number polymorphisms (CNPs) represent large
duplicationsand deletions of usually 100 kb to more
than 2 Mb; these seem to occur, on average, at a
frequency of ~11 per human individual tested [ Sci-
ence 2004; 305: 525]. These CNPs will affect an
individual’ sability to respond to adrug or environ-
mental chemical and override specific SNPs—
causing an (unwanted) equivocal genotype.

Aug 2004 It is recommended that, when
possible, these CNPs (also called large-scale
variations, L CVs, and multisite variants, MSVs) “be
avoided when looking at markersfor genotype-
phenotype association studies’” [Nat Genet 2004; 36:
789]. Hmm. But—how do we know ... when to
avoid theselarge-scale duplications or del etions?

These duplicons comprise at least 5% of the
genome and many are yet to be annotated in the
human genome draft [Nat Genet 2004; 36: 861].

Nonsense-mediated decay (NMD) is the
recognition of prematuretermination codons, leading
to degraded messenger RNA [Nat Genet 2004; 36:
801]. Here is yet-another mechanism by which
genomic diversity can lead to an equivocal genotype..!

Variation in the baseline expression level of

many genes has a heritable component. Examining
3,554 genesin 14 large gene families by microarray
analysis [Nature 2004; 430: 743 & 733], amost one-
third showed linkage of expression phenotypesto
specific chromosomal regions—Ilending further
credence to the complexity of the genome. Many
unlinked genes may share the same (trans)-regula-
tory signal..!

There was a report [Nat Genet 2003; 35: 171]
that variation in the XBP1 gene contributes to suscep-
tibility to bipolar affective disorder. Another group
has now refuted this study [Nat Genet 2004; 36:
783]. Thisisanother example of a genotype-pheno-
type association study in which “ now-you-see-it-now-
you-don't” (NY SINY D). Possible explanationsto
explain the discrepancies between the two studies
include [a] incorrect diagnosis (i.e. equivocal pheno-
type) and [b] different ethnic aleles or other genomic
variations (i.e. equivocal genotype).

Sep 2004 Three genes in the glutathione S
transferase gene superfamily (GSTM1, GSTP1,
GSTT1) were studied for risk of alergic asthmain
246 Danish families, using thefamily-based transmis-
sion disequilibrium test (TDT). The GSTM1 and
GSTT1 genes have “null” alele frequencies between
20% and 50% in various ethnic popul ations. Absence
of the GSTM1*0 allele (P <0.00005) and of the
GSTT1*0 dlele (P = 0.021) were determined to be
risk factors for atopic asthma [Hum Mutat 2004;
24: 208].

DNA segments of 500-1,000 bp, spaced at
intervals of 1-2 Mb across the genome, complete with
established locations of SNPs, provide linkage
information that equal's or exceeds that of traditional
marker-based approaches [Am J Hum Genet 2004,
75: 647].

To discover genesthat contribute to complex
traits, admixtur e mapping has been suggested to be
helpful. Using samplesfrom recently admixed
populations, onemight detect susceptibility loci at
which therisk alleles have different frequencies from
that intheoriginal contributing populations. New
statistical methods to detect “ancestry association”
are described and available on the web [Am J Hum
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Genet 2004; 75: 771].

As we reported in the last | nterface issue,
successful gefitinib treatment of non-small-cell lung
cancer isassociated with amutation in the tyrosine
kinase domain of the EGFR gene [N Engl J Med
2004; 350: 2129; Science 2004; 304: 1497], but the
association is not 100%. Now come further letters-to-
the-editor, supporting this contention [N Engl J Med
351: 1260]. Ho-hum. Such isthe problem with all
genotype-phenotype association studies..!

Oct 2004 Curcumin (derived from the curry
spice, turmeric) inhibitsacalcium pump (sarcoplasmic
reticulum Ca-ATPase) and has a low degree of
toxicity. The AF508 mutation of the cystic fibrosis
CFTR protein is known to be “misprocessed” in the
endoplasmic reticulum; thisresultsinthe CFTR
protein, getting abnormally degraded as soon asit is
made, and the final outcomeis bacterial invasion and
inflammation (as part of the CF disease). Curcumin
was therefore used to treat CF mice, and it worked
[Science 2004; 304: 600]..! No doubt clinical trials
are now underway. Here is a pharmacogenetic
example of a specific drug—chosen because it is
known to attack a specific target.

The ENCyclopedia Of DNA Elements (EN-
CODE) Project has begun to face the enormous
task of interpreting the human genome and learning
how to use thisinformation to understand the biology
of all human health and disease [ Science 2004; 306:
636]. The pilot phaseisto focus on one 30-Mb
region; aninternational consortium of computational
and laboratory-based scientistsisworking on this
region to detect all sequence elements that confer
biological function, comparing the genomesof 26
mammals.

The melanocortin-1 receptor (MC1R) gene
has more than 65 alleles with amino-acid changes,
and this one gene accounts for the wide gradient
(across the entire planet) of skin and hair color, sun
sensitivity, and incidence of skin cancer [AmJ Hum
Genet 2004; 75: 739].

The first phase of the Environmental Genome
Project (EGP) is now complete [Genome Res 2004,
14: 1821]; 213 genes involved in DNA repair,
metabolism, cell-cycleregulation and apoptosiswere

resequenced (a“ substantial amount” of introns, all
exons, 1.3 kb upstream and 1.3 kb downstream) in 90
subjects of different ethnic backgrounds. Phase Il of
the EGP will do the same for an additional 350 genes,
aswell asexplore any biological relevance and
functional significance of the 23,443 SNPsidentified
in phase .

Nov 2004 An increased risk in the metabolic
syndrome (hypertension, high cholesterol, low
magnesium) is associated with amutationin a
mitochondrial gene [Science 2004; 306: 1190],
underscoring that fact that we must consider the
mitochondrial, aswell asthe nuclear, genome—when
one studies complex diseases.

In membersof 6 familieswith many individuals
affected by autosomal dominant late-onset
Parkinson disease (and other neurodegenerative
disorders such as Alzheimer disease and Lou Gehrig
disease), mutations in the LRRK2 (leucine-rich-repeat
kinase-2) gene at Chr 12g12 have been found [Neu-
ron 2004; 44: 601]. This group had previously
narrowed a cause for this disease to aregion of
chromosome 12 and called it “PARKS".

Some patients with severe rheumatoid arthritis or
polymyositis are treated with methotrexate (a
cancer drug). Now, it has been shown [J Natl
Cancer Inst 2004; 96: 1691] that it is possible
(although rare) to “reactivate” a dormant Epstein-
Barr virus (EBV) in some people—which can be
responsible for causing lymphoma.

Dec 2004 RNA editing (usually changing
adenosineto inosine) can lead to the posttranscrip-
tional creation, or elimination, of splicesignals—
affecting alternatively spliced Alu-derived exons
[PLoSBiol 2004; 2: €391]. This phenomenon has
significantimplicationsfor cellular geneexpression
and problems with attaining an unequivocal geno-
typeinclinical genotype-phenotypeassociation
studies.

Contrary to considerable success in treating non-
small-cell lung cancer with gefitinib dueto mutations
in the EGFR gene of these tumors, somatic mutations
in the EGFR gene in colorectal cancers and
glioblastomas are present at very low rates—
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indicating gefitinib therapy is unlikely to improve
patients having these types of cancers [N Engl J
Med 2004; 351: 2883].

Comparing al 2,756 patientsdiagnosed with lung
cancer withinthe I celandic popul ation—from 1955 to
2002—with an extensive geneal ogical database
containing all living Icelanders, and most of their
ancestors since theinitial settlement of Icelandin 874
A.D. [J Am Med Assn 2004; 292: 2977], it was
concluded that tobacco smoke plays a dominant role
in the pathogenesis of this disease, even among those
individuals who are genetically susceptible to lung
cancer.

Genaissance Pharmaceuticals (New Haven CT)
announced that they “had discovered genetic
markers that the Company believes will predict who
isat risk of developing clozapine-induced agranu-
locytosis’ (a life-threatening decrease of white
blood cells), but they were “not at liberty to say what
these markers are”.

Loss of PTEN gene function in prostate cancer
ishighly correlated with activation of AKT, and this, in
turn, isassociated with the phosphorylation of “S6”,
one of its main effectors. Antibodiesto these three
gene products are potentially able to define amolecu-
lar signature of PTEN loss and/or AKT pathway
activation and determine which patients might have a
prostate cancer treatable by one of these regimens
[Clin Cancer Res 2004; 10: 8351].

After rejecting the AmpliChip Cytochrome
P450 Genotyping Test (manufactured by Roche
Molecular Systems, Inc., Pleasanton, CA; using the
Affymetrix GeneChip MicroArray Instrumentation
System) in Nov 03, the FDA has now approved this
test as the “first laboratory test system for doctors to
useinreviewing patients’ geneticinformation, before
prescribing certain classes of drugs’. The caveats
and problemsin relying upon this genetic test, how-
ever, have recently been reviewed in detail [Eur J
Pharmacol 2004; 500: 267].

———————————————————————————————————————————————————
S ———
Genetic Variation and Geographically--

| solated Subgroups, across the Planet

Thereisan entire supplemental issue (Nov 04) of Nature Genetics, devoted to the geneticimplica
tionsof “race’, which encompasses ethnic groups aswell asmajor geographical ly-isol ated subgroups of
human populations. If anisolated population hasinterbred only among themselvesfor 10,000 yearsor
more, without any interferencefrom outside people, thisisthe definition of atruly “ geographically-isolated
subgroup” . Examplesinclude: Africans, East Asians, Caucas ans, Oceaniansfrom the south Pecific, and

Ameindians.

Inonearticle, forensic geneticsisexamined [Nat Genet 2004; 36: 58] inwhichitisargued that
all geneticists should anticipate the ethical and socid issues associ ated with nonmedical applicationsof
genetic variation research. Withinthisoverview, afascinating tableisincluded [from Forensic Sci Int 2001;
119: 17] whereaset of 10,000 profilesin the United Kingdom was simulated from each of fiveethnic
groups(Caucasian, Afro-Caribbean, Indian subcontinent, Southeast Asian, and Middle Eastern); British
police officerswere asked to designate ethnicity based on gppearance (pluscriminal recordstaken when
individua swerearrested for acrime) rather than any knowledge of anindividud’sancestry.

Correct predictionsby the policemen occurred 56% of thetimefor Caucasians, 67%for Afro-
Caribbeans, 43% for those of the I ndian subcontinent, 66% for Southeast Asians, and only 30% for Middle

Easterners.
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Q uote of the Month

The saddest aspect of life right now is that science
gathers knowledge faster than society gathers wisdom.

Book of Science and Nature Quotations, 1988

Isaac Asimov 1920-1992




