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We’ve	 come	 to	 expect	 so	
much	 in	 our	 lives	 to	 be	
tailored	 to	 our	 personal	

preferences—from	 our	 music	 playlists,	
to	 our	 coffee	 choices,	 to	 our	 exercise	
workouts.	 Now,	 thanks	 to	 the	 concept	
of	 personalized	 medicine,	 health	 care	
options	 are	 beginning	 to	 follow	 suit.	
In	 the	 past,	 researchers	 developed	
medical	treatments	based	on	studies	that	
determined	 what	 proportion	 of	 people	
with	 a	 particular	 disorder	 responded	
to	 various	 treatments	 for	 that	 disorder.	
Treatments	with	the	highest	proportions	
of	positive	responses	were	deemed	best	
for	 nearly	 everyone.	 However,	 it	 has	
become	 clear	 that	 not	 every	 individual	
with	 a	 particular	 disorder	 responds	 to	
the	 same	 treatment	 in	 the	 same	 way.	
Much	 of	 how	 people	 respond	 has	 to	
do	 with	 individual	 genetic	 makeup,	
environmental	 influences,	 and	 their	
complex	interactions.	

Personalized	 medicine	 takes	 these	
factors	 into	 account.	As	 in	 other	 areas	
of	 medicine,	 researchers	 in	 the	 alcohol	
field	are	taking	a	personalized	approach	
to	 understanding,	 preventing,	 and	
treating	alcohol-related	problems	across		
the	lifespan.

As	 NIAAA	 fosters	 the	 development	 of	
new	 and	 more	 effective	 medications	
for	 dependence,	 learning	 more	 about	
which	medications	work	best	for	whom	
is	 an	 important	 priority.	 New	 research	
is	 helping	NIAAA	 to	 be	more	 strategic	
about	 the	 medications	 tested,	 the	 way	
they	 are	 tested	 and	 designed,	 and	 how	
to	 determine	 the	 subpopulations	 of	
patients	 who	 are	most	 likely	 to	 benefit	
from	 them.	 For	 example,	 information	
about	 an	 individual’s	 subtype	 of	
alcohol	dependence	can	guide	treatment	
strategies	 and	 help	 predict	 which	
medications	 will	 be	 most	 effective	
for	 a	 given	 patient.	 (See	 “Alcoholism	
Isn’t	 What	 It	 Used	 To	 Be”	 in	 NIAAA 
Spectrum,	 Vol.	 1,	 Issue	 1,	 September	
2009.)	 Likewise,	 identifying	 individual	
genetic	 makeup	 can	 help	 predict	 who	
may	 respond	 positively	 to	 a	 specific	
medication.	 For	 example,	 sequence	
variations	in	genes	linked	to	an	increased	
vulnerability	 for	 alcohol	 dependence	
such	as	mu	opioid	receptor	and	dopamine	
D4	 receptor	 have	 been	 associated	 with	
the	 efficacy	 of	 certain	 medications.	 A	
recent	 study	 showed	 that	 a	 particular	
gene	 (OPRM1)	 predicts	 which	 patients	
are	likely	to	respond	well	to	naltrexone,	
a	 medication	 for	 alcohol	 dependence.			
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Similarly,	 personalized	 information	 can	
help	 individualize	 alcohol	 treatment	
goals	 from	 patient	 to	 patient.	 Desired	
outcomes	 include	 abstinence	 for	
some	 and	 reducing	 heavy	 drinking	 to		
low-risk	 levels	 for	 others,	 depending	 on		
the	individual.

Advances	 in	 pinpointing	 a	 connection	
between	 individual	 genetic	 makeup	 and	
environmental	 risk	 factors	 for	 alcohol	
problems	 also	 are	 contributing	 to	 the	
development	of	more	effective	prevention	
strategies.	 For	 example,	 previous	 studies	
showed	 that	 the	 short	 allele	 or	 form	 of	

the	 5-HTTLPR	 gene,	 which	 is	 found	 in	
over	 40	 percent	 of	 people,	 is	 associated	
with	 impulsivity,	 low	 self-control,	 	 binge	
drinking,	 and	 substance	 use.	 Recently,	
researchers	 at	 the	 University	 of	 Georgia	
found	 that	 a	 family-based	 prevention	
program	designed	to	help	adolescents	avoid	
substance	use	and	other	risky	behavior	was	
especially	 effective	 for	 young	 teens	 with	
this	 gene	 variant.	 Investigators	monitored	
the	 progress	 of	 11-year-olds	 enrolled	 in	 a	
family-centered	prevention	program	called	
Strong	African	American	Families	(SAAF)	
over	2	1/2	years,	along	with	a	comparison	
group.	Some	of	the	participants	carried	the	

short	allele	variant	and	some	carried	the	long	
allele.	SAAF	program	participants	with	the	
short	allele	of	the	gene	were	no	more	likely	
than	 their	 long	allele	counterparts	 to	have	
drunk	alcohol,	smoked	marijuana,	or	been	
sexually	 active.	 They	 were	 half	 as	 likely	
as	 their	 short	 allele	 counterparts	 in	 the	
comparison	group	to	have	engaged	in	these	
risky	behaviors.

Using	 information	 accumulated	 from	
studies	 like	 these,	 researchers	 and	
doctors	 can	 develop	 prevention	 and	
treatment	programs	that	result	in	the	most	
desirable	 outcomes.	 As	 our	 capabilities	
expand,	we	will	 close	 in	 on	 a	 time	when	
developing	 an	 individualized	 treatment	
plan	is	as	routine	and	targeted	as	creating	a		
music	playlist.	 .

2

National Institute on Alcohol Abuse and Alcoholism

The	“addictions	array”	shown	above	is	an	
example	 of	 high-throughput	 technology	
that	 enables	 researchers	 to	 study	 genes	
linked	 with	 a	 vulnerability	 to	 alcohol	
dependence,	 other	 addictions,	 mood	
disorders,	and	anxiety.	“We	need	to	conduct	
very	 large-scale	DNA	 studies	 in	 different	
populations	 to	 understand	 links	 between	
various	 genes	 and	 alcohol	 use	 disorders	
or	 other	 clinical	 outcomes,”	 explains	
David	Goldman,	M.D.,	 head	of	NIAAA’s	
Laboratory	 of	Neurogenetics.	 	 This	 array	
and	 other	 high-throughput	 technologies	
make	the	job	faster,	easier,	and	cheaper.

“Compared	 to	 our	 previous	 methods,	 the	
addictions	array	has	allowed	us	to	generate	
about	100	times	more	data	at	one-tenth	the	
cost	 for	 each	 data	 point,”	 says	 NIAAA’s	
Colin	Hodgkinson,	Ph.D.,	who	coordinated	
the	 multi-institution	 team	 that	 developed	
the	 array.	 It	 is	 based	 on	 a	 commercially	
available	device,	the	Illumina	GoldenGate	
array,	 which	 simultaneously	 mines	 the	
DNA	 of	 96	 individuals.	 The	 researchers	
customized	the	array	to	detect	any	of	1,350	
possible	 variations	 in	 130	 genes	 linked	
with	addiction	and	the	related	disorders	of	
anxiety	and	depression.	The	array	also	can	

detect	186	biochemical	markers	for	ethnic	
ancestry,	 a	 variable	 that	 can	 confound	
genetic	studies	if	not	addressed.

In	an	important	recent	study,	the	addictions	
array	helped	 to	validate	research	showing	
that	 a	 particular	 gene	 (OPRM1)	 predicts	
which	 patients	 are	 likely	 to	 respond	well	
to	 naltrexone,	 a	 medication	 for	 alcohol	
dependence.	 As	 this	 type	 of	 “personal	
genomics”	 research	 advances,	 this	 array	
and	 other	 high-throughput	 technologies	
hold	 great	 promise	 for	 bridging	 the	 gap	
between	 basic	 research	 and	 clinical	
treatment	for	alcohol	use	disorders. .

PhoTo essay: InPuT, ouTPuT, ThroughPuT:   
how Is hIgh-ThroughPuT TeChnology advanCIng alCohol researCh?

Article	abstracts	can	be	found	here:	
Addictions Biology: Haplotype-Based 
Analysis for 130 Candidate Genes on a 
Single Array. http://www.ncbi.nlm.nih.gov/
pubmed/18477577
An Evaluation of Mu-Opioid Receptor 
(OPRM1) as a Predictor of Naltrexone 
Response in the Treatment of Alcohol 
Dependence: Results from the Combined 
Pharmacotherapies and Behavioral 
Interventions for Alcohol Dependence 
(COMBINE) Study. http://www.ncbi.nlm.nih.
gov/pubmed/18250251
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Learning more about which medications work best 
for whom is an important priority.
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Excessive	 alcohol	 use	 causes	 an	 estimated	
79,000	deaths	per	year	in	the	United	States.	
Most	 people	 are	 unaware	 that	 close	 to	 half	
of	 these	 deaths	 (approximately	 36,000	
annually)	result	from	chronic	alcohol-related	
illnesses	 rather	 than	 acute	 causes	 such	 as	
motor	vehicle	crashes	and	falls.	Unlike	other	
drugs,	 alcohol	 disperses	 in	 all	 body	 tissues	
and	therefore	has	the	potential	to	harm	many	
organ	 systems.	 The	 chart	 at	 left	 shows	 a	
variety	 of	 conditions	 linked	 with	 drinking	
too	much,	along	with	the	estimated	average	
number	 of	 alcohol-attributed	 deaths	 each	
year.	In	the	cancer	category,	the	top	alcohol-
related	 deaths	 are	 from	 cancer	 of	 the	 liver,	
head	and	neck,	esophagus,	and	female	breast.	

CharTICle: drInkIng Too muCh Can kIll you QuICkly . . . or slowly

Source:	Alcohol-Attributable Deaths Report, Average for United States 2001-2005, National	Center	for	Chronic	Disease	Prevention	and	Health	
Promotion,	Centers	for	Disease	Control	and	Prevention.
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An	interdisciplinary	working	 group	
convened	 in	 October	 2009	 by		
	 the	 International	 Agency	 for	

Research	 on	 Cancer	 (IARC)	 concluded	
that	 acetaldehyde	 associated	 with	 alcohol	
consumption	 is	 a	 Group	 1	 carcinogen.	
The	IARC	defines	Group	1	agents	as	those	
for	 which	 there	 is	 sufficient	 evidence	
that	 they	 cause	 cancer	 in	 humans.	 The	
working	 group	 also	 confirmed	 the	 Group	
1	 classification	 of	 alcohol	 consumption	
and	 of	 ethanol	 in	 alcoholic	 beverages.	
A	 summary	 of	 the	 group’s	 assessment	
appeared	 in	 the	 November	 2009	 issue	 of	
The Lancet Oncology.	A	complete	write-up	
will	be	published	 in	an	upcoming	volume	
of	the IARC Monographs.

Part	 of	 the	 World	 Health	 Organization,	
the	 IARC	 brings	 together	 expert	working	
groups	 to	 evaluate	 the	 evidence	 of	 the	
carcinogenicity	of	chemicals,	occupational	
exposures,	 and	 lifestyle	 factors.	 Alcohol	
consumption	is	linked	to	cancers	of	the	oral	
cavity,	pharynx,	larynx,	esophagus,	colon,	
rectum,	liver,	and	female	breast.	Evidence	
linking	 alcohol	 to	 cancer	 of	 the	 pancreas		
is	limited.

When	 alcohol	 is	 consumed,	 it	 is	 first	
metabolized	into	acetaldehyde,	a	chemical	
similar	 to	 formaldehyde,	 which	 causes		
DNA	 damage	 and	 has	 other	 cancer-
promoting	effects.	Aldehyde	dehydrogenase	
2	(ALDH2)	is	the	main	enzyme	responsible	
for	 breaking	 down	 acetaldehyde	 into	

acetate,	a	non-toxic	metabolite	in	the	body.	
Many	 people	 of	 East	Asian	 descent	 have	
an	inactive	variant	of	the	ALDH2	enzyme.	
When	individuals	with	the	inactive	variant	
drink	 alcohol,	 acetaldehyde	 accumulates	
in	the	body	and	puts	them	at	elevated	risk	
for	 alcohol-related	 cancer.	As	 pointed	 out	
recently	 by	 NIAAA	 researchers,	 heavy	
alcohol	 consumption	 greatly	 increases	
the	 risk	 for	 esophageal	 cancer	 among	
such	 individuals,	 and	 greater	 awareness	
of	 this	 risk	 among	 affected	 individuals	
and	 their	 doctors	 could	 have	 important	
implications	 for	 cancer	 prevention.	 (See	
“Alcohol	‘Flush’	Signals	Increased	Cancer	
Risk”	in	NIAAA Spectrum,	Vol.	1,	Issue	1,	
September	2009.) .

FeaTure

alcohol and cancer news
Alcohol consumption is linked to cancers of the oral cavity, pharynx, larynx, 
esophagus, colon, rectum, liver, and female breast. 
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An	experimental	compound	repaired	
a	 defective	 alcohol	 metabolism		
	enzyme	 that	 affects	 an	 estimated	

1	 billion	 people	 worldwide,	 according	 to	
research	 supported	 by	NIAAA.	Published	
January	 10,	 2010,	 in	 the	 advance	 online	
edition	of	Nature Structural and Molecular 
Biology,	the	finding	suggests	the	possibility	
of	 a	 treatment	 to	 reduce	 health	 problems	
associated	with	the	enzyme	defect.

“We	 recently	 identified	 a	molecule	 called	
Alda-1	that	activates	the	defective	enzyme,	
and	 in	 the	 current	 study,	 we	 determined	
how	 this	 activation	 is	 achieved,”	 said	 the	
study’s	 senior	 author,	 Thomas	D.	 Hurley,	
Ph.D.,	 professor	 and	 associate	 chairman	
of	 biochemistry	 and	molecular	 biology	 at	
Indiana	University	School	of	Medicine	 in	
Indianapolis.	Initial	investigations	of	Alda-
1	 were	 led	 by	 co-author	 Daria	 Mochly-
Rosen,	 Ph.D.,	 professor	 of	 chemical	 and	
systems	 biology	 at	 Stanford	 University	
School	of	Medicine.

After	 alcohol	 is	 consumed,	 it	 is	 first	
metabolized	 into	 acetaldehyde,	 a	 toxic	
chemical	 that	 causes	 DNA	 damage.	

Aldehyde	 dehydrogenase	 2	 (ALDH2)	 is	
the	main	enzyme	responsible	for	breaking	
down	acetaldehyde	into	acetate,	a	nontoxic	
metabolite	 in	 the	 body.	 It	 also	 removes	
other	 toxic	aldehydes	 that	can	accumulate	
in	the	body.

About	 40	 percent	 of	 the	 East	 Asian	
population	 and	 many	 people	 of	 East	
Asian	 descent	 throughout	 the	 world	
carry	 a	 variant	 of	 the	 ALDH2	 gene	 that	
produces	 an	 inactive	 form	 of	 ALDH2.	
When	 individuals	 with	 this	 variant	 drink	
alcohol,	 acetaldehyde	 accumulates	 in	 the	
body,	 resulting	 in	 facial	 flushing,	 nausea,	
and	rapid	heartbeat.	 In	addition	 to	 its	 link	
to	increased	cancer	risk,	the	inactive	form	
of	ALDH2	also	reduces	the	effectiveness	of	
nitroglycerin,	a	drug	used	to	treat	angina.

In	 a	 series	 of	 experiments	 that	 examined	
the	 interaction	 between	 Alda-1	 and	 the	
defective	ALDH2	enzyme,	Dr.	Hurley	and	
his	 colleagues	 found	 that	Alda-1	 restored	
the	 structure	 of	 the	 inactive	 enzyme.	The	
normal,	 active	 form	 of	ALDH2	 creates	 a	
catalytic	tunnel,	a	space	within	the	enzyme	
in	 which	 acetaldehyde	 is	 metabolized,	

explained	 Dr.	 Hurley.	 In	 the	 defective	
enzyme,	 the	 tunnel	 does	 not	 function	
properly.	 Alda-1	 binds	 to	 the	 defective	
enzyme	 in	 a	way	 that	 effectively	 reopens	
the	 catalytic	 tunnel	 and	 thus	 allows	 the	
enzyme	to	metabolize	acetaldehyde.

“The	 manner	 in	 which	 Alda-1	 binds	 to	
the	 structure	 of	ALDH2	 provides	 us	with	
powerful	 insight	 into	 the	 relationships	
between	 activators	 and	 inhibitors	 of	 this	
crucial	 detoxifying	 enzyme,”	 says	 Dr.	
Hurley.	 “This	 insight	 will	 lead	 to	 the	
modification	 of	 Alda-1	 to	 improve	 its	
potency,	and	also	opens	up	 the	possibility	
of	 designing	 new	 analogs	 that	 can	
selectively	 affect	 the	metabolism	of	 other	
molecules	 that	 are	detoxified	by	aldehyde	
dehydrogenase.” .

news From The FIeld

Molecule rePairs alcohol 
MetabolisM enzyMe
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the vine that ate the south May helP 
alcoholics curb cravings

The	 kudzu	 plant,	 nicknamed	 the	
“vine	 that	 ate	 the	 South”	 for	 its	
fast	 and	 wild	 growth	 throughout	

the	 southeastern	United	 States,	may	 help	

alcoholics	curb	their	desire	to	drink.	Aside	
from	 being	 a	 pesky	 weed,	 kudzu	 is	 the	
main	ingredient	in	a	Chinese	folk	medicine	
used	 for	 1,000	 years	 to	 treat	 alcoholism.	

A	 study	 published	 in	 the	 November	
2009	 issue	 of	 Alcoholism: Clinical and 
Experimental Research	investigated	a	new	
compound	that	works	much	the	same	way	
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The	article	abstract	can	be	found	here:	
Alda-1 Is an Agonist and Chemical 
Chaperone for the Common Human 
Aldehyde Dehydrogenase 2 Variant. 
http://www.ncbi.nlm.nih.gov/
pubmed/20062057

 Daidzin, one of the active ingredients in kudzu, inhibits ALDH2.

A recently identified molecule called Alda-1 activates the defective enzyme.
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