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2010 is one for the School of Medicine’s record books, with the opening of the most new building 

space in a single year in the school’s history. • Dedication ceremonies took place in late September for 

the 120,000-square-foot Li Ka Shing Center for Learning and Knowledge, followed one month later by the 

opening of the Lorry I. Lokey Stem Cell Research Building, at 200,000 square feet. By comparison, when the 

school first moved from San Francisco to Palo Alto in 1959, the buildings in use that first year (Alway, Lane 

and Edwards) totaled 268,000 square feet, according to the school’s facilities office.

Together, the new buildings embody the school’s goals of transforming both education and stem cell 

research, and making discoveries and innovations that will improve the future of health care.

The Center for Learning and Knowledge is the school’s new “front door” 

and home to its classrooms and training facilities. The five-story structure has a 

diverse array of technologies that represent the latest in medical education. It is 

designed for interactive, experiential and team-based approaches to learning 

for people at all levels, from incoming medical students to experienced 

clinicians who want to polish their skills.

David Gaba, MD, associate dean for immersive and simulation-based 

learning, says the building’s simulation center is one of the largest and most 

comprehensive facilities of its kind.

“We will never entirely replace the apprenticeship model, where you learn 

based on the idea, ‘See one, do one, teach one,’” Gaba says. “But there is 

a lot we can do in simulation that fills the gap in the traditional system of 

learning,” where trainees treat only those patients who come through the 

door and may not be exposed to the full range of medical problems.

The nearby Lokey building will be the nation’s largest stem cell research facility, with 33 research labs 

comprising 528 research benches. Scientists in the four-story building — which features a dramatic glass 

sculpture by artist Dale Chihuly — will be involved in the full spectrum of stem cell programs, including 

research in embryonic and adult stem cells, cancer stem cells and the development of disease-specific 

stem cell lines. They represent disciplines that include neurology, cancer, transplantation, immunology, 

cardiology, developmental biology and bioengineering.

“What is important is that it will give people the opportunity to apply stem cell thinking to different 

problems, including regeneration, aging and cancer,” says Irving Weissman, MD, director of the Stanford 

Institute for Stem Cell Biology and Regenerative Medicine, which is housed in the new building.

The new facilities were financed with a mix of philanthropy and school funds and, in the case of the Lokey 

building, a grant from the California Institute for Regenerative Medicine. Looking further into the future, the 

school’s construction plans include the 2012 completion of the Jill and John Freidenrich Center for Translational 

Research, at 800 Welch Road; new buildings that will house the school’s cardiovascular, neuroscience, cancer 

and immunity/transplantation/infection institutes; and the eventual demolition of the Alway, Lane, Edwards 

and Grant buildings to make way for three new research facilities. — SuSAn IPAKTChIAn
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You’ve probably heard a lot about 
“personalized medicine” and may well wonder 
whether it’s a serious approach to improving patient care 
or just a lot of hype. Actually, it’s both.  
clearly it is not yet close to being an accepted or routine part of medical care. 
But in certain areas, oncology in particular, clinicians are increasingly basing 
treatments on the patient’s genetics. as you’ll read in this issue of Stanford Med-
icine, treatment tailored to each individual is moving from concept to care.

What does this mean in practical terms? for one thing, medical schools 
must prepare future physicians to work within this new paradigm. Yet few 
medical schools systematically teach clinically relevant genetics. in fact, 
a recent study of U.s. and canadian medical schools found that only 11 
percent offered practical training in the use of medical genetics (thurston 
et al., Academic Medicine, 2007). and not surprisingly, practicing physicians’ 
genetics knowledge is underwhelming. this is especially concerning given 
the pace of new knowledge and the fact that this will continue to increase 
rapidly in coming years

Physicians are already fielding questions from patients who’ve had gen-
otype profiling. and most physicians are unprepared to answer them. in fact, 
most of the primary care physicians in a national study couldn’t correctly an-
swer questions about even single-gene tests for common diseases (Wideroff 
et al., Journal of Medical Genetics, 2005). 

The good news is that many medical schools, including stanford, are 
revamping how we teach medicine. Partly we’re motivated by the centen-
nial anniversary of the flexner report, which set the stage for the education 
models that still exist in many programs. But even more, we’re motivated by 
the needs we see before us.

 In the past year here at Stanford we’ve had a vigorous debate about a 
proposal to incorporate the genotyping of medical students into molecular 
medicine and genetics classes as a way to make genomic testing more real. an 
article in this magazine fully describes the many ethical questions stirred up 
by this issue. after months of deliberation, we approved a course that was led 
by one of our medical students this past summer. to my knowledge it is the 
first medical school class anywhere to include genotype testing. 

Meanwhile, research continues to fill in details about our molecular 
makeup, painting an exquisitely complex picture. While an individual’s ge-
nome sequence will surely become a powerful tool for personalizing medi-
cine, it will be only part of the story. even greater success at tailoring treat-
ments will come with new knowledge about the genes’ regulators — the 
proteins and other chemicals that switch them on and off. as you’ll read in 
this magazine, research into gene regulators is burgeoning.
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So I encourage enthusiasm con-
cerning personalized medicine but 
also caution because of the still na-
scent state of our knowledge. though 
it remains a work in progress, and will 
evolve in ways that can only barely be 
predicted, it is already having an im-
pact. But we need to be cautious that 
hype doesn’t create false expectations 
and that we stay grounded in science 
as we seek to incorporate the emerg-
ing concept of personalized medicine.

          Sincerely,

Philip A. Pizzo, MD

Dean

Stanford University School of Medicine

Carl and Elizabeth Naumann 

Professor, Pediatrics, Microbiology 

and Immunology
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Bug food
We are What We eat, but 

who are “we”? New, high-

powered genomic analytical 

techniques have established 

that as many as 1,000 dif-

ferent single-celled species 

co-exist in relative harmony in 

every healthy human gut.

“What you eat is proving 

to be one of the major deter-

minants of the components 

of your ‘inner self’ — that 

community of bacteria living 

in your intestine,” says Justin 

Sonnenburg, PhD, assistant 

professor of microbiology 

and immunology. 

each individual’s microbial 

ecosystem is different in its 

relative composition, with 

potential implications for 

our health. Disorders such as 

inflammatory bowel disease, 

colorectal cancer and even 

obesity have been linked to 

skewed intestinal microbe 

distributions.

Scientists hope that 

someday they will be able to 

manipulate microbial popula-

tions in the gut as a way to 

remedy disease and enhance 

health. One step toward this 

goal would be taking “ge-

nomic censuses” to catego-

rize and count the compo-

nents of each individual’s 

bacterial community and how 

they respond to interven-

tions, such as changes in diet. 

that’s no small task, because 

the aggregate gene count of 

all the micro-organisms  

dwelling in a typical human 

gut outnumbers our own  

by a hundredfold.

In an animal study published 

June 25 in Cell, Sonnenburg 

and his colleagues showed that 

zeroing in on just a small set of 

bacterial genes allowed them 

to predict how bugs would 

respond to a diet change. 

their results set the stage 

for scaling up germ-free mice, 

who become living labora-

tories into which scientists 

can introduce, one by one, 

steadily increasing numbers 

of bacteria found in the 

human intestine, eventually 

enabling an understanding of 

upfront
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the complex microbial super-

organism that dwells inside 

each of us.

the team introduced two 

distinct species of bacteria, 

both known to abound in the 

human digestive tract, into 

mice that had been raised in 

a sterile environment. then 

they fed the mice a diet rich 

in a particular complex car-

bohydrate that one bacterial 

species seemed genetically 

better equipped to digest. 

as predicted, that bacterial 

species became predominant 

in the mice’s intestines.

the results highlight the 

potential of the burgeon-

ing new field of prebiotics, 

which (in contrast to probiot-

ics — the eating of healthful 

bacterial organisms) involves 

adding substances to the 

diet that nourish the healthful 

micro-organisms. 

the researchers caution 

that it will be a while before 

the results in this simple 

experimental system — two 

competing bacterial species 

— can be extrapolated to 

the real, human gut-dwelling 

microbial community. Since a 

more complex experimental 

system would be closer to the 

reality inside human intes-

tines, they are introducing a 

greater diversity of human-

associated bacteria. 

— Bruce GOlDmaN

the study was funded in part by 

the National Institutes of health.

Ivf test
WOmeN WhO faIl to become 

pregnant after undergoing 

in vitro fertilization treatment 

often grapple with decid-

ing whether to try Ivf again. 

the procedure carries hefty 

financial, physical and emo-

tional costs, and there are no 

guarantees it will work.

Now a team of School of 

medicine researchers has 

developed a model to predict 

the outcomes of a subse-

quent round of Ivf for those 

women who have already 

gone through a cycle. the 

researchers found that their 

test, which uses clinical data 

from prior, failed treatments 

to provide more personalized 

predictions, is 1,000 times 

more accurate than the age-

based guidelines currently 

used to counsel patients.

“Our findings show that 

the first Ivf cycle can provide 

quantitative, customized 

prediction of the live birth 

probability in a subsequent 

cycle,” the researchers wrote 

in their paper. “this concept 

is radically different from the 

current paradigm, in which 

age is a major predictor.”

the study, published 

online July 19 in the Proceed-

ings of the National Acad-

emy of Sciences, was led by 

mylene yao, mD, assistant 

professor of obstetrics and 

gynecology.

each year, close to 100,000 

Ivf cycles are performed 

using a woman’s fresh eggs, 

and around 29 percent of 

the treatments result in live 

births. Physicians typically use 

age-based data, with adjust-

ments based on other clinical 

factors, to counsel patients 
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on the probability of success. 

But given all the variables at 

play, age may be misleading 

as a prognostic factor.

the team’s goal was to 

provide patients with more 

personalized predictions. 

they took data from 1,676 Ivf 

cycles performed at Stanford 

hospital & clinics between 

2003 and 2006 and identi-

fied 52 factors — such as 

patient age, levels of certain 

hormones, number and 

quality of eggs, and indi-

vidual characteristics of each 

embryo — that influence a 

woman’s chance of having a 

baby. they then developed a 

computer model that sorted 

patients into subsets defined 

by similar clinical charac-

teristics to predict live-birth 

probabilities in a subsequent 

round of Ivf.

When testing their model 

with data from a separate 

set of more than 600 Ivf 

treatments performed in 

2007-08, the researchers 

determined that the model’s 

predictions were significantly 

different from the age-based 

predictions in 60 percent of 

patients. Interestingly, out of 

this group, more than half 

were assigned greater odds 

of having a baby than what 

age-related data indicated.

In further verifying the ac-

curacy of their new method, 

they determined that their 

model predicted outcomes 

with 1,000 times more ac-

curacy than the age-based 

guidelines widely used in 

clinics.

yao notes that because 

it’s critical to have data from 

previous treatment, this 

model wouldn’t be able to 

predict chances of success for 

those embarking upon their 

first Ivf. But she says having 

personalized, accurate prog-

nostic information would be 

invaluable in helping patients 

decide whether to keep go-

ing. — mIchelle l. BraNDt

the study was funded by the Na-

tional Institutes of health and the 

coulter foundation translational 

research Program at Stanford 

university. yao and co-author 

Wing Wong, PhD, professor of 

statistics and of health research 

and policy, have founded a com-

pany, univfy, to develop  

and market prognostic tests to 

support clinical decision  

making in infertility. Stanford 

holds the patent on the test 

referenced in this study.

antibody surprise
aNtIBODIeS — WarrIOr PrO-

teINS the ImmuNe SyStem 

makes to defend the body 

against invading pathogens 

such as viruses and bacte-

ria — have a gentler side 

nobody knew about until 

now: they function not only 

as soldiers but also as nurses. 

and researchers at the 

School of medicine now 

think antibodies’ absence in 

the central nervous system 

(the brain and spinal cord) 

might be a key reason nerve 

damage there doesn’t get 

naturally repaired in humans.

In a study conducted 

in mice, published online 

June 14 in Proceedings 

of the National Academy 

of Sciences, the Stanford 

scientists showed for the 

first time that antibodies are 

critical in repairing damage 

to the peripheral nervous 

system — nervous tissue that 

extends outside the brain 

and spinal cord, such as the 

sciatic nerve, where circulat-

ing antibodies have access. 

the study also shows that 

some, but not all, antibodies 

get the job done. harnessing 

the unanticipated nurturing 

qualities of these proteins 

might lead to new ways of 

repairing damage from stroke 

or spinal-cord injury.

“Nobody has known 

why, but nerve cells in the 

central nervous system fail 

to regenerate after injury 

whereas those in the periph-

eral nervous system regen-

erate robustly,” says senior 

study author Ben Barres, mD, 

PhD, professor and chair of 

neurobiology. 

his group was intrigued 

by one major difference 

between the two nervous 

systems: antibodies have lim-

ited access to the brain and 

spinal cord (these organs are 

surrounded by an interface 

called the blood-brain  

barrier or, in the spinal  

cord, the blood-spinal cord 

barrier), while they have  

ready access to the periph-

eral nervous system.

Nerve cells convey electro-

chemical impulses over long 

distances by means of long, 

tubular projections called  

axons. these axons are typi-

cally wrapped in an insulating 

layer of a fatty substance 

called myelin.

“after nerve injury, 

the degenerating myelin 

downstream from the injury 

is rapidly cleared in the pe-

ripheral, but not the central, 

nervous system,” says Barres. 

“In an injured human brain or 

spinal cord, the degenerating 

myelin just sits there for the 

rest of the person’s lifetime. 

But after injury to, say, the 

sciatic nerve, the degenerat-

ing myelin is cleared within a 

week or less.”

the researchers wondered 

whether antibodies might 

play a role in that clearance. 

they obtained mutant labora-

tory mice that can’t make 

antibodies, and demonstrat-

ed that repair of injury to the 

sciatic nerve is substantially 

impeded, as is the removal of 

degenerating myelin down-

stream from the injury site. 

Simply injecting the injured 

mutant mice with antibodies 

from healthy, uninjured ones 

restored both myelin removal 

“In an injured human brain or spinal cord, the degenerating myelin just sits there 
for the rest of the person’s lifetime. But after injury to, say, the sciatic nerve, the 

degenerating myelin is cleared within a week or less.”
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and sciatic-nerve repair capa-

bility in the mice.

While antibodies have 

been found to play a role 

in the disposal of aging red 

blood cells, this is the first 

time they’ve been impli-

cated in injury repair, say the 

researchers. What’s more, 

they threw light on the way in 

which this happens: antibod-

ies grab onto the degenerat-

ing myelin downstream from 

the site of the nerve injury, 

tagging the myelin for clear-

ance by immune cells called 

macrophages.  

— Bruce GOlDmaN

the work was funded by the Na-

tional eye Institute, the adelson 

medical research foundation, 

the National Institutes of health 

and the National multiple Sclero-

sis Society.

Orphaned elders
the INcreaSe IN aIDS DeathS 

IN SuB-SaharaN afrIca 

has led to a burgeoning 

new category of neglected 

individuals — nearly a million 

orphaned elderly, or older 

adults living alone without 

the benefit of any caregivers, 

School of medicine research-

ers have found.

the researchers used ex-

isting data to develop the first 

estimates of the number of 

elders left without any adult 

support as a result of the 

aIDS epidemic, says Grant 

miller, PhD, mPP, assistant 

professor of medicine.

“We find that aIDS has 

produced close to a million 

elderly people in sub-Saharan 

africa who are living without 

the support of their sons, 

daughters or other younger 

adults. many of them also live 

with young children under 10 

years of age, creating house-

holds with a missing genera-

tion of adults,” says miller, 

senior author of the study, 

which was published online 

June 16 in the British  

Medical Journal.

miller says he and his 

colleagues were stunned to 

learn that no one had taken a 

systematic look at this group 

of needy individuals.

“It just blew me away,” he 

says. “We all know we have 

this problem with orphaned 

children. I wondered, do we 

have a similar problem with 

orphaned elderly? I searched 

a variety of publications and 

didn’t find a clear answer.”

the researchers used data 

from the Demographic and 

health Survey, a uSaID-fund-

ed database that provides 

standardized information on 

maternal/child health, hIv 

and other health indicators 

in low- and middle-income 

countries. the survey covered 

123,000 individuals over age 

60 living in 22 african coun-

tries between 1991 and 2006.

the scientists found a 

strong correlation between 

the rise in aIDS deaths 

in these countries and an 

increase in elderly individuals 

living alone. for every one-

point increase in aIDS mortal-

ity, they found a 1.5 percent 

increase in elderly people left 

to manage on their own.

In the 22 countries, the 

estimates translated into 

582,200 to 917,000 elderly 

people left unattended. 

about a third of them — or as 

many as 323,000 — were also 

caring for young children. 

these individuals were more 

likely to be women, unedu-

cated, living in rural areas and 

poorer than their attended 

counterparts. the results 

suggest hIv/aIDS has had 

a disproportionate impact 

on elderly people of lower 

socioeconomic status.

yet few african countries 

have public pension pro-

grams or formal systems for 

caring for elders; most rely on 

traditional family structures, 

now undercut by the strain of 

aIDS, to provide this service. 

the researchers say the study 

points to the importance of 

taking these needy elders 

into consideration when  

providing resources and  

planning programs.

“this is another com-

ponent of the social conse-

quences of hIv. So people in 

agencies who make resource 

allocation decisions need 

to consider this cost of hIv, 

and it’s a pretty important 

one,” miller says. — ruthaNN 

rIchter

the study was funded by the 

National Institutes of health.

Smoke signals
POINt-Of-Sale tOBaccO 

aDvertISING works impres-

sively well on teens — so well 

that federal regulators should 

consider barring such market-

ing efforts from convenience 

stores, gas stations and small 

groceries, says a School of 

medicine researcher.

a study published in the 

august issue of Pediatrics 

led by lisa henriksen, PhD, 

senior research scientist 

at the Stanford Prevention 

research center, reports that 

teens’ exposure to cigarette 

advertising at retail outlets 

substantially increases the 

odds they will start smoking. 

according to the findings, 

students who visited these 

stores on a regular basis were 

at least twice as likely to  

try smoking as those who 

visited infrequently.

“the tobacco indus-

try argues the purpose of 

advertising is to encourage 

smokers to switch brands, 

but this shows that advertis-

ing encourages teenagers to 

pick up a deadly habit,” says 

henriksen, who has studied 

tobacco marketing for more 

than a decade.

Point-of-sale is the major 

“We find that aIDS has produced close to a million elderly people in 
sub-Saharan africa who are living without the support of their 

sons, daughters or other younger adults.”
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form of marketing used for 

tobacco — representing 90 

percent of the industry’s $12.5 

billion marketing budget 

in 2006 — and the study 

suggests that further limits 

on such activity could affect 

long-term smoking habits. 

henriksen based the study 

on repeat surveys of 11- to 

14-year-olds at three middle 

schools in tracy, calif., and 

assessments of cigarette 

advertisements at stores near 

the schools. the survey ques-

tioned students about smok-

ing experience as well as how 

often they visited the types 

of stores with lots of cigarette 

ads — convenience stores, 

gas stations and small grocer-

ies — and was repeated, first 

at one year and then at  

30 months.

Of the 2,110 students 

surveyed in 2003 when the 

study began, 1,681 reported 

never smoking. a survey of 

these non-smoking students 

a year later revealed 18 

percent of these students 

had smoked over the year, 

at least one puff, and that 

smoking initiation was much 

more prevalent among those 

who had reported frequent 

visits to stores with the most 

cigarette ads.

among the non-smokers 

who had reported visiting 

these stores at least twice a 

week, 29 percent took at least 

one puff in the study’s first 

year. among those who rarely 

visited — less than twice 

a month — only 9 percent 

started smoking that year.

a survey 30 months after 

the study began found that 

by then 34 percent of those 

who had visited stores at least 

twice a week had tried smok-

ing, and only 21 percent of 

those who had rarely visited 

had taken a puff.

When researchers adjust-

ed for all the variables that af-

fect tobacco use, they found 

a strong relationship between 

store visits and smoking initia-

tion. a year after the survey, 

frequent shoppers (two or 

more visits a week) were more 

than twice as likely to have 

taken at least one puff than 

infrequent shoppers. thirty 

months after the initial survey, 

the apparent influence of the 

store visits remained: those 

who had reported frequent 

visits were 42 percent more 

likely than infrequent visitors 

to have tried smoking. 

— rOSaNNe SPectOr

the research was funded by the 

National cancer Institute.t
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B y  k r i s t a  c o n g e r

i l l u s t r a t i o n  B y  c h r i s t o p h e r  s i l a s  n e a l

  the 

    genome 

      is out of 

        the bag 

                now what?

on Feb. 15, 2008, richard Quake’s 17-year-old daughter met him in the driveway of their  
             Pennsylvania home as he returned from work. 

t h e  me i n  m e d i c i n e : 

  p e r s o n a l i z i n g  t r e a t m e n t s

“dad, you have to get upstairs. it’s richie. i think he’s dead.” 
                  Quake had wondered why his son’s car was still in the driveway. 

nineteen-year-old richie — a sophomore at drexel University studying 
    architectural engineering — should have been at work at nearby   

                   sesame Place, where he played Big Bird at the popular theme park. 
      instead, he was dead in his upstairs bedroom. the next few hours were a blur as 
                police and paramedics sought to determine why the healthy teen, with a black belt in karate and d.a.r.e.    

               posters on the walls of his room, had died so unexpectedly. days passed with no clear answer. 
              “We were desperate to find out what happened to my son,” says Quake, 
“but by this point my wife and i had begun to fear for the rest of the family, for our two daughters.
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t h e  me i n  m e d i c i n e : 

  p e r s o n a l i z i n g  t r e a t m e n t s
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“We wondered if he had a disease, maybe a virus or an 
infection. We had no idea.”   

although the coroner eventually ruled the death was 
most likely due to a previously undiagnosed heart problem, 
Quake was not satisfied. He insisted the coroner collect 
both blood and tissue samples from his son’s body. “i told 
him, ‘i need you to save everything you possibly can for 
future testing,’” says Quake. “at the time, i really had no 
idea why i said that.”

richard Quake’s request, and his determination to find 
an answer to the mystery of richie’s death in the dna gath-
ered from his tissue, launched him onto the shaky leading 
edge of personalized medicine, and into some of its most 
thorny ethical thickets. 

Who owns a person’s genetic information? What can be 
done with it? What should be done with it? Quake’s journey 
during the subsequent two years traces the evolution of sci-
entific fields of genotyping, whole-genome sequencing and 
the interpretation of more genomic data than most clinicians 
and scientists have ever dreamed of, or can even realistically 
handle. He would eventually gain an ally in the form of a 
cousin on the other side of the country — stanford bioengi-
neering professor stephen Quake, dPhil, who was himself 
preparing to break scientific and ethical barriers by sequenc-
ing his own complete genome with a new sequencing ma-
chine he helped invent.

it’s a conundrum in so many ways. the sequence of your 
genome — all 6 billion nucleotide letters — is the most per-
sonal of personal information, encoding the very building 
blocks of what makes you you. the sheer power and wonder 
of what arises when that string of letters is steeped in a cell’s 
biological stew is staggering. and yet your genome is also 
inextricably bound with that of your mother and your father, 
your siblings and your children and even that of more distant 
relatives. How much right, if any, do we have to expose what 
others may not want known? and are any of us prepared for 
what we might learn? 

on the other hand, genetic information — in whole or in 
part, of you or, perhaps, of the cells of your cancer — is the 
key to much of the promise of personalized medicine. With 
it we can identify which drugs will work best and how much 
of them to use. We can slice and dice, poke and prod, and 
parse those letters into messages about longevity or ancestry, 
a child’s future height or ability to taste the bitter flavors in 
some vegetables, breast cancer risk and cholesterol levels. in 
fact, we can learn so much about a person and his or her 
medical predilections that it would be foolhardy not to pursue 
what recent technological advances in sequencing and soft-

ware have laid out for the taking.
or can we? experts disagree. to some, the nascent field 

— whether focused on whole-genome sequencing or com-
mercially available genotyping of select sites in the genome 
— is so undeveloped as to be practically useless.

“our technology is outpacing our knowledge,” says eric 
green, md, Phd, director of the national Human genome 
research institute. “there is going to be a lengthy period be-
tween getting information about someone’s whole-genome 
sequence and understanding what it means for an individual 
in a clinical setting. this gap won’t be closed in a year. it 
probably won’t be closed in a decade.” 

even currently available commercial genotyping tests 
analyzing a relatively small number of nucleotides (about 2 
million of the 6 billion nucleotides that you inherited from 
your mother and father) come with a list of caveats, what-ifs 
and maybes that have recently spurred both the U. s. Food 
and drug administration and the government accountabil-
ity office to take a closer look at whether and how to regulate 
the industry of personal genomics. 

government involvement doesn’t end there. in may, U.s. 
reps. Patrick Kennedy, d-ri, and anna eshoo, d-calif., in-
troduced the genomics and Personalized medicine act of 
2010, which aims to create an office of Personalized Health-
care within the department of Health and Human services 
to coordinate the activities of federal and private agencies 
involved in personalized medicine. and in 2008, congress 
passed the genetic information nondiscrimination act, the 
first effort to protect those who’ve taken the plunge into their 
own genetic pool.

in response, universities, including stanford, are gearing 
up with new centers or even departments to optimize what 
many see as an approaching medical revolution.

“things are changing so fast,” says michael snyder, Phd, 
director of stanford’s new center for genomics and Person-
alized medicine. “soon you’ll have your entire genome in 
one hand and your medical history in the other. and you’ll 
give both to your doctor.”

in early 2008, richard Quake, a sales manager 
for an internet auto auction site, didn’t know any-
thing about genetics or genomics. What he did know was 
that he couldn’t walk away without learning what had really 
happened to richie. Unwilling to simply accept the coro-
ner’s conclusion that his son had died of heart arrhythmia, 
he spent the months of march and april contacting experts 
from several institutions to ask what they thought could have 
happened. Fortunately, he had the tissue samples necessary 
to test their theories. Just two and a half years ago, the pro-



cess was more complicated than it would be today. But things 
were changing quickly.

at the end of 2007 and in early 2008, three companies be-
gan offering what’s now known as direct-to-consumer geno-
typing. interested people could send in a sample of saliva to 
Bay area-based companies 23andme or navigenics, or to 
decode genetics in iceland. For prices ranging from $985 
to $2,500 the companies would scan a customer’s dna, de-
termine the exact sequence of nucleotide letters in hundreds 
of thousands of locations throughout the genome, and assess 
the risks or likelihood of about 12 to 20 diseases or physical 
traits. (Prices have dropped since that time.)

the ability of the companies to draw conclusions be-
tween nucleotide differences known as snPs (single nucle-
otide polymorphisms) and disease risk is due to a field of re-
search called genome-wide association studies. these studies 
sprang from technologies devised during the 10-year push to 
sequence the entire human genome. their focus has been on 
identifying genetic differences among individuals that were 
associated with either increased risk of or protection from 
a particular disease. Finding a disease-associated snP (pro-
nounced “snip”), however, doesn’t necessarily mean that a 
particular nucleotide change causes the disease, although this 
can be the case. it’s more like a molecular bar code that indi-
cates that other, surrounding sequences might be involved. 

But although some snPs are quite telling, others are 
only suggestive. nonetheless, thousands of people have un-
dergone the tests in the past years despite the fact that most 
physicians have no clear idea of how to counsel their patients 
about the results. 

“there’s so much we still don’t know,” says bioethicist and 
associate professor of pediatrics mildred cho, Phd. “What 
does it mean to say you have a 10 percent higher risk of some-
thing? are you going to do anything about it, or just worry?” 

cho is the associate director of stanford’s center for 
integration of research on genetics and ethics, one of six 
centers around the country created by the national Human 

genome research institute to explore the ethical, legal and 
social implications of genetic research. the centers are one 
aspect of the ethical, legal and social implications research 
Program established by the institute in 1990. 

“When the program first started, we were thinking most-
ly about things in terms of single-gene disorders,” says Jean 
mcewen, Jd, Phd, director of the elsi program. “We 
were looking at one gene at a time. But now with the enor-
mous decrease in the cost of sequencing we can begin to look 
across the entire genome and try to identify risk factors for 
complex disorders like cancer and heart disease. But we have 
to decide how to interpret this data and put it all together. 
this is where things become very difficult.” 

in comparison, the question for richard Quake was fairly 
simple: What killed his son? “i was jumping online every 
night, getting up on all this heart stuff,” he says. “i talked to a 
specialist at mayo, and a guy at Penn.” eventually, after talk-
ing to several experts, he asked the coroner to send samples 
of richie’s tissue to a specialist in new england to test for a 
cardiac condition called long Qt syndrome that can cause 
sudden death. mutations in any of several genes can cause 
long Qt. two other possible options were marfan syndrome 
(like many with marfan, richie was very tall and thin, with 
long arms, legs and fingers) or Brugada syndrome — a heart 
condition that can cause death unexpectedly during sleep. 
mutations in one gene, scn5a, account for about 20 to 25 
percent of Brugada cases. 

“it was expensive,” says Quake, “but i said, ‘We do what 
we have to do.’” months went by before he received the 
results of the genetic tests: richie was negative for any of 
the mutations known to be involved with the diseases. “of 
course they gave me the qualifier, ‘this is new science, we 
don’t know all the genes that play into this,’” says Quake. 

the uncertainty factor has increased exponentially since 
then with the identification of hundreds of additional dis-
ease-associated snPs and the growing knowledge that most 
diseases represent the cumulative effect of tens or hundreds 

       ”i was jumping online 

      every night,

                      getting up on all

                          this heart stuff.”
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of genes and their interaction with a person’s environment. 
this is one reason some experts are calling for a halt on 
direct-to-consumer genetic testing. the field of companies 
offering such tests has swelled to about 30 and, in July of this 
year, the U.s. House of representatives committee on en-
ergy and commerce presented the results of an undercover 
investigation by the government accountability office that 
it said showed a shocking lack of regulation and consumer 
protection in the field. 

“gao’s fictitious consumers received test results that 
are misleading and of little or no practical use,” the report 
concluded, after pointing out that the same dna sample 
sent to four companies returned vastly different predic-
tions for the risk of prostate cancer and hypertension and 
that in at least one case an individual with a heart condition 
was told he was at decreased risk for the disorder. When 
the undercover investigators spoke over the phone with 
representatives from 15 test providers, they were given in-
formation and advice that ranged from simply inaccurate 
to fraudulent and perhaps illegal. 

supporters of the industry contended, however, that the 
gao study was flawed in execution and presentation (the 
companies investigated were not identified so could not offer 
any defense or clarification, and they did not receive a copy of 
the findings until after the hearing). risk predictions are not 
in themselves diagnostic, they argue, and a few unscrupulous 
companies shouldn’t be allowed to tarnish the entire field. 
What’s more, many of the companies have said directly that 
they would welcome more regulatory oversight and some 
have actively sought such guidance since their inception.

the Food and drug administration has also taken issue 
with some of the claims touted by direct-to-consumer ge-
netic companies. Between may and July, the Fda sent letters 
to 20 of the companies warning them that tests meant to di-
agnose or prevent diseases qualify as medical devices, subject 
to regulation by the administration. 

setting aside legal and ethical concerns about the behav-

ior of some of the companies, some experts argue that direct-
to-consumer testing is inherently flawed. the general public 
is not qualified to interpret and respond appropriately to test 
results that may indicate an increased risk of, say, breast can-
cer, or perhaps a decreased risk of colon cancer. What if an 
individual decides to forgo routine screening on the basis of 
a test result that indicates decreased risk? 

arthur Beaudet, md, chair of molecular and human 
genetics at Baylor college in texas, is concerned enough 
about the repercussions of unfiltered genomic information 
to say that the sale of the tests to the general public should 
be prohibited. People who want the information should go 
through their physician, he argues in an opinion piece in 
Nature in august, who could help them interpret and act 
upon the results. 

not so, says gail Javitt, Jd, mPH, a research scholar at the 
Berman institute of Bioethics at Johns Hopkins University, 
who points out in the same issue of the journal that many of 
the tests have been well-validated, including those for sickle 
cell anemia and cystic fibrosis. regulate the tests according 
to the level of information and risk they provide, she argues. 

                   “then we realized,

 ‘hey, we already 

                                   have someone’s genome.’”

euan ashley (right), stephen Quake
and several dozen colleagues used Quake’s ge-

nome sQuence to predict his health risks. 
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similar to pregnancy tests, some could likely be purchased 
over the counter and used without any professional inter-
pretation. others would require gatekeepers in the form of 
genetic counselors or physicians. 

Quake’s relentless research eventually led him to have his 
own cardiac health assessed, but the results offered no clues 
to the cause of richie’s death. it was about that time he heard 
that a professor at the stanford school of medicine had se-
quenced his entire genome for less than $50,000 and with a 
team of just three people. the name of the faculty member? 
stephen Quake.

in august 2009, stephen Quake, a Howard Hughes 
medical institute investigator, published the sequence 
of about 90 percent of his dna using technology called 
single molecule sequencing he helped develop. He was 
pondering the results in his office when colleague euan 
ashley, md, a cardiologist specializing in cardiomyopathy, 
walked in. “Hey euan,” said Quake. “What do you know 
about this gene here?”

ashley, who directs stanford’s center for inherited car-
diovascular disease, knew it well. it was myosin-binding 
protein c — a gene known to be associated with sudden 
cardiac death. 

 Unlike genotyping, whole-genome sequencing returns 
the entire sequence of a person’s dna. But it presents unique 
technical challenges. although the first human genome se-
quence took 10 years, several billion dollars and hundreds 
of researchers, Quake’s sequencing of his own genome took 
one month, three people and about $50,000. since then re-
searchers have sequenced a family group of four, and even 
dna from a neanderthal. in september, researchers from 
duke University published whole-genome sequence data 
from 20 people — half with hemophilia and half without. 
their findings indicated that it’s possible to identify disease-
associated genes by comparing groups of unaffected and af-
fected people. 

clearly, whole-genome sequencing is becoming both rel-
atively easy, and popular. in fact, many experts predict that 
we’re about to reach what’s known as the “$1,000 genome” 
— a tipping point at which nearly anyone could afford to 
have his or her entire genome sequenced. But the real chal-
lenge may still be ahead: How are we going to manage and 
interpret all that data? each sequence, which includes copies 
of genes from both parents, has about 6 billion base pairs. 
that in itself is not that difficult to store on a hard drive. But 
the assembly of the strings of nucleotides into contiguous se-
quences, coupled with the resulting analysis and comparison 
with a reference genome, can easily consume up to two tera-

bytes of memory for each person. “it’s very difficult to parse 
all this down into a format that can be discussed between a 
physician and a patient,” says ashley.

even if the storage issues can be overcome, as they proba-
bly will be, there’s a very real concern as to whether research-
ers and physicians possess enough technical know-how to 
deal with the information. “the no. 1 concern i hear when i 
talk to people about whole-genome sequencing,” says the na-
tional genome institute’s green, “is the ability to handle the 
computational aspects of this type of research. Few people in  
medical fields have computational backgrounds, and we need 
new types of software to analyze the data that pour off of 
and gush out of these sequencing machines.” Hank greely, 
Jd, professor and director of stanford’s center for law and 
the Biosciences, agrees. “Patients, doctors and geneticists 
are about to be hit by a tsunami of genome sequence data. 
the experience with steve Quake’s genome shows we need 
to start thinking — hard and soon — about how we can deal 
with that information,” says greely. 

ashley and Quake and a team of other researchers proved 
it could be done, though not without considerable effort and 
resources. together with several dozen stanford colleagues 
they devised a way to take stephen Quake’s genome and make 
some predictions about his clinical risk for many diseases. on 
may 1, they published the first-ever medical interpretation of 
a complete human genome in the journal Lancet.

“many of us had already been thinking about how you 
would take someone’s genomic profile and translate what’s 
in the billions of base pairs in that dna to something that’s 
clinically useful,” says ashley, who headed the group of ge-
neticists, physicians, bioinformaticians and ethicists involved 
in the study. “then we realized, ‘Hey, we already have some-
one’s genome.’”

What’s more, atul Butte, md, Phd, assistant professor of 
bioinformatics, and his lab members had already done a lot of 
the necessary legwork: they’d spent the previous 18 months 
meticulously cataloguing publications that associated snPs 
with specific diseases. it was the first time anyone had com-
piled all the information in one database, which now contains 
more than 20,000 snPs linked to over 1,000 diseases. 

“We have read nearly 4,000 publications so far,” says 
Butte, “and we made a list of every single spot in the genome 
where we know that, for example, the letter a raises the risk 
of a particular disease, or the letter t confers protection. and 
then came steve with his genome, and we were ready.” to-
gether the researchers designed an algorithm to overlay the 
genetic data upon what was already known about Quake’s 
inherent risk — based on his age and gender — for 55 con-
ditions, ranging from obesity and diabetes to schizophrenia 
and gum disease. For example, as a 40-year-old white male, n
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Quake entered the study with a 16 percent chance of devel-
oping prostate cancer in his lifetime. But as the computer, 
based on Quake’s genomic sequence, began to incorporate 
the data of study after study, his risk scooched first lower, 
then higher. (the researchers weighted the contribution of 
each variant according to the number, and sample size, of 
published studies confirming the association.)

the publication of the resulting clinical recommendations 
for stephen Quake added to what had become a vigorous de-
bate as to whether physicians were prepared to incorporate 
this type of data into the clinic. although Butte and the oth-
ers had made their software as user-friendly as possible, it 
was still not clear whether such an analysis is cost-effective 
or even useful. 

“a lot of people now are talking about the $1,000 genome,” 
says bioethicist cho. “But one of the things we’re looking at is 
the other things that have to happen to make such information 
clinically relevant. if you assume it took 40 highly trained fac-
ulty members to figure out what steve’s genome meant and to 
communicate it back to him, you begin to realize that the cost 
of sequencing may not be what we should be focusing on. We 
need to think about the infrastructure you would need to do 
this on a large scale — training physicians in informatics, figur-
ing out how to communicate ideas of risk to patients and even 
whether this would be cost-effective for the average person.”

training physicians is no small task. this summer, stan-
ford offered an elective course to medical and graduate stu-
dents in which they decided whether to analyze genotyp-
ing results of tests performed on their own dna or on a 
reference sequence. although popular, the course sparked a 
firestorm of debate among faculty members that delayed its 
start date by more than a year as they grappled with the ethi-
cal issues of appearing to encourage students to analyze their 
own dna. [See the story, page 28.]

“there is no question in my mind that medical educators 
need to be far more aggressive about incorporating genomic 
information into their curricula for medical students,” says 
green. “But we also need to get much more involved in edu-
cating current physicians, who are already under a substantial 
amount of pressure by patients.”

How many patients might be approaching their physi-
cians with genotyping information? the companies them-
selves are coy, but caroline Wright, Phd, the head of science 
for the international Foundation for genomics and Popula-
tion Health, estimates the number of people who purchased 
and used genotyping kits in 2009 was about 20,000 to 30,000. 
not inconsequential, but certainly a minority in a country 
with a population of more than 300 million. a recent study 
by the scripps research institute found that more than 80 
percent of people undergoing direct-to-consumer genetics 

testing wanted to know about their risk even for incurable or 
non-preventable diseases, but that 50 percent also had con-
cerns about the tests.

“We’re funding several grants looking specifically at the 
direct-to-consumer testing going on,” says the national ge-
nome institute’s mcewen. “We’d like to know people’s mo-
tivations for wanting to do it, what they are doing with the 
information and how they are reacting in terms of changing 
their health behaviors.”

as stephen Quake looked at his predicted cardiac 
risk factors, he thought of richie. He had spoken to his 
cousin richard about his experience with sequencing his ge-
nome and even sent him a report detailing some of his own pre-
dicted risk factors. now he introduced him to euan ashley. 

“i shared my research with dr. ashley and told him how 
i couldn’t sleep at night because i was worried about my 
daughters,” says richard Quake. “He said, ‘let’s take a look 
at your data and maybe run some tests — this is what the 
center does — maybe we can put your mind at ease.’”

most of the tests ashley had in mind were standard car-
diac workups of richard Quake and his wife and daughters. 
But he set his sights considerably higher for one: whole-
genome sequencing of the dna in richie’s tissue sample. 
it’s believed to be the first time the technology has been used 
in an attempt to determine the cause of death of an individu-
al. a tantalizing scholarly goal, to be sure. But that’s not why 
ashley and his team took on the task.  

“i’m desperate to find an answer for him,” says ashley, 
who himself has two young children. “You can really feel his 
pain. if we can find a convincing cause of death for his son, 
maybe we can test his daughters and either rule them out or 
make them safe.”

Just feet away from ashley’s office, computers have been 
churning away to find possible candidate mutations in 
richie’s dna. Because none of the obvious suspect genes 
seem abnormal, the team resorted to screening all the genes 
involved in ion transport in the heart muscle. (ion transport 
is an important step in stimulating the synchronized contrac-
tion of heart muscle cells.)

“there’s no list anywhere of the cardiac ion transport 
genes,” says ashley, who has had to turn to finding genes 
whose sequence resembles that of known ion transport genes. 
“that’s part of why this is exciting. this kind of ‘molecular 
autopsy’ we’re doing will generate a lot of new information 
for future use. We are literally searching for what could be just 
a one-base-pair difference in millions of nucleotides. But even 
though for us it’s an exciting research project, we haven’t for-
gotten that it’s also an absolute tragedy for richie’s family.”
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currently the researchers are focusing their attention 
on 230 genetic variants in richie’s genome — many that 
have never before been associated with disease. “the pow-
er of what we’re doing takes my breath away compared 
with what’s previously been offered as the state of the art,” 
says ashley. But with power comes questions. What does it 
mean to vary from the norm? Who is the norm, anyway? 

Butte, the bioinformatics expert, has begun to apply the 
findings of his snP database to a reference human genome 
used by most researchers. 

“a lot of people and clinicians think of their genomes in 
terms of how they compare with the reference genome, which 
is a composite of 30-some unidentified individuals,” says Butte. 

           searching for small change(s) in the 
                                           pockets of your genes

                                                      a consumer genomics primer

A batch of personalized-genomics companies have sprung up in the past few years, offering large-scale 
determinations of the genetic differences that set you apart from every other human being (identical twins ex-
cepted). While their analytical techniques vary a bit, the routine for the consumer is fairly uniform: Place your 
order online, wait until you get the kit in the mail, follow instructions — in a nutshell, spit into the enclosed vial 
and close the cap — ship it back and receive a report on your results along with a variable amount of interpreta-
tion depending on the company. (in some states, it is necessary to get a doctor’s sign off at some point in this 
process.) some companies offer follow-up genetic counseling.

Between the time you mail in your spit kit and the time you get the report, a whirl of activity, made possible 
by advances in molecular biology and engineering, takes place. Here’s the science behind that activity.

a human cell contains a genome consisting of 46 chromosomes, 23 from each parent. every chromosome 
contains a molecule of dna, a long, linear chain composed of a sequence of four different chemical “links.” along 
these sequences lie the genes, which are essentially instructions for protein manufacture. over eons of evolution-
ary time, mutations — most often, the substitution of one type of link for another type in a particular spot on the 
chain — creep into genes, causing people’s genomes to diverge as each generation becomes more removed from 
our common ancestors. tiny, single-link differences in the genomic chain are called snPs (pronounced “snips”).

checking out every single one of the several billion chemical building blocks in your genome remains too 
expensive for a mass-market test, though prices are dropping. so the personalized-genomics outfits look at fewer, 
directing attention to the “mere” hundreds of thousands of hot spots on your dna where snPs have been 
observed to pop up with some frequency and where, furthermore, one snP variant or another has been at least 
tentatively associated with increased odds of contracting, say, type-2 diabetes, lung cancer or some other disease. 
these same kinds of tests can assess your probable sensitivity to various drugs. — BrUce goldman

some personalized-genomics companies
Company  Location   Website   Cost of test
navigenics  Foster city, calif.  navigenics.com   $500-$2,000*
23andme  mountain View, calif. 23andme.com $229
decodeme  reykjavic, iceland  decodeme.com   $500-$2,000**
Pathway genomics san diego, calif.  pathway.com  $500

*    estimated range; the company sells its test to physicians who charge as they see fit

**  cancer or cardio scan, $500; both, $800; both plus neurological and several other conditions, $2,000
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So where doeS the editor of the technology magazine Wired get off telling 

people how to manage their health? simple. thomas Goetz has married advances in mobile com-

puting with the health-data deluge in his new book, The Decision Tree: Taking Control of Your Health in the New 

Era of Personalized Medicine. For Goetz, interest in health is homegrown. His father is a doctor, his mother is 

a nurse, one sister is a surgeon and another was a public health volunteer (killed while working in Uganda). 

Goetz himself went back to school at 37 to study public health at the University of california-Berkeley.

He says, “a lot of the ways we think about technology in 
terms of medicine are very cost-intensive — mris, ct scans, 
stents, surgeries.” Yet he feels relatively low-cost gadgets such 
as iPhone apps that help track calories do the most to help 
individuals take control of their health. 

oh, and about health care’s escalating costs, Goetz says, 
you can blame it on the Beatles. the Beatles? You see, in 1961 
British company emi signed the then-unknown Fab Four to 
a music contract. as a result, the company made millions (and 
by now probably billions), which it invested in developing 
new electronic devices, including the ct scanner, invented 
by an emi engineer in 1967. in the decades since, use of this 
miraculous device has burgeoned into overuse, becoming a 
major contributor to the out-of-control costs of today. surely 
the band was emi’s ticket to ride in health-care technology.

Stanford Medicine’s executive editor Paul costello spoke 
with Goetz about how the non-geeks among us can merge 
technology and medicine to improve our health.

Costello: At the beginning of the book you talk about three projects 
you see as pivotal for the future of health care. Two are famous 
medical studies, the Framingham Heart Study and Great Brit-
ain’s Whitehall study. The third is about a group of technology early 
adopters in San Francisco. Can you connect the dots for me?
Goetz: the Framingham study has been going for 60 years, 
following the health of three generations. For me it’s an 
example of how we can gather data and learn from our 
daily experiences. Je
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the Whitehall study recruited 18,000 men from all dif-
ferent classes within the British civil service, from the min-
isters at the very top to the janitors at the very bottom, and 
they studied them to see who was most at risk for heart dis-
ease. What they found was pretty much a direct correlation 
between your social rank and your risk of heart disease. so 
people at the bottom had a profoundly increased risk of heart 
disease. the core insight — that when we are given control 
of our health, we tend to have better health — was to me an 
essential part of laying the groundwork for this new concep-
tion of health care.

so that’s where this third group comes in, the Quantified 
self group, which is a local meet-up. this is a group of tech-
nology geeks who want to start experimenting. in this case, 
what they’re experimenting with is not computer code, but 
their own code. they’re tracking their genomes. they’re 
tracking how much coffee they drink. they’re tracking how 
much exercise they get. they’re tracking how much sleep 
they’re getting. they wear all sorts of different sensors and 
body monitors and use their iPhones to track various things 
about themselves. the idea is that this sense of control, as we 
saw with the Whitehall study, starts to kick in and we start to 
see our way toward better health.

Costello: Data is really king, is what you’re saying?
Goetz: right. there is great public health research that 
shows when you give people feedback, when you give them 
a sense of where they stand in their health, and a goal, and 
then get them to keep track of how they’re doing — think 
about weight loss — that kind of feedback loop really is 
effective at behavior change. the trick is it’s laborious. so 
what’s changing is that the tools are getting simpler, and 
it’s getting much easier for more people to start changing 
those behaviors.

 

Costello: You wrote that staying healthy is as much a decision-mak-
ing problem as a health-care problem. What do you mean by that?
Goetz: We know the basic rules of good health: We’re sup-
posed to be exercising more and eating a little less, and eating 
more healthy foods. the problem that we have as a society 
is putting those rules into action. that’s really the place of 
decision making.

that’s when we need to get information delivered to us, at 
the very point that we’re deciding between having a piece of 
carrot or the piece of carrot cake. 

Costello: Tell me more about how technology can help.
Goetz: What is really cool about what’s happening here is 
that information technology, like iPhone apps, are a really 
good way of turning data, that very logical and rational 
and quantitative approach, into something that we can 
understand and integrate into our lives. and you don’t 
have to be a geek.

that’s where iPhone apps are so powerful. like the lose 
it! app for weight loss — there are 10 million people using 
this app every day. or there are very good blood glucose 
monitors that are useful for diabetics or pre-diabetics. if you 
want to quit smoking, there are quit-smoking apps that help 
people track their cigarettes.

there’s one great little tool that i might mention. it’s 
called the Fitbit. it’s a little accelerometer that you clip on to 
your belt, and it tracks your calories. it tracks how many steps 
you’re taking. it tracks your cadence. it’s a really great way to 
make sure that you’re getting enough exercise every day just 
walking around as much as you can.

in addition to giving you the numbers, it has this great 
little icon. it’s a flower that grows, so the more you exercise 
every day, the taller your flower gets. it’s a great example of 
how it’s not just data that helps people. making that flower 
grow is something that pretty much anybody can under-
stand. once you get this device, you want to make your 
flower grow every day. SM

This interview was condensed and edited by Rosanne Spector.
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will 

breast cancer 

meet 

its 

match? 

seeking tailor-made treatments

louisa Gloger was already having a rough day. 
Her daughters, a 3-year-old and a 14-month-old, 
fussed all morning. she was frazzled. she needed 
a shower.  •  so she corralled her daughters into 
the bathroom and stood under the spray with her 
youngest in her arms. 

that’s 
when she felt 

the lump in her breast.
“immediately, it was like alarm bells went off in my 
head,” the 31-year-old mill Valley woman says. “it 
didn’t feel right.”

in some ways, Gloger had built her life around the pos-
sibility that this might happen. Her mother was diagnosed 
with breast cancer at 35, when Gloger herself was just a year 
old. Gloger’s aunt had the disease in her 30s as well. Both 
women developed cancer again 20 years later. Gloger’s aunt 
survived her second bout. Her mother didn’t.

Gloger knew she was at risk, so she did the things that are 
supposed to keep breast cancer at bay. she exercised, ate or-
ganic, avoided the birth control pill, had both babies before 
30, breastfed. Yet she got cancer anyway. and when the final 
diagnosis came, it was still a surprise.

“i was just totally blindsided,” Gloger says. 
she was all the more blindsided when her doctor at the cali-

fornia Pacific medical center in san Francisco told her she had 
triple-negative cancer. Gloger had never heard the term before, 
but her doctor explained it’s a particularly aggressive form that 
doesn’t respond well to traditional chemotherapy.

“that’s when he said, ‘You need to go down to stanford 
and see dr. melinda telli,’” Gloger says. “He told me, ‘it’s 
your best hope for a cure.’”

B y  s t e p h a n i e  p a p p a s 

i l l u s t r a t i o n  B y  m a t t  B a n d s u c h

t h e  me i n  m e d i c i n e : 

  p e r s o n a l i z i n g  t r e a t m e n t s
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Hope is something 
that triple-negative breast cancer patients 
have been short on. in this form of cancer, which 
makes up 15 percent of all breast cancer, the tumor 
cells lack abundant receptors for estrogen, progesterone  
and a growth factor called Her2. since current breast  
cancer treatments work by targeting these proteins, there’s 
little doctors can do for triple-negative patients. 

“even though they represent a small proportion of breast 
cancers overall, this is the group that’s responsible for a large 
proportion of cancer deaths,” says melinda telli, md, an as-
sistant professor of oncology at stanford and the leader of 
a clinical trial testing a new therapy for triple-negative can-
cer. according to a 2007 study of all stages of breast cancer, 
women with triple-negative strains have a 77 percent chance 
of surviving five years, compared with a 93 percent chance 
for other cancer types. triple-negative cancers hit early and 
disproportionately affect women of african and Hispanic de-
scent. as a young woman with an african-american parent, 
Gloger fit the profile.

For years, researchers have failed to find a way to target 
triple-negative cancers. But now, research conducted at stan-
ford has revealed a new possibility: drugs called ParP in-
hibitors. Pharmaceutical companies had been testing ParP 
inhibitors as a chemotherapy adjunct for years, but in the last 
five years, research on the drug class has exploded. if ParP 
inhibitors help stem triple-negative cancer, they’ll represent 
one of the biggest steps forward in breast cancer treatment 
in years. 

they’ll also be in the vanguard of personalized medicine, 
the attempt by doctors and researchers to match drug treat-
ments to patients most likely to be helped. Breast cancer is 
fertile ground for personalized medicine, with drugs specifi-
cally made to target tumors’ receptors already on the market. 
tamoxifen, for example, fights estrogen-positive cancers. 
Herceptin, a drug approved in 2005 for use on early-stage 
tumors positive in the Her2 protein, was celebrated as 
“revolutionary” in the New England Journal of Medicine. as 
technology has improved, ferreting out more individualized 
treatments has become a major goal of cancer researchers.

“the idea of personalized or targeted treatments is to tai-
lor treatments to an individual’s cancer based on its genetic 
makeup,” says James Ford, md, professor of oncology and of 
genetics. “the technical feasibility and the cost for sequenc-
ing dna have really gotten into the range where this is now 
feasible in the individual.” 

When Gloger first called 
telli in mid-october 2009, she didn’t 
know what to expect. Her primary physician had 
told her telli was running a clinical trial on ParP  
inhibitors. the idea discomforted Gloger. she didn’t want 
to be a guinea pig. 

But telli is the kind of doctor described by her patients, 
unbidden, as warm and compassionate, the kind of doctor 
who will stay on the phone with you for two hours on a sat-
urday to discuss an experimental treatment’s pros and cons. 

that’s what telli did when Gloger called. the ParP 
inhibitor would be combined with dna-damaging che- l

e
s

l
ie

 w
il

l
ia

m
s

o
n

“the chemotherapy would  
 do the dirty work of Breaking up  
 the tumor’s dna, while the parp inhiBitors  
 would Block dna repair.”
 melinda telli, md
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motherapy drugs that also target triple-negative breast 
tumors, she explained. ParP inhibitors target one of 
the tumor’s strongest lines of defense, a dna-repair 
enzyme called poly (adP-ribose) polymerase, or ParP. 
if the drug, Bsi-201 (now called iniparib), worked as 
planned, it would be a one-two punch: the chemo-
therapy would do the dirty work of breaking up the 
tumor’s dna, while the ParP inhibitors would block 
dna repair. though ParP inhibitors had been tested 
in women with advanced breast cancer with encourag-
ing findings, Gloger would be one of the first poten-
tially curable, early-stage patients to receive the drug. 
For women with localized breast cancers the stakes are 
high, telli says. the risk of spread with this aggressive 
form of breast cancer is substantial, yet long-term side 
effects of therapy are also a possibility.

Gloger weighed her options and decided to participate. 
she and her husband began planning a trip to europe for the 
next summer to give her something to look forward to. she 
e-mailed her friends and family telling them she’d be stand-
ing on a mountaintop in the alps in just a few short months. 
But before that, she had to make it through 12 weeks of the 
investigational treatment.

to understand how researchers 
fingered ParP inhibitors as a potential 
triple-negative cancer treatment,  
you have to rewind to 1994. that’s when the 
first breast cancer gene, dubbed Brca1, was found. 
a year later, researchers found Brca2. an inherited  
mutation in these genes raises the lifetime risk of breast 
cancer by 65 percent and 45 percent, respectively.

the discoveries told doctors little about why these broken 
genes cause breast cancer. What it gave them was the chance 
to test women for the mutations that raised their risk. myriad 
Genetics, a firm based in Utah, swiftly patented both genes, 
making it the only company legally allowed to run the test. 
For a few thousand dollars, a woman with a family history 
could have her blood drawn and learn within a few weeks 
whether she was at increased risk to develop cancer.

a woman who discovers she has a Brca mutation faces 
hard choices, from extra screening all the way up to pro-
phylactic mastectomy and oophorectomy (removal of the 
ovaries). if she has a Brca1 mutation and develops breast 
cancer, odds are 80 percent it will be triple-negative, and 

thus tough to treat. the Brca discoveries had improved 
doctors’ ability to predict cancer and take steps to prevent 
it, but not to cure it.

then, in 2005, a pair of in vitro laboratory studies on 
ParP inhibitors published in Nature changed the game. 

the first study, carried out by scientists at cancer re-
search UK, found that ParP inhibitors weaken Brca1- and 
Brca2-related tumor cells drastically, causing them to stop 
dividing and die. 

the second study’s results were even more promising: 
When researchers at the University of sheffield in england 
treated Brca2 tumor tissue with ParP inhibitors in the lab, 
the tumors died. cells without the Brca2 mutation sur-
vived, suggesting that ParP inhibitors could target tumors 
without destroying healthy tissue.

the Nature studies marked the first time ParP inhibitors 
had been tested in Brca-mutant cancers. their effectiveness 
made sense. the Brca1 and Brca2 genes make proteins 
involved in dna repair. When a tumor is deficient in either 
Brca protein (as is the case with the Brca mutations), it 
relies more heavily on alternate dna repair pathways — like 
ParP — to patch up genetic breaks and keep growing. 

in other words, ParP is like a tumor’s plan B. Knock it 
out, and the cancer runs out of options. Finally, it seemed 
that the Brca discoveries of a decade earlier had paid off.

With the publication of the two 
Nature papers, the oncology field burst into a flurry of 
research on ParP inhibitors. around the country, 
clinical trials were launched in patients carrying  
Brca mutations. meanwhile, in his lab on the stanford 
campus, Jim Ford noticed something about the  
mutations that suggested a route to treating 
triple-negative breast cancer. 

Ford had been studying the Brca1 mutation for years, 
trying to determine what goes wrong with a Brca1-defi-
cient cell’s dna repair mechanisms. the overlap between 
Brca1 and triple-negative cancers intrigued him, and he 
wondered if there might be some underlying similarity in 
their defects. 

as it turned out, there was. Using cancer cell lines in the 
lab, Ford showed triple-negative cancers almost completely 
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share the dna-repair defects of Brca-related cancers. 
“it was kind of an ‘aha’ moment,” Ford says. if Brca can-

cers and triple-negative cancers are both driven by the same 
dna repair deficiencies, he reasoned, they should respond 
to the same treatment. He tested triple-negative tumor tis-
sue in the lab with ParP inhibitors and found that, just like 
Brca tumors, triple-negative tumors responded. 

Ford shared his results with telli. she was immediately 
intrigued, and agreed to lead a clinical study to test the idea 
in breast cancer patients. the two contacted BiPar scienc-
es (now owned by sanofi-aventis), a south san Francisco 
drug development firm that makes the ParP inhibitor Bsi-
201, and arranged a collaboration. By this time, BiPar had 
launched a clinical trial testing its drug in women with the 
advanced form of this disease. Ford and telli obtained addi-
tional funding through the Breast cancer research Founda-
tion to start a clinical trial in newly diagnosed patients. last 
year, the trial began. the plan was to recruit 36 patients in 
the early stages of triple-negative breast cancer. 

the study would provide an opportunity to target a group 
that stood to benefit the most from treatment. it would also 
allow telli and Ford to look for links between individual 
cancers’ biological features and the cancers’ response to the 
treatment.

“the early-stage patients are the ones where there is real 
curative potential,” telli says. 

as one of these patients,  
Gloger began her treatments at the  
stanford cancer center in early  
november 2009. she hated the needles and felt worn 
out after sessions, but she didn’t become the balding, emaci-
ated cancer victim she’d imagined. instead, she kept her 
hair, kept exercising, kept up with her kids.

even better, she got to watch the tumor shrink away. By the 
second treatment, it was noticeably smaller, she says. By the 
third, she couldn’t feel it anymore. While a shrinking tumor 
doesn’t always mean cancer has been cured, the ParP inhibi-
tor treatment was declared an initial success for Gloger.

“that was kind of amazing,” Gloger says. “and awe-
some.”

originally planned as a 36-person trial, the study is now 
expanding to 80 patients through the eastern cooperative 
oncology Group. about 40 patients are enrolled, with the 
other 40 expected by the end of the year.

the biggest remaining question mark — and one the cur-
rent study won’t fully address — is whether ParP inhibitors 
are safe in the long term. inhibiting dna repair in a tumor 
is a good thing, but in normal cells it can cause cancer. ironi-
cally enough, it’s possible that by treating cancer now, ParP 
inhibitors set patients up for a new cancer later.

researchers hope this won’t be the case, since healthy cells 
have other dna repair mechanisms besides ParP. But Bsi-
201 has been tested only since 2006, telli warns, and mostly 
in patients with incurable cancer who died soon after. cancer 
patients who live need to be followed for years to be sure that 
new drugs are safe.

“that’s where you really need to be cautious, when you 
move it into lower-risk patients,” telli says.

meanwhile, in June 2009, just after 
telli launched her study, researchers presented 
the results of BiPar’s clinical trial on their ParP 
inhibitor in metastatic triple-negative cancer. one hundred 
twenty women with advanced triple-negative breast 
cancer tested two dna-damaging chemotherapy drugs, 
gemcitabine and carboplatin, the same telli and Ford used, 
and the same that Ford’s laboratory had shown worked 
particularly well together with ParP inhibitors. 
Half the women also got Bsi-201. 

in women who got the ParP inhibitor, tumors shrank 
three times as fast as in women who received chemotherapy 
without it. the median survival time was 5.7 months for 
women whose treatment did not include the ParP inhibitor. 
those who received chemotherapy including the inhibitor 
had a median survival of 9.2 months, 3.5 months longer.

the oncology community was amazed. three extra months 
of life represents one of the biggest treatment gains ever seen 
in patients with this aggressive form of metastatic breast can-
cer, says Brian leyland-Jones, md, Phd, a cancer researcher 
at emory University and expert on cancer genetics.

“these differences in response and median survival are 
almost unheard of in such a small trial,” he says. 

BiPar sciences recently completed recruiting cancer pa-
tients to participate in a large, multi-institution phase-3 trial 
of the Bsi-201/chemo combination in metastatic triple-neg-
ative cancer. Phase-3 trials are the final step to Fda approval 
of a drug. if the trial goes well, telli says, Fda approval of 
Bsi-201 could come very soon. l
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no matter how convincing the science, 
this personalized approach to breast cancer 
is not a guaranteed success. any lab can test 
for triple-negative disease, but myriad Genetics still holds 
a monopoly on the Brca tests, and some critics say the 
company has set its prices too high.

test costs can be a problem when trying to recruit patients 
for clinical trials, telli says.

“even now, there may be patients out there who are eli-
gible for our study, but if they don’t know their mutation sta-
tus then how can they participate?” she says. “there’s a lot 
of socioeconomic discrimination in terms of who can access 
these technologies.”

in march, a federal judge struck down myriad’s patents on 
the Brca genes, which would open up the testing market 
and possibly drive down prices. myriad has appealed the de-
cision, and it remains to be seen how the case will play out.

For her part, Gloger got her moment in the alps. Her treat-
ments finished, she and her family spent three weeks of the 
summer soaking in switzerland and italy. But she’s not putting 
her cancer experience entirely behind her. she and another 
woman, who lost her sister to triple-negative cancer, recently 
teamed up to start a nonprofit called triple step for the cure. 
the organization is designed to help women deal with the ev-
eryday difficulties of cancer treatment. they’ve already raised 
$175,000 to pay for things like housekeeping, child care and 
meal services, and they’re supporting their first cancer patient 
by flying her family to california while she’s in treatment.

“the day that i was able to talk to her and tell her the way 
in which we’ll be able to help her, it felt like all of this had 
happened, not for a reason, but like i’m taking something 
really awful that happened to me and making it something 
good,” Gloger says. “We feel like we’re filling a gap.”

meanwhile, telli and Ford continue to work on filling the 
treatment gap for women with triple-negative cancer. telli 
will be leading another trial of ParP inhibitors in triple-neg-
ative breast cancer, this time in combination with different 
chemotherapy drugs. Her ultimate goal is to conduct a ran-
domized study that will compare different ParP-inhibitor 
strategies to standard chemotherapy in women with early-
stage disease. 

Ford is taking tumor samples from before and after pa-
tients’ treatment with the ParP inhibitor to look at the mo-
lecular changes in the tissue. He hopes to find clues that will 
help doctors target the treatment even further.

“is there some signature or some added molecular data 
that predicts who did very well or who didn’t do very well 
with the treatment?” he asks. “maybe there’s a subgroup for 
whom this is a particularly good treatment.”

the narrower the target, the more personalized cancer 
therapies can become, Ford says. after all, when it comes 
to matching treatments to an individual’s genome, it hardly 
matters what works on the scale of hundreds or thousands 
of people.

“What you really want to know,” Ford says, “is in this patient 
in my examining room, what is going on in her tumor?”  SM

Stephanie Pappas is at medmag@stanford.edu

“i’m taking something really awful that 
happened to me and making 

it something good. we feel like 
we’re filling a gap.”

louisa gloger



reading between the genes

Look
who’s boss  
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Genes rule. But they’re not quite the dictators some have claimed and others have feared. 
• in the past decade or two, researchers have learned that genes themselves are governed 
by a benign bureaucracy of regulatory loops that curb some genes while stimulating oth-
ers. now they have discovered a new class of molecules that may play a major role in 
that regulation, from determining what cells want to be when they grow up to keeping 
them on task once they do. • this means that tailoring medicine to suit an individual re-
quires looking beyond the genes. or more precisely, looking between the genes, because 
that’s where the newest of new players originate. these molecules, long linear strands 
called lincrna, are the latest surprise to arise from the vast spaces along chromosomes 
that separate one gene from another — spaces once considered so bereft of purpose they 
were disparaged as “junk dna.” • and while some pioneering physicians have begun 
incorporating patients’ genetic information into their treatment plans, they can’t yet fac-
tor in molecules like lincrnas that regulate those genes. at this early stage of discovery, 
they wouldn’t know what to test for. But with evidence building that at least a couple of  

t h e  me i n  m e d i c i n e : 
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Look
who’s boss  



rna 
    in humbler days
Like royaLty on a throne, genes never Leave the 

nucLeus, which Lies just about smack-dab in the 
cell’s center. yet the molecules that make up the working 
class of the cell, the proteins, are stitched together in the cell’s 
watery outer provinces, or cytoplasm. the genome delivers 
its edicts to the cytoplasm via messengers made of rna, a 
substance seen previously as a passive “wax impression” of 
dna, but looking more like an olympic gymnast every day. 

until recently, rna’s main claim to fame was largely as a 
bit player in the extravaganza that is gene activation. when 
the dna double helix is inactive, its two strands are zipped 
up and spooled around specialized packaging proteins called 
histones. “reading” a gene’s instructions requires unzipping 
the two strands at the site of the gene. 

somewhere around the beginning of life many billions of 
years ago, cells evolved bulky molecular machines (each of 
them an assembly including numerous large proteins) that can 
do this very well. these transcription machines can unpack 
and unpeel the dna temporarily from its associated histone 
husk. they can part its two strands at key points. they can 
then hover above a strand near the start of a gene, barrel down 
the exposed dna and crank out copies of its protein-coding 
instructions. the copies are made of rna, which is chemi-
cally similar to dna — they’re both chains of constituent 

chemical links called nucleotides — but rna is more travel-
ready and short-lived.

Fresh “messenger rna” molecules float out of the nucle-
us into the cell’s far reaches. there in the cytoplasm they are 
fed into still other gigantic molecular machines, called ribo-
somes, their strings of nucleotides read as consecutive three-
nucleotide chunks, and the proteins they specify produced 
according to a code whereby each three-letter rna “word” 
indicates which of some 20 different chemical building blocks 
should next be spliced onto a growing protein molecule.

but not all genes in all cells get copied all the time. differ-
ent kinds of cells, and the same cells at different stages of their 
lives, are different because they make different proteins. oth-
erwise, we’d all be blobs of undifferentiated tissue. just how 
do these differences in protein production come about?

 the hulking transcription machines in the nucleus that 

zip and unzip dna are exactly the same from one cell to the 
next. so are the ribosomes in the cytoplasm that decipher the 
genetic code to manufacture proteins. so those giant com-
plexes can’t determine all by themselves which genes get read 
within a given cell at a given time. 

still other huge protein complexes sporting Jurassic Park–
ish names such as trithorax and Polycomb affix or remove 
small chemical tags to the dna or histones in the vicinity of 
genes. the tags serve as long-lasting “read” or “skip” signals 
to the gene-reading machinery. but those lumbering jugger-
nauts, trithorax and Polycomb, are exactly the same in every 
cell, too. so who tells them where along the genome to slap 
those “read” and “skip” tags? who guides them to the ap-
propriate spots in the first place? 

cue the music. enter lincrna molecules, discovered by 
two researchers who looked where no one else was looking 
and found what no one else had thought would be there. 

eureka 
   moment
a ceLL can’t make a Protein without making rna 

First. thus, a quick-and-dirty way to see which genes 
in a cell or tissue are in active use as protein templates is to use 
a gene-expression chip: a microarray pioneered by stanford 
school of medicine biochemistry professor Pat brown, Phd, 
and biochemistry and genetics professor ronald davis, Phd, 
in the mid-1990s. this device represents the amounts of rna 
made from each gene on the chip as a separate pixel displayed 
on a computer screen — the more rna made from that gene, 
the brighter the pixel — making it easy to analyze aggregate 
patterns of gene expression: that is, which ones are actively 
getting read, and which just sitting there, at any given time.

in 1999, shortly after the human genome Project pulled 
out its first plum from the genomic pudding — the full se-
quencing of chromosome 22 — michael snyder, Phd, at that 
time a yale university geneticist, used the newly published 
sequence data to design a high-resolution gene-expression 
chip he called a tiling array. it combed the entirety of chro-
mosome 22 for small snippets of rna emanating not just 
from its known or likely protein-coding portions (“genes,” 
that is), but from anywhere along its entire length. snyder’s 
custom-built tiling array would, in principle, allow the detec-
tion of rna molecules made not only where you’d expect to 
find them being made — at, near or overlapping all the places 
where a protein-coding sequence had already been identified 
— but from anyplace along chromosome 22, including vast 
mysterious stretches between one gene and the next.

this was ambitious and, some thought, a waste of time and 
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lincrnas have been implicated in cancer, it’s realistic to expect 
that testing people for these gene-regulating molecules will be-
come part of medical practice. knowing the genes alone will 
take us only so far along the road to personalized medicine.

knowing the genes aLone wiLL take us onLy
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money. as the human genome Project unfolded, it began to 
look as though not much more than 1 percent of the genome 
consisted of recipes for viable proteins. the other 99 percent 
appeared to have no function, save for small sections near genes 
that served as landing strips and homing beacons for the mo-
lecular machines that read or mark up dna. one high-profile 
harvard biologist referred to the overwhelmingly large non-
coding stretches as “junk dna.” the name stuck.

“many of us never really believed that,” says snyder, who 
last year moved to stanford to become professor and chair of 
the medical school’s genetics department.

snyder told one of his graduate students, john rinn, to 
take a close look at chromosome 22. applying snyder’s tiling 
array to the just-sequenced chromosome, rinn found that 
rna was getting made at all kinds of sites along the dna 
that bore no resemblance to protein-coding genes. some of 
these rna molecules were very small, consisting of tens of 
nucleotides. but lots of them were thousands of nucleotides 
long, as lengthy as those that do code for a protein. these 
rna molecules weren’t doing that, as could be determined 
by their nonsensical sequences — for example, they tended to 
contain too many three-nucleotide signals that, in effect, stop 
the protein-making machinery in its tracks. yet they featured 
many of the same “gene-like” elements (for instance, regula-
tory nucleotide sequences that invite gene-reading machin-
ery to have a sit) that protein-coding rna molecules did.

“there were as many genes making rna but not proteins 
as there were protein-coding genes,” rinn recalls. “it was a 
eureka moment.” 

of course, that eureka moment electrified only the people 
who thought this was interesting — a small minority. “People 

felt that something had to be wrong,” says snyder. mightn’t 
all this unexpected non-protein-producing rna, asked the 
skeptics, simply be the results of a trigger-happy molecular 
gene-reading machine?

that didn’t seem likely to rinn and snyder. a surpris-
ing number of the newly discovered longish rna molecules 
were being produced in the middle of nowhere, so to speak: 
in those vast intervening dna stretches that separate one 
gene from the next. 

still other evidence pointed to the potential significance 
of these long, intergenic non-coding rna molecules, sub-
sequently dubbed lincrnas. over evolutionary time, muta-
tions creep into dna and pile up, so in any stretch of dna 
sequence that’s not absolutely essential, you’ll see evidence of 
evolutionary drift. any stretch that is “conserved” — main-
tained largely unchanged over billions of years of evolution 

— is presumed to be important: For whatever reason, the or-
ganism just couldn’t do without it. interestingly, something 
like 5 percent of diverse organisms’ genomic sequences shows 
strong signs of evolutionary conservation, as opposed to the 
mere 1 percent accounted for by protein-coding genes. 

if most of the conserved stretches of our genome lie in its 
non-coding regions, then that means they’re somehow im-
portant for the survival of the organism. they obviously have 
some kind of function, rinn reasoned.

show me, the skeptics said. 

what 
   they’re up to
in 2004,  howard chang, md, Phd, was a newLy minted 

assistant ProFessor of dermatology at stanford. rinn 
showed up that year to be chang’s first-ever postdoctoral 
researcher. he arrived, in his own words, “with a chip on 
my shoulder” owing to others’ doubts about lincrna’s sig-
nificance. but together he and chang discovered that these 
underappreciated molecules have the power to control what 
a cell becomes when it grows up.

chang, now an associate professor, naturally thinks about 
skin a lot. “if you look at your own skin, you can see it’s not 
the same everywhere,” he says. “you have long hairs growing 
from your scalp, but not from your palms or soles. how do 
skin cells, which are constantly dividing, dying and being re-
placed by new ones, know where they’re located in the body 
and act accordingly? there must be some sort of address 
code that tells them where they are. you can find the same 
kind of thing happening in any other tissue — heart, lung, 
brain, fat, bone, blood vessels.”

when rinn showed up in 2004, chang was studying fibro-
blasts, cells abounding under our skin that secrete factors deter-
mining skin cells’ local character — such as which will be hairy 
and which smooth. generation upon generation of cultured fi-
broblasts from different parts of the body retain their ability to 
program skin cells according to the fibroblasts’ site of origin.

the two researchers showed that in cultured fibroblasts 
from different places in the body, somewhat different sets of 
old-fashioned, protein-coding genes were turned on or off 
in four key genomic “hot spots.” in one of these clusters, in-
dividual genes’ activity levels varied according to whether a 
fibroblast belonged closer to the head or to the foot; and in 
another cluster, whether the fibroblast belonged in or near 
the body’s core versus its surface. this was the address code 
chang had been looking for. 
c o n t i n u e s  o n  P a g e  4 4
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stanford graduate student 
steve Harris stared at  
the unopened file on his 
computer screen containing 
his risk for Parkinson’s  
disease. did he want to 
open it? six weeks  
earlier, he had spit into a  
test tube, sealed it up, then 
shipped it off via Fedex  
to a genetics-testing lab.  
now he had the results 
before him — his risk for 
more than 80 major health 
conditions, the Parkinson’s 
result in a separate file.

He recalled his father’s 
torturous seven-year 
struggle with the disease and 
felt sadness wash over him.  
“i sat there for 10 minutes, 
but i didn’t open it,” said 
Harris, a sixth-year  
md/Phd student, who 
asked that his real name 
not be used. When he later 
returned to the file,  
he still couldn’t bring him-
self to learn the result.  

B y  r u t h a n n  r i c h t e r

i l l u s t r a t i o n  B y  j o s h  c o c h r a n

Better, he decided, at age 30 
not to live with the anxiety 
of knowing he had a dramati-
cally increased risk of a  
terrible neurological condi-
tion with no known cure.

Harris is a pioneer of 
sorts, one of 54 students in  
a school of medicine  
class called Genomics and  
Personalized medicine.  
the historic class, the first in 
the country to offer students 
the option of commercial 
genotyping, was approved 
after highly charged  
debates that dean Philip 
Pizzo, md, said were 

“among the most important 
that our faculty and students 
have engaged in.”

the eight-week course 
aims to teach medical and 
graduate students how the 
explosion of knowledge 
about genetics could play 
out in medical practice.  
as part of the class, students 
had the opportunity to  
get their own genotyping 
results to help them under-
stand, through personal 

t h e  me i n  m e d i c i n e : 

  p e r s o n a l i z i n g  t r e a t m e n t s
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experience, the myriad ethical, clinical, social, le-
gal and other challenges that patients across the 
country will face in the near future.

“this information is coming,” cardiologist euan 
ashley, md, Phd, said in a July presentation to the 
students. “We need to learn how to apply it for the 
benefit of our population.”

the class comes at a time of extremely rapid 
progress in genetics research. every week brings 
to light some new discovery of a gene or snippet 
of dna related to a particular disease or trait. 
meanwhile, the cost of genomic testing is plummeting. in 
2003, it took more than $400 million and a gargantuan ef-
fort to sequence the first complete human genome, the mo-
lecular blueprint of life. Just six years later, in 2009, stanford 
bioengineering professor stephen Quake, dPhil, managed 
to sequence his own genome for just $48,000, using a tech-
nology he invented. Within the next year or two, any indi-
vidual will be able to secure his or her own genome for just a 
few thousand dollars, predicted michael snyder, md, Phd, 
professor and chair of genetics.

“the day is not far away when, at the time you’re born or 
when you turn 18, it will be standard to have your genome 
sequenced,” said Keyan salari, the sixth-year md/Phd stu-
dent who proposed and directed the course. 

already, consumer genomics companies charge less than 
$1,000 for the type of report Harris received. instead of provid-
ing the full genome sequence, which contains billions of nucle-
otide subunits, these tests report on hundreds of thousands of 
snPs, or single nucleotide polymorphisms — single changes 
in the dna sequence that can have a meaningful impact on a 
person’s disease risk or trait.

though this information thus far has had little impact on 
clinical practice, ultimately its effects could be far-reaching. 
many predict that it will enable doctors to make the best 
choice of drugs and drug doses. it will also help determine 
what diagnostic tests patients should get and what lifestyle 
changes they could make to minimize their disease risks, said 
ashley, who directs the stanford center for inherited car-
diovascular diseases. For instance, a person found to be at 
greater risk of diabetes could go for blood sugar screening, 
obtain drug therapy, and change his or her eating and exercise 
habits to reduce the impact of the disease, he said. 

in addition, whole-genome sequencing will offer much 

greater power to detect the cause of genetic syn-
dromes in families, said ashley.

“the technology could revolutionize our ap-
proach to family screening in these cases,” he said.

But the availability of genetic information also 
has the potential to generate enormous anxiety, as 
people might learn they are at higher risk for some 
devastating disorders, such as alzheimer’s disease, 
over which they have little or no control. 

While this avalanche of data is due to arrive 
shortly, few practitioners are equipped to help pa-

tients interpret the massively complex results and cope with 
what could be disquieting news. currently, there are only about 
3,000 genetic counselors in the United states and 1,100 medical 
geneticists, far too few to accommodate the enormous demand, 
said Kelly ormond, director of the genetic counseling training 
program at stanford and associate professor of genetics.

“everyone, no matter what area you work in, is going to 
need a higher level of knowledge,” ormond told students in 
explaining the need for the course.

While no one disputed the value of the class, some faculty 
members were troubled by the prospect of offering students 
personal genotyping. critics said it could be viewed as coercion 
on the part of the school, as students would feel pressured to 
submit to testing to please the course instructors. and some 
questioned how the school could subject students to a test that 
might deliver devastating results.

“i was alarmed by this possibility, frankly,” michael Gre-
icius, md, a professor of neurology, told the students.

When several faculty leaders first planned in 2009 to offer 
the genotyping to incoming medical students, as well as some 
graduate students and internal medicine residents, Pizzo put 
it on hold until the school could assess the risks and liabilities 
of the genetic testing.

“i fully recognize that genotyping will be an important 
part of our future, but also that the current technologies are 
limited and potentially problematic for those who are less 
than fully informed,” Pizzo said.

a 27-member task force — including clinicians, 
basic scientists, ethicists, genetic counselors, lawyers and stu-
dents — debated the issue for a year, ultimately approving the 
course proposed by salari, with some modifications. For in-
stance, the course was offered as an elective in which student 

“this  
information  
is coming.  
We need to 
learn how  
to apply it for 
the benefit  
of our  
population.” 
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                      genome sequencing machines, 

led a historic class on genomics in medicine.
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genotyping was optional. students could choose 
one of two commercially available tests offered by 
23andme or navigenics, which report on snPs. 
students would pay $99 for the testing — enough 
to prove their commitment but not enough to 
break their budgets, the task force decided. stan-
ford would pay the $300 balance for each student.

in classroom exercises, students could use their 
own data or publicly available genome data, and in-
structors would not know which set they had chosen. 
the school also offered free counseling to students 
by the companies’ genetic counselors or members 
of the psychiatry faculty who volunteered their ser-
vices. test results were kept confidential, and instructors would 
never know which students came forward for testing.

Pizzo said the debate over the class reflects a field in its in-
fancy. “there will be lots of opportunities for continued dia-
logue as the sophistication of the technology improves and the 
costs fall. it is our obligation to educate and train students to be 
future leaders. it is gratifying to see students behaving as leaders 
in the present — which certainly speaks well for the future.”

the disagreements about the course were freely 
discussed in classroom sessions. on the day before students 
were to decide whether to be tested, Greicius and biomedi-
cal ethicist Hank Greely, Jd, presented some powerful argu-
ments for why they thought students should opt out.

Greicius, who studies the genetics of neurological disease, 
warned the students against getting tested for the apoe4 
gene variant, which puts carriers at much greater risk of early 
alzheimer’s and is among the variants tested by some per-
sonal genotyping companies. 

“if you have a healthy 20-year-old without a clinical prob-
lem, i don’t think (testing for the gene) makes sense,” he said. 
“in fact, it does more harm than good, especially when you 
have 40 years to worry about it. every time you get a B+ on a 
test, you will be thinking, ‘it’s early alzheimer’s.’”

Greicius also pointed out that while this is among the most 
informative alzheimer’s test offered, it is still fraught with 
uncertainty: apoe4 carriers can live long lives and never get 
the disease, while a large proportion of alzheimer’s disease 
patients do not have the apoe4 variant at all.

Greely, director of the center for the law and Biosciences, 
assumed a lawyerly stance and with his booming voice present-

ed his arguments point by point as if he were in a 
court of law. He said he never objected to the class, 
just the genotyping of students, who could obsess 
about the results or be misled by them. For in-
stance, a woman who tests negative for the Brca1 
or Brca2 gene mutations, which carry a greatly 
increased risk of breast cancer, might forgo cancer 
screening in the mistaken belief that she had no risk 
of the disease. 

He said he also worried about the lack of gov-
ernment regulation over these direct-to-consumer 
tests and the fact that stanford’s use of the tests could 
amount to a tacit endorsement of them (though class 

organizers issued a disclaimer to the contrary).
“i think that is a bad message to send because, from the 

medical side, i don’t think there’s anything valuable here,” 
Greely told the class. He also argued that the technology em-
ployed by the current genotyping tests soon will be replaced 
by whole-genome sequencing, making them obsolete by the 
time students begin their medical practices.

stuart Kim, Phd, professor of developmental biology and 
of genetics and the course’s faculty sponsor, was visibly tense 
during the presentation and said later that he sharply dis-
agreed with those views. similar debates in the task force had 
left faculty members at odds. Kim said he believes that while 
the current tests don’t supply the range of data available in a 
fully sequenced genome, they are still quite useful.

“You don’t wait until it’s perfect before you learn it,” he 
said. “You learn what you can. You learn the principles of 
how human genetics works, so that you can best use new ge-
netic discoveries as soon as they are made.”

Kim argued on the side of knowing — that knowledge can be 
power. For instance, a woman who tests positive for a mutation 
in the Brca1 gene could have more frequent screenings and 
catch the cancer early, when it can be effectively removed before 
it spreads to the lymph nodes, he said. 

“i think it’s worth it for women to have that informa-
tion,” said Kim, who had his own genotyping done two 
years ago. “i would take life over ignorance.”

He said in some instances, there is a clear value in having 
genotype data in hand, the best example being the case of the 
frequently prescribed drug warfarin, a blood thinner that helps 
prevent clots. Without genetic information, the drug can be 
hard to calibrate. too much can cause hemorrhaging and death, 

“the day is 
not far away 
when, at  
the time 
you’re born 
or when you 
turn 18, it will 
be standard 
to have your 
genome  
sequenced.” 
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explained russ altman, md, Phd, a professor of bioengineer-
ing, medicine and genetics, who serves on a national advisory 
panel that is developing physician guidelines for the drug.

“You can’t tell the dose by looking at a patient because genet-
ics plays a huge part,” said altman, who disclosed to the students 
that he serves on the scientific advisory board of 23andme. 

altman led a class exercise using genotype data to get each 
student’s dose right.

students engaged in a number of other in-class exercises, in-
cluding one in which they used genetic data to calculate their 
chances of living to age 100. sam Pearlman, a bioinformatics 
Phd student, and two others in the class created a software tool 
for the exercise, based on a study published in the July 2 issue of 
Science Express. the controversial study by Boston scientists iden-
tified 150 snPs associated with longevity and used those genes 
to build a model for predicting a person’s “aging signature.”

the class winner of the longevity lottery was Kathy Wei, 
a Phd student in bioengineering who was found to have a 
99.8 percent chance of reaching 100. Wei said she was ex-
cited though surprised by the result, as nothing in her family 
history suggests she has such hardy genes.

Kim, who gave her a prize of chocolates and clam chowder 
(clams are among the longest-living animals in the world), 
cautioned the students not to put too much stock in the re-
sult, as many questions remain about the validity of the study, 
which used data from caucasians only. nonetheless, this is 
where genetics is headed, he said.

“Whether it’s aging, diabetes or heart disease, 
this kind of genetic signature is part of the fu-
ture,” he said.

Ultimately, 33 students in the class opted for the 
genotyping test, with varying levels of angst. al-
exander morgan, a Phd student in bioinformatics 
and pediatrics, said he didn’t hesitate to get tested 
as he thought he could cope with any results that 
might ensue. “if i had some horrible news, i think 
i would not consider it a death sentence,” he said. 
“People do recover emotionally from bad news.”

Pearlman, on the other hand, said he agonized over 
the decision because of a family history of Parkinson’s.

“Finding out i have this variant would not 
change anything — it will just make me worry,” 
said Pearlman, who is considering a career in ge-
netic counseling. on the other hand, “Being a sci-

entist, i probably would want to know because i feel more 
information is good information, even though at this point i 
can’t do much about it.” He is still waiting for his results.

Krystal st. Julien, a Phd student in biochemistry, said 
she decided not to go for the test because she was afraid she 
would obsess over the data.

“i tend to freak out about the most random things, and i don’t 
know what i’d be oK with or not oK with,” she said. However, 
the class has taught her what genotyping has to offer, so she has 
become more interested in having it done, she said.

students say the class provoked them to think about many 
heady issues affecting themselves, their families and the fu-
ture of medical practice. 

Pearlman said the class just reinforced the pitfalls of making 
genetic data available, as it is poorly regulated, open to widespread 
confusion and misinterpretation, and constantly changing.

“scientists like to view information as pure, but when it 
comes to health, it gets to be a quagmire of ethics, politics 
and regulation,” he said. “Will it be helpful or destructive?”

st. Julien noted that the class only scratched the surface 
of what’s to come, as human genome sequencing will open a 
Pandora’s box of potential problems.

“When you do sequencing, you can pinpoint exactly where 
something is going wrong,” she said. “i think it’s going to be 
very hard for physicians and scientists to explain everything 
to everybody.” 

But the class is still a good beginning, she said. 
“i think it’s a good start to figure out the logistics 
of how people should study personalized medi-
cine and the medical implications. it’s good to 
build a community of people who can express to 
patients what it all means.”

as for Harris, the class gave him a whole new 
perspective on the field and the limitations of ge-
netic testing. “Having undergone the kind of test-
ing and knowing the anxiety it can provoke and 
the meaning of the results and the limitations — 
that is an experience that is useful for physicians,” 
he said. “now you’ll understand what kinds of 
stresses patients will have. i think it’s a unique way 
for physicians to empathize with patients because 
you went through it firsthand.” His Parkinson’s 
file meanwhile remains unopened.  SM

Ruthann Richter is at richter1@stanford.edu
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But as has been the case for other bi-
ologists, once he knew about it, pieces 
of biological puzzles began to fall into 
place. largely ignored for over a cen-
tury, the primary cilium has provided a 
key to the bafflingly diverse symptoms 
exhibited by certain diseases, most no-
tably polycystic kidney disease — the 
main reason people go on dialysis. in 
nachury’s case, investigations into the 
primary cilium led him to the cause of 
a rare but terrible condition, Bardet-
Biedl syndrome. With these realiza-
tions have come potential new paths 
for treatments. 

the primary cilium is not a recent 
discovery. swiss anatomist K.W. Zim-
mermann described the structure and 
suggested a sensory role in 1898, but 
other scientists largely ignored it. in 
later years it was written off as a quirk 
of evolution. the outburst of research 
over the past decade has revealed that 
the tiny projection is acting as the re-
ceiving station for cells’ signaling 
chains, the communication networks 
that govern and coordinate cell actions.

For nachury, knowledge of the pri-
mary cilium came out of nowhere. at 
the time, he was looking for something 
new and interesting about the cell-divi-
sion cycle to explore — no easy task be-
cause the field was already mature and 
most of the major questions had been 
answered. 

“i was in the second year of my post-
doc, getting bored and feeling the need 
for a real project. But boredom can 
bring curiosity: at that time i was all 

Cell 
tower 

the 
rise 
of 

the 
Cilium

like most cell biologists first 
encountering the cell part 

known as the primary cilium, 
max nachury was stunned. 

Here was a tiny 
antenna that rose up 

out of nearly 
every human cell 
and remained in 

place until 
the cell divided, 

at which point it disappeared 
only to build back up when

 division was complete. 
“it was totally mind-blowing,” says 

nachury, who was a stanford postdoc-
toral scholar at the time, in 2005, and is 
now an assistant professor of molecular 
and cellular physiology. “i had never 
heard of primary cilia. not in a single 
lecture, seminar or meeting. i hadn’t 
even known they existed, yet they were 
doing all these things.” 

B y  r o s a n n e  s p e c t o r

I l l u s t r a t I o n  B y  B r y a n  c h r I s t I e
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ears for anything exciting that would be 
worth spending a career studying.”

so when he saw that one of the pro-
teins he had singled out as crucial to 
normal cell division was also at the root 
of a rare genetic disease, he perked up. 
He learned that the disease, alstrom 
syndrome, causes a wide, seemingly 
unrelated range of serious problems, 
notably obesity starting in childhood, 
blindness, hearing loss, kidney malfor-
mation, heart disease and diabetes.

“i was immediately fascinated by the 
variety of symptoms. it didn’t make any 
sense that they could be the result of 
cell cycle defects.”

 tHen He read an old article 

on alstrom syndrome (Journal of 
Pediatrics, michaud et al., 1996) 

and the plot thickened. there in the 
last paragraph, he read: “Bardet-Biedl 
syndrome is a distinct disorder with 
clinical findings overlapping those of 
alstrom syndrome.” He learned that 
patients with Bardet-Biedl, or BBs, 
have all the symptoms of alstrom syn-
drome as well as postaxial polydactyly 
— an extra finger near the pinky or an 
extra toe near the fifth toe. 

nachury continued his digging and 
eventually found more recent scientific 
literature suggesting that the culprit 
proteins in alstrom and BBs normally 
helped shape the structure and function 
of a cell organelle called the primary 

tHe primary cilium acts 
liKe tHe cell’s  
antenna. tHe signals  
it picKs up are proteins 
sucH as “HedgeHog,” 
WHicH sets oFF  
a cascade oF molecular  
interactions  
extending into tHe 
cell’s nucleus.  

BBsomes Ferry cascade 
proteins into tHe cilium, 
Helping  Keep tHe  
concentration HigH.

prImary cIlIum

plasma membrane

hedgehog proteins

cascade proteins

tubules

BBsomes

Basal foot

cascade
proteins
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cilium, and this organelle was impor-
tant for a variety of developmental and 
cell signaling pathways. it was like the 
sky opened up for him.

He had long known about “ordi-
nary” cilia, which are flexible, hairlike 
outcroppings that usually exist in large 
groupings, and flagella, those whip-
ping tails that propel single-celled algae 
across ponds and move sperm up fallo-
pian tubes. But primary cilia? 

“i felt like a kid discovering the inter-
net: a whole world was out there that i 
had never heard of in four years of un-
dergrad plus five years of grad school 
plus two years of postdoc. i knew nothing 
about primary cilia and i wanted to know 
everything.”

What he gathered paints a portrait 
of a singularly peculiar cellular struc-
ture. a ring of nine filaments forms its 
internal skeleton, which is surrounded 
by a thick soup of proteins. a semi-per-
meable wrapper, the plasma membrane, 
covers the whole thing. a barrel-shaped 
base with a mysterious knob on its side 
sits within the cell; the rest of the cilium 
shoots out beyond. molecular motors 
move the structure’s building blocks up 
from its base to produce the projection. 
then, if the cell it’s attached to divides, 
these motors dismantle the shaft from 
the tip down. the complexity of the 
organelle is such that creationists have 
argued it’s evidence of an intelligent de-
signer at work. 

one of the most unusual aspects of 
the primary cilium is the manner in 
which it reproduces. the cilium shaft 
disassembles so all that’s left is the 
base. a duplicate base forms  — no one 
knows how — abutting one side at a 
right angle. eventually the two separate 

and form opposite ends of the so-called 
spindle apparatus that pulls chromo-
somes apart during cell division. after 
the single cell has become two, a pri-
mary cilium rises up anew in each.

interest in 
the primary cilium began 

building in 2000 when 
researchers made the first

definitive connection between
dysfunctional primary cilia 
and disease — polycystic 

kidney disease, which affects 
about 600,000 people in the united 
states. it escalated when another group 
of scientists reported in 2003 that in 
mice, and therefore probably other 
mammals, one of the cell’s most im-
portant means of talking with other 
cells, the curiously named hedgehog 
signaling pathway, requires the primary 
cilium. (the name hedgehog protein 
comes from the hedgehog-like appear-
ance of fly larvae that have a defect in 
the protein: they’re more rotund than 
ordinary maggots and covered with 
clumps of spiky denticles.)

researchers studying genetics in 
fruit flies discovered the pathway de-
cades ago, in the 1970s, leading to a 
revolution in understanding cell com-
munications.

“cells all start off the same but they 
don’t stay that way. so what gets them 
to change? they get signals telling them 
what to do,” says professor of develop-
mental biology matthew scott, phd, 
a longtime researcher of cell signaling, 
who has recently branched out into 
primary cilium. “the theory was there 
would be thousands of signals and it 
would be impossible to figure out. But it 
has turned out that it’s a reasonable num-
ber of signals, about 20, often in different 
combinations.” 

the hedgehog protein is one of these 
signals. it starts a molecular game of tag 
when it lands on the outer covering of a 

mammalian cell, the plasma membrane, 
and attaches to another protein there, 
called “patched.” patched has been 
holding the rest of the pathway in check, 
but once hedgehog binds to it, more 
molecular interactions ensue. soon the 
chemical balance in the region changes, 
allowing another protein to kick into 
action, which binds with another mole-
cule, which binds to another, and so on, 
reaching from the plasma membrane 
into the cell’s nucleus where molecules 
bind to particular genes, in some cases 
switching them on, in others, off.

Finally excited about a project, nach-
ury convinced his advisor, associate pro-
fessor of pathology peter Jackson, phd, 
that the primary cilium, with its impor-
tance to hedgehog signaling and its con-
nection to Bardet-Biedl syndrome, was 
a frontier worth exploring. By 2007, he 
had identified a group of seven proteins 
that normally work together but lead 
to BBs if impaired. He also found that 
the primary cilium needs this complex, 
which he dubbed the BBsome, to func-
tion properly. at the time, he didn’t know 
what that function was but he suspected 
it was moving proteins around within the 
dynamic boundary that surrounds cells 
— the plasma membrane. 

“You Can 

imagine 

CrYptographers 

all sitting 

at a desk, 

readY  

as soon as 

the message 

Comes in.” 



By this summer, nachury had con-
firmed his hunch. His experiments, 
reported in the June 25 issue of Cell, 
showed that the BBsome latches on to 
proteins within the plasma membrane 
covering the main body of the cell and 
pulls them through the cordon around 
the cilium’s base and into the harbor on 
the surface of the primary cilium. es-
sentially, the BBsome helps keep the 
primary cilium crowded with proteins. 
“until now, we knew of essentially no 
molecules that served this purpose,” 
says nachury. 

“now the primary cilium is starting 
to look less like a mere antenna, and 
more like the communication hub of 
the cell,” he says.

to understand the distinction, it helps 
to picture the cell’s plasma membrane, 
where many protein molecules mill and 
bob amid the phospholipid molecules 
that provide its structure. in the mem-
brane covering the primary cilium, the 
proteins are more concentrated, with a 
cluster of hedgehog signaling proteins 
at the tip. the result is a highly efficient 
setting for conveying chemical messag-
es. Before the discoveries about the pri-
mary cilium, most researchers assumed 
no place on the plasma membrane was 
specialized for accepting signals. now it 
looks like the primary cilium is particu-
larly suited for picking up signals and 
passing them along, in part because of 
the high protein concentrations and in 
part because of its shape. 

“a signal goes out, drifts through tis-
sue, lands on the cell that receives it. it’s 
very important that the signal be of the 
right intensity, and reach the right cell,” 
says scott. “cilia can serve as antennae 
that might make a cell respond more to 
something coming from one direction 
than another.

“you can imagine cryptographers 
all sitting at a desk, ready as soon as the 
message comes in. once the signal is 
received, it goes from the cilium to the 
nucleus of the cell to turn on or off a 
bunch of genes. that’s what changes the 
cell,” scott says.

meanwhile, nachury’s discovery of 
the BBsome has given drug researchers 
a handle for developing a treatment for 
BBs. most of the BBs mutations in pa-
tients destabilize the molecular tugboat 
— so finding chemical chaperones that 
can restore BBsome stability would be 
a promising avenue for therapeutics.

“there’s a whole field, called ‘pro-
teostasis,’ where people are attempting 
to achieve this type of goal, and their 
main target is currently the cystic fibro-
sis gene,” says nachury. “if their strategy 
works, it could very well be applied to the 
BBsome.”

 n
o W  n a c H u ry  a n d  H i s  c o l -

leagues are seeing what the 
primary cilium can tell them 

about one of biology’s longest-standing 
mysteries — the brain. in fact, in the 
primary cilium’s dark days, its only 
known function was as the point of en-
try for sensory information en route to 
the brain. molecules that waft up the 
nostrils interact with proteins in the 
primary cilium of olfactory sensory 
neurons, which have one end in the 
nasal cavity and the other in the brain. 
similarly, light that strikes the primary 
cilia on rod and cone cells in the retina 
gets translated into the brain as vision.

nachury thinks there must be more 
to know about the primary cilium in 

the brain — as nearly every cell in the 
brain has one. 

“What are they up to?” he asks. 
“From everything we know so far about 
them elsewhere, they play a role in cell-
cell communication. Quite possibly in 
the brain they’re helping neurons com-
municate with one another.” 

it’s no wonder 
the primary cilium isn’t better 

understood. 
many of the world’s leading 

cell biologists had 
been clueless about the organelle until 
recently. When nachury first asked 
his postdoctoral advisor about them, 
he discovered Jackson knew no more 
than he did. the leading text for u.s. 
college biology majors — Biology, by 
campbell et al. — mentioned nothing 
about primary cilium until the current 
edition, published in 2008. now it in-
cludes five sentences. 

But the primary cilium has become 
a trendy research subject. stanford 
has become a particular hotbed, with 
nine faculty members exploring every-
thing from how the cilium preserves its 
unique mix of proteins to how it faith-
fully reproduces during each cell cycle. 

and the scientific literature on pri-
mary cilium is growing rapidly. a search 
through the pubmed health sciences 
literature database, which contains cita-
tions from 1949 to the present, shows the 
phrase “primary cilium” has appeared 
in the title or abstract of peer-reviewed 
biomedical articles only 322 times. But 
more than half of these articles, 187, 
were published in the past three years, 
with 92 in the last year alone. 

the cell’s primary cilium doesn’t 
have the celebrity status of the nucleus 
and its chromosomes, but it’s gaining 
— fast. SM

Rosanne Spector is at 
            manishma@stanford.edu
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“We have a difficult decision to make 
together,” Glenn chertow, md, tells 
his patient. it’s early July. He’s holding 
stanley chang’s hand in the examination 
room at stanford Hospital & clinics. 
chang, who asked that his real name not 
be used, is 79 years old and his kidneys 
are failing. He’s a slight man, maybe 110, 
120 pounds. He’s lost much of his appe-
tite and feels fatigued most days. 

“You have options,” his doctor says, 
his words translated into mandarin 
by a live translator who is participat-
ing through a web-based videocon-
ference. “even though you’re 79 and 
that’s not young, based on your over-
all good health, i think you may live 
a good healthy life for many years.” 
Physically chang is still strong. He’s 
independent, lives at home with a sup-
portive wife who sits next to him in the 
examination room. Both have their 
legs crossed and their brows furrowed. 
Both are frightened.

chang is not a candidate for a 
kidney transplant. the waiting list is 
too long, five to seven years, and by 
then he’d be in his mid-80s.
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 “if i thought you were going to pass 
away in three or six months, i might 
not recommend going through the in-
convenience of dialysis to extend your 
life,” says chertow, chief of the stan-
ford nephrology division and professor 
of medicine. 

dialysis is a life-extending proce-
dure that for most patients with kid-
ney failure involves sitting in a chair 
three or more times a week connected 
to an artificial kidney machine. small 
amounts of blood are slowly cleansed 
by exchanging fluid and electrolytes 
across a membrane during each three- 
to four-hour session. 

“You don’t need dialysis today or to-
morrow or next week,” says chertow.

 “But you don’t want to wait too long 
to decide,” he says. “i’ll see you back in 
a month.” For the average person, the 
decision of whether to go on dialysis for 
kidney failure seems to be a simple one. 
the common perception is that you 
have no choice. if your kidneys have 
failed, without dialysis your body can’t 
cleanse itself of the by-products of me-
tabolism, and these can be toxic. now, 
50 years after the first maintenance 
dialysis treatments became available 
in 1960, a growing body of research is 
challenging that tenet of care, providing 
evidence that, particularly for the frail 
elderly who suffer from multiple severe 
ailments, the decision to start — or to 
stop — dialysis is more complicated. 

as the fastest-growing age group in 
the country to start dialysis is now those 
over the age of 75, many are questioning 
whether a better understanding of the ef-
fects of dialysis on the elderly could result 
in a more judicious use of the procedure, 
potentially improving quality of care  

and lowering health-care costs.
the medical community has begun 

to debate how this decision should be 
made. the discussions reflect a new 
tension rending america: While mod-
ern medicine builds on its incredible 
success at extending life, a growing 
movement seeks to improve the way 
americans die.

 dialYsis is a Burdensome and 

exPensive Process that costs 
about $75,000 to $100,000 per 

patient per year. While not a cure, it is 
an amazing feat of technology that has 
kept millions of people alive for years, 
sometimes decades. Without function-
ing kidneys, the buildup of fluids and 
waste products in the body can lead to 
failure of key organs and many adverse 
symptoms. When dialysis technology 
first became available, access was limit-
ed to those who could afford to pay for 
it. in 1972 congress passed legislation 
that extended benefits under medicare 
to all americans with kidney failure re-
gardless of age or ability to pay. early 
on, it was assumed that dialysis would 
be medically suitable only for patients 
under the age of 54 who were free of 
other severe illnesses because of its 
stress on the body.

today, the population of patients 
covered under the program presents a 
radically different picture.  the average 
patient is much older and much sicker. 
the median age of the 400,000 ameri-
can patients whose dialysis is covered by 
medicare is now over 64. among those 
patients who begin dialyzing in their 
80s and 90s, nearly half have congestive 
heart failure and one-third have diabe-
tes or cardiovascular disease, accord-

ing to an october 2009 commentary 
by Yale university nephrologists Peter 
aronson, md, and Felix Knauf, md, 
in the Journal of the American Society of 
Nephrology. 

 While growing research shows di-
alysis provides only modest benefit to 
the oldest, sickest patients, most doc-
tors have been willing to start dialysis at 
any age, aronson and Knauf write.

that may be changing.
“We’ve been putting all our seniors 

with kidney failure on dialysis every sin-
gle time because we’ve had insufficient 
information,” says alvin moss, md, 
professor of medicine at West virginia 
university who chaired the committee 
that wrote the renal Physicians as-
sociation’s guidelines on starting and 
stopping dialysis: Shared Decision-Mak-
ing in the Appropriate Initiation of and 
Withdrawal from Dialysis. an updated 
edition expected in october includes 
new studies that spell out the benefits 
and drawbacks of dialysis for the frail 
elderly with multiple severe diseases. 
“But the questions now for each indi-
vidual patient are, ‘Will it lengthen life? 
Will the quality of care improve?’ We 
don’t want to torture our seniors.”

 for Patients WitH KidneY Fail-

ure at tHe PaciFic coast manor, 
a nursing home in capitola, calif., 

dialysis determines the structure of 
their days. at 7 a.m. a van picks them 
up and takes them to the nearby satel-
lite dialysis center.

For three to four hours, these se-
niors — most of whom are over the age 
of 80 and have other ailments such as 
heart disease or high blood pressure — 
sit back in big, black, padded recliners, 

will it lengthen life?
           Improve Its qualIty? “we Don’t want to TorTure our senIors.”
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their bodies attached by clear tubes to 
an artificial kidney machine. some have 
arthritis, back pain, circulation prob-
lems. the tubes turn red as their blood 
streams out through one, and back in 
through the other. 

on one particular morning at the 
dialysis center, 10 patients fill up about 
half of the chairs. most are seniors rest-
ing quietly in reclining chairs, watch-
ing tv, sometimes dozing. several are 
from nursing homes. a woman in her 
80s with short, gray hair is curled up 
under a crocheted blanket with slippers 
on her feet, knitting to pass the time.

 it’s a scene that gets repeated in cen-
ters across the nation with patients re-
turning week after week, year after year. 
some patients continue for decades.

the Pacific coast nursing home 
residents, some in wheelchairs, return 
home at 2 p.m. they’ll repeat the pro-
cess in two days and then two days after 
that for the rest of their lives or until 
they choose to stop.

it’s a difficult routine for the older 
seniors at the nursing home, says terri 
Jones, the director of nursing there. 
“they come back really tired. they lie 
down and go to bed. i haven’t seen any-
one feel better, just weaker.

“some patients do choose to stop,” 
Jones says. “some of our 90- and 
100-year-old patients don’t want di-
alysis at all. they’ll choose end-of-life 
care with our staff or with hospice. 
they know their bodies are starting to 
break down.” 

evidence that the frail elderly with 
severe ailments might not always ben-
efit from dialysis was supported by a 
study led by manjula Kurella tamura, 
md, assistant professor of nephrology, 
that appeared in the oct. 15, 2009, issue 

of the New England Journal of Medicine. 
chertow was a co-author. the study, 
an analysis of seniors on dialysis living 
in nursing homes across the country, 
found that patients tend to experience a 
significant decline in their ability to per-
form simple daily tasks such as feeding 
themselves, getting dressed or brushing 
their teeth after starting dialysis.

Why the decline? in some patients, 
kidney failure may be a sign of the dy-
ing process, and this may explain why 
functioning continues to decline de-
spite starting dialysis, Kurella tamura 
says. if a patient is dying of cancer or 
heart disease, the kidneys, along with 
other organs, will naturally fail. Because 
kidney failure is not what’s killing them, 
dialysis won’t help.

 “in some of these patients dialysis 
may be prolonging suffering rather 
than prolonging life,” she adds.

the hope is that, with new research 
uncovering the actual affects of dialysis 
on the elderly, doctors and patients can 
hold more fruitful discussions when de-
ciding whether to start the procedure, 
she says.

 “there should be an individualized 
approach that takes into account the 
patient’s goals of care along with prog-
nostic information,” she says. “some 
patients may choose a palliative treat-
ment approach, and others may choose 
dialysis. regardless of what treatment 
they choose, this information can help 
patients prepare for a decrease in their 
abilities to function and plan for that.” 

 for cHanG, tHe decision is Just 

BeGinninG. in the coming week 
he’ll grow agitated and uncom-

fortable as he realizes dialysis means 
that he would no longer be able to fly 

to china to visit his daughter. that his 
diet would be severely restricted. He’d 
be spending a significant portion of his 
remaining life sitting in a chair hooked 
up to an artificial kidney machine.

“no one wants to start dialysis,” says 
chertow, who has held these sensitive 
discussions with patients many times. 
“it sustains life, but generally, for most 
patients it doesn’t restore health. they 
don’t feel well. the question for doc-
tors is, how do we provide sufficient 
information to the patient that enables 
them to make an informed decision 
while being as optimistic and as realis-
tic as we can about the future. We can’t 
lie to patients and say everything is go-
ing to be hunky-dory.”

But chertow remains optimistic for 
chang. He’s not in a wheelchair and 
has no difficulty getting around. He 
lives independently. He has no heart 
failure, no liver disease.

“He’s not in the best of health, but 
he’s oK,” chertow says. “the decision 
is even harder for someone who has can-
cer and is getting chemotherapy. maybe 
they’ve decided enough is enough. For 
someone like [mr. chang], it’s very rea-
sonable to at least give it a try. His life 
could potentially be improved.”

the quandary over dialysis for older 
patients is but one of many concerning 
the use of life-extending technologies for 
this group. tangled up with efforts to 
improve the quality of lives are matters of 
money. many critics maintain that while 
increasing use of these technologies — 
extended chemotherapy, breathing tubes 
— stokes america’s massive health-care 
spending, the quality of care has not in-
creased. in fact, it has diminished, creat-
ing an american way of death that has 
grown slow, painful and expensive.

will it lengthen life?
           Improve Its qualIty? “we Don’t want to TorTure our senIors.”
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“People have concerns besides 
simply prolonging their lives,” writes 
atul Gawande, md, a Harvard 
university surgeon and stanford 
university alumnus whose writings 
have influenced the political debate 
surrounding health-care reform, in 
the aug. 2 issue of the New Yorker. 
“avoiding suffering, being with fam-
ily, being mentally aware, not becom-
ing a burden. technological care has 
not met those needs.”

according to Gawande, 25 percent 
of medicare spending is for the 5 per-
cent of patients who are in their final 
year of life, and most of that money goes 
for care in their last couple of months, 
which is of little apparent benefit.

While the cost of kidney dialysis is 
a fraction of this — medicare spends 
more than $20 billion per year on di-
alysis treatment and medications — the 
rapid growth in spending represents 
“in microcosm the escalating costs of 
the overall health-care system,” write 
aronson and Knauf.

“Providing real data on how patients 
actually do on dialysis is making a dif-
ference,” says aronson in a follow-up 
interview. “studies elucidating out-
comes that are not very good even if 
you do start dialysis are encouraging 
more conversations between doctors 
and their patients, and encouraging 
nephrologists to get better training in 
geriatric care.”

aronson points to a 2009 study in 
the Clinical Journal of the American So-
ciety of Nephrology that found dialysis 
for elderly kidney failure patients with 
multiple severe ailments extended life 
by two years, while similar patients who 
did not get dialysis but instead received 
palliative or pain-reducing care sur-

vived about a year but with significantly 
fewer days in the hospital or time spent 
receiving medical care.

it’s important for patients to realize 
the benefits and drawbacks of choosing 
dialysis so they can make a decision that 
best reflects their personal values.

“most physicians were trained to ex-
tend life unless explicitly requested not 
to,” says arnold milstein, md, profes-
sor of medicine at stanford and direc-
tor of the clinical excellence research 
center. “as a result, we are rarely skill-
ful in the psychologically nuanced job 
of helping patients to select the end-of-
life treatment option best aligned with 
their personal values.”

the solution is more discussions be-
tween doctors and patients about these 
choices. “if discussions take place on 
what patients want,” says moss, “there is 
less pain and suffering and less expense. 
the question is, ‘are people and families 
willing to have these conversations?’”

in mid-JulY, cHertoW moves uP 

His aPPointment with chang by 
two weeks. His recent blood test re-

sults are worrisome. chertow has been 
discussing dialysis with chang during 
several appointments over months now. 
dialysis will not be easy for chang. 
chertow has made that clear. But now 
he wants to make it very clear that it’s 
time to make a decision.

 “Your lab tests are terrible,” cher-
tow says. “i’m fearful that your kidneys 
are failing. as your kidney function got 
worse, the potassium went up. some of 
your body chemistries are very much 
out of balance because your kidneys are 
not working.

“now, mr. chang,” he says, placing 
his hand over chang’s. He moves his 

chair close, their knees almost touch-
ing. “this dramatic change has made 
me very concerned that you will get 
very sick very soon.”

chang and his wife both nod ner-
vously.

“maybe you’re ready to pass on. 
if you want a chance to stay alive 
and healthy for the next several 
years, you need to start dialysis. if 
you want to stay off dialysis, that’s 
your decision. … if your lab tests 
are worse next week, i need to bring 
you into the hospital. … i just can’t 
manufacture time. i’m very worried 
about you. if dialysis is able to keep 
you alive and well, embrace dialysis, 
do not fear it.”

three days later, chertow calls 
chang at home on a sunday. His 
lab tests are worse. He recommends 
chang come into the hospital right 
away. He tells him it’s time to make a 
decision. Without dialysis his kidneys 
can’t keep him alive. and that’s when 
chang makes up his mind. He goes to 
the hospital.

it’s several days before chang is re-
leased home. after starting dialysis he 
does feel better and stronger. 

“We can’t just assume we should 
start dialysis because it’s technically 
feasible,” chertow says. “that doesn’t 
mean we should do it. it’s not right for 
all patients.”

 But for chang, he’s relieved to say, 
it seems to be the right decision. He’s 
doing extremely well.

“For a 79-year-old gentleman with 
other problems, he feels really good,” 
chertow says.  SM

Tracie White 
is at traciew@stanford.edu.

“the question is, 
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“But we’re beginning to learn that the reference genome itself 
actually contains significant amounts of disease risk.”

in other words, normal doesn’t equal perfect. and because 
the people used to compile the reference genome were most-
ly of european ancestry, it’s not clear how well any findings 
may apply to people of other ethnicities.

“the issues of race and genetics and even behavior are 
a big area of study,” says mcewen, director of the national 
genome institute’s ethical legal and societal implictions 
research Program. “there are some very complicated ques-
tions where those areas intersect. allele frequencies do vary, 
but we have to understand what genetics can and cannot tell 
us about differences among populations.” as whole-genome 
sequencing, and even genotyping, becomes more common, 
researchers and clinicians will face another problem — that 
of communicating new findings to patients who’ve had their 
dna analyzed at some point in the past. Keeping people 
up to date on new findings involving genetic variants that 
they carry will be a tricky business. clinicians of the future 
will walk a tightrope of informing people who’ve had their 
genome sequenced of ongoing discoveries while also pre-
senting the information as uncertain and likely to change. in 
fact, greely and several colleagues published a companion 
piece to the Lancet article discussing the special challenges 
of such knowledge.

“the world of medicine is going to change beyond be-
lief,” says ashley. “We are all going to have to learn how to 
deal with questions like these.”

only one question really matters to richard 
Quake’s family. “What killed richie?” Unbeliev-
ably, they may be nearing an answer. the round-the-clock 
research by ashley and his colleagues has led them to a likely 
candidate — a mutation in a gene for an ion channel known 
to be associated with very rare cases of sudden cardiac death.  
But more testing remains to be done. 

“it’s all going to come down to how confident we are that 
this is the mutation that caused richie’s death,” says ashley. 
“there’s still more work to be done, but this is our top sus-
pect. if we’re convinced, we can test richard and his wife and 
daughters for the mutation and discuss options with them 
like implantable cardiac defibrillators to keep them safe.”

is this the end of richard Quake’s quest? or the begin-
ning of another saga in which his remaining family mem-
bers struggle with the same set of uncertainties as they 
come face to face with their own genomes? Without ques-
tion, it’s bittersweet. 

“my wife and i are just shells of the people we were before 
richie died,” Quake says. “if we can save one other life or 
help one other family, it’s certainly worth it. But, in truth, it 
feels like a consolation prize.”

regardless, it may not be a prize that will be available to 
anyone else any time soon. “i think there’s going to be a lot 
of push back from the clinical community about incorporat-
ing genomics into the clinical system,” says bioethicist cho. 
“Physicians are so overwhelmed already that there will have 
to be very high standards to show that it’s worth it. think of 
it: a new drug has to be better, cheaper and easier to use than 
the standard of care. otherwise the pressure in the clinical 
setting will be not to use it.”

 “We’re not going to really know what it means for a 
while,” adds mcewen. “our basic biological tendency is to 
rush to find a variant associated with disease, to rush to devel-
op a test and to rush to put it into the clinic. But there needs 
to be a recognition that this is basic research and it will take 
some time. We need to have optimism, but still be patient.” 

like icarus flying too close to the sun, are we expecting 
more of this technology than it can deliver at this point? Just 
because we can get the information doesn’t mean that we 
should. are we doing more harm than good by pursuing this 
information now? maybe yes, maybe no. it’s likely a question 
that can only fully be answered in retrospect. But richard 
Quake, at least, is grateful for the information gleaned from 
such studies. and maybe one day personalized medicine can 
help others like richie.

“We take for granted that we are living, breathing be-
ings when really, in fact, life is so incredibly fragile,” says 
Quake. “all because one little letter in a sequence of bil-
lions is off. my son…i kissed him goodnight the night be-
fore when he gave me a shirt for my birthday. my wife 
talked to him that morning; she went in to wake him and 
he said he was a little chilly. He said he was going to stay in 
bed for a little bit to warm up. she said, ‘oK, i love you,’ 
and she kissed him goodbye.”  SM 

Krista Conger is at kristac@stanford.edu
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Further investigation using tiling arrays revealed that 
numerous lincrnas were being produced in or near these 
hot spots (not, mind you, from the protein-coding genes 
themselves) in relative amounts that corresponded to which 
part of the body the fibroblasts were from. not only that, 
but some of these lincrna molecules seemed to be doing 
something that shut down banks of genes within the various 
clusters. one lincrna in particular was present in detectable 
amounts only in fibroblasts from the body’s lower half, par-
ticularly at extremities such as foot or foreskin. Lower-body 
fibroblasts in which chang and rinn experimentally blocked 
this lincrna’s activity started acting like fibroblasts from the 
body’s upper half, and their “address code” genes took on an 
“upper-body fibroblast” expression pattern. 

the duo dubbed the newly identified lincrna “hotair,” 
in an act of humility befitting the smirks they expected to see 
on their peers’ faces once they went public with this finding. 
but the smirks, if ever there were any, have faded.

chang has subsequently implicated hotair in cancer. bi-
opsied breast-tumor samples in which high levels of hotair 
are detected are more likely to metastasize, making hotair 
a potential clinical marker of cancer’s aggressiveness — and 
possibly a target for drug therapy, as forcing up hotair lev-
els in breast-tumor cells increases the chances of metastasis. a 
group at massachusetts general hospital has independently 
found inordinate hotair levels in a particular subtype of 
kidney cancer. this august, rinn published a study in Cell 
showing the centrality of another lincrna to one of the 
body’s critical, natural anti-tumor defense pathways.

how 
   they work
Probing hotair’s modus oPerandi, chang, rinn and 

their coLLeagues showed in a 2007 Cell study that 
hotair binds to Polycomb, the massive gene-suppressor 
complex. this year, in experiments published in Science, chang 
demonstrated that hotair can simultaneously bind to not 
only Polycomb but also other big gene-regulating protein 
complexes. it seems that hotair chauffeurs the entire entou-
rage to as many as 800 different genetic locations it thinks they 
should see. the visited genes are then silenced, presumably due 
to the bound regulatory complexes’ combined efforts. 

in 2008 rinn, now in his own lab as an assistant professor 
at harvard medical school, got a rough count of all the places 
in the genome from which long rna molecules, coding or 

not, are being produced. after discounting for the ones as-
sociated with protein-coding genes, the team found at least 
1,500 different lincrna-production sites. a similar study the 
next year boosted that estimate to over 3,300, and rinn says 
he thinks there may be far more. and, he adds, there’s no rea-
son to assume this army of lincrna molecules will prove to 
be any less diverse regarding what they do in living cells than 
the proteins specified by their cousins, the messenger rnas.

these rna chains are not the first molecules found to 
control genes. For more than four decades researchers have 
known about proteins called transcription factors that perch 
on certain stretches of dna, causing quiet genes to go active, 
or active genes to become more so or less so. about 1,500 of 
the 25,000 genes in the human genome encode transcription 
factors, according to snyder, who is cataloging them.

in fact, lincrna isn’t even the first type of rna to be 
implicated in the control of gene expression. one recent ex-
ample is a class of very short rna strands, called microrna, 
that can temporarily shut down or reduce targeted proteins’ 
production. this finding won a nobel prize in 2006 for 
andrew Fire, Phd, professor of pathology and of genetics 
at stanford, and craig mello, Phd, professor of molecular 
medicine at the university of massachusetts.

hotair exerts long-lasting effects that can lock in a 
cell’s gene-activity patterns for a lifetime. but maybe other 
lincrnas with less-long-lasting effects are generated in re-
action to fluctuating conditions in the microenvironment of 
a cell — such as its nutrition status, the arrival of hormones 
from the bloodstream, stress signals from adjacent cells, in-
fection or other short-term cues. 

because lincrnas require one less time-consuming pro-
duction step than proteins do, they could be ideal for quickly 
and broadly shifting a cell’s behavior in reaction to variations 
in its microenvironment. in that case, testing tissues’ levels 
of various lincrnas may someday tell clinicians a good deal 
about the state of a patient’s health and recent physiological 
history. many disease-associated genetic variations are turn-
ing out to be, in fact, in spots where lincrnas are made. 
sensing lincrnas’ commercial potential, companies are 
holding private discussions with both chang and rinn. 

nor is it just cancer that is showing links to lincrna. “in 
collaboration with many colleagues at stanford and else-
where, we have started to discover lincrnas that are as-
sociated with many different diseases,” chang says. “we’re 
creating animal models to address whether altering lincrna 
function can provide therapeutic benefits. and we’ve started 
to search for drugs that can do that.”

there’s a message here for medical research and develop-
ment. yes, genes rule. but not in a vacuum.  SM

Bruce Goldman is at goldmanb@stanford.edu
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i  was absoLuteLy deLighted to read 

ruthann richter’s articLe “the heal-
ing hand” in the summer edition of Stan-
ford Medicine. it addressed an issue that has 
concerned me, a retired physician, for several 
years now: the apparent reluctance of young 
physicians to do a thorough physical examina-
tion. as medical students, my classmates and i 
were thoroughly trained in the art of the phys-
ical examination at the old school at clay and 
webster streets in san Francisco, and i have 
always been convinced of its importance.

i have a personal anecdote relating to this 
current lack of utilization of a physical ex-
amination. not long ago, my adult daughter 
informed me that she had visited a new inter-
nist in the city where she lives. that physi-
cian did not touch her body in any way, not 
even with a stethoscope, but rather ordered 
a huge battery of laboratory tests in lieu of 
any physical examination. needless to say, 
i advised my daughter to seek the care of a 
“real” physician!

so i say three cheers to you for your arti-
cle, with the hope that the renewed emphasis 
on the physical examination will continue to 
grow. there is no substitute for the physical 
examination.

kenneth dunn, md

Stanford medical school class of 1958

i  was shocked. shocked and horri-

Fied by “the heaLing hand.”

in 1955, when i was a med school sopho-
more at stanford hospital in san Francisco, 
we were taught all those things routinely. 
and grilled on them. and made to demon-
strate them.

at my annual physical this year, my in-
ternist ordered $800 of “routine tests” and 
never laid a hand on me. or in me.

of course the people who own clinical 
labs and sell ct and mri scanners are de-
lighted to radiate me instead of examine 
me. medicine has gone expensively back-
ward in 50 years.

thomas Lowry, md

Stanford medical school class of 1957

i  v e ry  m u c h  e n j o y e d  y o u r  a rt i -

cLe “the heaLing hand.” as a practicing 
diagnostic radiologist, i have seen firsthand 
the explosion of imaging and understand the 
concern that the physical examination is be-
ing partially supplanted by ct and other di-
agnostic tools.  

however, i’m surprised your article cited 
the ct examination for abdominal pain/
appendicitis as being in the category. no 
doubt there are plenty of negative and pos-
sibly unnecessary ct scans being ordered. 
however, the increased use of ct scan 
for suspected appendicitis has resulted in a 
marked reduction in the negative appendec-
tomy rate (the percentage of time a normal 
appendix is found at surgery when the physi-
cal exam was positive — i.e., the false positive 
rate has plummeted). that means fewer peo-
ple are getting unnecessary surgeries, fewer 
surgical and anesthesia complications, etc.

before radiology gets too much of a black 
eye, let’s remember that a lot of good has 
come from imaging. From time to time, we 
even hit a home run, as above. i’m sure the 
middle ground is best — using physical ex-
amination to better triage patients for the 
judicious use of imaging.

hiren PateL, md

Stanford medical school class of 1997
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About 2 million people in the United States each year are prescribed warfarin, a blood-thinning drug, to prevent 

clotting after having a stroke or a heart attack. But to be used safely, the drug dose has to be precisely calibrated: 

too much can cause life-threatening bleeding. the standard dosing approach for the drug (commonly marketed as 

Coumadin) has been to start low and inch up, with frequent blood tests to determine when the proper concentration is 

reached, a process that takes weeks to months. • recent advances in genetic testing, however, have made it possible 

to quickly and (relatively) inexpensively test each patient’s Dna to determine an 

optimal starting dose, resulting in an adjustment period that’s less lengthy and less 

hazardous. In January, the Food and Drug administration added gene-based dosing 

information to the label, and in March, Medco Health Solutions Inc. — one of the 

largest managers of drug benefits in this country — began encouraging doctors and 

patients to use the genetic test, which costs about $200.

 It sounds like a no-brainer. Why wouldn’t doctors use the test to keep their patients 

safer? turns out, there are a lot of reasons.

“Physicians have not been trained to use genetics when making drug-prescribing 

decisions,” says russ altman, MD, PhD, professor of bioengineering, genetics and 

medicine at Stanford’s School of Medicine, “so this is a big change in their work flow. 

We need to educate them and build a health information infrastructure to fully deliver the 

promise of modern genomic medicine.” less than 1 percent of physicians who prescribe 

warfarin use the test to determine their patients’ starting doses, altman estimates.

altman and senior researcher teri Klein, PhD, led a group of collaborators in a 2009 

study that correlated variations in two genes with a patient’s optimum warfarin dose. 

together they designed a computerized algorithm to predict an appropriate starting 

dose based on genetic, demographic and clinical information about each patient.

But education and infrastructure aren’t the only issues for physicians: they’re just 

not all that convinced it’s necessary. “It’s all about cost, efficiency and value,” says 

edward abrahams, PhD, president of the nonprofit education and advocacy-focused 

Personalized Medicine Coalition. “Until those questions are answered, it’s difficult 

to institute change in medicine, which is a notoriously conservative field.” It’s not 

just individual physicians who need convincing. In 2009, the Centers for Medicare 

and Medicaid Services decided not to cover the genetic test. that is, unless the 

patients were enrolled in a prospective, randomized clinical trial to determine the 

effectiveness of such an approach.

Clinical trials are under way, with preliminary results expected at the end of this year. 

If they show that patients are less likely to be hospitalized or suffer complications, the 

tide might begin to shift, with some caveats.

“there are two groups of people,” says Caroline Berube, MD, medical director of 

Stanford’s Oral anticoagulation Clinic. “Some really believe in and are pushing for the test. Others argue that even though 

dosing is more predictable with the test, more than half the variation in dose response among patients remains unexplained 

by genetics. But if the trials show clinical benefit, if the cost of the test comes down and if we can order and have access to 

the results within 24 hours, I think physicians will start to use it.” — KrISta COnger

slow on the uptake
A gene test speeds AccurAte dosing of A dAngerous drug — but few use it
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n o t  b e  a w a r e , however, that knowledge of 
their genomes can lead to advances in human 
health. So next time you gaze soulfully into a dog’s 
eyes, take note of the length of its nose or the size 
of its body. although such attributes can vary wildly 
among different breeds — in fact, the dog is the 
most physically variable land animal — a team of 
investigators has discovered that just a few genetic 
regions determine dogs’ shapes.

in humans, such traits as body weight and 
height are usually influenced by the net impact of hundreds if not thousands of 
different genes, says co-senior author carlos bustamante, phd, professor of genetics 
at Stanford and recipient of a 2010 macarthur “genius grant” fellowship. Some of 
those genes play a bigger role than others, yet no one knows which. but now that 
bustamante and his co-authors have identified the relatively few chromosome regions 
that control dogs’ basic physical attributes, they can look for the genetic counterparts 
in humans — the genes likely to be key for determining our health and physiques.

the research, published in the aug. 10 Public Library of Science-Biology, is a product 
of the canmap project, a collaborative effort at several institutions to gather genetic 
information from dogs for research. 

the new findings result from the most comprehensive genetic analysis of dogs to 
date, based on the genotypes of more than 900 individual dogs. the researchers used 
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57 traits that visually differentiate one 
breed from another, including body size, 
snout length and ear type (upright versus 
floppy). then they identified what regions 
of the dog genome contributed to each 
of these different characteristics — and 
found that just a few did most of the job. 
take height and weight:

“we’ve found that only six or seven 
locations in the dog genome are 
necessary to explain about 80 percent 
of the differences in height and weight 
among dog breeds,” says bustamante. his 
collaborators were at the national human 
genome research institute, cornell 
university, the university of california-los 
angeles and Stanford.

in the future, the researchers plan to 
investigate whether dog behavioral traits 
can be linked to specific genomic regions 
and, if so, how these genes affect our own 
behavior. — KriSta conger

Ja
m

a
n

a
im

a
g

e
S

r
f 


	i_ffc
	ii_cov
	iii_ifc
	p1_toc
	p2_deansletter
	p3_7_upfront
	p8_15_lead
	p16_p17_q&a
	p18_p23_breast
	p24_p27_btwgenes
	p28_p33_genetics
	p34_p37_cilium
	p38_p42_dialysis
	p43_lead_jump
	p44_btwgenes_jump
	p45_letters_masthead
	p46_backstory
	p47_fbc



