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By Krista Conger

The flavoring liquid for electronic cigarettes, or e-
cigarettes, may increase the risk of cardiovascular 
disease when inhaled, according to a study led by 

researchers at the School of Medicine. 
The scientists investigated the effect of the e-liquids 

on cells called endothelial cells that line the interior of 
blood vessels. They found that, when grown in a labo-
ratory, endothelial cells exposed to the e-liquids — or 
to blood collected from e-cigarette users shortly after 
vaping — are less viable and exhibit significantly in-
creased levels of molecules implicated in DNA damage 
and cell death. The cells are also less able to form new 
vascular tubes and to migrate and participate in wound 
healing.

The severity of the damage, aspects of which occur 

even in the absence of nicotine, varies among popular 
flavors, the researchers said. Cinnamon and menthol 
were found to be particularly harmful. 

“Until now, we had no data about how these e-liq-
uids affect human endothelial cells,” said Joseph Wu, 
MD, PhD, director of the Stanford Cardiovascular In-
stitute and professor of cardiovascular medicine and of 
radiology. “This study clearly shows that e-cigarettes are 
not a safe alternative to traditional cigarettes. When we 
exposed the cells to six different flavors of e-liquid with 
varying levels of nicotine, we saw significant damage. 
The cells were less viable in culture, and they began to 
exhibit multiple symptoms of dysfunction.”

The researchers studied human endothelial cells gen-
erated in the laboratory from what are called induced 
pluripotent stem cells, or iPS cells. IPS cells can become 
many different cell types, and they provide an ideal way 

for researchers to closely 
study cells that would 
be difficult to isolate di-
rectly from a patient. 

This study was the 
first to use endothelial 
cells derived from iPS 
cells to directly investi-
gate the effect of e-liq-
uids with and without 
nicotine on their viability 
and function.

A paper describing the 
findings was published 
online May 27 in the 
Journal of the American 
College of Cardiology. Wu 
is the senior author. For-
mer postdoctoral schol-
ars Won Hee Lee, PhD, 
now an assistant profes-
sor at the University of 
Arizona, and Sang-Ging 
Ong, PhD, now an assis-

Dana Lin 
performed 
Stanford 
Medicine’s  
first scar-free 
removal of a 
thyroid tumor. 
Page 5

E-cigarette use, flavorings 
may raise heart disease risk

Bottles of e-liquid on the counter of a vape bar. In a new study, Stanford researchers and their 
collaborators found that e-liquid can damage human blood vessel cells grown in the lab even in the 
absence of nicotine, and that cinnamon and menthol flavors were particularly harmful.
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See VAPE, page 7

By Erin Digitale

Children were exposed to higher 
air pollutant levels during a California 
wildfire than during a similar-sized con-
trolled burn, and the difference was re-
flected by changes in immune markers in 
their blood, a new study from the School 
of Medicine has found.

The finding suggests that using pre-
scribed burns, also called controlled 
burns, to reduce fuel levels in forests may 
protect the health of people who live 
nearby.

The study was published May 30 in 
the European Journal of Allergy and Clini-
cal Immunology. It was conducted in 
Fresno, California, a city with high air 
pollution levels due to its topography 
and other sources, including traffic and 
agriculture.

“This study suggests that exposure to 
wildfire smoke is detrimental above and 
beyond poor air quality,” said the lead 
author, Mary Prunicki, MD, PhD, an 
instructor of medicine. 

The study’s senior author is Kari 

Nadeau, MD, PhD, professor of medi-
cine and of pediatrics and director of 
the Sean N. Parker Center for Allergy & 
Asthma Research at Stanford.

Native Americans traditionally used 
controlled burns to manage Califor-
nia’s forests, but throughout the early 
20th century, wildfires were widely sup-
pressed. This began to change in the 
1960s and 1970s, when scientists rec-
ognized fire as a normal part of forest 
ecology. Recent wildfires have brought 
more attention to the possible benefits of 
prescribed burns as a way to reduce fuel 
levels and wildfire risk, but not everyone 
is enthusiastic.

Opposition to controlled burns

“We know that there’s some public 
opposition to doing prescribed burn-
ing,” Prunicki said. “It’s our feeling 
that prescribed burning, because it’s so 
controlled, may expose people to fewer 
health effects than wildfires.” Prescribed 
burns are of lower intensity and are per-
mitted only when weather conditions al-
low the fire to be contained.

In the study, the researchers com-
pared blood samples from three groups 
of children, all of whom were 7 or 8 
years old. One group of 32 children had 
been exposed to smoke from a 553-acre 

prescribed burn that occurred in March 
2015; a second group of 36 children 
had been exposed to smoke from a 415-
acre wildfire in September 2015. Both 
fires were about 

By Krista Conger

For decades, researchers have been stymied 
in their attempts to grow large numbers of he-
matopoietic stem cells in the laboratory. These 
rare bone marrow cells are solely responsible for 
generating all the cells of the blood and immune 
system. Difficulties in growing the cells have se-
riously hampered many research efforts, includ-

ing those aimed 
at making stem 
cell transplan-
tation or gene 
therapy in pa-
tients with cer-
tain cancers or 
blood disorders 
easier and safer. 

N o w ,  r e -
searchers at the 
School of Medi-
c ine  and the 
University of To-
kyo have cracked 
the  code .  By 
tinkering with 
the components 
of  the  nutr i -
t ive  broth in 
which the cells 
are grown, the 
specialized mol-
ecules used to 

support their growth and the physical condi-
tions under which the cells are cultivated, the 
researchers have shown for the first time that it’s 
possible to coax hematopoietic stem cells from 
mice to renew themselves hundreds or even 
thousands of times within a period of just 28 
days. 

Wildfire smoke worse for kids’ health than smoke from controlled burns

Stem cell transplants 
without use of radiation 
could be within reach

See WILDFIRE, page 6

A wildfire in California in 2017. Immune markers and pollutant levels in children’s blood indicate wildfire 
smoke may be more harmful to children’s health than smoke from controlled burns, a study has found.
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Hiromitsu Nakauchi  and his 
colleagues showed it’s possible 
to coax hematopoietic stem cells 
from mice to renew themselves 
hundreds or even thousands of 
times over just 28 days.

See CELLS, page 7
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By Tracie White

Stanford Medicine is collaborating 
with the California Medical Association 
on a project to battle the epidemic of 
physician burnout by providing support 
services to doctors across the state.

“Our goal is to provide support to 
physicians so that they, in turn, can 
provide the best health care for all Cali-
fornians,” said Tait Shanafelt, MD, the 
Jeanie and Stew Ritchie Professor and 
director of Stanford’s WellMD Center, 
which developed the project. “There is 
nothing like this comprehensive, state-
wide program anywhere in the country. 
It’s potentially a game-changing new 
model.”

The five-year, multimillion-dollar 
initiative will tackle the complex prob-
lem of burnout through a multipronged 
approach built on a population health 
framework. It will include efforts to 
promote well-being for all physicians; 
provide tailored support at times of in-
creased risk for burnout, such as when 
physicians have relocated or are going 

through malpractice suits; and  assis-
tance for physicians experiencing burn-
out or who are considering leaving the 
profession. The program also will try 
to change the culture within the medi-
cal community that holds physicians to 
superhuman expectations, discourages 
mental health treatment and results in 
exhausted, cynical physicians.

“Addressing the systemic issue of 
physician burnout is essential to not 
only increasing physician well-being 
but ultimately delivering better patient 
care,” said Lloyd Minor, MD, dean of 
the School of Medicine. “I’m confident 
that this comprehensive project that in-
corporates research-driven strategies de-
veloped at Stanford Medicine will help 
get to the core of the problem.”

The wages of burnout

A recent study shows that almost 
50% of U.S. physicians experience 
symptoms of professional burnout, a 
syndrome marked by exhaustion, cyni-
cism and feelings of a loss of career 
purpose. The consequences are dire. 

Among doctors, they have led to rising 
suicide rates, substance abuse and addic-
tion, and broken relationships. Burnout 
has also been shown to erode quality of 
care, increase medical errors and cause 
turnover and attrition that threaten to 
reduce access to care. As a result, Cali-
fornians, as well as the rest of the coun-
try, are facing an 
inadequate physi-
cian workforce as 
more physicians 
cope with their 
distress by reduc-
ing patient load, 
working part-time 
or leaving the profession altogether, ac-
cording to studies. 

“In addition to mitigating burnout, 
we hope to reduce the physician suicide 
rate in California,” said Mickey Trockel, 
MD, PhD, project co-leader and clinical 
associate professor of psychiatry and be-
havioral sciences at Stanford. “We also 
hope that by engaging physicians — and 

their organizations — in preserving phy-
sician well-being, they will be more ef-
fective in serving those who need them.”

The project will focus on practical, 
hands-on methods of prevention and 
intervention, with programs available 
to all physicians. It will incorporate a 
leadership academy to train medical 
leaders from across the state on leader-
ship behaviors to cultivate professional 
fulfillment  at the work unit and organi-
zational level. It also will include efforts 
to convene leaders from medical schools 
and residency programs statewide to 
work together to help change the culture 
of medicine and improve well-being for 
physicians in training.

“Physician burnout, which is primar-
ily due to problems in the practice en-
vironment, has reached a crisis level in 
the U.S.,” said Sherilyn Stolz, executive 
director of the WellMD Center. “Bring-
ing Stanford’s expertise in physician 
wellness together with the resources of 
the CMA is a powerful force to drive 
progress.”

 The project also will encourage col-
legiality and community-building, pro-
vide individual coaching programs for 

physicians and of-
fer access to new 
professional devel-
opment opportu-
nities, Shanafelt 
said.

In addition, the 
project will pro-

vide support to the WellMD Center 
for improving wellness among Stanford 
medical school faculty and staff, as well 
as serve as a vehicle for other Stanford 
experts in undergraduate and graduate 
education and in leadership develop-
ment to disseminate their knowledge to 
benefit physicians statewide, Shanafelt 
said. ISM
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1When and how did ketamine first make an appear-
ance in psychiatry? 
SCHATZBERG: Ketamine was first created in 1962 and 

has been used as a surgical anesthetic since 1970. Its use 
in psychiatry began in the mid-1990s when research-
ers studied its role in schizophrenia, as it appeared to 
induce psychosis. The first report to show its effect on 
depression was in 2000, when a Yale study indicated 
that in seven study participants, ketamine was reported 
to have an effect on mood. Then, in 2006, a study 
from the National Institute of Mental Health showed 
that ketamine reduced depression more rapidly than 
placebo. 

2Why is ketamine receiving so much attention lately? 
SCHATZBERG: Intravenous ketamine has garnered 

much attention because small doses produce rapid relief 
— in as little as four hours — in some patients who suf-
fer from treatment-resistant depression. In contrast, it 
usually takes weeks for patients to see any benefits with 
selective serotonin reuptake inhibitors, the most com-
mon form of antidepressants. 

Ketamine clinics, in which patients receive the drug 
intravenously, have been around for several years to 
treat chronic pain and depression. Now that it’s avail-
able in nasal spray form, it’s easier to administer it. 

3What are your concerns about the initial studies of 
ketamine? 

SCHATZBERG: The drug has limited posi-
tive data, with only one study out of three 
demonstrating statistical significance over 
placebo. The difference is small, and it’s 
difficult to blind because it causes a disso-
ciative state — people wig out — so it’s 
clear when someone has received ketamine 
and when someone has received a placebo. 
When you can’t blind a trial, it raises some 
real issues as to whether it’s as effective as it 
seems. It’s hard to have great confidence in 
the findings. 

In another study, after about 16 weeks, 
study participants who were moved from esketamine 
plus an antidepressant to placebo plus antidepressant 
experienced a relatively rapid recurrence of depression. 
It was faster than what was seen with other studies in 
which participants were moved off antidepressants. In 
addition, there were a few suicides in studies to date and 
these suicides have occurred four to 20 days after the 
last dose. That could reflect some form of dependence 
on ketamine to maintain a normal mental state. 

Also, we don’t know what the effects are of using it 
long term. We really don’t know how long to treat peo-
ple with ketamine.

4What connections do you see between ketamine 
and opioids? 

SCHATZBERG: Ketamine acts in part via an opioid 

mechanism. We can demonstrate an opioid 
effect in humans because naltrexone, which 
blocks the effects of opioids, also blocks the 
antidepressant effects of ketamine. The same 
has been shown with naloxone, another opi-
ate antagonist, which blocks ketamine’s pain 
effects in rodents. 

Ketamine is abused as a drug in many 
cultures. China has had hundreds of thou-
sands of ketamine addicts. In Australia, 
they’ve banned it. There is a problem in Bel-
gium with ketamine abuse. 

What cuts down on the use is that ket-
amine is not a pure euphoriant. There are some noxious 
effects; people initially feel weird — agitated and con-
fused. But if you use it repetitively, you build a toler-
ance to it.

5What do patients need to know before they use ket-
amine or esketamine? 

SCHATZBERG: They need to be told that it is not clear 
what is the best way to use the drug in terms of how 
often and for how long. They need to be forewarned 
that the drug could produce dependence, particularly 
with more frequent use, and that they should watch for 
withdrawal symptoms in the weeks after stopping it. If 
symptoms recur, it is not clear what to do, but it is not 
unlikely that returning to ketamine will start the cycle 
over again. ISM

Ketamine is commonly used in anesthesi-
ology and for severe pain relief. After a 

number of positive reports in the medical literature about its effects on depression, 
ketamine became more widely used in existing pain clinics, and new ketamine clinics 
started popping up around the country. Patients eager to lift the fog of depression often 
pay thousands of dollars — insurance rarely pays for the treatment — to lie in a chair 
while ketamine infuses into their veins. Many of them are trying the drug, still consid-
ered experimental, because the most commonly prescribed antidepressant medications 
have failed to help. 

Recently, the FDA approved esketamine, a molecule that is a mirror image of ket-
amine, as a nasal spray. In this easily administered form, a greater number of patients 
are likely to seek the drug, which acts much more rapidly than the more commonly 
used selective serotonin reuptake inhibitors. 

Alan Schatzberg, MD, the Kenneth T. Norris Jr. Professor in Psychiatry and Be-
havioral Sciences, wrote a commentary published online May 21 in the American 
Journal of Psychiatry in which he asked the psychiatric community to proceed with 
caution when it comes to the new drug. He spoke recently with science writer Mandy 
Erickson about the dangers and unknowns of ketamine and esketamine. 

Alan Schatzberg

Schatzberg urges cautious approach to ketamine5 questions
an occasional feature in which an expert answers

f ive questions on a science or policy topic

Stanford, California Medical Association battle physician burnout

Tait Shanafelt directs Stanford’s WellMD Center, 
which developed a project to reduce physician 
burnout by providing support to doctors statewide.

STEVE F ISCH

“It’s potentially a game-
changing new model.”
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people suffering from chronic pain, Adams faces a slew 
of hurdles: deadlines to meet, policies to follow and 
documents to draft.

She maneuvers through them all, and then some, said 
Beth Darnall, PhD, associate professor of anesthesiol-
ogy, perioperative and pain medicine and the principal 
investigator for the EMPOWER study. Adams obtained 
a rare exception to release funds for the study early and 
created a payment system that relieved her coworkers of 
“what would have been a massive, labor-intensive en-
deavor,” Darnall said. 

“Kelly consistently impresses me with her proactive 
and creative thinking to accomplish goals with maxi-

mum efficiency and cost savings,” she said, adding, “She 
is dedicated in training and supporting new staff with a 
spirit of taking joy in the success of others.”

Adams, who has been at Stanford for 20 years and 
in her current role about 10 years, oversees finances 
for other research projects as well, creating financial 
forecasting models, preparing budgets and advising on 
spending. 

“I’m fortunate that I work with a really great group 
of people,” Adams said. “I wish I could share this award 
with them. I feel overwhelmed that people took the 
time to nominate me and do this for me.”

She added that she enjoys the mission of helping 
people suffering from chronic pain: “I just like — even 
if my part is small — contributing to something that 
improves pain patients’ quality of life.”

Bahij Austin

When faculty members decided to revamp the medi-
cal school’s curriculum, the task of overseeing the over-
haul fell to Austin. He supervises the staff who ensure 
that the curriculum adheres to the requirements set by 
accrediting agencies, that faculty have the resources they 

need to teach their courses, that students understand 
the graduation requirements and that everyone follows 
Stanford policy. 

“It took a lot of meetings and revisions, town halls 
and calls for feedback,” Austin said of the Discovery 
Curriculum, which was fully implemented last fall. “Ul-
timately, I was proud that we were able to finalize a cur-
riculum with broad support that set us apart from what 
other institutions were doing and is uniquely Stanford.”

Cindy Irvine, associate dean of medical education, 
said Austin was a “trusted source of wisdom” as the 
school took on “the most ambitious curriculum change 
effort within the MD program in well over a decade.”

“His command of the medical education literature is 
unparalleled,” she added. “Beyond all of his contribu-
tions to the curriculum, he serves as a role model to the 
staff who report to him; he is unfailingly supportive of 
their growth.”

Austin, who’s been at the school since 2010, said that 
the constant stream of new developments in the medi-
cal field keeps him engaged: “I learn a lot, and it keeps 
everything interesting,” he said. He’s especially proud 
to help the school address social justice issues through 
medical education: “Whether we’re talking about rac-
ism or gender differences, these are issues the new phy-
sicians are going to be facing as they work in different 
communities.” 

The award, he said, means a lot to him. “I am so 
focused on the day-to-day, making sure that everything 
is on track, I don’t always stop to acknowledge accom-
plishments,” he said. “So I’m appreciative and humbled 
that others took the time to acknowledge me.”

Loto Reed

Last February, when Reed met with Sang-ick Chang, 
MD, chief of primary care and population health, for 
her annual review, she suggested a monthly volunteering 
activity. It was a goal of the division to develop commu-
nity partnerships. But there were also a number of new 
people in the division, and she thought everyone could 
benefit from some team building. 

“He saw that I was excited about it, so he said, ‘Go 
for it — do it,’” Reed said. Part of her job as administra-
tive assistant is to plan events, so she knew how to make 
it happen. Two weeks later, she held a brainstorming 
meeting; a month later, division members were packing 
lunches at Project WeHOPE, which provides services to 
the homeless.

Every month since then, the volunteer group — 
Stanford Community Outreach Partnership Efforts, or 
SCOPE — has helped WeHOPE and other nonprofit 
organizations with such tasks as preparing food, sorting 
produce and collecting school supplies. 

SCOPE “has galvanized both the staff and the fac-
ulty in our division to engage in community service in a 
whole new way,” said Stephanie Harman, MD, clinical 
associate professor of medicine.

Reed, who has been at the job for seven years, said 
working at Stanford Medicine and starting SCOPE was 
a natural fit for her. “Wellness and giving back to the 
community are two passions I’ve had since childhood,” 
she said. 

She appreciates the support she receives from Chang 
on SCOPE and other ideas she has to improve staff 
wellness. “He’s very open to ideas,” she said. “It makes 
coming to work fun and interesting.”

She added that she hopes her award encourages oth-
ers at Stanford “to plant a seed.”

 “Give it a shot,” she said. “You never know what it’ll 
grow into.” ISM

By Mandy Erickson

The 2019 winners of the School of Medicine’s Anne 
G. Crowe Spirit Award and Inspiring Change Leader-
ship Award have been announced. 

Spirit Award winners are selected for their outstand-
ing dedication, initiative, motivation, positive attitude 
and customer service. This year’s recipients are Jackie 
Bautista, an administrative assistant in the Department 
of Neurology and Neurological Sciences, and Kelly 
Adams, an accountant in the Department of Anesthe-
siology, Perioperative and Pain Medicine. 

The Inspiring Change Leadership Award, which 

goes to staff members who have implemented pro-
cesses that improve the school, was given to Bahij 
Austin, director of curricular affairs in the Office of 
Medical Education, and Loto Reed, an administrative 
associate in the Department of Medicine’s Division of 
Primary Care and Population Health.

Each winner is awarded $3,000.

Jackie Bautista

Helping neurology researchers stock their labs and 
apply for grants has a personal meaning for Bautista. 
Both of her parents suffered from dementia, so she ap-
preciates being part of a team seeking treatments for 
dementia and other neurological diseases. 

“The work I do helps support really smart, dedi-
cated people who are trying to find cures,” she said. “It 
feels good to be part of something that helps people.”

Besides ordering lab supplies and assisting with 
grant proposals, Bautista keeps track of expenses, helps 
organize a stroke recovery symposium, coordinates 
interviews for faculty candidates and tackles a variety 
of other responsibilities. Her coworkers praise her for 
efficiently managing many tasks and for extending a 
warm welcome to department newcomers.  

“Often it is difficult to juggle experiments, purchas-
ing and financing, but Jackie makes it much easier to 
handle,” said postdoctoral scholar Edward Wilson, 
PhD. “Big or small, Jackie gives every project her full 
attention.“It is not uncommon for a late Friday email 
from Jackie to have a little joke, and a wish that we 
have a nice weekend,” he added. 

Bautista said she never expected or even thought 
about the award until her coworkers sprung a surprise 
party for her to let her know she had won it. “I felt 
very much appreciated, and that’s pretty great,” she 
said.

She expressed admiration for her supervisors: “My 
principal investigators are amazing women who are ex-
tremely dedicated to science and their research,” she 
said. “They mentor their students so well they go on 
to bigger and better things. I’m very fortunate to work 
for them.”

Kelly Adams

As the research administrator for the nearly $9 mil-
lion EMPOWER study, a multistate research project 
evaluating methods for reducing opioid use among 

Spirit and Inspiring Change award winners are announced

ROD SE ARCEY

(From left) Dean Lloyd Minor; Jackie Bautista; Marcia Cohen, senior associate dean for finance and administration; Bahij Austin; and Loto Reed. 
Bautista and Kelly Adams (not pictured) won the Anne G. Crowe Spirit Award. Austin and Reed won the Inspiring Change Leadership Award. 

Study of LGBQT health now based at Stanford Medicine
When Mitchell Lunn, MD, and Juno Obedin-

Maliver, MD, launched their long-term study of 
sexual and gender minority health, they knew they 
wanted the patients, not the doctors, to drive the 
research.

In the pilot phase of The PRIDE Study (Popula-
tion Research in Identity and Disparities for Equal-
ity), 16,000 participants completed demographic 
and health surveys, and shared more than 3,500 
topics for future investigation. They wanted the re-
searchers to study anxiety, depression and suicide in 
people who identify as lesbian, gay, bisexual, trans-
gender or queer; the role of family support in both 
physical and mental health; and why many LGBTQ 
people persevere in the face of stigma and discrimi-
nation, among other topics.

“We don’t do research on LGBT people, we do 
research with them. It’s a little less transactional and 
a little more relationship based,” Lunn said.

Lunn and Obedin-Maliver, who met as students 
at the School of Medicine in 2005, recently returned 
to Stanford as faculty members. The assistant profes-
sors — Lunn is a nephrologist, and Obedin-Maliver 
is an obstetrician/gynecologist — are starting a new 
program in sexual and gender minority health re-
search, in addition to moving The PRIDE Study’s 
home base from UCSF to Stanford. 

The pilot phase of the study that began in 2015 
used an iPhone app to recruit participants. The study 
relaunched in 2017 on a web-based platform to reach 
a more diverse pool of participants. It has attracted 
nearly 14,000 people and continues to seek more. ISM
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By Hanae Armitage

What can big data do for you?
That was the question animating the 

seventh annual Big Data in Precision 
Health Conference, which ran May 22-
23 at the Li Ka Shing Center for Learn-
ing and Knowledge. The event drew 
health care and data experts from across 

industry, academia and government to 
the School of Medicine.

Emma Huang, PhD, director of data 
sciences external innovation at the John-
son & Johnson California Innovation 
Center, answered it this way: It depends 
on who you are. If you’re a patient, big 
data might be a means to a quicker di-
agnosis or to an insight into a unique 
facet of your health. If you’re a doctor, it 
could help relieve the burden of lengthy 
or cumbersome tasks: Consider, for ex-
ample, a machine-learning algorithm 
that performs administrative duties, like 
interpreting electronic health records. 

With more than 550 attendees, the 
conference covered new technologies, 
such as sweat sensors, that capture bio-
logical data and algorithms that draw 
insights from massive amounts of in-
formation to better predict, prevent and 
treat disease precisely — the ultimate 
goal of precision health.

“This is a really exciting time in data 
science,” Lloyd Minor, MD, dean of the 
School of Medicine, said at the start of 
the conference. “We’re truly covering 
the gamut of issues related to precision 
health and biomedicine. In the next few 
days, we’ll have speakers who will discuss 
everything from the social determinants 
of health to how we can use machine 
learning and other analytic techniques to 
improve the drug-discovery process.” 

Humanwide

New technologies that collect health 
data and algorithms that extract biologi-
cal insights are a big part of harnessing 
big data, but the 
ultimate goal is to 
bring the benefits 
directly to patients. 
One of Stanford 
Medicine’s main 
efforts in this realm 
is a pilot project known as Humanwide. 
The project employs big data to gain a 
detailed and multifaceted understand-
ing of individual patients, and uses that 
knowledge with the aim of improving 
their health. Led by Stanford clinical 
professor of medicine Megan Mahoney, 
MD, Humanwide is one of the first 
manifestations of big data in precision 
health at the clinical level. In a panel dis-
cussion, Mahoney sat down with Latha 
Palaniappan, MD, professor of medicine 
at Stanford; Nancy Shin, PharmD, an 

ambulatory care clinical pharmacist at 
Stanford; and Debbie Spaizman, a par-
ticipant in the Humanwide study.

Spaizman discussed her own health 
success story, grounded in advances in 
pharmacogenomics. Using Spaizman’s 
genetic information, her doctors were 
able to figure out why Vicodin didn’t 
work well for her as a pain reliever before 

she underwent two surgeries. It turned 
out that her biology could not perform a 
chemical process that typically turns Vi-
codin into morphine. Her doctors were 
then able to provide her with alternative 
painkillers. “I had a lot of conversations 
that wouldn’t have ordinarily come up,” 
Spaizman said. “Getting to spend as 
much time with my doctor as I did was 
an added bonus.”

Big data for speedier diagnoses

Matthew Lungren, MD, assistant 
professor of radiology, is working on 
research that uses immense sets of med-
ical-imaging data, such as X-rays, to 
help doctors expedite their diagnoses. 
Through machine learning, Lungren 
and a team of scientists have trained 

an algorithm to 
recognize X-rays 
that contain signs 
of disease in the 
chest. In his initial 
studies, Lungren 
found that the al-

gorithm can diagnose these images just 
as well as radiologists.

 “We’re getting a lot of interest from 
clinicians,” Lungren said. He gave an ex-
ample of how he hopes the technology 
can be used: A primary care doctor sees a 
patient who she suspects has pneumonia. 
Per the standard of care, the patient has 
X-ray images taken of his chest, which 
must then be read by a radiologist. The 
problem is that radiologists are in high 
demand and can often get backed up 
with work. This, Lungren said, is where 

he sees potential for his team’s algorithm: 
to help clinicians read these scans on the 
spot, without having to wait hours for a 
radiologist to see them. 

In a conversation with Minor, Euan 
Ashley, MD, professor of medicine, 
emphasized the idea of harnessing the 
power of whole populations to improve 
health care. It’s an opportunity not lost 
on Mintu Turakhia, MD, associate pro-
fessor of medicine, and a team of sci-
entists that collaborated with Apple to 
conduct a virtual study to determine 
whether a mobile app that uses data 
from a heart-rate pulse sensor on the 
Apple Watch can identify atrial fibrilla-
tion. During one of the sessions, Tura-
khia; Manisha Desai, PhD, professor of 
medicine; and Marco Perez, MD, associ-
ate professor of medicine, discussed the 
study. “When we started, there hadn’t 
really been a study done quite like this, 
and we weren’t sure what the participa-
tion was going to be like,” Perez said. 
“We were blown away by what we saw: 
Within eight months, we had more 

than 400,000 people, which is a little 
unprecedented.”

In a separate session, Kirsten Bibbins 
Domingo, MD, PhD, a physician at the 
University of California-San Francisco, 
pointed to the explosion of genetic data 
in recent years during a talk on social 
determinants of health. The data, how-
ever, is almost exclusively from people 
of European descent, which means the 
information derived from those datasets 
is biased toward that one population, 
she said. “The point that I want to make 
here is not about social determinants 
of health — it’s about diversifying our 
representation in our genetic studies,” 
Bibbins-Domingo said. Understanding 
when these datasets don’t apply to cer-
tain patients is the doctor’s responsibility, 
and it’s also their responsibility to figure 
out how we can broaden the diversity of 
these datasets, Bibbins-Domingo said.

More data, please

It may seem like researchers’ cups 
runneth over with data, but there are still 
many untapped sources of health infor-
mation that scientists are seeking. Sleep, 
for instance, is still a relatively enigmatic 

part of human biology. What does it 
do to rejuvenate us and restore health? 
“That’s the million-dollar question,” 
said  Emmanuel Mignot, MD, PhD, 
professor of psychiatry and behavioral 
sciences during a session on big data in 
sleep. 

In an effort to answer the question, 
Mignot is collaborating with labs outside 
Stanford to collect enormous amounts of 
sleep data from 30,000 participants. “It’s 
really incredible because we can, for ex-
ample, find proteins that are known to 
peak in the blood at very specific circa-
dian times,” Mignot said. By measuring 
hundreds of proteins that are associated 
with sleep and circadian rhythm, scien-
tists can start to stitch together a clearer 
understanding of the molecular biology 
behind sleep cycles.

Sweat is another potential source for 
lots of biological information, said Ali 
Javey, PhD, professor of electrical en-
gineering and computer science at the 
University of California-Berkeley. “We’re 
trying to make wearable devices that can 

analyze sweat on the body noninva-
sively,” Javey said. There’s a whole library 
of chemical and physical information 
that can be distilled from sweat: levels 
of glucose, ions, heavy metals, drugs and 
vitamins, as well as skin temperature and 
even sweat rate. Now, Javey wants to un-
derstand how these data points can in-
form decisions related to health.

While many new technologies that 
measure human biology focus on wear-
ables, Dina Katabi, PhD, professor of 
electrical engineering and computer 
science at the Massachusetts Institute 
of Technology, is looking to something 
called “invisibles.” She poses a question: 
What if you could track your breathing, 
steps and even pulse without a single 
piece of technology touching you? “This 
is exactly what I’ve been doing in my lab 
at MIT.”

Katabi’s new technology uses the 
electromagnetic radiation of Wi-Fi to 
measure these parameters. Every move 
you make — even every breath you take 
— creates perturbations in these waves, 
which Katabi has trained an algorithm 
to interpret. These algorithms can track 
where people walk in their homes, if 
someone has fallen, what their pulse rate 
is and more. 

Unifying these types of technologies, 
data and analysis methods, Ashley said, 
is still one of the major hurdles in big 
data and health. “We’re surrounded by 
data, and I think we need to improve 
how we integrate that data into one 
place so that we can compute across it,” 
he said. “I think, if we can do that, then 
we really will be able to make another gi-
ant leap forward.” ISM

Big data, from computer models to the clinic, focus of conference

“This is a really exciting 
time in data science.”

(Top) Emmanuel Mignot discussed how big data 
can help answer questions about sleep. He spoke 
May 22 at the event, which was held at the Li Ka 
Shing Center for Learning and Knowledge. (Left) 
Lloyd Minor and Euan Ashley spoke onstage May 
22 at the beginning of the conference.

(From left) Latha Palaniappan, Nancy Shin, Debbie Spaizman and Megan Mahoney spoke May 22 during 
the Big Data in Precision Health Conference session on Humanwide, a Stanford study that combines 
sophisticated biomedical tools with a collaborative, team-based approach to personalized health care. 

ROD SE ARCEY
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By May Wong

A new study by Stanford economists shows that 
giving fathers flexibility to take time off work in the 
months after their children are born improves the post-
partum health and mental well-being of mothers.

In the working paper, released by the National Bu-
reau of Economic Research on June 3, Maya Rossin-
Slater, PhD, an assistant professor of health research 
and policy, and Petra Persson, PhD, an assistant profes-
sor of economics, examined the effects of a reform in 
Sweden that introduced more flexibility into the paren-
tal leave system. The 2012 law removed a prior restric-
tion preventing a child’s mother and father from taking 
paid leave at the same time. And it allowed fathers to 
use up to 30 days of paid leave on an intermittent basis 
within a year of their child’s birth while the mothers 
were still on leave.

The policy change resulted in some clear benefits for 
the mother’s health, including reductions in childbirth-
related complications and postpartum anxiety, accord-
ing to their empirical analysis.

“A lot of the discussion around how to support 
mothers is about mothers being able to take leave, but 
we often don’t think about the other part of the equa-
tion — fathers,” Rossin-Slater said.

“Our study underscores that the father’s presence in 
the household shortly after childbirth can have impor-
tant consequences for the new mother’s physical and 
mental health,” Persson said.

Rossin-Slater and Persson are both faculty fellows at 
the Stanford Institute for Economic Policy Research.

Among their main findings of effects following the 
reform: Mothers are 14 percent less likely to need a 
specialist or be admitted to a hospital for childbirth-re-
lated complications — such as mastitis or other infec-
tions — within the first six months of childbirth. And 
they are 11 percent less likely to get an antibiotic pre-
scription within that first half-year of their baby’s life.

There is also an overall 26 percent drop in the like-
lihood of any anti-anxiety prescriptions during that 
six-month postpartum period — with reductions in 
prescriptions being most pronounced during the first 
three months after childbirth.

What’s more, the study found that the average new 
father used paid leave for only a few days following the 
reform — far less than the maximum 30 days allowed 
— indicating how strong a difference a couple of days 

of extra support for the mother could make.
“The key here is that families are granted the flex-

ibility to decide, on a day-to-day basis, exactly when to 
have the dad stay home,” Persson said. “If, for example, 
the mom gets early symptoms of mastitis while breast-
feeding, the dad can take one or two days off from work 
so that the mom can rest, which may avoid complica-
tions from the infection or the need for antibiotics.”

These indirect benefits from giving fathers workplace 
flexibility are not trivial matters when you consider the 
health issues mothers often face after childbirth and af-
ter they get home from the hospital, said Rossin-Slater, 
who is also a core faculty member of Stanford Health 
Policy.

Stanford’s departments of Health Research and Pol-
icy and of Economics supported the work. ISM

Big data, from computer models to the clinic, focus of conference
By Mandy Erickson

Karina Torres was worried last year when she learned 
she had papillary thyroid cancer, and it didn’t help to 
hear that surgery to treat the condition would leave a 
scar on the front of her neck. 

The hair stylist, makeup artist and massage therapist 
had undergone surgery before and felt she had enough 
scars. “A scar on the neck — that’s something you can’t 
really cover up,” she said. 

Torres, 44, traveled from her home in Fresno, Cali-
fornia, to Stanford Hospital to receive a second opinion 
about her tumor from Dana Lin, MD, assistant pro-
fessor of surgery at the School of Medicine. Lin told 
her that the tumor was small, so Torres was a candi-
date for a new type of surgery: transoral thyroidectomy, 
or removal of the thyroid through the mouth, which 
wouldn’t leave a visible scar. 

“I offered it to her, and explained that she would be 
our first patient,” Lin said. “She was excited about it 
and wanted to pursue it.”

‘I was comfortable with it’

Torres said she wasn’t concerned about being a pa-
tient pioneer. “I knew Dr. Lin would be there with an-
other specialist who had done the procedure before, so I 
was comfortable with it,” she said.

A Thai physician developed the transoral thyroid-
ectomy in 2014 and published an article about it in 
2016; since then, the procedure has spread to a handful 
of medical centers in the United States. To learn how 
to perform the surgery, Lin reached out to Insoo Suh, 
MD, assistant professor of surgery at University of Cal-
ifornia-San Francisco, who has completed about 25 of 
the procedures. 

She observed Suh perform the surgery at UCSF, then 
practiced the technique on cadavers. When it came 
time for Torres’ surgery, which took place April 16, Suh 
guided Lin through it. Robin Cisco, MD, an assistant 

professor of surgery at Stan-
ford who had observed the 
procedure in Thailand, also 
aided with the surgery. 

First, Lin made three small 
incisions inside Torres’ lower 
lip, openings through which 
she inserted a scope with a 
video camera and two surgi-
cal instruments: a grasping 
tool and a cutting tool. The 
camera’s images appeared on 
several screens in the operat-
ing room. 

Watching the screens, Lin 
guided the scope and instru-
ments underneath the skin, 
downward over Torres’ chin 
and along her neck to the 
thyroid gland. She cut away 
the left half of the gland, 
where the tumor lay; placed it 
in a little bag; and pulled the 
bag out through the mouth. 
Suh stepped in only occasionally to ensure Lin was 
finding her way correctly.

The whole procedure took about four hours, though 
Lin said she expects the time to drop as she becomes 
more practiced with future surgeries. 

‘Minimal pain and discomfort’

Torres “did fantastic post-operatively,” Lin said. “She 
had minimal pain and discomfort and was discharged 
the next day.” 

The benefit of having a transoral thyroidectomy 
is mostly the lack of scarring, Lin and Suh said. They 
added that data show the procedure is at least as safe as 
the traditional, through-the-neck route. It’s possible the 
transoral procedure has other benefits, such as decreas-

ing the risk of nerve injury, which can affect a patient’s 
voice, and causing less pain after surgery, but more 
study is needed. 

Lin said the procedure is especially beneficial for pa-
tients who develop keloid or hypertrophic scars, which 
are red, raised and more noticeable. Transoral thyroid-
ectomy will not work for patients who have large tu-
mors or goiters, as they won’t fit through the surgical 
ports. 

Recovering at home after the surgery, Torres said she 
was a little sore, but felt relieved that the surgery went 
well. 

“I’m very grateful to not have a scar,” she said. “I 
can’t see myself wearing scarves all the time, especially 
in hot Fresno.” ISM

Surgeon performs Stanford’s first scar-free thyroid tumor removal

It’s good for new moms’ health when dads can stay home, recent study finds

STEVE F ISCH

Dana Lin talks with Karina Torres during a follow-up visit. Torres was the first patient at Stanford to 
have a thyroid tumor removed through the mouth, a procedure that does not leave a visible scar.

JUL IE GREIC IUS

Finance town hall looks at endowments, gifts 
Sam Zelch, chief financial officer and associate dean of fiscal affairs (left), discussed the School of Medicine’s endowment income, 
gifts and expendable funds pool income on May 28 at the Li Ka Shing Center for Learning and Knowledge. His presentation included 
an updated year-end projection for fiscal year 2019, and an outlook for fiscal year 2020 and beyond. Marcia Cohen, senior associate 
dean for finance and administration (center), and Lloyd Minor, MD, dean of the School of Medicine (right), joined Zelch onstage to 
answer questions from the audience at the event, the latest in a series of town halls focused on the school’s finances. Faculty and 
staff are invited to view the slide shows from this and prior finance town hall presentations at http://med.stanford.edu/fiscalaffairs/
controller.html. ISM
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70 miles away from Fresno, and blood 
samples were collected from the children 
within three months of each fire. 

The study also included blood sam-
ples from a control group of 18 children 
who lived in the San Francisco Bay Area 
and had not been exposed to smoke from 
a wildfire or prescribed burn.

The researchers measured air pollu-
tion levels recorded at four monitoring 
stations in Fresno and estimated pollu-
tion levels at the children’s homes during 
the fires based on how far they lived from 
the stations. 

Pollutant exposures were higher in 
the wildfire group compared to the pre-
scribed-burn group.  The air pollutants 
measured included nitrogen dioxide, 
polycyclic aromatic hydrocarbons, el-
emental carbon, carbon monoxide and 
particulate matter.

Wildfire smoke exposure was associ-
ated with lower blood levels of Type 1 T 
helper cells, a group of immune cells that 
are involved in the immune response. 
Among children exposed to wildfire 

smoke, the researchers also saw increased 
methylation of the Foxp3 gene, indicat-
ing reduced activity of this gene, which is 
broadly involved in modulating allergic 
and other immune responses. The find-
ing of greater Foxp3 methylation is con-
gruent with earlier studies of the effects 
of air pollution on the immune system, 
Prunicki noted. 

Significance of particulate matter

One important aspect of the study 
was that the September 2015 wildfire 
was confined to forested areas and did 
not burn any structures. 

“Particulate matter from wildfires is 
different from region to region and de-
pends on what is burning,” Prunicki 
said. “When a wildfire is going through 
a town, there are a lot of concerns about 
what happens to the chemicals in peo-
ple’s homes and cars when they go up 
in flames.” Smoke from wildfires that 
burn inhabited areas almost certainly has 
worse health effects than those found in 
the current study, she said. 

The researchers plan to conduct 
larger, more detailed studies of the effects 
of wildfire smoke on health. They will 

be enrolling healthy people in a trial at 
Stanford later this summer 
to collect baseline data from 
blood samples. When future 
wildfires affect Bay Area air 
quality, the participants will 
be asked to provide follow-
up blood samples. For more 
information, email Prunicki 
at prunicki@stanford.edu.

The scientists also plan 
to research the health effects 
of using home air purifiers 
during wildfires, as well as measure the 
protection offered by N95 masks, with 
the aim of developing recommendations 
for when masks should be used by differ-
ent populations, such as healthy adults, 
elderly people, children and people with 
chronic illnesses.

The study’s other Stanford co-authors 
are biostatistician Justin Lee; life sci-
ence researcher Xiaoying Zhou, PhD; 
Francois Haddad, MD, clinical associate 
professor of medicine; and Joseph Wu, 
MD, PhD, professor of medicine and of 
radiology.

Nadeau is a member of Stanford 
Bio-X, the Stanford Maternal & Child 

Health Research Institute and the Stan-
ford Cardiovascular Institute. 

Scientists at The Nature 
Conservancy also contributed 
to the research.

The research was funded 
by The Nature Conservancy, 
the National Institute of En-
vironmental Health Sciences; 
the National Heart, Lung 
and Blood Institute; and the 
Sean N. Parker Center for Al-
lergy and Asthma Research at 

Stanford. 
Stanford’s departments of Medicine 

and of Pediatrics also supported the 
work. ISM

Wildfire
continued from page 1

Mary Prunicki

1In what ways can AI help physician well-being? 
LIN: Studies show that about half of all U.S. physi-

cians are experiencing professional burnout. AI carries 
tremendous potential to improve physician 
well-being and reduce burnout. It can do so 
through a wide range of methods, but we 
believe there are three ways AI will have the 
most impact.

The first is clinical documentation. To-
day, for every hour physicians spend face to 
face with patients, they spend another two 
hours doing clerical work — most of which 
is spent writing notes. AI-powered digital 
scribes that can listen in on physician-pa-
tient conversations and automatically gener-
ate a clinical note can unshackle physicians 
from the electronic health record.

The second is the way it can adjust physicians’ pa-
tient loads. AI algorithms can ensure that physicians 
have adequate time to address the needs of each patient 
by increasing or decreasing their patient load based 
on the complexity of the patients’ conditions. Such 
models can also be used to determine the level of staff-
ing support — medical assistants, nurses, advanced 
practice providers, clinical pharmacists, social work-
ers — needed based on the intensity of care provided, 
which can contribute to better work-life balance for 
physicians.

The third is practice management. AI-driven tools 
can automate tasks such as pre-visit planning, insur-
ance-eligibility checks, insurance claims, prior autho-
rizations, appointment reminders, billing, coding, data 
reporting and analytics. Automating repetitive tasks 
that are suffocating physicians and their practices is one 
of the most anticipated applications of AI. 

2How can AI improve patient care?  
LIN: There are myriad ways AI can improve pa-

tient care. In terms of risk prediction and intervention, 
AI-powered algorithms can now outperform traditional 
predictive models in estimating risk for dozens of acute 
and chronic conditions, which can be used to lower 
the number of preventable emergency room visits and 
hospitalizations.

In terms of medical advice and triage, many com-
panies have developed “AI doctors” that provide health 
advice directly to patients with common symptoms — 
with diagnostic accuracy comparable to that of human 

doctors in some cases — which can free up primary care 
access for more complex care. In terms of population 
health management, AI can improve on current pro-

cesses for identifying and closing care gaps 
for patients, including immunizations, can-
cer screenings and other recommended pre-
ventive services.

In terms of chronic disease management, 
digital health coaches powered by AI have 
been shown to be effective in reducing the 
need for physician and hospital visits for pa-
tients struggling with illnesses such as diabe-
tes and hypertension.

Finally, in terms of diagnostics, AI algo-
rithms are in some cases now outperforming 
physicians in detecting skin cancer, breast 

cancer, colorectal cancer, brain cancer and heart ar-
rhythmias. In many regions of the world that lack access 
to specialty care, these AI-powered tools in the hands of 
primary care physicians could provide significant, if not 
lifesaving, benefits to patients.

3What are some poor uses of AI?  
LIN: AI should not be used to replace physicians 

or other health care providers. No matter how intelli-
gent AI-powered predictive models, task-oriented algo-
rithms or clinical decision-making tools become, health 
care has always been and always will be about human-
to-human relationships, trust and healing. Take medi-
cal advice and triage: Rather than AI replacing human 
providers for some conditions, we believe that AI sup-
port can be integrated into team-based care models that 
make it easier for human teams to manage an individual 
patient or a panel of patients. In terms of AI-driven di-
agnostics, rather than AI replacing human providers 
who interpret diagnostic tests, we believe that AI can 
augment the ability of providers to interpret a greater 
volume of tests at higher speed and better accuracy. AI-
powered diagnostic tools can also empower primary 
care physicians to broaden the services they provide to 
patients, reducing the need for unnecessary referrals and 
unnecessary health care costs. 

4How can AI reduce health care costs?  
LIN: U.S. health care costs totaled $3.65 trillion 

in 2018. This amount is larger than the entire gross do-
mestic product of such countries as the United King-
dom, Brazil, Mexico, Spain and Canada. Some of the 

ways I mentioned already about how AI may improve 
patient care will also reduce health care costs. In the 
United States, hospital costs for potentially prevent-
able conditions account for 1 in every 10 dollars of to-
tal hospital expenditures. This means that millions of 
hospital stays and up to $100 billion a year might be 
prevented with better risk prediction and interventions 
in the primary care setting with AI.

Management of chronic diseases accounts for most 
health care costs in the United States; 1 in 7 dollars are 
spent caring for people with diabetes alone, with the to-
tal estimated cost for diabetes over $300 billion a year. 
When AI-powered population health management and 
digital health coaching have been integrated into health 
systems, they have already demonstrated reductions in 
cost per patient through reduced clinic and hospital vis-
its for patients with chronic illnesses such as diabetes.

Lastly, AI innovations designed to improve physician 
well-being and reduce burnout will generate billions of 
dollars of savings by reducing turnover and improving 
efficiency. Burnout-related turnover costs U.S. health 
systems tens of billions of dollars every year. Clinical 
documentation in the electronic health record is not 
only one of the biggest drivers of physician burnout in 
the United States, but it causes as much as $90 billion 
to $140 billion in lost physician time or productivity 
per year. 

5What do we need to do to ensure that AI won’t harm 
the relationship between patients and physicians?  

LIN: For AI to add the most value and for patients 
and physicians to embrace it, it needs to support, not 
supplant, the patient-physician relationship. Health 
care is fundamentally a social enterprise, powered by 
committed, caring and collaborative connections be-
tween the humans involved. Implemented wisely, AI 
can free up physicians’ cognitive and emotional space 
for their patients. Undivided attention with compassion 
is the most powerful diagnostic and therapeutic tool 
physicians can provide their patients. AI will be most 
effective when it enhances physicians’ ability to focus 
their full attention on the patient by shifting the physi-
cians’ responsibilities away from transactional tasks to-
ward personalized care that lies at the heart of human 
healing. The challenge will be for humans to have the 
wisdom and willingness to discern AI’s optimal role in 
modern medicine, and to determine when it strength-
ens and when it undermines patient care. ISM

Artificial intelligence promises to trans-
form medicine. It is already diagnosing 

cancers and arrhythmias, providing digital health coaching and predicting which pa-
tients are at the highest risk of heart failure. Soon, patients with common symptoms 
can expect to receive advice via AI, and physicians will likely use data from wearable 
devices to diagnose or treat diseases. 

But for all the benefits AI can provide, patients fear the specter of robots relaying 
dire prognoses, while physicians are wary of more technological burdens. Steven Lin, 
MD, clinical assistant professor of medicine and vice chief for technology innovation in 

Stanford’s Division of Primary Care and Population Health, asserts that we need to 
implement AI wisely to avoid the downsides. Used right, AI can improve care, lower 
costs and reduce physician burnout, he said.

In an article published online May 15 in the Journal of General Internal Medi-
cine, Lin outlines 10 ways AI can improve primary care without impeding the human 
touch. More than half of patient visits are made to a primary care doctor, he wrote, so 
most of the benefits of AI will be realized in the primary care space.

Recently, he discussed the promises and potential pitfalls of AI with science writer 
Mandy Erickson.

Steven Lin

On ensuring AI enhances the human connection 5 questions
an occasional feature in which an expert answers

f ive questions on a science or policy topic

Stanford Medicine researchers 
are recruiting participants of all 

a g e s for a variety of clinical trials. They 
need people with specific health condi-
tions, as well as healthy participants. For 
more information about clinical trials at 
Stanford, visit clinicaltrials.stanford.edu.

TAKE PART IN  
CLINICAL RESEARCH
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“This has been one of my life goals as a stem cell 
researcher,” said Hiromitsu Nakauchi, MD, PhD, pro-
fessor of genetics at Stanford. “For 50 years, researchers 
from laboratories around the world have been seeking 
ways to grow these cells to large numbers. Now we’ve 
identified a set of conditions that allows these cells to 
expand in number as much as 900-fold in just one 
month. We believe this approach could transform how 
hematopoietic stem cell transplants and gene therapy 
are performed in humans.” 

In particular, the researchers have shown it is possi-
ble to successfully transplant large numbers of the cells 
into mice without first eliminating the recipients’ own 
stem cell population. If the technique also works in hu-
mans, it could save thousands of patients with blood 
or immune disorders from a grueling regimen of radia-
tion or chemotherapy prior to 
transplant. It could also allow 
clinicians to use a patient’s own 
genetically corrected stem cells 
for gene therapy.

The study was published 
online May 29 in Nature. Na-
kauchi shares senior authorship 
of the study with Satoshi Yamazaki, PhD, an associate 
professor of stem cell biology at the University of To-
kyo. Postdoctoral scholar Adam Wilkinson, PhD, of 
Stanford and senior research assistant Reiko Ishida of 
the University of Tokyo are the lead authors. 

Hematopoietic stem cells are rare cells found in the 
bone marrow. Like other stem cells, they can either di-
vide to make more hematopoietic stem cells — a pro-
cess called self-renewal — or generate the precursors of 
all the different types of blood and immune cells in the 
body — a process called differentiation. 

It’s long been known that people with immune or 
blood disorders such as sickle cell anemia or leukemia 
can be cured with a transplant of healthy hematopoi-
etic stem cells. But in order for the treatment to work, 
the recipient’s own hematopoietic stem cells must be 
killed to eliminate the disease and make space for the 

healthy cells to settle in the bone marrow. 
This elimination step, also called “conditioning,” is 

accomplished with either chemotherapy or radiation, 
or a combination of the two. The conditioning, how-
ever, can cause life-threatening side effects. 

This is particularly true in pediatric patients, who 
can suffer side effects such as growth retardation, in-
fertility and secondary cancer in later life. Very sick or 
elderly patients often can’t receive transplants because 
they are unable to tolerate the conditioning treatment. 

 ‘A Holy Grail in the stem cell field’

But for some time, researchers have wondered 
whether transplanting large numbers of donor hemato-
poietic stem cells could circumvent the need to remove 
the existing cells. Perhaps, they reasoned, swamping the 
recipient’s bone marrow with a tide of healthy donor 
cells would allow the newcomers to muscle their way 
in and set up shop making healthy blood and immune 

cells. 
It’s been difficult to test this 

theory, however, because hemato-
poietic stem cells are hard to isolate 
in large numbers. And although it’s 
been possible for years to grow hu-
man hematopoietic stem cells in the 
laboratory, the cells never self-renew 

robustly and instead often abandon their stem cell fate 
to differentiate into precursor cells. As a result, it’s been 
difficult to study their biology in depth or to generate 
enough cells to attempt large-scale transplants. 

“Expansion of hematopoietic stem cells has been 
a Holy Grail in the stem cell field,” Nakauchi said. 
“When something does not work, people tend to think 
that something is missing. But we decided to try the 
opposite approach by eliminating all the impurities in 
the conventional culture system, while also optimizing 
other aspects that encourage self-renewal of the hema-
topoietic stem cells.” 

The researchers also replaced a potentially contami-
nated blood protein called serum albumin with polyvi-
nyl alcohol, a water-soluble synthetic chemical that is 
frequently used in biomedical research.

These modifications to how the cells were grown al-

lowed the researchers to generate enough hematopoi-
etic stem cells for transplant from just 50 starting cells. 
Although some of the cells did differentiate in culture, 
many more than normal maintained their stem cell 
identity throughout the duration of the culture. 

“These original 50 cells increased in number about 
8,000-fold over 28 days,” Nakauchi said. “Of these, 
about one of every 35 cells remained a functional he-
matopoietic stem cell.”         

Planning to test human cells

The researchers estimated that the hematopoietic 
stem cells in the original sample increased in numbers 
by between 200- to 900-fold — an unprecedented level 
of expansion. When they transplanted the newly grown 
cells into mice that had not undergone a conditioning 
regimen, the animals developed blood and immune 
cells derived from both the donors’ hematopoietic stem 
cells and their own, demonstrating that the donor cells 
had engrafted and remained functional. 

“We also found that, during the culture, we can 
use CRISPR technology to correct any genetic defects 
in the original hematopoietic cells,” Nakauchi said. 
“These gene-corrected cells can then be expanded for 
transplantation. This should allow us to use a patient’s 
own cells as gene therapy.” 

Nakauchi and his collaborators at Stanford are now 
testing this approach in mice.

Other Stanford co-authors of the study are gradu-
ate student Ralph Crisostomo, research associate Ryo 
Yamamoto, and assistant professor of developmental 
biology Kyle Loh, PhD. Researchers from the RIKEN 
BioResource Center also contributed to the study.

The research was supported by the Japan Agency for 
Medical Research and Development, the Japan Society 
for the Promotion of Science, the National Institutes 
of Health, the Ludwig Foundation, the California In-
stitute for Regenerative Medicine, the Leukemia and 
Lymphoma Society, the Siebel Stem Cell Institute, the 
Baxter Foundation, Bloodwise and anonymous donors. 

Nakauchi is a co-founder and shareholder of Repro-
CELL Inc.

Stanford’s Department of Genetics also supported 
the work. ISM

tant professor at University of Illinois-
Chicago, are the lead authors.

E-cigarette use has skyrocketed

In the United States, cardiovascular 
disease is responsible for about one-third 
of smoking-associated deaths in smok-
ers, and secondhand smoke causes ap-
proximately 34,000 early deaths from 
heart disease each year in nonsmokers. 
Endothelial cells line the interior surface 
of blood vessels and play a critical role 
in heart and cardiovascular health. Al-
though some studies have suggested that 
e-cigarettes deliver lower levels of car-
cinogens to users than do conventional 
cigarettes — perhaps decreasing the risk 
of cancer — the effect of e-cigarette use 
on vascular health has been unclear. 

Despite these uncertainties, the use 
of e-cigarettes has skyrocketed since 
their introduction about a decade ago, 
particularly among young people. The 
Food and Drug Administration estimates 
that more than 3.5 million middle and 
high school students used e-cigarettes in 
2018, though sales to minors are prohib-
ited. In 2018, the 
FDA restricted the 
sale of flavored e-
cigarettes to adult-
only venues, with 
the exception of 
tobacco, menthol 
and mint flavors, 
which can be sold wherever traditional 
cigarettes are sold. 

“One in five high school students 
have tried e-cigarettes, perhaps because 
they feel they are relatively safe,” Lee 
said. “But we found the e-liquids caused 
changes in the endothelial cells that are 
closely related to those seen during the 
development of cardiovascular disease.”

The researchers investigated the effect 
of six different popular e-liquid flavors 
— fruit, tobacco, sweet tobacco with 
caramel and vanilla, sweet butterscotch, 

c innamon,  and 
menthol — with 
nicotine levels of 
0, 6, and 18 milli-
grams per milliliter 
on endothelial cells 
derived from hu-
man iPS cells. They 

found that while several of the liquids 
were moderately toxic to the endothe-
lial cells, the cinnamon- and menthol-
flavored e-liquids significantly decreased 
the viability of the cells in culture even in 
the absence of nicotine. 

Exposure to the e-liquids also in-
creased the relative levels of reactive oxy-
gen species — molecules that can cause 

DNA damage — and the levels of mol-
ecules associated with programmed cell 
death. 

The researchers also found that ex-
posure to the cinnamon and menthol 
flavored e-liquids significantly disrupted 
the ability of the cultured cells to form 
capillary-like tubular structures associ-
ated with the growth of new blood ves-
sels. The e-liquid flavored with caramel 
and vanilla also disrupted growth, but 
not as severely. The cells exposed to cin-
namon flavor and caramel and vanilla 
flavors exhibited an increased uptake of 
low-density lipoproteins and lipids — 
processes commonly associated with in-
flammation and endothelial dysfunction 
— and a reduction in their ability to mi-
grate to heal wounds or scratches. 

Some of the effects of exposure to 
the various e-liquids were dependent on 

the nicotine concentration, but others, 
like cellular migration and decreases in 
cell viability, were independent of nico-
tine, suggesting a combined effect of 
nicotine concentrations and flavoring 
components. 

Finally, the researchers compared the 
levels of nicotine in the blood serum of 
people after they had vaped with the 
levels in people who smoked traditional 
cigarettes. They found that the amounts 
of nicotine in the blood were similar be-
tween the two groups after 10 minutes of 
smoking at a constant rate. 

“When you’re smoking a traditional 
cigarette, you have a sense of how many 
cigarettes you’re smoking,” Wu said. “But 
e-cigarettes can be deceptive. It’s much 
easier to expose yourself to a much higher 
level of nicotine over a shorter time pe-
riod. And now we know that e-cigarettes 
are likely to have other significantly toxic 
effects on vascular function as well. It’s 
important for e-cigarette users to real-
ize that these chemicals are circulating 
within their bodies and affecting their 
vascular health.” 

Other Stanford co-authors are re-
search assistant Yang Zhou; postdoctoral 
scholars Lei Tian, PhD, and Hongchao 
Guo, PhD; graduate student Hye Ryeong 
Bae; undergraduate student Natalie 
Baker; and professor of pediatrics Kari 
Nadeau, MD, PhD.

Researchers from the University of 
Arizona College of Medicine, the Univer-
sity of Illinois College of Medicine, the 
University of California-San Francisco 
and the University of Louisville School of 
Medicine also contributed to the study.

The study was supported by the Na-
tional Institutes of Health, the American 
Heart Association, the Stanford Diabetes 
Research Center, the University of Cali-
fornia Tobacco Related Disease Research 
Program and the FDA.

Stanford’s Department of Medicine 
also supported the work. ISM
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Joseph Wu co-authored the study that investigated the effect of e-cigarette liquids on endothelial cells.
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“This has been one of my 
life goals as a stem cell 

researcher.”

“This study clearly shows 
that e-cigarettes are 

not a safe alternative to 
traditional cigarettes.”
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people

DAN EISENBERG, MD, associate professor of surgery, 
was awarded a Health Services Research & Develop-
ment Merit Grant from the U.S. Department of Veter-
ans Affairs. The three-year, $750,000 grant will fund 
his study to assess the quality of obesity screening in 
veterans with spinal-cord injuries who receive care in 
the Veterans Health Administration, and to evaluate 
the need for adjusted body mass index morbidity risk 
zones for these individuals.

BILLY LOO, MD, PhD, was promoted to professor of 
radiation oncology, effective March 1. He specializes in 
radiation therapy for lung and other thoracic cancers, 
including stereotactic ablative radiotherapy and 4D 
image-guided radiation therapy for lung tumors, and 
leads the thoracic radiation oncology clinical service. 
His clinical research focuses on implementation of new 
treatment techniques for lung cancer and on the devel-
opment of new medical imaging methods for measur-
ing organ function and predicting response to cancer 
treatment. 

ANGELA LUMBA-BROWN, MD, clinical assistant pro-
fessor of emergency medicine and of pediatrics and co-
director of the Stanford Brain Performance Center, has 

been awarded a student athlete health and well-being 
grant from the Pac-12 Conference for research on head 
trauma. The grant is part of a collective effort between 
the conference and its member universities to find ways 
to keep student-athletes as safe as possible. The grant 

of note
reports on signif icant honors and awards 

for faculty, staf f and students

R ACHEL BAKER

Lunchtime in the ‘Zen Den’ 
Elizabeth Shelton, a research coordinator for the colorectal section in the Division of General Surgery, leads a yoga class on April 8 in 
the “Zen Den” at the Stanford Medicine Outpatient Center in Redwood City. Located on the third floor of Pavilion D, some might have 
considered this sliver of superfluous space in the Pelvic Health Center a design flaw. But Ray Kim, MD, professor of medicine, saw 
possibilities. “When we were designing the Pelvic Health Center, we wanted to create an ambience not of an impersonal hospital, 
but a well-being-oriented nurturing environment,” said Kim, who specializes in hepatology. “We saw that awkward room, and I came 
up with the concept of a space where patients and employees can come to find inner peace.” Brooke Gurland, MD, clinical professor 
of surgery, jumped on the idea, outfitting the room with blocks and mats for yoga. “The medical literature on yoga and the impact 
on health and well-being was too profound to ignore,” said Gurland, a colorectal surgeon. Free lunchtime yoga sessions are held  
Mondays and Thursdays from 12:15-12:50 p.m. and are open to Stanford patients, staff and faculty. —Rachel Baker

will provide $356,168 over three years to support her 
study of concussion classification in student athletes.

MARC MELCHER, MD, PhD, associate professor of 
surgery, was elected president of the San Francisco 
Surgical Society. His one-year term begins Sept. 18.

LLOYD MINOR, MD, dean of the School of Medicine 
and professor of otolaryngology-head and neck sur-
gery, received the Rambam Award from the Rambam 
Health Care Campus teaching hospital in Israel. The 
award is conferred based on candidates’ contributions 
to medicine, science, technology, leadership and hu-
manity and recognizes the achievements of remarkable 
individuals for their passion, caring and special gener-
osity to Israel.

CORI POFFENBERGER, MD, clinical assistant profes-
sor of emergency medicine, has been selected for the 
2019-20 Rathmann Foundation E4C Medical Edu-
cation Fellowship in Patient-Centered Care from the 
Stanford Office of Medical Education. The one-year, 
$55,000 fellowship allows Stanford faculty, fellows 
and chief residents to pursue activities related to pa-
tient-centered care in medical education.

JEFFREY SAKAMOTO, MD, resident in emergency 
medicine, has been elected a member-at-large of the 
resident and medical student board of directors of the 
Society for Academic Emergency Medicine. The so-
ciety works to improve care for acutely ill and injured 
patients through research and education.

ALAN SCHATZBERG, MD, the Kenneth T. Norris 
Jr. Professor in Psychiatry and Behavioral Sciences, 
received the Solomon A. Berson Medical Alumni 
Achievement Award from the New York Univer-
sity School of Medicine. The award, named for the 
founder of the radioimmunoassay, honors Schatzberg’s 
career in  investigating the biology and biopharmacol-
ogy of depressive disorders.

ANNE VILLENEUVE, PhD, professor of developmental 
biology and of genetics, received the 2019 Genetics 
Society of America Medal. The award honors an in-
dividual member of the society for outstanding contri-
butions to the field of genetics in the past 15 years. She 
was recognized for her research on the mechanisms 
governing chromosome inheritance during sexual 
reproduction.

SHERRY WREN, MD, professor of surgery, has joined 
the World Health Organization’s Expert Advisory 
Panel on Surgical Care and Anaesthesia. Her four-year 
term began on June 1. ISM
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M A R K  B E R RY ,  MD, 
professor of cardiotho-
racic surgery, was ap-
pointed the Mylavarapu 
Rogers Professor in Car-
diothoracic Surgery. He 
specializes in treating 
thoracic surgical condi-
tions with minimally in-
vasive techniques, such 
as video-assisted tho-
racoscopic surgery and 
laparoscopic, robotic, endoscopic 
and bronchoscopic approaches. His 
clinical research focuses on the use of 

these techniques and on 
evaluating outcomes af-
ter treatment of thoracic 
malignancies. 

The professorship was 
established with a gift 
from Swati Mylavarapu 
and Matt Rogers to sup-
port a faculty member 
in the Department of 
Cardiothoracic Surgery. 
Swati Mylavarapu was a 

partner at Kleiner Perkins and Matt 
Rogers co-founded the smart-home 
company Nest in 2010. In 2017, the 

couple founded Incite.
org, a multipronged orga-
nization that includes an 
investment firm to sup-
port mission-driven en-
terprises and a nonprofit 
to advance education and 
science. 

AARON GITLER , PhD, 
professor of genetics, was 
appointed the Basic Sci-
ence Professor. His re-
search focuses on protein-misfolding 
disorders and neurodegenerative 
diseases such as Parkinson’s disease, 

Alzheimer’s disease and 
Lou Gehrig’s disease, also 
called amyotrophic lat-
eral sclerosis. By under-
standing the mechanisms 
driving  protein-misfold-
ing, he aims to identify 
strategies for therapeutic 
intervention.

The professorship 
was established with a 
gift from an anonymous 

donor to support a faculty member 
in the basic sciences in the School of 
Medicine. ISM

Two faculty members appointed to endowed professorships 

Mark Berry Aaron Gitler


