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By Mandy Erickson

Patients taking the most common 
form of antidepressant who are 
given the most widely prescribed 

opioid experience less pain relief, 
School of Medicine investigators have 
discovered.

The finding could help combat the 
opioid epidemic, as poorly managed pain 
may lead to opioid abuse. 

As many as 1 in 6 Americans takes an-
tidepressants, mostly selective serotonin 
reuptake inhibitors. Stanford researchers 
found that SSRIs reduce the effectiveness 
of hydrocodone and codeine, which are 
often prescribed to patients who have re-
cently undergone surgery. 

“This research is part of our effort 
to find ways to combat the opioid epi-
demic,” said Tina Hernandez-Boussard, 
PhD, MPH, associate professor of medi-
cine, of biomedical data science and of 
surgery at Stanford. “We’re very inter-
ested in identifying how we can reduce 
opioid exposure while still managing pa-
tients’ pain.”

A paper describing the research was 
published Feb. 6 in PLOS ONE. Her-
nandez-Boussard and Ian Carroll, MD, 
assistant professor of anesthesiology, peri-
operative and pain medicine at Stanford, 
share senior authorship. The lead author 
is graduate student Arjun Parthipan.

Antidepressant inhibits enzyme

The researchers focused on the in-
teraction between opioids and SSRIs 
because they knew that certain opioids, 
called prodrug opioids, need a liver en-
zyme to convert them into an active 

form that eases pain.
SSRIs inhibit this enzyme, so the 

researchers hypothesized that patients 
taking SSRIs in combination with pro-
drug opioids would receive less pain 
relief. Prodrug opioids include codeine 
and hydrocodone, which is sold under 
brand names such as Vicodin, Lorcet 
and Lortab. SSRIs include Prozac, Paxil, 
Zoloft and Celexa.

For the study, the research team 

analyzed de-identified data for 4,306 
surgical patients with a diagnosis or 
symptoms of depression in the electronic 
health records at Stanford Health Care.

The researchers found that the pa-
tients on SSRIs who were prescribed 
prodrug opioids experienced more pain 
when they left the hospital, as well as 
three weeks later and eight weeks later. 
The patients on both SSRIs and prodrug 
opioids registered nearly one point more 

pain on a scale of 1 to 10 than the pa-
tients not on SSRIs who were prescribed 
prodrug opioids. 

Algorithm predicts opioid response

The researchers built a machine-
learning algorithm that predicts how a 
patient will respond to different types of 
opioids. The algorithm is available online 
at https://doi.org/10.25936/kjx8-0w74. 

The study focused on surgery patients 
because they nearly always receive opioid 
prescriptions, yet the findings apply to 
anyone taking short-term opioids. 

Carroll noted that hydrocodone is the 
most frequently prescribed drug in the 
nation. With SSRIs the most frequently 
prescribed class of drugs, he said, the 
chance that any patient will be on both 
drugs is high. 

There’s no proof that better pain man-
agement reduces the number of opioid 
overdoses, cautioned Carroll. But poor 
pain control has been shown to be a risk 
factor for chronic pain, and it may lead 
to more prolonged opioid use, along 
with misuse. 

“Presumably, every day you take opi-
oids, the risk you’ll abuse it increases,” 
Carroll said. 

The authors concluded that to man-
age pain for patients on SSRIs, pre-
scribers should choose nonopioids or 
direct-acting opioids. Direct-acting opi-
oids, which include morphine, fentanyl 
and oxycodone, do not need the liver 
enzyme to convert the drug into a form 
that eases pain. 

Prescribers typically choose hydro-
codone or codeine because of a percep-
tion that they are 

SSRIs make common opioids less effective
STEVE F ISCH

Tina Hernandez-Boussard and her colleagues found that hydrocodone, such as Vicodin, and codeine are 
less effective in patients who are taking antidepressants called selective serotonin reuptake inhibitors.

See OPIOIDS, page 7

By Hanae Armitage

There’s no such thing as a “good” case of dengue fe-
ver, but some are worse than others, and it’s difficult to 
determine which patients will make a smooth recovery 
and which may find their condition life-threatening.

 Now, after scouring the gene expression of hun-
dreds of patients infected with dengue virus — a mos-
quito-borne virus that can cause fever and joint pain, 
among other symptoms — scientists at the School of 
Medicine have found a set of 20 genes that predicts 
who is at the highest risk of pro-

Set of genes can predict 
severity of dengue fever,  
according to new study

By Bruce Goldman

A male mouse identifies the sex of an unfamiliar 
mouse because of hard-wired brain physiology, not pre-
vious experience, School of Medicine investigators have 
found.

The researchers identified, for the first time in mam-
mals, a small number of neurons in the male mouse 
brain driving a sexually inexperienced animal’s ability to 
speedily determine another mouse’s sex.

Female mice also quickly determine a stranger’s sex-
ual identity. But the circuitry in their brains that guides 
those decisions remains to be located. 

“Surprisingly, recognition of a stranger’s sexual iden-
tity works completely differently in male and female 
mice,” said Nirao Shah, PhD, professor of psychiatry 
and behavioral sciences and of neurobiology.

The findings, described in a study published Jan. 31 
in Cell, add to a small but growing list of mammalian 
brain circuits known to work differently in males and 
females. They inform a long-standing debate about the 
relative contributions of inherently hard-wired predis-
positions versus socially acquired influences in molding 
sex-specific behaviors. 

Shah is the study’s senior author. The lead author is 
postdoctoral scholar Daniel Bayless, PhD.

 “Our findings show that males, at least, don’t need 
prior sexual experience in order to make fast, reliable 

decisions about closely approaching strangers,” Shah 
said.

That makes good evolutionary sense. In its lifetime, 
a wild male mouse may get just a few shots at sexual 
reproduction, ratcheting up the advantage of being 
able to correctly identify a newcomer’s sex in short or-
der without having to learn how first. If that ability is 
innately programmed, even a sexually inexperienced 
mouse can rapidly discern males from females of its 
species.

Male mice are hard-wired to recognize  
sex of other mice, researchers report

See SEX, page 6
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Researchers identified neurons that enable male mice to quickly 
identify the sex of unfamiliar mice. The finding may apply to humans 
because the two species share much of the same brain circuitry.
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By Erin Digitale

Each year, far fewer medical devices 
are approved by the Food and Drug Ad-

ministration for children than adults. 
This means pediatricians don’t always 
have top-notch tools available to address 
medical challenges in babies and kids. 

Now, a team of scientists and physi-
cians at two of the Bay Area’s leading 
research institutions are collaborating to 
address the prob-
lem. Researchers at 
Stanford University 
and the University 
of California-San 
Francisco are nur-
turing the develop-
ment of new medical devices through 
the UCSF-Stanford Pediatric Device 
Consortium, established last year with 
an award of $6.7 million from the FDA. 

“When you look historically at the 
approvals of devices that have specific 
pediatric indications, they’re abysmal — 
essentially flat-lined,” said James Wall, 
MD, assistant professor of surgery, who 
leads the Stanford side of the collabora-
tion. The Bay Area group is one of five 
consortia receiving FDA funding across 
the country to try to bolster develop-

ment of pediatric devices. 
The dearth of pediatric medical de-

vices creates two challenges, Wall said. 
“We often end up 
having to cobble 
together work-
arounds to use 
adult-sized devices 
that are not the 
right size for our 

patients,” he said. “There are also pedi-
atric-specific diseases that have no adult 
correlate, for which appropriate medical 
devices have never been developed.”

‘Right time for a big push’

“This is the right time for a big push 
in pediatric technologies,” said Paul 
Yock, MD, director of the Stanford 
Byers Center for Biodesign and an ad-
viser to the consortium. Not only could 
pediatric devices fill gaps in hospital care, 
they could also help 
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By Bruce Goldman

School of Medicine investigators succeeded in 
countering inflammation and tissue damage caused 
by rheumatoid arthritis in mice engrafted with human 
joint-lining tissue and a human immune system.

The researchers accomplished this by shutting down 
a faulty molecular mechanism that they identified in 
humans with the disease.

In addition, they found that a novel drug, which is 
not yet commercially available, helped protect both hu-
man cells in a dish and the humanized mice from rheu-
matoid arthritis. Clinical trials of the drug or a closely 
related compound could begin in the near future.

The findings were published online Feb. 4 in Na-
ture Immunology. Cornelia Weyand, MD, PhD, profes-
sor and chief of immunology and rheumatology, is the 
senior author. The lead author is postdoctoral scholar 
Zhenke Wen, MD, PhD.

Rheumatoid arthritis is one of the most common 
autoimmune diseases, affecting about 1 percent of the 
population. It involves destruction of synovia, soft tis-
sue that lubricates joints to prevent bones from scraping 
together. Whereas osteoarthritis is attributable to age-
related wear and tear, rheumatoid arthritis results from 
a chronic attack on the synovia by cells of the body’s 
immune system. The inflammatory character of rheu-
matoid arthritis also causes systemic problems. For ex-
ample, it doubles the risk of heart disease.

Existing rheumatoid-arthritis medications relieve 
symptoms but don’t actually eradicate the disease by 
rectifying the behavior of the immune cells causing it, 
Weyand said. Why those cells go on the attack to begin 
with has been mysterious.

But Weyand’s team has clues. “We’ve learned that 
rheumatoid arthritis is, at root, a problem of faulty cell 
metabolism and, in particular, of one type of immune 
cell’s inappropriate diversion of resources from gener-
ating energy to the production of an army of inflam-
matory offspring,” she said. This 
cellular army exits the lymph 
nodes, makes its way to synovial 
tissues, takes up residence there 
and instigates the inflammatory 
damage that’s the hallmark of 
rheumatoid arthritis.

“We know how these immune 
cells fuel their bad behavior,” Weyand said. “And now 
we’ve shown we can reverse this behavior and make 
these cells behave as they should.”

Errant helper T cells

The errant cells are helper T cells. After infiltrating 
synovial tissue, they send out signals that call in other 
super-aggressive immune cells and cause ordinary syno-
vial cells to become inflamed and destructive. 

In prior work, Weyand’s group noticed telling dif-
ferences between the helper T cells of patients with 
rheumatoid arthritis and those of healthy people. The 
former, for instance, have low reserves of a molecule 
called ATP, which serves as cell’s internal energy cur-
rency, accepted by all of a cell’s myriad metabolic en-
terprises. Yet instead of directing their primary energy 
source, glucose, toward ATP production, these cells 

divert their glucose supplies toward fashioning various 
materials — proteins, nucleic acids, membranes and 
the like — used to build new T cells that will contrib-
ute to further damage.

That shouldn’t happen. Like all cells, T cells con-
tain AMPK, a regulatory molecule that senses ratios of 
ATP and its two main breakdown products. If it finds 
ATP too outnumbered by these breakdown products, 
AMPK clamps down on the T cell’s cell-building pro-
gram and, instead, sends 
glucose off to the cell’s 
ATP-generating apparatus.

 “When your house is 
cold, you need to throw 
your logs into your fire-
place, not use them to 
build a new house in your 
backyard,” Weyand said.

The new study provides 
an answer to the question 
of why AMPK fails to per-
form its energy-monitor-
ing function in the faulty 
helper T cells of patients 
with rheumatoid arthritis.

To redirect glucose traf-
fic from biosynthesis to 
internal energy produc-
tion, AMPK must first be 
activated. This happens 
when a small chemical 
group gets tacked onto 
AMPK, starting it up like 
the ignition of a car. That, 
in turn, can occur only on 
the outer surface of vesicles called lysosomes.

Lysosomes have a reputation as cells’ garbage dispos-
als because they’re full of cellular debris in the act of 
being recycled. But they’re more than that. Their mem-

brane surfaces are dotted with all 
manner of receptors, channels, 
enzymes and other proteins. Only 
when AMPK perches on the lyso-
somal surface and seats itself in a 
large protein supercomplex there 
does it get activated and poised 
to shut down an ATP-deficient 

helper T cell’s biosynthetic materials-building apparatus 
and redirect glucose back to ATP production.

Weyand’s team obtained blood samples from 155 
rheumatoid arthritis patients, an equivalent number of 
healthy subjects and a smaller number of patients with 
other autoimmune disorders. They extracted helper T 
cells from these samples and, analyzing them, found 
several striking differences.

Rheumatoid arthritis patients’ T cells had just as 
much AMPK as cells from healthy subjects or patients 
with other autoimmune diseases did. But their AMPK 
molecules weren’t getting activated. Nor were they as 
likely to turn up on lysosomal surfaces. AMPK mol-
ecules in these cells were also much less likely to feature 
molecules of a substance called myristic acid affixed to 
their back ends. 

Rheumatoid-arthritis helper T cells also had much-

reduced levels of the enzyme NMT1, whose job is to 
staple myristic acid “tails” to proteins’ back ends. These 
tails, Weyand and her colleagues found, act as anchors 
pinning AMPK to the lysosomal surface. Laboratory 
techniques that increased NMT1 levels in rheumatoid-
arthritis helper T cells caused the cells’ secretions of 
inflammatory chemicals to drop. When injected into 
mice with human synovial tissue, unmodified helper T 
cells from rheumatoid arthritis patients caused severe 

damage to the human synovial tissue. But those with 
lab-enhanced levels of NMT1 produced far less inflam-
mation or tissue damage. 

An exploratory compound, A769662, that causes 
AMPK to become activated even when it’s just floating 
around in a cell’s cytoplasm rather than anchored to a 
lysosome reversed rheumatoid-arthritis helper T cells’ 
inflammatory output and their propensity to infiltrate 
and damage human synovial tissue in the mice, the 
study found. 

Weyand said she expects to test the efficacy of the 
compound, or a derivative, among rheumatoid arthritis 
patients in a clinical trial, hopefully in the near future.

Weyand is a member of Stanford Bio-X, of the Stan-
ford Institute for Immunity, Transplantation and Infec-
tion and of the Stanford Cardiovascular Institute.

Other Stanford-affiliated co-authors of the study 
are Stanford Shoor, MD, professor of immunology 
and rheumatology; Niall Roche, MD, a rheumatology 
specialist at Stanford Health Care-Valley Care; post-
doctoral scholars Ke Jin, PhD, Yi Shen, PhD, Yinyin 
Li, PhD, and Bowen Wu, PhD; research associate Zhen 
Yang, PhD; Lu Tian, ScD, associate professor of bio-
medical data science; and Jorg Goronzy, MD, PhD, 
professor of immunology and rheumatology.

The work was funded by the National Institutes of 
Health. 

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

Reversible molecular defect in rheumatoid arthritis found

Consortium fosters innovation in pediatric medical devices

NORBERT VON DER GROEBEN

Cornelia Weyand is the senior author of a study that found that shutting down a faulty molecular 
mechanism in “humanized” mice curbed the damage caused by rheumatoid arthritis in the animals.
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“This is the right time for 
a big push in pediatric 

technologies.”

“We know how these 
immune cells fuel their 

bad behavior.”
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1The review estimates that the average person in the 
United States consumes about 200 pounds of meat 

in one year. How much protein does a person really 
need?

GARDNER: The data we cite from the Food and Agri-
cultural Organization encompasses meat intake in more 
than 150 countries and concludes that more 
meat per person is consumed in the United 
States than in any other country. The United 
States government’s guidelines have a “recom-
mended daily allowance” that amounts to 0.36 
grams of protein per pound of body weight 
per day. That equals 45 grams of protein for 
someone weighing 125 pounds, and 64 grams 
for someone weighing 175 pounds. But what’s 
important to note is that this estimation al-
ready has a built-in buffer to account for vari-
ability across the population. The majority of 
people should interpret the recommended al-
lowance as an amount with a buffer, not as a 
minimum requirement. If the entire population con-
sumed the recommended daily allowance of protein, 
97.5 percent would meet or exceed their requirement. 
And yet the average woman in the United States eats 
about 80 grams per day, and the average man about 100 
grams per day. And that’s before adding protein bars, 
protein shakes and protein powders.

2 Does it matter if you get your protein by consuming 
plants or meat?

GARDNER: In terms of meeting your protein require-
ment, it really doesn’t. Protein contains the same 20 
amino acids, regardless of where it comes from. It isn’t 
the amount of protein consumed as much as the pro-
portions of amino acids, which make up proteins, that 
matter most. Meat and animal products have amino 
acid proportions that align perfectly with human needs. 
Plants aren’t aligned as perfectly, but they’re really close 
— so much so that it doesn’t matter if there isn’t any 
meat in your diet. You can still get the needed propor-
tions of amino acids from plants. A lot of people think 
that plants don’t have enough total protein to meet hu-
man requirements. But the truth is vegetarians and veg-
ans usually meet and exceed their protein requirement 
as long as they’re eating a reasonable variety of foods. 

But there are other things to consider: Animal foods 
don’t have fiber, and plant foods generally don’t have 
saturated fat. In this sense, it’s actually more beneficial 
to choose plant foods over animal foods.

3 What’s the connection between meat consumption, 
greenhouse gas emissions and water use?

GARDNER: Over the last decade, concerns about 
greenhouse gasses and water usage have grown to 
states of urgency and emergency. There are now doz-
ens of published analyses demonstrating that current 

agricultural practices are contribut-
ing substantially to accelerating global 
warming, and changes in agricultural 
practices will be essential to addressing 
climate change. This is particularly true 
of raising livestock, beef and dairy in 
particular, which is far more negatively 
impactful on resources than growing 
plant foods, which is relatively less 
resource-intensive and produces less 
greenhouse gas.  

4 Do you recommend a cutback in 
protein? How would that help re-

duce the impact on natural resources?
GARDNER: Given that many, if not most, Americans 

eat twice the amount of protein they require, there is 
substantial room to consume less protein and still easily 
meet individual needs. Most people could choose a veg-
etarian or even a vegan diet and still meet their protein 
needs  but I don’t think that is realistic or necessary. 
I would recommend two things: eating less protein in 
general and shifting the source of some protein from 
animal to plant foods. Keep in mind that, beyond pro-
tein, this shift to a more plant-based diet is now consis-
tent with the recommendations of every public health 
organization regarding improving human health. In our 
paper, we modeled the impact of individuals consum-
ing 25 percent less protein, and also shifting 25 per-
cent of the remaining protein that they consume from 
animal to plant protein. For the average American that 
would mean still getting most of their protein from ani-
mal foods, about a 60-40 split. By our estimates, that 
25-percent-less-and-25-percent-shift recommenda-
tion would result in 40 percent lower carbon dioxide 
emissions from food production-related sources, which 
would be equivalent to about 8 percent of the green-
house gas emissions reductions originally pledged by 
the United States under the Paris Climate Agreement. 
The shift would also equate to a 10 percent decrease 
in water consumption  about 3.1 trillion gallons  
relative to current consumption. If the protein shifts 
were bigger, the impact would be even larger.

5Are there any large-scale efforts that are in place to 
help reach this goal of cutting back?

GARDNER: There’s something called the “protein flip” 
that was initiated by the leadership of the Culinary 
Institute of America. The Culinary Institute of Amer-
ica and Stanford have initiated the Menus of Change 
University Research Collaborative to shift college din-
ing menus to be more plant-based. This “protein-flip” 
is their top strategic priority right now, and it involves 
putting plants and plant protein at the center of the 
plate, rather than beef, pork, chicken or fish. The menu 
is likely to include some meat, but in many cases the 
animal protein portion will be a side dish, garnish or 
condiment, rather than being a large portion that forms 
the centerpiece of the plate. The framing of this ef-
fort emphasizes the “unapologetic deliciousness” of the 
menu items, while also incorporating human health 
and environmental sustainability, but the goal is to 
lead with taste. It’s one of the many strategies that I am 
working on that I believe are helping to make a substan-
tive change in social norms about how much protein 
to consume and where to get it from to maximize the 
intersection of human health and the health of the en-
vironment. ISM

Vegetarians may be on to something: It’s en-
tirely possible to get the National Academy of 

Medicine’s recommended amount of protein without eating meat.
Per capita, Americans consume the most protein in the world and eat the most meat, 

according to an article published Feb. 6 in Nutrition Reviews. The article, a literature 
review, analyzes recent protein consumption nationwide. Yet gorging oneself on protein 
doesn’t yield health benefits. In fact, excess calories — in the form of protein or anything 
else — end up stored as carbohydrate or fat and can lead to weight gain. What’s more, 
studies have shown that raising enough livestock to satiate American meat consumption 

contributes substantially to carbon emissions and requires trillions of gallons of water.
In the article, nutrition scientist Christopher Gardner, PhD, professor of medicine at 

Stanford and the Rehnborg Farquhar Professor, and his co-authors recommend steps that 
individuals can take to curb carbon emissions and reduce the resources required to raise 
livestock, as well as improve their health.

In a conversation with science writer Hanae Armitage, Gardner discussed the prob-
lems with current protein consumption and how much individuals should be eating, as 
well as how he thinks the two can be reconciled in a way that will benefit the environ-
ment.

Christopher Gardner

Gardner on meat, protein and the environment5 questions
an occasional feature in which an expert answers

f ive questions on a science or policy topic

monitor children’s health and keep them 
out of the hospital in the first place, said 
Yock, who is also a professor of bioengi-
neering and of medicine.

The consortium has built a three-
phase process for spurring pediatric 
innovation, drawing on the strengths 
of UCSF’s history as a hub of pediat-
ric device design and Stanford’s suc-
cessful biodesign center. (Wall helps 
direct the Stanford Biodesign Innovation 
Fellowship.) 

The consortium hosts a monthly fo-
rum for innovators with ideas for pe-
diatric devices. Those who participate 
receive feedback and mentoring during 
the forum, as well as the opportunity to 
take their ideas to the second stage: con-
cept development. This stage includes 
funding for services such as device pro-
totyping and regulatory consulting. The 
third stage includes seed funding for 
promising projects. This year, more than 
$300,000 in funding will be awarded at 
the consortium’s first pitch competition, 

to be held March 29 at the Li Ka Shing 
Center for Learning and Knowledge at 
Stanford as part of the consortium’s an-
nual Pediatric Innovation Symposium. 

At present, one project team is devel-
oping a device that would enable non-
surgical closure of feeding tube sites in 
children. Adults often receive feeding 
tubes as part of end-of-life care, whereas 
children are more likely to use a feeding 
tube temporarily, Wall said. “Kids often 
have them removed but end up with a 
leaking site in their abdomen,” he said. 
“One of our teams has an idea for a de-
vice to close these sites without the need 
for surgery.”

Another team is working on a moni-

toring system for babies with 
reflux. Spitting up is common 
in newborns and usually goes 
away on its own, but about 1 in 
1,000 babies who spit up develop 
pathologic reflux. “It’s very hard 
to know who they are because we 
don’t have diagnostic tools that 
are the right size, or data about 
the physiology of infants to deter-
mine when reflux will become a 

problem,” Wall said, adding that FDA-
approved devices already exist for diag-
nosing pathological reflux in adults.  

Drawing on strengths

The consortium draws on strengths of 
both universities, Wall said. “UCSF has 
experts who have figured out the local 
infrastructure for developing pediatric 
devices, and has great clinical strengths,” 
he said. “We bring the strength of our 
biodesign process — of infusing disci-
pline early into the innovation process to 
understand the downstream barriers to 
product development, such as regulatory 
hurdles, clinical trial requirements to 
drive adoption and insurance reimburse-

ment challenges.”
Because most children are healthy, the 

market for many possible pediatric med-
ical devices is small, he added. “There’s 
not as much room for error,” Wall said. 
“You have to be very strategic in how 
much money you spend to deliver a 
product to a relatively small number of 
patients. But Stanford is well-known 
for developing health technologies, and 
now we have a mechanism to highlight 
pediatrics as an opportunity. We want 
innovators to know that it can be done 
— it should be done — and our team 
can help.” ISM

Devices
continued from page 2

James Wall Paul Yock

BBC WORLD SERV ICE

Cattle in Hereford, Texas, known as the “Beef Capital of the 
World.” Raising enough livestock to satiate American meat 
consumption contributes substantially to carbon emissions.

Stanford Medicine researchers 
are recruiting participants of all 

a g e s for a variety of clinical trials. They 
need people with specific health conditions, 
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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By Melissa De Witte

For children undergoing a promising 
peanut-allergy treatment that involves 
taking small doses of the allergen, un-
comfortable side effects can induce anxi-
ety, even to the point of skipping doses 
or dropping treatment entirely.

But guiding young patients to the 
mindset that uncomfortable side effects 
are a sign that the therapy is working can 
help reduce anxiety, according to a new 
study by Stanford researchers.

The study, published Jan. 28 in Jour-
nal of Allergy and Clinical Immunology: 
In Practice, found that when children 
perceived mild reactions to the treat-
ment as useful, they were less anxious 
about symptoms and also less likely to 
skip doses. They were also less likely 
to experience side effects at the end of 
their treatment when real peanuts were 
introduced.

Promising treatments

Almost 6 million American children 

and adolescents have food allergies. Oral 
immunotherapy is an emerging treat-
ment whereby patients gradually con-
sume tiny doses of the allergen until they 
build tolerance to it.

During treatment, patients can expe-
rience mild but fleeting side effects, like 
an itchy mouth or congestion. These 
reactions are evidence that the treat-
ment is working, but for some patients, 
it can cause anxiety because of its asso-

ciation with a larger, more severe allergic 
reaction.

“We know from decades of clinical 
trials that oral immunotherapy is likely 
effective in protecting from accidental 
exposure to food allergens,” said Kari 
Nadeau, MD, PhD, professor of medi-
cine and of pediatrics and director of the 
Sean N. Parker Center for Allergy and 
Asthma Research at Stanford. “But I’ve 
seen firsthand how challenging this treat-
ment can be for patients and their fami-
lies to complete. Experiencing symptoms 
during treatment can be a source of 
anxiety that can lead patients to end 
treatment early, so we were particularly 
eager to find a mindset that could help 
patients come to understand symptoms 
in a more adaptive way.”

Applying a positive mindset

The study builds on ongoing research 
at the Stanford Mind & Body Lab about 
how mindsets — thoughts, beliefs and 
expectations — can influence behavior 
and health outcomes.

Sometimes uncomfortable symp-
toms indicate healing, said postdoctoral 
scholar Lauren Howe, PhD, a lead au-
thor of the study. For example, a fever 
means that a body is fighting an infec-
tion. When a cut is inflamed and itches, 
it is a sign the wound is healing.

“In these cases as well as others, you 
could think of symptoms not just as un-
fortunate side effects, but as signals of 
healing — what we called a ‘symptoms 
as positive signals’ mindset,” Howe said. 
“But we thought that people might often 
miss this mindset about symptoms, only 
seeing the negative aspects of symptoms. 
So we thought an intervention that made 
this mindset salient could have a lot of 
potential.”

For the study, the researchers re-
cruited 50 participants ages 7-17. Fami-
lies were randomly split into two groups: 
a “symptoms as side effects” mindset and 
a “symptoms as positive signals” mindset. 
Both groups received identical treatment 
instructions and were trained to use 
medications, such 

By Erin Digitale

When Kimberly Pyke-Grimm began studying how 
teens and young adults with cancer make decisions 
about their medical care, her years as a pediatric-on-
cology nurse shaped her research. So did her years as a 
mother of three. 

“I feel strongly about contributing to child health 
because two of my children were born with heart dis-
ease,” she said. “I want to be making a difference in 
giving other children the best care because my children 
received it.”

A pediatric oncology nurse for more than 30 years, 
Pyke-Grimm recently earned a PhD in nursing from 
the University of California-San Francisco. Today, she 
is one of two nurse-scientists working at Lucile Pack-
ard Children’s Hospital Stanford. Her work is part of a 
larger trend in which more nurses are conducting clini-
cal research, bringing their unique perspective from the 
front lines of clinical care to the research enterprise. 

“In addition to maintaining their own body of re-
search, our nurse-scientists support the development of 
future scientists, help our bedside nurses evaluate clini-
cal questions and practice changes, and offer training to 
our nurses across the organization,” said Kelly Johnson, 
PhD, RN, vice president of patient care services and 
chief nursing officer at Packard Children’s. “It’s really 
important to have that resource for the support of our 
clinical program and advancement of our scientific pro-
grams. It fits in with our organization’s strategic plan 
and our model of nursing excellence.”

At home in research

Pyke-Grimm now devotes 40 percent of her time to 
research at Packard Children’s and 60 percent to patient 
care as a clinical nurse specialist at the hospital’s Bass 
Center for Childhood Cancer and Blood Diseases. Her 
work includes the responsibilities and routines of any 
scientist: identifying good research questions, seeking 
funding, carrying out and publishing studies, and men-
toring junior investigators. But she is doing all of that 
through the lens of a nurse.

When Pyke-Grimm began working in pediatric 
oncology, she was struck by the painful uncertainties 
families faced as they made treatment choices for their 
children. Parents might agonize over whether to enroll 
a young child in a clinical trial, grapple with the choice 
between different cancer treatments or battle compli-
cated feelings while deciding on end-of-life care.

“As a bedside nurse, I really bore witness to them 
struggling to make some of those decisions,” Pyke-
Grimm said.

In 1988, Pyke-Grimm and her husband, Paul 
Grimm, MD, now a pediatric nephrologist at Packard 
Children’s, relocated from their home in Canada to 
Southern California, where they both attended UCLA. 
He completed a fellowship in pediatric transplant im-
munology, and she earned a master’s degree in nursing, 
an experience that hooked her on nursing research. 
When the couple moved to Winnipeg, Canada, in 
1991, Pyke-Grimm collaborated with Lesley Degner, 

PhD, a professor of nurs-
ing at the University of 
Manitoba. Degner studied 
decision-making in adults 
with cancer. Together, 
she and Pyke-Grimm ex-
tended these investigations 
to parents of young kids 
with cancer.

“I was so very fortu-
nate, working with Lesley,” 
Pyke-Grimm said. “I felt 
like, ‘This is my home: de-
cision-making research.’”

During the 1990s, 
Pyke-Grimm published 
studies showing that, 
while most parents wanted 
to collaborate with their 
child’s oncologists to make 
treatment decisions, some 
preferred more passive or 
active roles. Furthermore, 
the information parents 
wanted from their doctors varied with their decision-
making style. For instance, the most active decision-
makers needed the most information about possible 
treatment side effects.

The findings can help caregivers tailor medical dis-
cussions to families’ individual needs when making de-
cisions about their child’s treatment. It’s one example 
of how research conducted by nurses can refine patient 
care.

“Nurses think about the human response to things 
because we spend so much time with patients in very 
desperate and stressful situations,” Pyke-Grimm said. 
“Almost every day that I work as a clinical nurse special-
ist, I think ‘We should study that!’ or ‘Why is it we’re 
doing it this way?’” 

Helping teens, young adults with cancer

Pyke-Grimm and her family, which now included 
three children, moved to the Bay Area in 2007. She be-
gan working at Stanford in 2011 and started pursuing 
a PhD the following year. She continued to study deci-
sion-making, including that of Packard Children’s pa-
tients, but focused her dissertation on teens and young 
adults with cancer; they face a unique set of challenges.

“Their survival rates have not kept pace with their 
older and younger peers,” Pyke-Grimm said. “We also 
know this age group is not as adherent with their medi-
cation; their nonadherence rates are reported at 20 to 
60 percent.” These young people may also have trou-
ble balancing their medical needs with worries about 
how much to rely on their parents, returning to school 
after illness, changes to their bodies and maintaining 
friendships.

“We hope that if we work on decision-making, com-
munication and self-management, there will be oppor-
tunities to increase their adherence to treatment, and 
maybe even increase enrollment in clinical trials and 

improve survival rates,” Pyke-Grimm said. Her work, 
which has uncovered information about what types of 
decisions teens want to be involved in, is now being sub-
mitted for publication. One of the next steps, she said, 
is to test decision-making interventions based on what 
she has learned to see if they improve patient outcomes.

Integrating research into culture of healing

“If we’re looking at the safest and best practices for 
patient care, nurses are uniquely positioned to do that 
because of how we interact with the whole medical 
team, as well as with patients and families,” Johnson 
said, adding that Pyke-Grimm’s work fits into a larger 
research goals being pursued by Packard Children’s 
nurse-scientists on the impact of healing environments 
on patient outcomes.

Pyke-Grimm is inspired by the research collabora-
tions she’s forged with Stanford experts from a variety 
of backgrounds, including specialists in pediatric oncol-
ogy, precision health, adolescent medicine and palliative 
care.

“It is such a rich environment,” Pyke-Grimm said. 
“Having colleagues like that just down the hall, who are 
excited about research and will say, ‘We really need to 
look at this; there’s a gap here,’ is pretty amazing.”

She is encouraging the careers of junior nurse-scien-
tists, mentoring a fellow in evidence-based practice and 
working to bring more nurses into her research projects. 
And she is a resource for nurses who are wondering if 
they want to add a research element to their careers.

“I tell them that this is making a difference in a dif-
ferent way,” she said. “It’s not instant gratification like 
patient care, where you might give pain meds and a pa-
tient’s pain quickly goes from an 8 out of 10 to a 2 out 
of 10. Research is a long process, but the benefits can be 
huge. It can really make a difference to how we give care 
in the future.” ISM

Packard nurse aims to advance patient care through research
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Positive mindset helps with allergy treatment, study finds
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Kimberly Pyke-Grimm is one of two nurse-scientists at Lucile Packard Children’s Hospital Stanford. 
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By Krista Conger

An antibody-based treatment can 
gently and effectively eliminate diseased 
blood-forming stem cells in the bone 
marrow to prepare for the transplanta-
tion of healthy stem cells, according 
to a study in mice by researchers at the 
School of Medicine. 

The researchers believe the treatment 
could circumvent the need to use harsh, 
potentially life-threatening chemother-
apy or radiation to prepare people for 
transplant, vastly expanding the number 
of people who could benefit from the 
procedure. 

“There are many blood and immune 
disorders that could be cured by a trans-
plant of healthy stem cells,” said Judith 
Shizuru, MD, PhD, professor of medi-
cine at Stanford. “But the pre-treatments 
necessary to get the healthy cells to trans-
plant effectively are so toxic that we can’t 
offer this option to many patients. A 
treatment that specifically targets only 
blood-forming stem cells would allow us 
to potentially cure people with diseases 
as varied as sickle cell disease, thalas-
semia, autoimmune disorders and other 
blood disorders.”

Shizuru is the senior author of the 
study, which was published online today 
in Blood. Postdoctoral scholar Wendy 
Pang, MD, PhD, and assistant profes-
sor of pediatrics Agnieszka Czechowicz, 
MD, PhD, share lead authorship of the 
work. 

The study is one of two recently co-
authored by Shizuru, Czechowicz and re-
search associate Hye-Sook Kwon, PhD, 
indicating that an antibody targeting a 
protein called CD117 on the surface of 
blood-forming, or hematopoietic, stem 
cells can efficiently and safely eliminate 
the cells in mice and non-human pri-
mates. CD117 is a protein found on the 
surface of the stem cells. It regulates their 
growth and activity; the antibody, called 
SR1, binds to the protein and prevents 
its function. 

The use of antibodies against CD117 
to eliminate blood-forming stem cells 
is based on studies conducted in the 
laboratory of study co-author Irving 

Weissman, MD, director of Stanford’s 
Institute for Stem Cell Biology and Re-
generative Medicine and of the Ludwig 
Center for Cancer Stem Cell Research 
and Medicine at Stanford, and by then-
graduate student Czechowicz.

Ongoing clinical trial

The results of these studies, includ-
ing a recently published article in Blood 
co-authored by Kwon that showed the 
antibody treatment was safe in non-hu-
man primates, set the stage for a clinical 
trial of the antibody at Stanford and the 
University of California-San Francisco in 
children with an immune disorder called 
severe combined immunodeficiency. 

Hematopoietic stem cells are found 
in the bone marrow. They give rise to all 
the cells of the blood and immune sys-
tem. Blood cancers, such as leukemia, 
arise when the stem cells or their prog-
eny begin dividing uncontrollably; other 
genetic conditions such as sickle cell 
anemia or thalassemia occur when the 
hematopoietic stem cells generate mal-
formed red blood cells or hemoglobin.

Often the best chance for a cure for 
these and other diseases originating in 
the bone marrow is to eliminate the pa-
tient’s own defective hematopoietic stem 
cells and replace them with healthy stem 
cells from a closely matched donor. But 
in order to do so, the patient must be able 
to withstand the pre-treatment, known 
as conditioning. Most conditioning regi-
mens consist of a combination of che-
motherapy and radiation in doses high 
enough to kill stem cells in the marrow.

Shizuru and her colleagues studied a 
mouse model of a class of human dis-
eases called myelodysplastic syndromes, 
or MDS. People with MDS are unable 
to make mature, properly functioning 
blood cells and the only cure is a stem 
cell transplant. The disease primarily af-
fects older adults, who are more likely 
than younger people to have additional, 
complicating medical factors and who 
are less likely to withstand the condition-
ing regimen. 

“Many of these people are elderly 
and unable to qualify for a transplant,” 
Pang said. “But there is no other cure for 

MDS.” 
Because there are many different types 

of MDS, the patients are assigned risk 
levels based on disease type, blood test 
results and the presence or absence of 
specific mutations in the affected cells. 
According to the World Health Organi-
zation, patients with low-risk MDS have 
a median survival rate of 5.5 years; those 
with high-risk disease have a median sur-
vival of 2.2 years.

SR1, the anti-CD117 antibody Pang 
and Czechowicz studied, recognizes 
CD117 on the surface of hematopoietic 
stem cells isolated from either healthy 
donors or from patients with MDS. 

They found that the antibody blocked 
the growth of both healthy and diseased 
stem cells in a laboratory setting. Then, 
the researchers investigated the effect of 
SR1 treatment on mice that were engi-
neered to have a hybrid blood systems 
consisting of both human and mouse he-
matopoietic stem cells. 

They found in the mice that SR1 
quickly and efficiently eliminated both 
healthy human hematopoietic stem cells 
and cells isolated from low-risk MDS 
patients. In those animals with diseased 
human stem cells, SR1 pre-treatment sig-
nificantly improved the ability of healthy 
hematopoietic stem cells to engraft after 
transplantation. 

“SR1 directly targets the disease-ini-
tiating cells for elimination in the mice, 
even though these cells typically have a 
significant competitive advantage,” Pang 

said. “This is the first antibody directed 
against CD117 that has been proven to 
clear both normal and diseased human 
cells from the recipient. We are very 
pleased with the results.” 

Although SR1 is also able to signifi-
cantly reduce the number of high-risk 
MDS cells from the mice, the researchers 
found that the effect was transient: The 
diseased cells eventually returned even 
after transplant. In such cases, it may be 
necessary to combine anti-CD117 treat-
ment with other therapies to completely 
eliminate the diseased cells, the research-
ers believe. 

“Based on the results of this study 

and others, we have received approval 
from the Food and Drug Administration 
to move forward with a clinical trial for 
MDS patients using a version of SR1 ap-
propriate for a trial in humans,” Shizuru 
said. “We are very hopeful that this body 
of research is going to have a positive im-
pact on patients by allowing better deple-
tion of diseased cells and engraftment of 
healthy cells.”

The work is an example of Stanford 
Medicine’s focus on precision health, the 
goal of which is to anticipate and prevent 
disease in the healthy and precisely diag-
nose and treat disease in the ill.

Jessica Poyser, a life science research 
professional at Stanford and researchers 
from Memorial Sloan-Kettering Cancer 
Center, UCSF and the New York Uni-
versity School of Medicine are also co-
authors of the study. ISM

Antibody could increase cure rate for blood, immune disorders
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Judith Shizuru is senior author of the study, which found that an antibody to a protein on blood-forming 
stem cells may allow bone marrow transplants without the need for chemotherapy and radiation.

By Christopher Vaughan

For those hoping for a new heart, liver, bone mar-
row or other organ, the wait for a compatible organ 
has always been part of the excruciating drama of 
transplantation.

If an organ isn’t tissue-matched — that is, if it 
doesn’t bear an immunological resemblance to the 
patient’s own tissue — the patient’s body will likely 
reject it. Even when the organ is a close match, there 
are enough differences that the organ recipient will 
likely have to take anti-rejection drugs, possibly for 
life. These drugs have toxic side effects and leave pa-
tients vulnerable to infections.

All of this may change in the future because of a 
set of collaborative discoveries by Agnieszka Czecho-
wicz, MD, PhD, assistant professor of pediatrics 
at the School of Medicine, and her col-
leagues at Stanford, Harvard, Boston 
Children’s Hospital and the National In-
stitute of Allergy and Infectious Diseases.

Czechowicz began the work as a gradu-
ate student in the laboratory of Irving 
Weissman, MD, who directs Stanford’s 
Institute for Stem Cell Biology and Re-
generative Medicine. She continued her 
research during her residency and fellow-
ship at the Dana Farber Cancer Institute/
Boston Children’s Cancer and Blood Dis-
orders Center before returning to Stanford as a fac-
ulty member.

In a pair of papers published online Feb. 6 in Na-
ture Communications, the researchers describe how 
an antibody-drug conjugate seeks out and eliminates 
blood-producing stem cells in mice. This is particu-

larly important because other studies in animals and 
patients have shown that replacing blood-producing 
stem cells with a donor’s blood-producing cells can 
promote the immune acceptance of tissues from that 
donor. Unfortunately, current methods of eliminat-
ing blood-producing stem cells rely on toxic levels 
of chemotherapy or radiation, or both, that not only 
have acutely damaging and long-lasting side effects, 
but also leave the recipient vulnerable to infection 
while the transplanted cells engraft. 

No damaging side effects in mice

In the first study, Czechowicz and her colleagues 
found that the conjugate could effectively and specifi-
cally eliminate blood-producing stem cells in a mouse 
without damaging side effects. Once eliminated, the 
researchers could replace the original blood-produc-

ing stem cells with others from an im-
munologically identical donor animal. 
Czechowicz shares lead authorship of this 
study with Rahul Palchaudhuri, PhD, a 
former postdoctoral scholar at Harvard. 
Derrick Rossi, PhD, associate professor 
of stem cell and regenerative biology at 
Harvard, and David Scadden, MD, co-
director of the Harvard Stem Cell Insti-
tute, are the senior authors.

The study showed that a single dose 
of the antibody-drug combination could 

specifically target blood-forming stem cells and kill 
more than 99 percent of them without harming other 
sorts of cells. Transplanted cells could then easily take 
up residence in the bone marrow. The animals’ im-
mune reactions were not significantly affected and 
could continue to defend against various pathogens 

during the procedure.
This type of approach would be exciting news for 

clinicians who currently rely on blood-forming stem 
cell transplants to cure their patients of a variety of 
blood and immune disorders, including cancer. 

Using nonmatching stem cells

But there’s more. In the second study, the research-
ers found that this same antibody-drug conjugate, in 
combination with a short-course of immune suppres-
sion, could also be used to replace some of a mouse’s 
blood-producing stem cells with donor stem cells 
that do not match those of the recipient. 

“The result is a chimera — a mix of original and 
transplanted blood stem cells — in the recipient,” 
Czechowicz said. Mice with these mixed blood and 
immune cells did not develop any complications and 
were able to accept a skin transplant from the stem-
cell donor even many months later, the researchers 
found. 

“Using this technique to make recipients tolerant 
to donor organs is incredibly exciting,” Czechowicz 
said. “It indicates that we could have a relatively safe 
method of inducing tolerance without the need for 
chronic immune suppression, and do that without 
needing to match donors and recipients for tissue 
type. This approach could be transformative for the 
transplant field.” 

Czechowicz shares lead authorship of this second 
study with Zhanzhuo Li, MD, PhD, a staff scientist 
at NIAID. Co-senior authors of the paper are Rossi 
and Philip Murphy, MD, chief of the Laboratory of 
Molecular Immunology at the institute. 

The antibody-drug conjugate is not yet in clinical 
trials. ISM

Antibody-drug combo may obviate need for tissue-matching in transplant

Agnieszka Czechowicz
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gressing to a severe form of the illness.
Every year, between 200 million and 400 million 

people in tropical and subtropical regions of the world 
contract dengue fever, and about 500,000 of those 
cases are fatal. For the most part, people with the dis-
ease recover after receiving some fluids and a few days’ 
rest, said Purvesh Khatri, PhD, associate professor of 
medicine and of biomedical data science. “But there’s 
a smaller subset of patients who get severe dengue, and 
right now we don’t know how to tell the difference.”

Anywhere from 5 to 20 percent of dengue cases will 
advance to severe. Currently, the standard of care boils 
down to watching and waiting: To diagnose severe den-
gue, doctors wait to observe specific symptoms and 
results of laboratory tests that typically emerge in the 
late stages of the disease. “These practices are not nearly 
sensitive or accurate enough, and some patients end 
up admitted to the hospital unnecessarily, while others 
are discharged prematurely,” said Shirit Einav, MD, as-
sociate professor of medicine and of microbiology and 
immunology.

Using their newly identified set of genes as a foun-
dation, Einav and Khatri aim to identify predictive 
biomarkers that can help doctors reliably gauge the 
likelihood of severe dengue in patients who are newly 
symptomatic and use that information to provide more 
accurate care to help guide therapeutic clinical studies 
and, in the future, to guide treatment decisions.

A paper detailing the study’s findings was published 
Jan. 29 in Cell Reports. Einav and Khatri are co-senior 
authors. Graduate student Makeda Robinson, MD, and 
former research associate Timothy Sweeny, MD, PhD, 
share lead authorship.

Mining old data

Adept at sleuthing out new findings from old data, 
Khatri used five previously published papers, which 
reported information on about 450 individuals col-
lectively, to identify the severe-
dengue gene set. Each study 
catalogued groups of dengue 
patients, tracking the “transcrip-
tome,” or record of gene expres-
sion, at the onset of symptoms 
for each case.

“The papers had data on dengue patients from mul-
tiple countries. We looked at the data and asked, ‘Irre-
spective of the patient’s genetic background, age and the 
genetics of the dengue virus itself — different regions 
have different forms of dengue — what is the molecular 
response that always shows up when you have a den-
gue infection?’” Khatri said. “But we weren’t compar-
ing healthy versus infected patients; we compared those 
who had an uncomplicated dengue infection with those 
who developed severe dengue.”

In analyzing data from the five studies, Khatri and 
Einav identified 20 genes that stood out. In all of the 
patients who developed severe dengue, these genes 
showed a specific expression pattern, or signature: Sev-
enteen were underexpressed, whereas three were overac-
tive. But predicting severe dengue is more complex than 
whether patients expressed this pattern; there’s variabil-
ity. Some of the genes were down-regulated to a greater 
extent in some patients, and less so in others; likewise, 
there was variability in the degree of overactivity in the 
overexpressed genes.

“This prediction method is more of a continuum 
than a binary,” Khatri said. To make sense of the contin-
uum, the researchers developed a score that accounted 
for this gene-expression variability, essentially evaluat-
ing the patients’ risk for severe dengue based on dips 
and peaks of expression in these 20 genes. The higher 
the score, the higher the risk of severe dengue.

Then they tested their dengue-prediction method 
on data from three separate, previously published co-
horts of dengue patients, whose transcriptome data was 
public, and found that the 20-gene set predicted 100 
percent of the patients who developed severe dengue. 
Among those predicted to come down with severe den-
gue, 78 percent did.

Testing the test

Next, the researchers wanted to see if their predictive 
measure would succeed in a real-world patient popula-
tion. So in partnership with the Clinical Research Cen-
ter of the Valle del Lili Foundation, in Colombia, they 
set up a prospective cohort of 34 participants with den-
gue to assess the efficacy of the predictive gene markers. 
Each of participants’ transcriptome information, which 
came from a simple blood draw, yielded a predictive 
score based on the 20-gene set, and again, Einav and 
Khatri saw the same levels of accuracy in their test: The 
test predicted the participants with severe dengue, and 
there were only a few patients predicted to develop se-
vere dengue who did not.

“Of course, these population samples are small, and 
we want to confirm our findings in larger cohorts,” 
Khatri said. The researchers plan to conduct larger tri-
als as they aim to bring the evaluation into clinical use. 
They’re already expanding trials into Paraguay.

“With a larger cohort, there’s also an opportunity to 
refine the signature; we could po-
tentially bring down the number 
of genes,” Einav said. “There’s no 
perfect test, but we’re encouraged 
by these numbers, and this is al-
ready performing better than the 
current standard of care.”

It’s likewise possible that the genes could serve as a 
basis for a targeted therapy for dengue, Einav said — 
but that’s far on the horizon. For now, the researchers 
are starting to pursue the mechanisms behind these 20 
genes, trying to understand why they seem to foretell 
the fate of dengue patients.

The work is an example of Stanford Medicine’s focus 
on precision health, the goal of which is to anticipate 
and prevent disease in the healthy and precisely diag-
nose and treat disease in the ill.

Other Stanford co-authors are research associate 
Rina Barouch-Bentov, PhD; research scientist Malaya 
Sahoo, PhD; graduate student Larry Kalesinskas; post-
doctoral scholar Francesco Valliania, PhD; Jose Mon-
toya, MD, professor of medicine; and Benjamin Pinsky, 
PhD, associate professor of pathology.

Researchers from the Valle del Lili Foundation also 
contributed to the research.

The study was funded by Stanford Bio-X; the Stan-
ford Translational Research and Applied Medicine 
program; Stanford SPARK; the Stanford Maternal & 
Child Health Research Institute; the Stanford Institute 
for Immunity, Transplantation and Infection; the Bill & 
Melinda Gates Foundation; Vir Bio; and the National 
Institutes of Health.

Stanford’s departments of Medicine, of Microbiol-
ogy and Immunology, and of Biomedical Data Science 
also supported the work. ISM

Dengue
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The findings are likely to apply to 
humans, Shah said, because we share 
with mice much of the same hard-wired 
brain circuitry they use for recognizing a 
stranger’s sex and because human stud-
ies of this circuitry indicate significant 
structural and physiological differences 
between men and women. 

 “All social and sexual encounters are 
predicated on first correctly identifying 
the sex of the other agent,” Shah said. 
“It’s a fundamental decision animals 
make.” 

Where and how mammals make such 
decisions was completely unknown prior 
to this study. But the investigators did 
have some ideas about where to start 
looking.

Indispensable subset of neurons 

Numerous tissues responsive to sex 
hormones produce aromatase, an enzyme 
that converts androgens into estrogens 
— the active form of these sex hormones 
inside many cells. Aromatase turns up in 
about a half-dozen mouse-brain regions 
that Shah and his colleagues identified a 

decade ago. Some of these brain regions 
differ in their anatomy, physiology and 
behaviors they govern, depending on 
whether the brain is that of a male or a 
female. 

One such region is called the bed nu-
cleus of the stria terminalis. This struc-
ture is twice as large and more densely 
populated with neurons in men than in 
women. Human studies have revealed 
different patterns of gene-activation lev-
els in men’s versus women’s bed nucleus 
of the stria terminalis — a reliable clue 
that this structure’s function differs by 
sex.

A tiny fraction of this structure’s 
neurons, called AB neurons, produce 
aromatase. It’s these cells, about 1,000 
on each side of a mouse’s 75-million-
neuron brain, that Shah’s team has tied 
to sex recognition. “Prior to this study, 
AB neurons were for the most part unex-
plored territory,” he said. “They’ve been 
particularly hard to study because they’re 
interspersed among other superficially 
identical-appearing neurons.” 

But Shah’s group has developed tools 
that let them both monitor signaling 
activity in AB neurons in freely moving 
mice and remotely stimulate or inhibit 

activity in just those neurons. 
They used these tools to study and 

manipulate the AB neurons of male mice 
that had never been exposed to a female 
mouse besides their mothers and sisters 
during their first few weeks of life. Im-

mediately after being weaned (and well 
before puberty), they’d been transferred 
to male-only housing and then, several 
days prior to the experiments, to solo 
housing. 

It’s long been known that a male 
mouse on its own turf, whether it’s 
sexually naïve or experienced, responds 
predictably to the intrusion of another 
mouse. That response depends on the 
stranger’s sex, Shah said. “If it’s a female, 
the resident male will try to woo her. If 
it’s a male, he’ll pick a fight.” 

Hard-wired differences

As expected, when the researchers in-
troduced a female into the naïve male’s 
habitat, not much more than a few min-
utes of sniffing and exploring passed 
before he tried to mate with her. When 
they introduced another male into the 
bachelor pad, the resident male went on 
the attack, also as anticipated. In both 
cases, the scientists observed an early up-
tick in the resident male’s AB neuron ac-
tivity. But this increase was much greater 
when the stranger was a female. During 
the sexual behavior following the resi-
dent male’s recognition of a female, those 
neurons got even 

Sex
continued from page 1
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Adept at sleuthing out new findings from old data, Purvesh Khatri 
used five previously published papers, with information on about 
450 individuals collectively, to identify the severe-dengue gene set. 

Shirit Einav and her colleagues have identified a gene-expression 
pattern that predicts which people infected with dengue are at 
highest risk for developing a severe form of the illness.

“All social and sexual encounters are predicated 
on first correctly identifying the sex of the other 
agent,” said Nirao Shah, the study’s senior author. 
“It’s a fundamental decision animals make.”

“There’s no perfect test, 
but we’re encouraged by 

these numbers.”

See SEX, page 7



INSIDE STANFORD MEDICINE            FEBRUARY 11, 2019           7

more excited. By contrast, their activity subsided 
during the ensuing fights with a male. 

Even neutering a male didn’t affect the AB neu-
rons’ ability to distinguish between the two sexes, 
further supporting the idea that this ability is de-
velopmentally hard-wired.

When the researchers 
experimentally stifled AB 
neurons’ action during a 
male resident mouse’s en-
counter with a stranger of 
either sex, he morphed into 
a kind of wimp due to his 
suppressed sex-recognition 
capacity. “He wouldn’t fight with the males, and 
he wouldn’t mate with the females,” Shah said.

Conversely, when the investigators stimulated 
activity in a resident male mouse’s AB neurons’ to 
mimic what happens when a male encounters a 
female, the resident was fooled into thinking that 
another male approaching him was a female. As a 
result, he tried to mate with the approaching male.

Female mice’s AB neurons responded some-
what to the introduction of a strange mouse of 

either sex, but showed no particular difference in 
activity whether the stranger was male or female. 
Even experimental manipulations that eliminated 
the females’ AB neurons had no obvious effect on 
their social behaviors. 

“These nerve cells’ role in the female brain is 
mysterious,” Shah said. “Females apparently use a 
different neural system to recognize sex of other 

individuals. What that 
system might be is still 
anybody’s guess.” He said 
he intends to find out.

Shah is a member of 
Stanford Bio-X and the 
Wu Tsai Neurosciences 
Institute at Stanford, and 
is a Stanford ChEM-H 

faculty fellow.
Other study co-authors are postdoctoral scholar 

Taehong Yang, PhD; and undergraduate research 
assistants Matthew Mason, Albert Susanto and Al-
exandra Lobdell.

The work was funded by the National Insti-
tutes of Health.

Stanford’s departments of Neurobiology and of 
Psychiatry and Behavioral Sciences also supported 
the work. ISM

milder than hydromorphone, whose trade names include Dilau-
did and Exalgo, or morphine, Carroll said. 

“The prescribing of hydrocodone has more to do with history 
and perception,” he said. “The liver converts hydrocodone into 
hydromorphone and converts codeine into morphine, so the re-
sult is the same.”

Carroll added that depressed patients’ complaints about 
pain after receiving opioids are often dismissed because of their 
mental state, when the problem lies in an unfortunate drug 
interaction. 

“Depressed patients are at greater risk for pain, and we’re fail-
ing them because we’re not educated enough about the drugs 
we’re giving them,” he said. 

 Other Stanford co-authors of the study are research scientist 
Imon Banerjee, PhD; Keith Humphreys, PhD, professor of psy-
chiatry and behavioral sciences and the Esther Ting Memorial 
Professor; Steven Asch, MD, MPH, professor of medicine; and 
Catherine Curtin, MD, associate professor of surgery. 

The work was funded by the Agency for Health Care Re-
search and Quality. 

Stanford’s departments of Psychiatry and Behavioral Sciences, 
of Management Science and Engineering, and of Biomedical 
Data Science also supported the work. ISM

Opioids
continued from page 1

1How has Juul changed the norms of e-cigarette pro-
duction?
JACKLER: The astounding financial success of Juul, 

which is valued at $38 billion after only 3½ years on the 
market, has led to an upswell of devices that emulate its 
high-tech appeal, small size and stealthiness.  

Until recently, most e-cigarette liquids carried 1 to 
2 percent nicotine, with a few considered “super high” 
at 3 percent, intended for the two-pack-a-day smoker. 
In 2015, Juul introduced a 5 percent nicotine vaping 
liquid with a novel chemistry  nicotine salts  which 
improved palatability, enabling higher concentrations 
of nicotine without undue bitterness. Following Juul’s 
phenomenal success, numerous knockoff devices were 
introduced that emulated, or even exceeded, Juul’s 
very high nicotine level. Also problematic, the nicotine 
percentage is inconsistently portrayed on labels. Juul, 
unlike most e-liquid brands, measures its nicotine con-
tent by weight rather than by volume. For example, the 
nicotine level in Juul’s e-liquid is 5 percent by weight 
versus 5.9 percent by volume. This inconsistency in 
labeling the nicotine concentration is likely to mislead 
consumers.

2 Do we know what the health ramifications of long-
term, high-nicotine usage are?

JACKLER: The rapidly rising popularity of high-nico-
tine e-liquids threatens to addict a generation of youth. 
The epidemic of their use among American middle 
and high school students is reversing decades of public 
health efforts. Nicotine addiction is very hard to escape 
 meaning that many youths will get addicted for their 
lifetime. 

In terms of acute health risks, Juul and its high-nic-
otine emulators are more efficient at delivering nicotine 

than conventional cigarettes. This makes them potently 
addictive, especially to nicotine-naive teens. 

More than 70 e-liquid brands sell high-nicotine 
products, meaning those with nicotine concentrations 
of 5 percent or higher by volume, in bulk — 
30 milliliters or more — which is equivalent 
to more than 40 cigarette packs. All of these 
products come in multiple, youth-appealing 
sweet and fruity flavors, often in colorful 
bottles with a picture of cookies, candy or 
other dessert treats. Concentrated nicotine 
is highly toxic, and these large-volume nico-
tine bottles are a poisoning risk for children. 
The lethal dose for a toddler, if ingested, is 
a bit more than 1 milliliter of e-liquid with 
a 5 percent nicotine content. The typical 30 
milliliter bottle, which almost never comes 
with a child-resistant cap, contains 6 teaspoons of con-
centrated nicotine liquid. A single teaspoon is toxic 
enough to kill five toddlers  the full bottle an entire 
class of 25 pre-schoolers.

3 Juul is often marketed as a device that will help in-
dividuals addicted to cigarettes quit. Is it actually 

effective? Are there downsides if it works?
JACKLER: The body of data regarding the possible 

role of e-cigarettes in traditional cigarette cessation is ac-
cumulating. While results across studies have been vari-
able, a recent prospective study published in The New 
England Journal of Medicine reported 18 percent success 
in quitting combustible cigarettes with e-cigarettes, as 
opposed to 9.9 percent with other 
forms of nicotine replacement 
therapy such as patches and gums 
together with ongoing medical and 
behavioral support. Others have 
warned that smokers who use e-cig-
arettes to satisfy their nicotine urges 
in places where smoking is banned 
have deepened their nicotine addic-
tion. For at least some dual users (both cigarettes and e-
cigarettes) adding e-cigarettes makes quitting less likely.

Whether or not high-percent nicotine devices are 
more effective in transitioning cigarette smokers has yet 
to be established by independent research, but anectod-
ical evidence suggests that they may be more effective 
than lower-nicotine e-cigarettes. The rapid rise in nico-
tine blood levels following a puff from Juul more closely 
emulates that achieved by a regular cigarette than lower 
nicotine e-cigarette products. This also helps to explain 
why it so readily leads to addiction among nonsmok-
ers. What is a promising “off ramp” for adults smokers 

has proven to be a heavily travelled “on ramp” for non-
smoking teenagers.

4Does nicotine affect the health of teens differently 
than adults?

JACKLER: For a teen, becoming nicotine-
addicted greatly increases the likelihood 
that they will graduate to traditional, com-
bustible cigarettes. Importantly, nicotine 
addiction during adolescence increases the 
vulnerability to subsequent addictions, like 
opioids or cocaine.  For most users of illicit 
drugs, their initial addiction was to nicotine.  

Almost all nicotine addiction commences 
during adolescence. The proliferation of 
highly concentrated nicotine e-liquid has 
lowered the price of addiction considerably, 

and price is an important factor for youth with limited 
discretionary income. Over the long term, the most ef-
fective way to reduce the number of adult smokers is 
to prevent teens from becoming nicotine addicts in the 
first place.

5How can public health or government officials bet-
ter regulate the sale of higher concentration nico-

tine solutions?
JACKLER: High-nicotine vapor products often come 

in sweet and fruity flavors, such as mango or gummy 
bear. One policy option would be to ban youth-appeal-
ing flavors from all nicotine-containing e-liquids and 
allow only unsweetened tobacco flavor to accompany 

nicotine. This would help to reduce 
the appeal of these products among 
youths while retaining a product ac-
ceptable to adult smokers seeking to 
transition from cigarettes.

Another regulatory option would 
be to cap the amount of nicotine 
permissible in e-cigarettes. The 
amount of nicotine in Juul pods that 

is sold in the United States (59 milligrams of nicotine 
per millileter of e-liquid) would not be permitted in 
Europe or the United Kingdom, which have adopted 
limits of 20 milligrams of nicotine per millileter of e-
liquid. If the U.S. adopted this standard, it would al-
most certainly reduce the tendency of e-cigarettes to act 
as a gateway to youth nicotine addiction. However, it 
may also reduce their efficacy in cigarette-smoking ces-
sation. As high-nicotine versions may well prove more 
efficacious in transitioning cigarette smokers to vapor, 
one option would be to allow sale of high-nicotine e-
liquids only by doctor’s prescription. ISM

When Juul first put its e-cigarettes on the 
market, it brought a new level of nicotine 

to the industry: Most brands that predate Juul contained e-liquids that were 1 to 2 
percent nicotine by volume, whereas Juul pods are marketed as containing 5 percent (by 
weight), which is equivalent to 5.9 percent by volume — three times more concentrated 
than what was on the market before. The disparity caused other e-cigarette companies to 
increase the amount of nicotine in their devices and pods, igniting something that Rob-
ert Jackler, MD, professor and chair of otolaryngology and the Edward C. and Amy H. 
Sewall Professorship in Otolaryngology, refers to as “a nicotine arms race.”

Jackler, an expert in tobacco marketing and founder of a group called the Stanford 
Research Into the Impact of Tobacco Advertising, is the senior author of a study published 
on Feb. 7 in Tobacco Control that asserts Juul has sparked nicotine one-upmanship in 
the e-cigarette industry. In the study, he and his co-author introduce this idea of an arms 
race, providing evidence to suggest that it plays into earlier addiction trends, especially 
among the youth demographic.

Science writer Hanae Armitage discussed the trend with Jackler, and asked him how 
such elevated levels of nicotine can affect health and what policy changes he recom-
mends.

Robert Jackler

Robert Jackler says Juul spurs ‘nicotine arms race’5 questions
an occasional feature in which an expert answers

f ive questions on a science or policy topic

Sex
continued from page 6
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“Recognition of a 
stranger’s sexual identity 

works completely 
differently in male and 

female mice.”

“For most users  
of illicit drugs, their  
initial addiction was  

to nicotine.”
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NIDHI BHUTANI, PhD, was promoted to associate 
professor of orthopaedic surgery, effective Dec. 1. Her 
research focuses on understanding stem cell develop-
ment, disease and regeneration in the musculoskeletal 
system, with the aim of improving clinical care.

MARY HAWN, MD, the Stanford Medicine Profes-
sor of Surgery and professor and chair of surgery, was 
chosen by the executive council of the Society of Black 
Academic Surgeons as a 2019 Honorary Fellow. She 
was recognized for her contributions to the careers of 
many of the organization’s members and to surgery in 

the United States.
DÁIBHID Ó MAOILÉIDIGH, PhD, was appointed assis-

tant professor of otolaryngology-head and neck sur-
gery, effective Jan. 1. He employs mathematical and 
computational approaches to understand how the 
hearing and balance organs of the inner ear process 
sensory input.

THERESA TACY, MD, was appointed professor of pe-
diatrics, effective Nov. 1. She is the medical director 
of fetal cardiology, and she specializes in echocardiog-
raphy, including diagnosing and treating fetal heart 
defects and diseases.

COURTNEY WUSTHOFF, MD, was promoted to associ-
ate professor of neurology and neurological sciences, 
effective Dec. 1. Her research uses electroencepha-
lography to examine the underlying pathophysiology 
of risk factors in newborns with, or at risk for, brain 
injury, with an aim toward identifying protective 
treatments.

PAUL YOCK, MD, the Martha Meier Weiland Profes-
sor in the School of Medicine, professor of bioengi-
neering and director of the Stanford Byers Center for 
Biodesign, received the 2019 Fritz J. and Dolores H. 
Russ Prize from the National Academy of Engineering. 
The $100,000 award recognizes innovations in medi-
cal devices that enable minimally invasive angioplasty 
treatment of advanced coronary artery disease. ISM

TIMOTHY CORNELL, MD, professor of 
pediatrics, was appointed the Cham-
bers-Okamura Endowed Professor of 
Pediatric Critical Care Medicine, ef-
fective Dec. 4. His research interests 
include the role of epigenetics in the 
regulation of inflammation and the 
use of molecular biomarkers and preci-
sion medicine to improve outcomes for 
critically ill children. 

The professorship was established 
with a gift from Jeffrey Chambers and 
Andrea Okamura to support the divi-
sion chief of critical care in the Depart-
ment of Pediatrics. Chambers, who 
earned an MBA from Stanford, is chair 
of the board of directors at Lucile Pack-
ard Children’s Hospital Stanford.

KEVIN SHEA, MD, professor of or-
thopaedic surgery, was appointed the 
Chambers-Okamura Endowed Profes-
sor of Pediatric Orthopaedics, effective 

Dec. 4. His research 
i n t e r e s t s  i n c lude 
health care system per-
formance and quality 
improvement, sports 
medicine, ACL injury 
and the treatment of 
osteochondritis dis-
secans of the knee, el-
bow and ankle. 

The professorship 
was established with a gift from Jeffrey 
Chambers and Andrea Okamura to 
support a faculty member with a focus 
on pediatric orthopaedics in the De-
partment of Orthopaedic Surgery. 

JOANNA WYSOCKA, PhD, professor 
of chemical and systems biology and 
of developmental biology, was ap-
pointed the Lorry Lokey Professor, ef-
fective Dec. 4. Her research examines 
how gene regulation and expression are 

related to human development, evolu-
tion and disease. 

The professorship was established 
with a gift from Lorry Lokey and an 
anonymous donor to support a basic 
science faculty member who specializes 
in stem cell research. Lokey, a Stan-
ford alumnus and significant donor, 
founded Business Wire, which dis-
tributes press releases and regulatory 
disclosures. 

TONY WYSS-CORAY, PhD, professor 
of neurology and neurological sciences, 
was appointed the D.H. Chen Profes-
sor II, effective Dec. 4. His research 
focuses on brain aging, neurodegenera-
tion and Alzheimer’s disease. 

The professorship was established 
with funds from the D.H. Chen Foun-
dation and an anonymous donor to 
support a School of Medicine faculty 
member in the neurosciences. ISM

Four faculty members are appointed to endowed professorships

people

Kevin SheaTimothy Cornell Joanna Wysocka Tony Wyss-Coray

of note
reports on signif icant honors and awards 

for faculty, staf f and students

Liqun Luo wins Pradel Research Award  
from the National Academy of Sciences

Neuroscientist Liqun Luo, PhD, has been honored with an 
award from the National Academy of Sciences for his pioneer-
ing biology research.

He will receive the 2019 Pradel Research Award for his 
research into neural circuits of invertebrates and vertebrates. 
The annual $50,000 award recognizes mid-career neuroscien-
tists who are making major contributions to our understand-
ing of the nervous system.

“I’m glad it’s a mid-career award because it means I have 
another half to go,” said Luo, the Ann and Bill Swindells Pro-
fessor and a professor of biology.

Luo’s research focuses on how neurons find their partners 
with specificity to form working neural circuits and how those 
neural circuits function in adults. His work has helped shed 
light on everything from the cerebellum’s surprising ability to 
anticipate rewards to how the serotonin system controlling our 
moods and movements is organized.

His discoveries were often made 
using techniques for visualizing gene 
action in neurons that he invented 
himself and which have become stan-
dard in the field. One of his early 
achievements was the development of 
mosaic analysis with a repressible cell 
marker, a technique for labeling iso-
lated mutant cells in otherwise normal 
fruit flies. It enabled his team to study 
individual neurons and make funda-
mental breakthroughs about the fly’s 
brain development. He later used the technique and other 
inventions to map the wiring of complex neuromodulatory 
systems in mice.

Luo will be presented with the award April 28 during a cer-
emony at the annual NAS meeting in Washington, D.C. ISM

Liqun Luo
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Nidhi Bhutani
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Courtney Wusthoff Paul Yock

as antihistamines, for non-life-threatening symptoms, 
and had access to the same resources.

However, families assigned to the “symptoms as posi-
tive signals” group were encouraged to think of mild, 
non-life-threatening side effects, such as an itchy throat 
and congestion, as signs that their child was building 
tolerance to the allergen. This mindset was reinforced 
through direct communication between providers and 
families, written information and also activities. For 
example, children wrote letters to their “future selves” 
that included a reminder that these symptoms signaled 
that the treatment was working. The control group, or 
“symptoms as side effects” group, was not introduced to 
this framing during their treatment.

The researchers found that participants who were 
told that mild symptoms were positive were less anxious 
when they experienced these reactions during treatment 
compared with those in the “symptoms as side effects” 
group. During the first month of treatment, 21.4 per-
cent of participants in the experimental group who had 
symptoms reported feeling either kind of worried or 

extremely worried, compared with 45.5 percent of par-
ticipants in the control group.

Parents reacted in a similar fashion: At the end of 
treatment, 40 percent of parents in the control group 
reported still feeling kind of worried or extremely wor-
ried when their child had symptoms during treatment, 
compared with 23.1 percent in the “symptoms as posi-
tive signals” group. Families in the “symptoms as positive 
signals” group were also less likely to skip or reduce doses 
because of symptom-related anxiety: 4 percent missed a 
dose compared with 21 percent in the control group.

There were physiological benefits to focusing on a 
positive mindset as well. By the end of their six-month 
immunotherapy treatment, when doses increased, 
children in the “symptoms as positive signals” group 
experienced fewer non-life-threatening symptoms: 
1.2 percent versus 3.5 percent. This finding is notable 
because symptom occurrence can prevent or delay pa-
tients from completing treatment, the researchers said.

“We have shown that a simple change in the way we 
frame and discuss side effects of a treatment can have a 
meaningful impact not only on anxiety and adherence 
but also on the physiological benefits of that treatment,” 
said Alia Crum, PhD, assistant professor of psychology 

and senior author of the study.

Next steps

The results from the study are promising for help-
ing patients cope with symptoms from other medical 
procedures in which uncomfortable side effects indicate 
treatment effectiveness, such as flu vaccines or possibly 
chemotherapy.

“My hope is that this study sparks a wave of similar 
experiments designing and testing psychologically in-
formed changes in the manner in which medical treat-
ments are delivered,” Crum said.

Meanwhile, the researchers hope that medical pro-
viders can put this mindset intervention into practice. 
“We hope that this intervention can be successfully 
adapted into clinical practice to help [oral immuno-
therapy] practitioners reduce anxiety among their pa-
tients and to make this very promising treatment even 
more effective and stress-free for patients and their fam-
ilies,” Howe said. “In the long term, we think that these 
findings have promise for improving other challenging 
courses of treatment.”

Stanford graduate student Kari Leibowitz is the 
study’s other lead author. ISM

Peanut
continued from page 4


