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Male mice, even those that are young and sexually naïve, are hard-wired to quickly dis-
cern the sex of another mouse. What’s more, Stanford researchers have for the first time 
identified the neurons in the male mouse brain that guide the behavior. Because mice and humans share 

much of the same brain circuitry for recognizing a stranger’s sex, the findings likely apply to humans, said Nirao Shah, 

PhD, senior author of a study published Jan. 31 in Cell. Postdoctoral scholar Daniel Bayless, PhD, is the lead author.

“All social and sexual encounters are predicated on first correctly identifying the sex of the other agent,” said Shah, 

professor of psychiatry and behavioral sciences and of neurobiology. “It’s a fundamental decision animals make.”

The discovery adds to a growing list of brain circuits in mammals that work differently in males than they do in females, 

illuminating an ongoing debate about inherent predispositions versus social influences in molding sex-specific behaviors.  

Investigators focused on a cluster of neurons in one of about a half-dozen regions of the mouse brain that 

Shah and his colleagues have linked to sex recognition. The region — the 

bed nucleus of stria terminalis — differs in anatomy, physiology and behaviors 

governed, depending on whether the brain is that of a male or a female. 

A fraction of this structure’s nerve cells, called AB neurons, produce  

aromatase, an enzyme that regulates key hormones in reproductive and sex-

ual development. 

“Prior to this study, AB neurons were for the most part unexplored  

territory,” Shah said. “They’ve been particularly hard to study because they’re 

interspersed among other superficially identical-appearing neurons.” 

Shah’s team used tools they developed to monitor, stimulate and inhibit 

signaling activities in AB neurons in male mice that, in the first weeks of life, 

were exposed to no female mice besides their mothers and sisters. Immedi-

ately after weaning, the mice were moved to male-only housing. 

Several days before the experiments, the male mice were transferred to solo 

housing, propelling them to establish their “turf.” Male mice are predictable in 

responding to intrusions into their established space. “If it’s a female, the resi-

dent male will try to woo her,” Shah said. “If it’s a male, he’ll pick a fight.” 

These young mice stuck to the script. When a female mouse was put into 

its habitat, a young male would try to mate with her. When another male was 

introduced, the resident male attacked. 

In both cases, scientists observed an uptick in the resident male’s AB neuron activity, though the increase was 

greater when the stranger was a female and during sexual behavior. The neuron activity subsided during ensuing 

fights with a male. Even when male mice were neutered, they were still able to distinguish between the sexes, sup-

porting the theory that the behavior is hard-wired. 

However, when researchers stifled AB neuron activity during a male resident mouse’s encounter with a stranger 

of either sex, his sex-recognition ability was suppressed. “He wouldn’t fight with the males and he wouldn’t mate 

with the females,” Shah said. 

The AB neurons of female mice responded somewhat to the introduction of a strange mouse of either sex, but 

showed no particular activity difference whether the stranger was male or female. Even experiments that elimi-

nated the females’ AB neurons had no obvious effect on their behaviors. 

“These nerve cells’ role in the female brain is mysterious,” Shah said. “Females apparently use a different neural sys-

tem to recognize the sex of other individuals. What that system might be is still anybody’s guess.” — BRUCE GOLDMAN
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ANIMAL MAGNETISM 
SCIENTISTS IDENTIFY NEURONS THAT HARD-WIRE BRAINS TO 
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The human body remains a marvelous mystery. While recent advances and 

technologies have led to significant progress in understanding its biological mechanisms, 

new questions arise with every discovery. 

We are continually seeking to close gaps in our knowledge so we can better understand the processes 
through which healthy organ systems degenerate into disease, the markers that portend illness, and the 
interplay of factors that influence the efficacy of treatments.

To answer these questions, we turn to scientists conducting fundamental research. This issue of Stan-
ford Medicine magazine introduces you to some of the detectives at Stanford who are unlocking the se-
crets of human biology. These innovative investigators are at the very foundation of our precision health 
vision. Their breakthroughs propel our efforts to create more predictive and preventive health care.

The detective analogy is an apt one, for these scientists will go wherever the biological clues lead 
them. And today, with research propelled by artificial intelligence and advances in genomics and re-

generative medicine, the results could very well open up entirely new fields of study. 
I can confidently say that basic research shaped my career. It began with my fascination for 

the vestibular system, the intricate structure of the inner ear that helps us keep our balance and 
orient ourselves in space. The curiosity that captivated me was the same innate yearning for 
discovery and knowledge that characterizes all of our researchers. 

I didn’t know then that studying the vestibular system would lead to my discovery of and 
subsequent treatment for superior canal dehiscence syndrome. However, this underscores the 
intrinsic value of basic science research. We have no way of predicting how discoveries will play 
out in the years and decades to come.

While we don’t know where basic research will lead, it’s imperative that we do all in our 
power to foster the discovery process. From DNA replication research in the 1960s that birthed 

the biotech industry to genomics research in the 1990s that led to the complete genome sequences of 
humans, Stanford has a rich history in basic science breakthroughs.

That’s a big reason I’m so excited about Stanford’s Discovery Curriculum, which launched this past 
fall. Developed by a team of acclaimed teachers and Nobel Prize laureates, this curriculum introduces 
research to medical students earlier in their training and supports their drive for discovery. 

Also, through the Biomedical Innovation Initiative that I established, faculty and students receive 
targeted, flexible funding that allows them to explore the potential of their imagination and talents. It 
includes financial support for graduate students’ first four years of training. Postdoctoral and fellow-
ship support enables them to work side by side with senior faculty.

With the time and space and financial freedom to pursue their curiosity, the next generation of 
physician-scientists will become the leaders of tomorrow.

Stanford and basic science research will always remain inextricably linked. Such research adds to 
our storehouse of human knowledge and is the foundation for the solutions that will overcome today’s 
most significant challenges in health care.

The world is a healthier place because of Stanford’s basic scientists. I’m proud of all they have ac-
complished and their ongoing and outsized impact on human health.

Sincerely,
Lloyd Minor, MD

Carl and Elizabeth Naumann Dean of the School of Medicine
Professor of Otolaryngology-Head & Neck Surgery
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Gunshot 
wound setbacks
ABOUT 15.5% of  
hospitalized 
gunshot victims 
who survive are 
readmitted within 
six months, a study 
from 2010 through 
2015 showed. 

Using data from 
the Nationwide 
Readmissions Da-
tabase, researchers 
calculated hospital 
costs for treating 
firearms injuries at 
about $911 million 
a year. Readmis-
sions account for 
$86 million — or 
9.5% — of that.

Lead study 
author Sarabeth 
Spitzer, a fourth-
year Stanford med-
ical student, said 
gun injuries are 
often discussed in 
terms of mortality, 
but the long-term 
effects of injuries 
on survivors tend 
to be forgotten.

Thomas Weiser, 
MD, associate pro-
fessor of surgery, 
was the senior 
author of the study, 
published in  
PLOS ONE. 

“This study describes at a biochemical 

level, down to the atoms and sequences 

in DNA, how a particular type of mutation 

can arise repeatedly, which then contrib-

utes to a complex skeletal trait evolving 

over and over again in wild fish species,” 

said David Kingsley, PhD, professor of de-

velopmental biology and senior author of 

a study published Jan. 4 in Science. 

“It’s a great example of how DNA fragil-

ity can sometimes contribute to favorable 

traits rather than diseases in natural popula-

tions, and it may give us important insights 

into the process of human evolution.”
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upfront
A  Q U I C K  L O O K  A T  T H E  L A T E S T  D E V E L O P M E N T S  F R O M  S T A N F O R D  M E D I C I N E

People encounter 
more than

2,500 
bacteria
species and

3,000
chemicals on a 
daily basis in the 
San Francisco 
Bay Area, a pilot 
study shows. More 
at https://stan.
md/2KWlKgW

Evolutionary
jump-start
A TYPICAL THREE-SPINED stickleback fish 

rarely grows beyond 4 inches long, but 

don’t let that fool you. 

This humble creature has been re-

sponsible for a host of biological insights. 

Most recently, a study of the evolution of 

sticklebacks found that unstable stretch-

es of DNA serve as hot spots for rapid, 

dramatic genetic mutations.

As a result, after the Ice Age, when 

stickleback migrated to new lakes and 

streams, the fish could quickly adapt. 

Those in marine waters developed a hind 

fin with a large spine projecting down 

from their pelvic structure, providing 

better protection from predators. Some 

of their freshwater counterparts lost that 

hind fin — its absence likely reduces their 

need for calcium and chances of being 

nabbed and eaten by hungry insects. 

Similar findings have been described 

in bacteria, but this is one of the first stud-

ies to show that the process has occurred 

in vertebrates to create dramatic changes 

in body structure. 
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LINGERING
HEART RISKS
PEOPLE BORN 
WITH HEART 
DEFECTS have 
a higher risk of 
cardiovascular dis-
ease as adults and 
should be moni-
tored more careful-
ly than previously 
thought, according 
to an analysis by 
Stanford Medicine 
researchers. 

About 1% of 
infants have heart 
defects, includ-
ing a hole or a 
faulty valve. Many 
live into adult-
hood, sometimes 
unaware of their 
conditions. 

Researchers 
examined data from 
the U.K. Biobank, 
which includes 
health information 
on 500,000 British 
residents. More than 
2,000 people in the 
database had mild 
congenital heart de-
fects. The analysis 
showed they were 
13 times as likely 
to develop heart 
failure or atrial fi-
brillation, five times 
as likely to have a 
stroke, and twice 
as likely to suffer a 
heart attack than 
people born without 
heart defects.

“All of us in car-
diology recognize 
that people with 
complex disease 
need follow-up care 
throughout their 
lives,” said James 
Priest, MD, as-
sistant professor of 
pediatric cardiol-
ogy and senior au-
thor of the analysis 
published Feb. 28 in 
Circulation. But the 
findings show that 
even people with 
mild defects need 
lifetime monitor-
ing so preventive 
measures can  
be taken. 

Opioid-free
relief

PEOPLE WHO RECEIVE PHYSICAL THERAPY soon after a diagnosis 

of shoulder pain, back pain or other musculoskeletal ailment 

are less likely to use opioids to manage their pain long term, 

according to a recent study by researchers at Stanford and 

Duke universities. 

The research explored whether physical therapy could 

provide an effective nonpharmacologic approach to opioid 

use for managing shoulder, lower back, knee and neck pain. 

Patients who underwent physical therapy soon after being 

diagnosed were about 7% to 16% less likely to use opioids in 

the subsequent months, the study showed.

For all patients who used opioids except those with neck 

pain, early physical therapy was associated with a 5% to 10% 

reduction in how much of the drug they used, the study found. 

There was no significant reduction for patients with neck pain.

“This isn’t a world where there are magic bullets,” said Eric 

Sun, MD, PhD, assistant professor of anesthesiology, periop-

erative and pain medicine at Stanford and the lead author of 

the study. “But many guidelines suggest that physical therapy 

is an important component of pain management, and there is 

little downside to trying it.”

The study, which analyzed 88,985 private health insurance 

claims for care and prescriptions between 2007 and 2015, was 

published Dec. 14 in JAMA Network Open.
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Power
play

STANFORD RESEARCHERS have 
developed an algorithm that 
can spot 14 types of diseases 
among hundreds of chest X-rays 
in a matter of seconds.

“Usually, we see AI algorithms 
that can detect a brain hemorrhage 
or a wrist fracture — a very narrow 
scope for single-use cases,” said 
Matthew Lungren, MD, assistant 
professor of radiology. “But  
here we’re talking about 14 differ-
ent pathologies analyzed simulta-
neously, and it’s all through  
one algorithm.”

The algorithm, CheXNeXt, is 
the first to simultaneously evaluate 
X-rays for a multitude of maladies 
and return results that are consis-
tent with readings by radiologists. 
The tool’s accuracy matched or 
exceeded radiologists’ findings for 
11 of 14 diseases. And it read 420 
X-rays and diagnosed the diseases 
in about 90 seconds, a task that 
took radiologists about three  
hours. A study of the technology, 
which could be especially helpful 
for patients without access to a ra-
diologist’s expertise, was published 
Nov. 20 in PLOS Medicine.

Lungren, who shared senior  
authorship of the study with 
Andrew Ng, PhD, adjunct profes-
sor of computer science, said a 
new version of CheXNeXt is being 
developed that he hopes can expe-
dite the X-ray-reading process for 
urgent care or emergency doctors.
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People with
anorexia say
that having
others praise
them for 
limiting food 
intake was  
a “powerful 
driver” at the 
disorder’s onset.
KARL DEISSEROTH,

MD, PHD

Neutralizing
pain
IMAGINE IF WE 

COULD sense pain 

and it would be no 

big deal. Stanford 

Medicine research-

ers who identified 

the brain cells in 

mice that make 

pain unpleasant 

hope the discovery 

could lead to treat-

ments for chronic 

pain patients. 

The research 

showed that when 

certain neurons 

were disabled in 

the amygdala, a 

region of the brain 

associated with 

emotion and fear, 

mice could still 

feel the physical 

sensation of pain 

but didn’t find it 

bothersome.

The mice 

weren’t devoid of 

pain. “Pain was 

just no longer 

unpleasant for 

them,” said Gré-

gory Scherrer, PhD, 

assistant professor 

of anesthesiology 

and of neurosur-

gery. He and Mark 

Schnitzer, PhD, 

associate professor 

of biology and of 

applied phys-

ics, were senior 

authors of a paper 

describing the re-

search published 

Jan. 18 in Science. 
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Smooth
operation
THE MAKEUP OF A 
PAINFUL scarlike 
tissue that forms 
around organs 
after surgery has 
been identified, and 
so has a potential 
treatment for the 
complication. 

Researchers 
examining the tis-
sue, called surgical 
adhesions, in mice 
found treatment 
with a combina-
tion of antibodies 
can reduce the 
condition’s severity. 
They published 
their findings Nov. 
28 in Science  
Translational 
Medicine.

Surgical adhe-
sions arise when a 
substance called 
mesothelium is agi-
tated during sur-
gery. The slippery 
substance covers 
organs to keep 
them from attach-
ing to each other 
or the abdominal 
cavity. When it’s 
disturbed, fibrous 
connections form 
between surfaces.  

Irving Weiss-
man, MD, professor 
of pathology and of 
developmental bi-
ology, who shared 
senior authorship 
of the study, said 
that though the 
study was of mice, 
“We found similar 
characteristics  
in adhesions from 
patients, which 
makes us think this 
approach could be 
translated into  
the clinic.”

RESEARCHERS HAVE FOUND an odd brain-circuitry link between 

appetite and social behavior in mice, a finding that could be sig-

nificant in treating eating disorders. 

“We know social situations can inhibit the urge to eat,” said 

Karl Deisseroth, MD, PhD, professor of bioengineering and of 

psychiatry and behavioral sciences, and senior author of a study 

published Jan. 16 in Nature. People with anorexia, for example, 

say that having others praise them for limiting food intake was a 

“powerful driver” at the disorder’s onset, he said.

What wasn’t known was how the drive to socialize and the 

drive to eat interact. To find out, Deisseroth and his team focused 

on the orbitofrontal cortex, the region of the brain shown to be 

active in people and mice when they wish for, seek, obtain and 

consume food, or are socially engaged.

For the mouse study, researchers built on optogenetics, an ex-

perimental approach that Deisseroth pioneered, to tease out the 

sets of intertwined neurons that regulate the behaviors.

In optogenetics, a gene for a light-sensitive protein called an 

opsin is inserted into neurons so they can be activated by puls-

es of laser light reaching them via an implanted optical fiber. In 

this study, researchers used a new technique they developed to 

simultaneously stimulate and monitor activity in multiple desig-

nated neurons, and to isolate which neurons were active during 

feeding-associated or social activities, both, or neither. 

They found that stimulating social-responsive orbitofrontal 

neurons reduced the amount of time mice spent consuming a 

readily available high-calorie solution. 

The next research step is to examine the neurons for distin-

guishing characteristics, but Deisseroth said the findings so far 

could “lead to pharmaceutical interventions that reduce social 

inhibition of food consumption among people with anorexia.”

Social eating
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B Y  H A N A E  A R M I T A G E

I L L U S T R A T I O N  B Y  T A V I S  C O B U R N 

S U R PR I S I NG  AN D  S OM E T I M E S  S T RANG E 

B I OLO G Y  F U E L S

T H E  F U T U R E  OF  M E DI C I N E

B E Y O N D 

T H E 

B E N C H
Hundreds of Stanford scientists are on a quest to understand what 
makes biology tick — from obscure molecular structures in the malaria 
parasite to flower-shaped sea squirts that teach us about our own im-
mune system. In this roundup of basic biology research, protein-pro-
ducing organelles, tadpole tails and flesh-ravaging parasites take cen-
ter stage, exemplifying some of the curiosity-driven science at Stanford 
Medicine that might one day come to bear on human health.

I N V E R T E B R A T E  I D E N T I T Y  T H E F T 

Imagine being fused to your closest relatives and, try as you might, there’s no chance of unteth-
ering. Such is the life of the sea squirt, Botryllus schlosseri.

The biology of these ocean denizens, which as a colony look almost like aquatic daisies, has 
some uncanny similarities to that of humans. Irving Weissman, MD, director of the Stanford 
Institute for Stem Cell Biology and Regenerative Medicine, has studied these animals for de-
cades, investigating the role that genetics and stem cells play in their survival.

The sea squirts Weissman studies live in colonies enveloped by a shared outer translucent 
sheath, called a tunic, and every flowerlike colony is physically unified by a single blood vessel 
that threads through each petal-shaped sea squirt. 

“These blood vessels have a very funny nature to them. They not only connect through the 
individual animals, but at the edge of the tunic they have an end that protrudes out, like a little 

D I S C O V E R Y 

exploring the essence of life





balloon,” explained Weissman.
The vessel acts a recruiter of sorts. Sea squirts, which glom 

onto rocks and other hard surfaces below the tide, can repro-
duce asexually, expanding their colony by creating new buds 
composed of stem cells. There is, however, a quicker way to 
grow. Before sea squirts begin to form colonies, they compete 
for subtidal real estate and often settle in the same general re-
gion. As two colonies expand, nearing one another, the blood 
vessel from one sea squirt juts out and pokes into its neighbor. 
The immune cells contained in the appendage then admin-
ister a sort of pass-fail genetic test: Only sea squirts with spe-
cific genetic overlap will be accepted into the group.

“If the genetics match up, individual sea squirts from the 
probing colony send out blood vessels to infiltrate the tunic 
of the new colony, hooking up their vasculature to all of the 
new individuals,” said Weissman. The two colonies join their 
blood circuitry, allowing floating stem cells to pass from one 
colony to the other. In a pair of merging sea squirts, there’s 
often one that’s genetically dominant, taking over the gonads 
(which produce eggs or sperm) of both colonies. After some 
time, the eggs or sperm of the dominant sea squirt assert 
themselves as the genetic template for future offspring.

On the flip side, if the probing blood vessel deems the 
new sea squirts too genetically foreign, the probe is literally 
scarred, unable to form any future blood bond with another 
colony. Weissman’s research has pinpointed a single gene, 
bhf, that arbitrates fusion or rejection. 

Sea squirt immune cells can tell if a potential colony mate 
has a bhf gene that aligns with its own biology. If the genetics 
don’t match up, immune cells in the outstretched blood ves-

sel kill off the external cells with which it came into contact, 
rejecting any potential fusion. Only kin that share a bhf gene 
can unite via blood vessel. 

The discovery adds to an earlier finding of Weissman’s 
group that suggested this invertebrate sea squirt harbors blood-
related genes and killer immune cells that, surprisingly, resem-
ble those found in vertebrates. It may even provide insight into 
how the human immune system distinguishes self from other, 
similar to what happens after bone marrow transplants. The 
unexpected common ground has fueled a push, pioneered by 
Weissman and former trainees, to harness Botryllus schlosseri 
as a new model organism to study immune biology.

Furthermore, Weissman said, the stem cell competition 
that allows one sea squirt to genetically overthrow another, 
which was discovered by Weissman’s group in the 1990s, made 
him wonder if blood stem cells might compete with each other 
in a similar way, and if that could play a role in aging and the 
development of cancers. His team later demonstrated that this 
was the case and that human blood stem cells can acquire mu-
tations that make them dominant over other normally func-
tioning blood stem cells. The finding has already started to 
map out how faulty human stem cells can snowball into dis-
eases like leukemia, a cancer that affects bone marrow.

T H E  T A I L  E N D

 THERE AREN’T MANY animals that can sprout an entirely 
new appendage with flawless precision. For a week of 

its early life, the western clawed frog, Xenopus tropica-
lis, is one of the lucky few. During this brief window, the 
fledgling amphibian possesses the extraordinary ability to 
replace its own tail, should it find itself in a pinch. If its 
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BOTRYLLUS SCHLOSSERI,  a type of sea squirt.  

THE TIP OF A tadpole tail during regeneration. 
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southmost appendage is somehow lost, the tadpole grows 
a replacement within a week — including its spinal cord, 
veins, muscle and the outer tadpole skin.

That’s a lot of molecular coordination, and it’s something 
that Julie Baker, PhD, professor of genetics, studies in her lab 
at Stanford. Her focus: the molecules and genes that allow 
these tadpoles to restore their rears, focusing on the initial 
steps of the regeneration process. 

To understand what happens during tail regrowth, Bak-
er and her team looked at samples of tadpole RNA — a  
molecular cousin of DNA that acts as a template for proteins 
— during several time points while a tadpole was undergo-
ing regeneration. With the RNA data as a guide, several 
genes emerged as possible regulators of the process. Using  
CRISPR-Cas9 gene editing technology, Baker’s lab inhibited 

the suspicious genes’ functions one by one, singling out those 
that were needed for full tail regeneration. 

They then turned to microscopy, and what they saw was 
equally intriguing. All animal cells contain a nucleus that en-
cases and protects DNA. Under normal conditions in a tad-
pole, the cells near the outermost layer of the tail have nuclei 
with wonky, haphazard shapes, or as Baker described them, 
shapes that “look like alphabet soup.” In other tissues, the 
tadpole cells contain spherical nuclei. When the tail is lost, 
something curious happens.

“The cells with the alphabet-souplike nuclei change; 
some start to move away from the site of injury, and some 
start to morph into the spherical nuclei,” Baker said. The 
result is a swarm of cells with spherical nuclei at the site of 
tail loss. Three hours later, like clockwork, the cells with 
wonky nuclei return, some moving physically back to their 
original location, others forming when spherical nuclei 
morph into wonky ones.

And then another three hours pass, and the nuclei flip 
back to the spherical form. What’s more, if the cells are pre-

vented from executing their flip-flopping routine, regenera-
tion ceases. “It’s like these changing nuclei are really guiding 
this process,” said Baker. “There’s something very strange 
about that, but it’s also very exciting.”

Now, Baker and researchers in her lab are examining the 
shape-shifting process, aiming to better grasp the genetic 
drivers that imbue the tadpole with regenerative power, and 
how those drivers relate to the changing shapes of the nu-
clei. It’s possible, Baker said, that the form a nucleus takes 
influences which genes are turned on by altering which of 
them are accessible to molecules that flip the switch.

While the squiggles of tadpole nuclei don’t necessarily 
hold the secret to human limb regeneration, Baker sees the 
research as informative for wound healing and spinal cord 
generation for more than just frogs. After all, the majority of 

the animal kingdom shares a common biological lineage, so 
lessons from one could apply to many. 

“The thing about regeneration is it happens really differ-
ently in different organisms: Zebrafish can regrow their fins, 
and axolotl salamanders can regrow limbs, but the processes 
don’t look the same molecularly,” Baker said. 

“Knowing more about how various species regenerate un-
der different contexts will give us more of a total picture about 
what’s possible in biology.” 

T H E  O N E - O R G A N E L L E  W O N D E R

 INSIDE THE PLASMODIUM PARASITE, which causes rough-
ly 500 million annual cases of malaria, is an oddly shaped 

molecular structure that keeps it alive: the apicoplast. This 
obscure organelle, found only in a small class of single-celled 
parasites, is a key driver behind malaria’s deadly pathology.

“If you think of organs in the human body as having spe-
cial roles — the heart pumps blood, the kidneys clear toxins 
and so on — organelles are like the cellular versions of that,” 
said Ellen Yeh, MD, PhD, assistant professor of biochemis-
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‘The thing about regeneration is it happens really differently in 
different organisms: Zebrafish can regrow their fins, and axolotl salamanders can 

regrow limbs, but the processes don’t look the same molecularly. 
Knowing more about how various species regenerate under different contexts 

will give us more of a total picture about what’s possible in biology.’
J U L I E  B A K E R ,  P H D



try, of pathology, and of microbiology and immunology who 
studies the ins and outs of the apicoplast. “They’re these little 
machines in the cells that each have a dedicated role.”

Yeh’s past research found that a key product of the api-
coplast is isopentenyl pyrophosphate. In and of itself, IPP 
possesses no special powers; it’s a common base material for 
other molecules that are important for the parasite’s survival. 
“I think of IPP as the brick in a building: It’s a starting mate-
rial or building block that can be used to build lots of differ-
ent types of structures with different purposes,” said Yeh.

She suspects that IPP could play a handful of roles in the 
cell, such as signaling or shuttling other molecules around. 
Yeh and her lab are trying to identify how IPP works and 
in what context so they can use the information to develop 
an anti-malarial drug. The scientists’ quest couldn’t be more 
timely: The only existing malaria treatment faces challenges 
because drug-resistant strains of Plasmodium are beginning 
to crop up.

But at the end of the day, much of the anti-malaria efforts 
come back to the apicoplast. Every stage of the Plasmodium 

life cycle — during which the parasite infiltrates a human 
host by way of a mosquito bite, replicates in the liver and 
then spreads through the blood — depends on the apicoplast. 

 “We don’t know if IPP is required during every stage of 
life for the parasite,” said Yeh. But we know that the apico-
plast, which makes IPP, must be present in all living malaria 
parasites — if it fails to form when the Plasmodium repro-
duces, the parasite simply dies. Now, researchers in her lab 
are on the hunt for genes that regulate apicoplast formation. 
The idea is to identify genes that are indispensable to apico-
plast formation during Plasmodium development and tweak 
those genes to halt the parasite’s life cycle. 

 “We’ve already found two enzymes that are required for 
apicoplast formation, so instead of working to get rid of the 
individual IPP molecules, we’re basically working to blow up 
the factory,” said Yeh. “It’s scary and exciting at the same time 

because we don’t know what the mechanism is, but we can 
see the end result of eliminating these enzymes. We see that 
the apicoplast is gone and that the cell can’t survive; now we 
just need to figure out how that happens.”

O U T  F O R  B L O O D

 PARASITIC WORMS known as schistosomes lurk in the 
freshwater rivers, streams and lakes of tropical and sub-

tropical regions, waiting to bore into a host. The stealthy 
intruder, commonly known as a blood fluke, is a tiny, canoe-
shaped stowaway that manifests as a disease called schistoso-
miasis in humans, triggering itchy rashes, malnutrition and, 
in the worst cases, organ failure. Bo Wang, PhD, assistant 
professor of bioengineering, studies the life cycle of the 
schistosome parasite, investigating the genes and stem cells 
that allow the voracious worm to invade its host.

The creature’s yearning for human flesh is prepped by a 
series of morphological changes throughout its multistage life 
cycle. It starts in water, where it hatches from an egg, taking on 
a “teddy bear-looking” physique — fuzzy and plump — while 

seeking out aquatic snails. Once inside a snail host, the para-
site, about a tenth of a millimeter long, morphs into a sac of 
stem cells and multiplies to boost its numbers. “It’s sort of a 
Russian nesting doll situation,” Wang said. “Hundreds of thou-
sands of new parasites are born from a single invasion until the 
snail is just kind of a zombie overrun by schistosomes.” The 
blood flukes hunker down in their snail host until signals of an 
accommodating environment — more light and warmer tem-
peratures — coax them from their temporary keeper. During 
this transition, the blood flukes change form again to adapt to 
a watery environment, and they emerge from the snail looking 
like a cross between a tadpole and a bullet.

The long, pointy morphology not only helps the flukes 
flit through water, it also allows them to burrow through hu-
man flesh. Once they’ve tunneled in, they take a very spe-
cific course. First, they head to the lungs, where they start to 
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Until recently, biologists thought any ribosome could synthesize any protein type. 
But two years ago, Maria Barna, PhD, assistant professor of 

genetics and of developmental biology, discovered these microscopic machines 
have some say in what proteins they make. 



Oval-shaped schistosomes appear in a cross section of another snail. (top).

the transitions from one body shape to the next,” said Wang. 
Through molecular sequencing techniques, Wang discov-
ered that the activity of one gene in particular, eledeh, seems 
to set maturation in motion inside the human host. “It’s basi-
cally the initial switch. Once the worm infects the human, 
eledeh signals allow the worm to start developing the subse-
quent, sexually reproductive-friendly form.”

Dissecting the inner workings of blood flukes is not only 
fascinating, it’s turning up clues for drug development, said 
Wang. A drug that knocks out eledeh could be devastating 
for the worms yet would probably be harmless to humans 
because there’s no human version of eledeh. But before 
Wang thinks about pursuing therapeutics, he wants to work 
out more of the biology to clear up what eledeh controls and 
how the blood flukes fare when the gene is tampered with.

T H E  P I C K Y  R I B O S O M E

 INSIDE EVERY CELL, MILLIONS of molecular machines 
called ribosomes diligently churn out proteins, the work-

horses of the body. Decades of ribosome research has yielded 
a reliable understanding of the protein manufacturing pro-
cess: Snippets of genetic information, known as messenger 
RNA, float freely in a cell until they bump into one of the 
many ribosomes. Upon contact, the ribosome pulls a piece of 
genetic code into its machinery and, as if knitting a sweater 
from unspooled yarn, assembles the protein. It’s estimated 
that the human body can make millions of different proteins.

Until recently, biologists thought any ribosome could syn-
thesize any protein type. But two years ago, Maria Barna, PhD, 
assistant professor of genetics and of developmental biology, 
discovered these microscopic machines have some say in what 
proteins they make. Special molecules embedded in ribosomes 
act like gatekeepers, accepting some mRNAs and shooing away 
others. Depending on the class of gatekeeper molecule, the 
overall configuration of the ribosome changes. Barna suspects 
that the modifications in ribosome composition may contrib-
ute to a lock-and-key mode of operation, in which the subtle 
structural specificities of a ribosome determine which mRNAs 
are welcomed for protein production. What’s more, these 
gatekeeper molecules actually track with biological categories 
of mRNA. For example, some ribosomes accept only mRNA 
that carries the code for proteins involved in embryonic devel-
opment; others, only mRNA for certain metabolic pathways.

It looks like there may even be a hair ribosome, 
which selectively processes mRNA that codes for hair  
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morph into yet another form. From the lungs, they navigate 
to the liver, where they become sexually mature worms.

At this stage, however, the sheer presence of the blood 
flukes isn’t an issue for humans. It’s what happens next that’s 
problematic. “Each female can lay thousands of eggs every day, 
and she can do it for decades,” said Wang. Massive numbers 
of eggs eventually clog the human body’s blood vessels and 
become lodged in organs, causing the immune system to rev 
up its inflammatory response. Left untreated, the immense egg 
deposit can cause tissue scarring and fatal organ failure.

A drug treatment exists for schistosomiasis, but it’s not 
very effective. The drug knocks out only the full-grown 
blood flukes, so any immature worms present still grow up 
into adults that can make more eggs. In many cases, the in-
fection returns even after a patient is treated.

What’s missing is a way to eradicate worms at all stages 
simultaneously, or a way to stop the parasites from growing 
into sexual maturity in the first place.

“We’ve been dissecting cells and parsing their genetic 
information, specifically looking at how stem cells play into 
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OVAL-SHAPED schistosomes appear in a cross section of a snail, top. 
Fluorescent dots show schistosomes in another snail, bottom.  
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MIRIAM GOODMAN says there’s ‘something really powerful’ in seeing the connection that many scientists have to their work.



T H E  F I R S T  T H I N G  J OY  F R A N C O  D O E S  

W H E N  S H E  G E T S  I N T O  T H E  L A B  

I N  T H E  M O R N I N G ,  O R D I N A R I LY  A R O U N D  8 ,  

I S  C H E C K  O N  H E R  W O R M S . 

“USUALLY THE BUILDING’S PRETTY EMPTY,” FRANCO SAID,  and it wouldn’t be hard for her to just 
mill around. Instead, she gets to work. “I remind myself of all the strains that I’m working on. I check 
where they are in their aging and development, and plan out my experiments. I come up with a to-do 
list, a very tangible to-do list, tractable items like, ‘Feed these worms.’ And then it’s just crossing things 
off, because the list is always longer than there is time in the day.”

In some respects, Franco and her lab mates’ jobs sound pretty typical. They check on the status of 
different projects, they make lists, schedule events and appointments, and so on. Were it not for the part 
about the worms, it would be easy to miss that the group, led by Miriam Goodman, PhD, professor of 
molecular and cellular physiology, are researchers in a neuroscience lab. Even with the worms, it would 
be easy to miss their purpose: They study the sense of touch, something we often take for granted.

“How touch shows up in our lives is actually really important,” Goodman said. “In the morning, 
when I can’t really open my eyes, I can reach over and hit the snooze button or pick up a cup of coffee 
without seeing it. And that’s because I have an intact sense of touch.”

Yet the sense of touch is not well understood, so Goodman’s team in Stanford’s Department of Mo-
lecular and Cellular Physiology is working to better understand it, using as a starting point touch-
sensitive neurons in a tiny worm called Caenorhabditis elegans — they’re easier to study than humans, 
Goodman said, but complex enough that there’s something useful to be learned by studying them.

And learn they have. In recent years, the researchers in Goodman’s laboratory have explored sev-
eral aspects of touch, including the sensing of pain, pressure and temperature, often in collaboration 
with mechanical and chemical engineers. They have studied how individual neurons translate touch’s 
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exploring the essence of life
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mechanical force into electrical and chemical signals to oth-
er neurons and cells. They’ve studied how those neurons 
survive the skin’s daily grind of stretching, squeezing and 
pinching. And they are beginning to take on more clinically 
oriented projects, including one aimed at discovering new 
neurological drugs, and another project that could help ex-
plain why cancer chemotherapy often robs patients of the 
sense of touch.

Still, behind those accomplishments and lofty aims is a 
reality that is rarely seen outside 
the lab. Some of the scientists’ 
time is spent designing techniques 
and equipment for gently stroking 
the worms to see how they’ll re-
act. Some of their time is spent on 
experiments — watching batches 
of worms wriggle around under a 
microscope or hooking individuals 
up to electrodes to see how their 
neurons respond to electrical 
currents. And some of their time is 
spent simply caring for and feeding  
their worms — raising them from 
birth in refrigerators or incubators 
(which look a lot like refrigerators), 
readying them for experiments or 
making sure they get enough E. 
coli bacteria to eat. 

Each of the lab’s 11 members 
— Goodman, who is also a mem-
ber of the Wu Tsai Neurosciences 
Institute, five postdoctoral schol-
ars, four graduate students and 
one staff scientist — brings their 
own skills and perspectives to the 
work. Here, we learn what goes 
on in the lab, and we hear from a 
few of them about how they became scientists, what moti-
vates them and what other paths they might still take.

I N  T H E  L A B  W I T H  M I R I A M  G O O D M A N

 GOODMAN CAME TO STANFORD in 2002 and works in 
the Beckman Center, just down the hall from the two 

lab rooms where most of her graduate students and postdocs 
sit and perform their experiments. Now that she runs her 
own lab, and especially since she became chair of her de-
partment in 2017, Goodman spends more time in meetings 
and responding to email, taking her away from the work she 

most enjoys: making things — tools, equipment and beauti-
ful figures — in the lab. She describes scientific research as a 
kind of intermittent reinforcement — a technique in which 
researchers use small amounts of food or water to train lab 
rats to do otherwise boring tasks. 

When I first started the lab here, I was doing experiments myself 
recording from touch receptor neurons with Bob O’Hagan, who 
was then a graduate student at Columbia visiting Stanford so the 

two of us could work together on these neurons. Late in the day, 
near the end of Bob’s visit, we got the first data, and we’re sitting 
looking at the computer going, “Huh.” The cell is activated when 
you push it, which was something I expected, and it was activated 
when you stop pushing, which is something I did not anticipate, and 
I was like, “That’s really cool.” I’m sitting next to Bob, I’m whack-
ing him on the shoulder. I don’t know what the heck it means, but 
wow, isn’t that cool? 

If you’re really lucky, that kind of discovery happens maybe 
two or three times a year. It’s that hope that your prediction will 
be correct and the openness to the possibility of seeing something 

‘ D I S C O V E R I E S  A R E  L I T E R A L LY 
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WEB EXTRA:  Hear a conversation with Joy Franco at https://stan.md/2DTZ5Du

http://stanmed.stanford.edu/2019spring/inside-lab-worms-sense-touch.html


you didn’t expect that I think keeps most scientists going. Dis-
coveries are literally intermittent reinforcement, their timing is 
completely unpredictable. 

E N G I N E E R I N G  M E E T S  N E U R O S C I E N C E

 ALTHOUGH SHE WORKS in a neuroscience lab, Franco 
is a mechanical engineering graduate student seeking 

a way to grow touch-sensitive neurons in a dish. Her hope 
is to open up new ways to study how touch works and why, 

sometimes, it doesn’t. Her desk sits by a window at the end 
of a long, black-topped lab bench, on top of which sit various 
pieces of equipment — beakers, petri dishes, microscopes 
and more. Like most of her lab mates, she spends much of 
her time tending to her worms — keeping them warm or cold 

depending on the experiment, feeding them nonharmful E. 
coli bacteria, gingerly moving them from dish to dish with a 
hook purpose-built in the lab and staring at them through a 
microscope. She didn’t always imagine this life for herself. In 
addition to her research, she’s a competitive cyclist.

When I graduated from high school, I didn’t really have any college 
prospects, so I moved out of the house and I started working full 
time and living on my own. One time I was talking to some of my 

cyclist friends about bike fit and how 
awesome it is that we can adjust some-
one’s position on a bicycle to optimize 
their power output, and they were like, 
“Joy, you’re such a nerd. You have to 
go back to school. You have to get your 
degree.” I thought, “Oh, huh. Some-
one believes in me. Someone thinks 
that I am capable of achieving some-
thing like a bachelor’s degree.”

Looking at things under a micro-
scope is my absolute favorite thing to 
do. When you’re on the microscope 
and you’re looking at the worms as 
they’re moving around, it is just 
beautiful. If you’re looking at it un-
der a fluorescent microscope, it’s a glow 
worm that’s moving around. And I 
just can’t get past how awesome that 
is and how awesome it is that that’s 
my job — looking at really cool stuff 
through a microscope.

S C I E N C E  W I T H  

A  L A R G E - S C A L E  I M PA C T 

 A DAM NEKIMKEN, a mechani-
cal engineering graduate stu-

dent, is developing tiny mechanical 
devices that help researchers touch 
their worms in more controlled 
ways. On a typical morning in the 
lab, his first task is to check his de-
vices and clean them out before a 
planned experiment. Now at the 

end of his graduate training, he is considering his next steps. 

We do very basic biology research. I’m working on new devices and 
new methods for studying the worms. Those, in themselves, are not 
going to cure any diseases or anything, but you have to keep in mind 
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JOY FRANCO, left, loves looking at things under a microscope:  
‘When you’re on the microscope and you’re looking at the worms as they’re moving  
around, it is just beautiful.’ 

EHSAN REZAEI, center, sorts test tubes for the lab’s research on touch-sensitive  
neurons in a tiny worm called Caenorhabditis elegans.

ADAM NEKIMKEN, right, says research outcomes are often unclear, but understanding 
the natural world means that ‘someone, somewhere will have an important insight.’ 



the bigger picture: Maybe someone will see that and have an idea 
that leads them to some other insight that could end up helping 
people. And maybe not.  

You’ll hear people talk about, “Why are we funding this and 
that stupid research when you could have just done this one that 
leads to some big thing?” But the problem is, we just don’t know 
that ahead of time. So we have to do all of this research and just 
try to understand the natural world, with the foreknowledge that 
someone, somewhere will have an important insight.

My plan is to go into industry, in 
part because I want to work on some-
thing that has an impact at a larger 
scale than doing university research. For 
me, the biggest result of doing my PhD 
— other than publishing some papers 
that may have some impact — is learn-
ing the process of thinking through this 
research and learning how to formulate 
experiments and perform them.

A  PA S S I O N  F O R  T E A C H I N G

 DAIL CHAPMAN, PHD, IS A POST-

DOCTORAL scholar. This af-
ternoon, she prepares to check on 
her worms’ genetic makeup using 
a technique called gel electropho-
resis. The first step: heating up the 
gel mixture in a microwave. After-
ward, she lets the gel harden in a 
special electrified plate, deposits 
DNA samples at one end, turns on 
the electric current and waits for 
it to separate out bits of DNA by 
size, allowing her to compare her 
worms’ DNA to control samples.

Unlike many of her colleagues, 
Chapman came to the lab planning 
to one day teach science at a liberal 
arts college. A mug above her desk reads, “I became a teacher 
for the money and fame.” She had some trepidation about 
revealing her long-term plan when Goodman interviewed 
her for her current position in the lab.

I was super apprehensive about even bringing up teaching because 
I think, as scientists, the expectation is that you want to become a 
renowned researcher. So I was talking to my boss about how I should 
conduct the interview, and whether I should be honest about my 
career pursuits. And he told me, “No.”

But it just didn’t feel right to essentially lie to someone who may 
become my future boss. And it’s not in my character. So when she 
asked what I saw myself doing, I totally let my guard down and let 
my passion for teaching come through, and it was a super nerve-
wracking moment. You would think that would be a problem. And 
instead, it wasn’t. She said, “No, I love teaching and I like to teach 
every chance I can get. I went to a small liberal arts college too, and 
I know what it’s like to be in that environment where teaching is at 
the center of the institution’s goals.”

M A K I N G  R E A L - W O R L D  C O N N E C T I O N S

 SAMMY KATTA, PHD, just completed her final year of 
the School of Medicine’s Neurosciences PhD Program. 

She spends some of her time helping out other lab mem-
bers — among other things, she’s the resident scientific 
computing expert — but most of her days in the past few 
months have been spent writing and rewriting her thesis.  
She knew from the start she might not stay in science that 
much longer. She’s also been looking for a job — not in aca-
demia, but in public policy. 

U N L I K E  M A N Y  O F  H E R  C O L L E A G U E S ,  C H A P M A N  

C A M E  T O  T H E  L A B  P L A N N I N G  T O  O N E  D AY  T E A C H  S C I E N C E 

AT  A  L I B E R A L  A R T S  C O L L E G E .
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A LT E R N AT E  PAT H S

 GOODMAN HAS ALSO THOUGHT about what else, be-
sides research, she might do. “If I had known that in-

dustrial design was a thing that you could do, maybe I would 
have done that. If I had known you could be a software en-
gineer without debugging code endlessly, I might have done 
that,” she said. She’s not unhappy with what she’s doing, she 
said, but she wishes she had more time to spend in the lab.

So let me tell one little anecdote that 
relates to the lab that I worked in as 
a college student writing code. During 
the last summer I was in the lab, the 
lab head was dying of lung cancer. The 
lab was actually physically in the hos-
pital. He would come from his hospi-
tal bed — when he felt well enough to 
walk — to the lab to find out what we 
were doing because it made him happy, 
because it gave him joy, even though 
he was in enormous pain. There was 
something really powerful to see about 
that passion and connection that many 
scientists have to their work. 

I don’t know if I’ve got as deep a 
connection as he did, but if I can re-
build that connection with the experi-
mental work, I can imagine that. 

Of course, those are not things 
Goodman or the members of her 
lab think about most of the time. At 
the end of the day, they have experi-
ments to get done, and at the literal 
end of the day, it’s time to clean up. 

Graduate student Katta is one of 
several people in the lab who tend to 
work late into the evening. “I try to 
end on a good note, after I get a good 
recording or after I’m too tired to go 
for another hour,” Katta said. She shuts 
down her electronics, cleans up her 
equipment and takes some notes, and 

then that’s that — she says goodbye to anyone who’s still around, 
maybe grabs a snack on the way out the door and heads home. 
Like most of the rest of her colleagues, she’ll wake up the next day 
and do it all again, until she’s ready to move on to what’s next. SM

 — Contact Nathan Collins at nac@stanford.edu

I didn’t come in feeling like I definitely wanted to be a professor. I 
majored in molecular biology, but I also did a minor in global pov-
erty and practice. I knew I was really interested in neuroscience and 
I thought I did enjoy doing neuroscience research, and so I came to 
grad school. At this point I don’t regret that. I have been happy, and 
it’s been really cool to be able to participate in the process of science. 
I’ve learned so much from it.

But I’ve also missed a little bit some of these other things, with 
policy or with working with an NGO or something like that. I 

felt like I needed to be able to more directly affect people’s lives to 
take advantage of the advances that science is making. I would 
like to do science, but there are other things I would like to do 
more for my next career step. I knew there were other routes and I 
wanted to be able to explore those. 

DAIL CHAPMAN, left, said Goodman supported her ultimate goal of teaching science
at a liberal arts college. 

THE TINY C.  ELEGANS WORMS, center, are studied in Goodman’s lab to understand 
several aspects of touch, including pain, pressure and temperature.

SAMMY KATTA, right, aims to directly affect people’s lives through scientific advances. 
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A FEW YEARS AGO, BRIAN KOBILKA, MD, and several of his colleagues noticed something had 
changed about Stanford’s medical students. After the medical school’s curriculum was modi-
fied to be more clinically oriented in 2003, the number of students who stopped by their 
offices to ask about conducting basic science research projects had gradually declined. 

Kobilka, professor of molecular and cellular physiology and co-recipient of the 2012 
Nobel Prize in chemistry, also noticed that Stanford Medicine’s basic scientists had become 
less involved in teaching since the curriculum change. And those observations troubled him.

“Stanford is a special place,” Kobilka said. “It’s a place where students can learn from and 
even participate in cutting-edge research when they’re in medical school, partly because it’s 
a great university, and because the basic science departments in the medical school and un-
dergraduate campus are all contained in a very small geographic footprint. The inflexible 
curriculum made it difficult for students to take advantage of all that Stanford had to offer.” 

Kobilka, the Hélène Irwin Fagan Chair in Cardiology, spoke with a few colleagues. 
about his concerns and found he was not alone. Among them was Paul Berg, PhD, pro-
fessor emeritus of biochemistry and a co-recipient of the 1980 Nobel Prize in chemistry. 
Although Kobilka, Berg and their colleagues could have rested on their own accom-
plishments in science and education, it was important to them that others follow in their 
footsteps — or even leapfrog past them — to take up the mantle of discovery at Stanford. 

D I S C O V E R Y 
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During the next few years, and with support from Lloyd 
Minor, MD, dean of the School of Medicine, the group grew 
to include more than 100 faculty, staff and students who 
spent three years reviewing the program. 

Their goal was twofold: first, create opportunities and 
flexibility for students’ long-term research, personal growth, 
exploration and discovery; and second, improve the quality 
of coursework and teaching by adding to the curriculum. 
The result was a new course of study, called the Discovery 
Curriculum, that supports both scientific discovery and self-
discovery by offering innovative paths for learning and for 
scholarship.  

This curriculum change provides the added ben-
efit of helping to solve another problem confronting 
medicine: the rapidly decreasing number of physician- 
scientists in the U.S. workforce. By encouraging and accel-
erating the education of physician-scientists, the new cur-
riculum may bolster, even in a small way, their dwindling 
numbers. 

“The students, faculty and Nobel laureates who de-
veloped our Discovery Curriculum are true innovators in 

medical education,” said Minor. “Their efforts will facilitate 
pursuits of fundamental discovery that further our precision 
health vision, provide our students with a more flexible and 
distinctive learning experience, and expedite the preparation 
of physician-scientists to become leaders in biomedical in-
vestigation.”

Physician-scientists generally balance their time between 
research and clinical care. They usually work at academic 
medical centers, in settings where their clinical practice 
can inform their research and vice versa. They constitute a 
shrinking segment of the workforce.

“Over the past 15 years, the number of physician-scientists 
in their 40s went down from about 7,000 to about 4,000,” 
said PJ Utz, MD, professor of immunology and rheumatol-

ogy and associate dean for medical student research. “And 
the numbers of those in their 60s, 70s and 80s increased. By 
our analysis, to maintain the numbers that currently make 
up the U.S. physician-scientist workforce, close to 200 addi-
tional physician-scientists need to be trained every year than 
we are currently graduating across the nation.”

A 2014 report from the National Institutes of Health 
detailed the challenges for physician-scientists — including 
longer training times and increasing educational debt — and 
noted that “the largest group of NIH-funded U.S. physician-
scientists continues to be those who hold an MD as their only 
professional degree.” In other words, while the MD-PhD 
pathway is commonly regarded as the primary route to be-
coming a physician-scientist, it does not produce the largest 
number of physician-scientists. 

The report highlighted the value of physician-scientists, 
noting that those who see patients and perform research can 
“help identify the mechanisms of disease, as well as apply the 
findings of basic science to patient care.”

Neil Gesundheit, MD, professor of endocrinology and 
senior associate dean for medical education, sees this work 

of basic and translational research as essential to the prog-
ress of medicine. “What we want our students to do is not 
to emulate us, but to eclipse us,” he said. “We want them to 
gain skills and leadership, knowledge — whatever they need 
— to become the academicians and the thought leaders, the 
change agents for the future.”

Second-year medical student William Shi said, “Stan-
ford’s research excellence was a huge reason why I chose to 
come here. Very few medical schools in the country actively 
encourage their students to dedicate time for translational 
and clinical discovery, and even fewer provide the resources 
that Stanford can.” 

The new curriculum is designed to introduce research to 
medical students earlier in their training to inspire and sup-
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port their goals for investigation without requiring them to 
spend seven to eight years to complete an MD-PhD pro-
gram — the program that combines a clinical education with 
the establishment of a scientific research specialty. The re-
design committees also sought to re-engage basic scientists 
in teaching, and continually improve the quality of teaching 
across the board.

“Students come to Stanford knowing about its prestige in 
investigation and discovery,” said Berg, who played a major 
role in advocating for and shaping the new curriculum. “We 
want to instill that same culture into the medical students. 
And my own experience is: Any success early hooks you. You 
get somebody who makes an interesting discovery, writes an 
interesting paper and gets it published — that sticks.”

Q U A L I T Y  R E S E A R C H  TA K E S  T I M E

 STANFORD HAS LONG required medical students to 
carry out scientific research during at least one aca-

demic quarter, but the post-2003 curriculum did not allow 
for longer research projects that span over months or even 
years. Students who engaged in long-term projects typically 
took a year off, disengaging from coursework and their class-
mates. Daniel Bernstein, MD, professor of pediatric cardiol-
ogy and associate dean for curriculum and scholarship, noted 
that quality scholarship “often depends on an experience 
that’s longitudinal.” 

Typically between 60% and 85% of medical students at 
Stanford have opted for at least one extra year of medical 
school to incorporate other scholarly pursuits, Bernstein 
said. “When I arrived at Stanford over 30 years ago, this ap-
proach was unique among medical schools,” he said, noting 
that it is still uncommon today. 

A small percentage of students opt for the longer road to 
becoming a physician-scientist, adding three to five years 
to their MD program to earn a PhD in the biosciences, data 
sciences, engineering or a subset of social science disciplines. 
Approximately 10 students each year begin the MD-PhD pro-
gram at Stanford, also known as the Medical Scientist Training 
Program, and spend their first two years in medical education 
before starting full-time laboratory research. After three to five 
years of research, they complete and defend their PhD thesis 
before finishing their last two years of medical training, which 
are dedicated to clinical rotations. Stanford MD-PhD students 
traditionally are supported through the entire program by a 
combination of funding from an NIH training grant, individu-
al graduate programs and School of Medicine funds.

E N V I S I O N E D  B Y  N O B E L  L A U R E AT E S 

 THE DISCOVERY CURRICULUM began as the vision of 
a small team of revered faculty that included Kobilka, 

Berg and Utz. Participating in the early stages of the curricu-
lum’s development were Russ Altman, MD, PhD, the Ken-
neth Fong Professor and professor of bioengineering, of ge-
netics, of medicine and of biomedical data science; Andrew 
Fire, PhD, the George D. Smith Professor in Molecular and 
Genetic Medicine, professor of pathology and of genetics 
and co-recipient of the 2006 Nobel Prize in physiology or 
medicine; and Donald Regula, MD, professor of pathology.

In addition to the primary concerns they shared with Ko-
bilka about basic science research and teaching, the group 
noted that an increasing number of medical schools were re-
ducing the time required to complete their medical degree 
programs from four years to three in response to a growing 
shortage of clinicians — a shortfall projected by the Asso-
ciation of American Medical Colleges to reach 100,000 by 
2030. But the Stanford group believed that, for a research-
intensive medical school like Stanford, it was urgent to do the 
opposite: reaffirm Stanford’s commitment to scholarship and 
discovery and create a pathway for physician-scientists as an 
alternate to the MD-PhD, which takes longer, costs universi-
ties more and often draws graduates away from clinical work 
entirely into laboratory research.

“At Stanford, we pride ourselves on being the most research- 
intensive medical school in the world,” said Utz, who gradu-
ated from the School of Medicine in 1991. “To advance medi-
cine, scholarship is essential. And not just in laboratory-based 
research areas, but in other areas such as biomedical informat-
ics, epidemiology, policy and economics, to name a few.” 

N E W  C U R R I C U L U M  TA K E S  S H A P E

M INOR TOOK the group’s concerns seriously and, in co-
operation with Gesundheit, put the wheels in motion 

to develop a new curriculum. They started by appointing two 
administrative committees to undertake the first major cur-
riculum overhaul in 15 years.

“From our earliest conversations, Dean Minor was fo-
cused on the future possibilities of a new curriculum,” Utz 
said. “He could see the need for a uniquely Stanford balance 
between scientific investigation and superlative clinical train-
ing, and helped to ensure it became a reality.”

Preetha Basaviah, MD, clinical professor of medicine and 
assistant dean for pre-clerkship education, and Bernstein co-
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WHEN BRIANNA RIVERA STEPPED INTO HER ADVANCED BIOLOGY CLASS AT THE START OF HER 

junior year at Andrew Hill High School in San Jose, California, she noticed that she was one 
of the only girls in the class of 20, and one of the only Hispanic kids. She wasn’t excited about 
science, and she didn’t feel like she belonged. 

Rivera was a dedicated student and gymnast who hoped to go to college even though 
no one in her family had ever been. The class would fulfill her high school science require-
ment, but she didn’t expect to enjoy it. She just needed to make it through. But, buoyed by 
a Saturday science program developed and run by Stanford graduate student volunteers, she 
not only aced her class, but also found a passion for science — which she now embraces as a 
biomedical engineering major in her first year of college.

On that first day in advanced biology, Rivera was outnumbered — the only Hispanic girl 
among a room overwhelmingly populated by Asian American boys — even though outside 
the classroom it was a different story. In 2016 almost half of the school’s students were girls, 

‘the 

girl 

who 

loves 
science’
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and nearly 60% of its students were Hispanic, according 
to U.S. News & World Report, which reports data on high 
schools nationwide. The student body also included 36% 
Asian American kids, many of whom were immigrants or the 
children of immigrants from Vietnam. Sixty-three percent 
of all students at Andrew Hill qualified for free or reduced-
price lunch programs.

“I never really felt like I fit in that classroom,” Rivera said. To 
succeed, though, she’d have to create and complete her own re-
search project. “Our teacher mentioned that we might need ex-
tra guidance. He suggested that we go to the Saturday program.” 

That program was FAST — Future Advancers of Science 
and Technology. Cooper Galvin, a graduate student in biophys-

ics at Stanford, and four of his classmates — Andrew Kennard, 
Athena Ierokomos, Carlos Hernández and Derek Huang — 
started the program in the fall of 2015, hoping to create a space 
where students were encouraged to pursue a passion project in 
STEM through yearlong mentorships, Galvin said. 

“Interesting and impactful science and engineering can be 
done by anyone, anywhere,” Galvin said. “All a scientist or 
engineer needs is curiosity or a drive to make things better, 
mentorship or some system of accountability, and space to do 
the work, or sometimes just the internet.”

Galvin met with Patrick Allamandola, a science teacher 
at Andrew Hill, to discuss setting up a mentoring program 
for students there. Allamandola was skeptical at first, con-
cerned that overly ambitious volunteers might give up on 
the kids if they didn’t succeed, or that his students’ chal-
lenging living situations — some sleeping on couches, 
struggling to secure food or taking care of family members 
when their parents had to work long hours — might make 
it hard for them to attend, or stick with, Saturday sessions. 

But as they discussed details and worked 
through doubts, they agreed it was worth a try. 
The principal and science teachers at Andrew Hill 
helped shape the program, designing it to spark 
the curiosity and creativity of the budding scien-
tists by encouraging them to follow their own in-
terests — also known as self-directed learning, an 
approach that had inspired Galvin back when he 
was in high school in Alaska — and providing the 
support to help those interests come to fruition.

I M M E D I AT E LY  H O O K E D

Rivera was nervous and a bit intimidated 
when she arrived at noon on a Saturday in 
September 2016 to start the program. Only one of her 
parents — both of whom are from Mexico — finished high 
school and neither went to college, yet both strongly sup-
ported her dream to do so, despite her apprehensions. 

“I knew that Stanford has a really big name and not many 
people in the history of my high school have ever been to 
Stanford,” Rivera said. “My parents were never into science, 
and no one in my family had ever been into science.”

But at that first meeting, the mentors were welcoming as 
they led a brainstorming session to break the ice and get stu-

dents thinking about their projects. “I felt like I had no direc-
tion on where to go,” Rivera said. “But they started throwing 
out ideas about things I’d never even heard of before. And I 
started asking questions.”

She was hooked. By the next meeting, she was already 
working up an experiment to study the effect temperature 
has on the rate of the movement of molecules through cell 
membranes, a biological process called cellular diffusion. 

“We started by talking about what we can use that we have 
available at our school that could mimic some sort of chemi-
cal going in and out of a cell,” Rivera said. 

She went online and ordered a chemical she could use to 
watch transport into a cell: a fluorescent dye that binds to 
a cell’s DNA. She cultured and stained multiple batches of 
yeast, transferred the batches into small test tubes and heated 
them in water at different temperatures to see how heat af-
fects the rate of diffusion. 

“The procedure was something we came up with by just 
using a hot plate and heating up water in a beaker with a 

thermometer and holding the tubes slightly in 
the water,” she said. This “proved to be annoying, 
standing over a hot plate holding each tube for like 
10 minutes, four times,” she said, but it worked. 

How would she measure diffusion rates? Her 
school had an old spectrophotometer, a device that 
measures how much light is emitted. So she spun 
the tubes of cultured yeast in a centrifuge, which 
forced the liquid carrying DNA molecules to the 
top of the tube, drew off some of that liquid, and 
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                              ‘The process of designing an experiment, after           experiencing a lot of what felt like brick walls  
                when it came to this methodology,     was what I learned from the most.’
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ran it through the spectrophotometer. A higher absorbance 
reading indicated more diffusion had occurred. 

The concept of her experiment, which took about 13 
weeks to complete, was “not super advanced,” Rivera said. 
“But the process of designing an experiment, after experi-
encing a lot of what felt like brick walls when it came to this 
methodology, was what I learned from the most.” 

Her mentors coached her along the way, and guided her 
as she formulated a data-collection method and recorded 
everything in her lab notebook.

“Over the course of the school year I could see that she was 
gaining a lot more confidence both in her own scientific in-
tuition but also in the troubleshooting abilities that she had,” 

Stanford chemistry graduate student Katie Liu said of Rivera, 
who joined FAST at the same time Liu became a mentor.

B U I L D I N G  O N  S U C C E S S E S

Liu, current FAST president, said the 
point when students start to really 
understand the scientific process and are
confident in their own ideas is one is of the most 
satisfying moments of being a mentor. 

“It’s inspiring to me as a scientist when I get really dis-
couraged about my own research and I see how persistent 
they are,” Liu said. “I see the passion in students who defi-
nitely have a lot of other things going on in their family lives, 
and they still decide that FAST is important enough for them 
to keep showing up.”

FAST meets for five hours every other Saturday afternoon 
for 13 sessions. It culminates in the opportunity for students 
to enter their projects in a regional science fair and present 
their work at a Stanford symposium.

The program began with about a dozen Stanford volunteers 
and 45 high school students, and has since expanded into a sec-
ond location — James Lick High School, also in San Jose. It 
now has more than 100 high school student participants and 
over 70 Stanford graduate student mentors. Through 2018, all 
graduating seniors who participated in FAST went to college, 
and those graduating this year plan to as well.

In the 2016-17 academic year, only two students in 
Rivera’s advanced biology class finished their projects in 
time to participate in the spring science fair, Sciencepalooza, 

Rivera said. She was the only girl. Her project won honor-
able mention for biology, and she earned an A in her class.

Rivera, Galvin recalled, was “winning prizes, keeping the 
model lab notebook we still show students and fostering a 
positive, encouraging community of peers.”

Rivera, who goes by Bri (pronounced bree), was so enthu-
siastic about her new passion that she changed one of her 
social media usernames to “Biochemisbri.” 

“I became known by the whole school as the girl who 
loves science,” she said. “I would have underclassmen come 
up to me like, ‘Look, that’s Biochemisbri!’ They would ask 
me questions about how to join this program, or would you 
recommend this program. I really credit FAST with me find-

ing myself and what I want to do in my career.”
She also said that coaching from FAST mentors helps stu-

dents stick with science after high school, including manag-
ing the college application process, getting financial aid for 
college, and introducing them to ethics and coding. For Ri-
vera, that training proved essential. 

“They helped me apply to colleges and tried to help me 
find internships or summer programs to keep me involved in 
science,” Rivera said. 

‘ I T  WA S  T H E  B E S T  D AY  O F  M Y  L I F E ’

Rivera said she got the phone call 
notifying her that she’d been accepted into the 
Stanford Institutes of Medicine Summer 
Research Program while she was sipping 
strawberry bubble tea with a friend one afternoon
late in her junior year. The program accepts fewer than
5% of applicants. 

“It was the best day of my life,” Rivera said. The summer 
program expanded her scientific interests to bioengineering, 
she said. “It was like a whole new world.” 

During her senior year, Rivera continued with FAST 
and served as an ambassador and leader for the program at  
Andrew Hill. She also was accepted into the bioengineering 
program at Boston University, and will transfer there after 
completing her freshman year at San Jose State University.

“Brianna understood the mission of FAST and the com-
munity at her school so well that she modified how we  
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 After years of financial turbulence, the NIH’s budget has recently  in-

creased, and stability has been restored, thanks largely to consistent 

bipartisan support in the U.S. Congress. The NIH is the largest public 

financial supporter of biomedical science in the world, spanning the 

spectrum from basic to clinical research. 

Before heading the organization, Collins, a physician-geneticist, 

led the international Human Genome Project, the project that suc-

cessfully determined the DNA sequence of the entire human genome. 

A man of many achievements, he was awarded the Presidential 

Medal of Freedom in November 2007 and the National Medal of  

Science in 2009. Stanford Medicine’s contributing editor Paul Costello 

spoke with Collins and asked him why, amid all of his duties leading 

NIH, he still spends time in his own lab at the agency doing research. 

He said it helps keep him grounded and, well (with a laugh), sane.

COSTELLO: Funding for the NIH has stabilized and increased through 

bipartisan support of Congress. What expectations have come with 

those increased dollars?

COLLINS: Congress has put an additional $9 billion back into our 

budget during the past four years, which puts us in a much better 

place to fund young investigators to take new and risky approaches 

that, if they turn out to work, are going to be incredibly significant.

Congress does expect us to be good stewards of those dollars 

and has certain areas of particular interest. Alzheimer’s is at the top 

of that list. Funding for Alzheimer’s disease has more than tripled in 

the past five years because of the crisis it causes many families, and 

how it could bankrupt our economy in the long run.

COSTELLO: All of Us is a new NIH research initiative to create an un-

precedented database of biometric, genetic and health data from 

U.S. volunteers. How will that data be used, shared and accessed? 

COLLINS: I’m incredibly excited about this project, which is the most 

ambitious longitudinal cohort study that NIH has launched in a very 

long time. About 187,000 people have started the enrollment pro-
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cess, more than 139,000 of them have fully enrolled and we’re on the 

way to a million.

One of our goals is to have 50% of the participants coming from 

minority groups — African Americans, Hispanics, Native Americans 

and other groups that are sometimes left out of studies for other 

reasons, such as those from lower socioeconomic groups or because 

they’re from rural communities.
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It’s a feat not usually accomplished in Washington: surviving as the top  
political appointee of a federal agency when an administration changes power and  

political stripes. Yet Francis Collins, MD, PhD, the director of  
the National Institutes of Health, has held that position for 10 years,  

from Obama through two years of Trump.  
During that time, he has seen his agency flourish. 



That goal is being met quite nicely since we launched in May last 

year. Another goal is to have these participants be fully empowered 

as our partners. They’ll get back a lot of information about them-

selves and will contribute a lot about their medical circumstances, 

from their electronic medical records, various lab measures and, be-

fore too long, whole-genome sequences.

Any qualified researcher who is willing to sign a pledge to not try 

to identify the individuals will have access to the anonymized data. 

COSTELLO: Where do you see the greatest opportunity for the NIH 

to address the opioid crisis?

COLLINS: There are many. We are fortunate that Congress recognizes 

this national public health crisis. It also recognizes the role that the very 

best research could play in coming up with answers and has provided 

funding on top of what we’ve already been spending through the Na-

tional Institute on Drug Abuse and National Institute of Neurological 

Disorders and Stroke. The $500 million a year Congress added gave us 

a chance to inspire new, bold efforts through the NIH HEAL (Helping 

to End Addiction Long-term) Initiative: Are there better ways to treat 

addiction or to manage overdose risk? 

We also have a big project to develop, as quickly as possible, 

nonaddictive pain treatments as substitutes for opioids that we 

know are not a good answer for chronic pain. That includes not just 

drugs, but also devices and integrative medicine approaches. 

COSTELLO: The 10-year NIH initiative on the brain is in its fourth year. 

What are you most proud of? 

COLLINS: I would pick the cell atlas of the brain. New technology 

that allows you to look at single cells enables us to really understand 

that there are, in fact, hundreds of different cell types in the brain, 

something that previously we didn’t appreciate. 

COSTELLO: How do you explain the value of basic biology research 

to the public, who may look at it and say, “Well, there’s no obvious 

connection to human health”? 

COLLINS: Individual examples can readily make the case 

for the value of basic research. 

We’re all excited about cancer immunotherapy, but 

that has come about only after decades of basic science 

trying to understand the immune system. We wouldn’t 

be where we are if not for investments in what seemed, 

at the time, pretty basic stuff. I don’t think anybody would 

have guessed we would end up having such a big impact 

on cancer. Maybe on something else, but cancer? Really?

Look at where we are with gene editing and all that that means, 

both for laboratory science but also, increasingly, in terms of cures 

we’re starting to see for conditions like sickle cell disease. 

And look at the whole story of CRISPR/Cas9 and how that was 

revealed by the most fundamental kind of science — trying to un-

derstand how bacteria fight off their own viruses. It’s a great example 

of how investment in research that didn’t have any obvious clinical 

connection can turn out to be absolutely revolutionary.

COSTELLO: Global collaboration is an increasingly important part of 

clinical and basic research, and academic institutions like Stanford 

Medicine work to strike the balance between collaboration and pro-

tecting intellectual property. How does the NIH approach this?

COLLINS: I am very troubled about the way in which the information 

about foreign influences has cast a dark cloud in the direction of individu-

als working in this country who were born in other parts of the world, and 

who are noble, upstanding, hardworking, conscientious, ethical people.

Chinese scientists are concerned that they are being looked at in a 

way that’s almost like racial profiling. That would be a terrible mistake 

in our country, where we welcome people who have lots to contribute.

On the other hand, we can’t simply ignore egregious instances 

where a few foreign scientists took advantage of their circumstances 

to misuse the peer review system, passing along confidential infor-

mation to supporters in their nation of origin. Other instances in-

clude not disclosing in grant applications that they had significant 

financial support, and engaging in serious attempts to divert intel-

lectual property to other countries that rightly belonged to the U.S. 

institution where they did the work.

I think those are very uncommon circumstances, but there’s 

enough of it going on that we had to alert our grantee institutions, 

which had largely not been aware of the risk, to have a look and  en-

sure their own house was in order.

COSTELLO: You still have a lab at the NIH. What draws you to do ba-

sic science research amid your significant responsibilities at the NIH? 

COLLINS: One reason is it’s part of who I am. The opportunity to not 

just oversee what’s happening in the research community, but also to 

participate, at least in a small way, drives me to get up in the morn-

ing. It also helps me, as the NIH director, stay grounded in the reali-

ties of what research is all about.

My lab is working on epigenomics of Type 2 diabetes 

and on a rare disorder of premature aging, called pro-

geria. The latter project is very much in the translational 

space. We’re hoping to initiate the third clinical trial in 

the next year or two with a very high-tech, sophisticated, 

RNA-based therapeutic.

Frankly, sometimes having a personal role in scientific 

research is good for my mental health. Being the head of the NIH, 

with all the administrative challenges and political issues that entails, 

can seem a little heavy at times. It’s great to run across to the lab and 

ask a scientist to show me some data. SM

This interview was condensed and edited by Paul Costello.T
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Teresa Purzner, MD, PhD,  
is a hands-on, all-in physician.
As a neurosurgical resident at the University of 
Toronto in 2009, she rotated through a variety of 
specialties, including one in pediatric neurosur-
gery. During the three months of her pediatric ro-
tation, she dealt with desperately ill children and 
their parents on a daily basis. Often, she was part 
of conversations that delivered bad news — tell-
ing parents, for example, that their child, suffering 
from a deadly brain tumor called a medulloblas-
toma, might have a chance of being cured, but the 
chemo and radiation treatment was likely to cause 
permanent cognitive and neurological damage. 

“It is a devastating conversation,” she recalled. 
“You’re basically delivering, and living in, every 
parent’s worst nightmare. One mother who lost 
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her son shortly after diagnosis told me that she was thankful 
not to have had to put him through the treatment we were 
recommending.”

When it all got to be too much, she and her husband, 
Jamie Purzner, MD, also a neurosurgical trainee, just walked 
away from their residencies. Frustrated with the challenges 
of treating children with the tumors, they put their clinical 
careers on hold to tackle the root of the problem: the cells 
in the brain that run wild during the tumor’s development.

“A few brief conversations with the experts around us  
really sealed the deal,” Teresa Purzner said. “It was clear that 
medulloblastoma was a tangible and interesting problem, 
and that amazing strides had already been made in under-
standing the link between developmental biology and me-
dulloblastoma development.”

The time was ripe, they felt, to bridge the gap between 
this new, conceptual understanding of the disease and the 
desperate need they’d witnessed in the clinic. But they want-
ed to find the right place to do the necessary research. 

The pair considered hundreds of laboratories in the 
United States and Canada. But rather than seeking out labs 
and investigators experienced in translating existing research 
results into clinical applications — a bench-to-bedside ap-
proach — they focused on laboratories drilling into the nuts 
and bolts of biological processes. 

“Basic science is where fundamental discoveries occur,” 
Teresa Purzner said, “and basic science can tell you whether 
a specific potential treatment is likely to be successful. But 
basic scientists often underestimate their value. They are at 
least as well-positioned as clinicians to figure out what the 
best target is from a biological perspective.”

T R A D I N G  S C R U B S  F O R  L A B  C O AT S

The couple shed their scrubs for lab  
coats in 2012. During the next six years they 
worked as graduate students in the Stanford School 
of Medicine’s Department of Developmental Biology to un-
derstand, at the most basic level, what causes the brain tumors. 

Their unconventional career rewind has been uncom-
monly successful. They identified a potential new drug 
treatment for the disease, and with support from Stanford 
SPARK — a program launched in 2006 to advance promis-
ing discoveries from the lab to the clinic — Teresa Purzner  
went on to test it in mice and to coordinate the launch of a 
phase-1 clinical trial that recently began enrolling patients. 
Science Signaling published the findings in September 2018. 

“This was completely unbiased discovery science,” said 
developmental biologist Margaret Fuller, PhD, who advised 

the Purzners during the latter part of their graduate work. 
“Teresa and Jamie used an unbiased screen to identify a new 
component of a well-known developmental pathway, identi-
fied where in the pathway it functions and then showed that 
blocking this step can kill medulloblastoma cells implanted 
into mice. It’s a remarkable achievement.”

The pair faced many challenges, including the myriad dif-
ficulties of escorting a basic science finding through preclini-
cal studies in animals to testing in humans. Teresa Purzner 
took charge of marshaling support from funding agencies, 
national research consortiums and drug companies often 
wary of the fraught arena of clinical trials that enroll termi-
nally ill children. The couple also started a family; their three 
children were born during their graduate school careers. 

Not bad for some seemingly misplaced neurosurgeons.
“There are 101 valid reasons to not do what we did, and 

100 more reasons why we should have failed once we decided 
to do it,” Purzner said. “But we benefited from an amazing 
cast of collaborators at Stanford and elsewhere who spent 
hundreds and hundreds of hours helping to overcome many 
hurdles in the path to this trial. We were all very dedicated to 
doing everything possible to help these kids.”

I N  T H E  L A B  ( A N D  H O M E )  O F

M AT T H E W  S C O T T

Matthew Scott, PhD, now professor emeritus  
at Stanford, was a developmental biologist  
in January 2012 when he received an email 
from Jamie Purzner inquiring about research positions. 
Scott was taken aback. “It’s not often that neurosurgeons 
want to come train in my lab as graduate students,” he said. 
“I thought, ‘These people are doctors; they don’t really want 
to do research full time.’ It was totally unbelievable, and un-
precedented, for people with their training and skill.” 

Scott, who is married to Fuller, is known for his 1984 dis-
covery in fruit flies of a short DNA sequence called a ho-
meobox. Homeobox genes coordinate the activities of sets of 
other genes, acting within cells or groups of cells to control 
development. Proteins made from homeobox genes bind to 
specific DNA sequences throughout the genome to control 
genes used during early embryonic development to deter-
mine body patterning — ensuring that the wings, legs and 
abdominal sections fall neatly into place to generate the tiny 
flies drawn to the overripe fruit on your kitchen counter. 

At first blush, none of this seems like something that 
would especially interest pediatric neurosurgeons intent on 
discovering a new cancer treatment. But Scott is also known 
for identifying and studying signaling systems that allow 
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groups of cells to communicate 
with one another during devel-
opment — a subject with more 
obvious relevance to the couple’s 
interest. Mutations in some of 
these pathways, Scott found, are 
linked to the development of 
some types of cancers, including 
medulloblastoma. 

In the early 1990s, the Scott 
lab began working on an im-
portant system called hedge-
hog signaling — first in fruit 
flies and later in mammals. It’s 
named hedgehog because a 
mutation in the gene for a key 
protein in the signaling system 
results in fruit fly embryos that 
are spiny like hedgehogs. 

The hedgehog protein is 
produced and secreted by par-
ticular cells in the fruit fly 
embryo. When it binds to a receptor protein called “patched” 
on the surface of a cell, a cascade of activity is triggered that 
begins with proteins on the cell surface and ends with other 
proteins entering the nucleus. There, they stimulate the 
process by which genes lead to the production of proteins 
that govern how cells multiply and develop. In the absence 
of hedgehog binding, patched keeps the pathway turned off.

In 1996, Scott’s research into the pathway revealed that 
mutations in patched are often found in people with an in-
herited condition associated with frequent skin cancers and 
skeletal abnormalities called basal-cell nevus syndrome. 
When patched is missing or mutated, the hedgehog path-
way is constantly active, and the cells receive ongoing signals 
to grow and divide. Carriers of patched mutations not only 
develop frequent basal-cell skin cancers, but they also often 
develop medulloblastomas. 

The Scott lab then showed that during normal develop-
ment, hedgehog signaling triggers growth of the cerebellum, 
the portion of the brain at the back of the head near the spinal 
cord. Loss of patched lets the normal growth signal happen 
when it should not. This explanation for the development 

of medulloblastomas piqued the 
Purzners’ interest.

But coming to America to 
work as graduate students put the 
Purzners in a funding gray area. 
They could no longer apply for 
grants meant to support Cana-
dian clinicians doing research 
in Canada. They also couldn’t 
qualify for funding meant for 
Americans. Although they even-
tually secured enough money 
to support themselves and their 
growing family, including fund-
ing from Stanford Bio-X,  their 
financial stability was far from 
certain when they arrived at 
Stanford in June of 2012 in a 
truck packed with boxes they 
loaded the day after their last 
neurosurgical calls ended. 

“We had no American bank 
account or credit cards and no plan for where we were go-
ing to live,” Teresa Purzner recalled. “Matt and Margaret 
realized this and insisted we live with them until we found 
a place to rent.” 

M O S T  C O M M O N  C H I L D H O O D 

B R A I N  C A N C E R

About 350 people a year in the United States 
are diagnosed with medulloblastoma, which 
develops in the cerebellum. It is the most common 
brain cancer in children. Even with the best treatments, only 
about 70% will live five years or more after the initial diagno-
sis, and the prognosis for those who have a recurrence is dire.  

Frequently, the tumors spread to other parts of the brain 
and central nervous system. Treatment options are bleak 
and include whole-brain and spinal radiation in combina-
tion with chemotherapy for as long as a year. Children are 
particularly susceptible to damage from these therapies be-
cause their brains are developing. 

About 25% of all medulloblastomas are caused by muta-
tions in genes for proteins involved in the hedgehog path-
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way, including patched. Although drugs that inhibit the 
hedgehog pathway can often temporarily shrink tumors 
in patients, the cancer cells rapidly become resistant to the 
treatment when the cells develop mutations that reactivate the 
pathway. Targeting the very last step — the moment when the 
proteins reach the nucleus and bind to the DNA to turn genes 
on — should leave the cancer cells fewer options to wiggle out 
of the treatment, researchers believe. But how to do that? 

The Purzners focused on the granule neuron precursor 
cells in the brain that give rise to hedgehog-associated 
human medulloblastomas. In mice, GNPs rapidly multi-
ply between day one and day seven after birth in response 
to hedgehog pathway signaling. Between day seven and day 
14, the proliferation rate slows and the cells start becoming  
granule neurons. After day 14, any remaining GNPs mature 
into granule neurons, which are the most common type of 
neuron in the brain. 

Occasionally, however, GNPs ignore the normal devel-
opmental signals and keep multiplying after day 14. This in-
creases the chance that the cells will accumulate additional 
mutations and become cancerous. Learning why this hap-
pens might be the key to stopping the rapid increase in me-
dulloblastoma cells, the Purzners reasoned. 

A chance encounter with Joshua Elias, PhD, assistant pro-
fessor of chemical and systems biology, whose laboratory was 
one floor above Scott’s, gave the Purzners an idea of how to 
start. The Elias lab focuses on proteomics — the study of all 
aspects of proteins in a cell or tissue to learn how cells and tis-
sues develop and function. The Purzners became interested 

in a major mechanism controlling protein function: the tag-
ging of proteins with chemicals called phosphate groups. A 
phosphate tag in one location on a protein may cue it to bind 
to a second protein, move to another part of the cell or latch 
onto DNA to activate certain genes, for example, whereas 
a tag in a different location on the same protein could trig-
ger other biological outcomes. Conversely, removal of these 
phosphate groups can quickly inhibit the protein’s activity. 

C O M B I N I N G  E X P E R T I S E

The ability to toggle a protein’s activity in this 
way allows a cell to react quickly and  
appropriately to changing conditions or
developmental stages. The ability to chart changes in 
the patterns and locations of phosphate tags across a panel of 
proteins over time can provide an intimate look at the work-
ings of a cell during development or disease progression. 

Teresa Purzner decided to compare the pattern of 
phosphate tags, or protein phosphorylation, on GNP 
proteins isolated from the brains of newborn mice at 
day seven with those of GNPs isolated at day 14 and day 
one. Jamie Purzner, in contrast, focused on sussing out 
changes in which proteins are produced at the different 
cell stages. Although her approach yielded more immedi-
ately promising results, they remained closely involved in 
each other’s projects.

“It was pretty darn fun combining our expertise and 
thinking over the problems together from two perspectives,” 
she said. 

The Purzners found that the protein phosphorylation 
pattern of the rapidly dividing day seven GNP cells more 
closely resembles that of medulloblastoma cells than that 
of GNP cells on day one or day 14. Further detective work 
homed in on a phosphate-adding protein called CK2 that is 
likely responsible for many of the phosphate-tagging events 
observed in day seven cells, including some that are critical to 
the last steps in the hedgehog pathway. 

Blocking CK2 activity in mice during days three to 

seven left the animals with significantly fewer granule 
neurons than control animals had, the Purzners found. 
Furthermore, a CK2 inhibitor slowed or stopped the 
growth of mouse medulloblastoma cells implanted in 
mice — even cancer cells resistant to other hedgehog 
pathway inhibitors.

“We’d put these angry medulloblastoma cells into the 
flanks of mice and see complete tumor regression when CK2 
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sortium to do a clinical trial with this drug given to her by 
Senhwa, which is unheard-of,” Mochly-Rosen said. “Com-
panies that are running a clinical trial with a drug never give 
that drug to another clinical study because if something hap-
pens it can affect their clinical study as well.”

The FDA approved the phase 1-2 clinical trial of CX-
4945 in children with hedgehog-pathway dependent me-
dulloblastoma on Jan. 4, and the consortium’s Central In-
stitutional Review Board signed off on Feb. 28. The study 
opened on March 1. 

‘A N  A B S O L U T E  T R I U M P H ’

“It’s so exciting,” Purzner said. “This took  
hundreds of hours and dozens of people to  
accomplish because in many ways  
it was not a typical trial to put together. There were 
at least two or three times I thought, ‘This could be the 
end. All of our work could be for nothing, and these kids are 
never going to get to see this drug.’”

Scott said, “This was an absolute triumph of the transla-
tion of a series of basic scientific discoveries into a clinical 
trial. In 1980, we identified the first mutations in hedgehog 
and patched in fruit flies. 

“Sixteen years later we reported a connection with can-
cer; 16 years later we had our first FDA-approved drug 
targeting the hedgehog pathway in basal-cell carcinoma. 
So it took 32 years from pure, curiosity-driven ‘Huh, that’s 
interesting’ — when we found some genes that control 
patterning in fly larva — to a point where patients were 
being treated. Now, 32 years is either way too long, or not 
too bad in the big picture of drug development. But Teresa 
did it in five,” he said.

It remains to be seen whether the CX-4945 will be safe 
and effective in children with hedgehog-dependent medul-
loblastoma. A success in mice doesn’t always translate to hu-
mans. But Purzner’s intensive approach to solving the prob-
lem has led to a promising new target in the field. 

She and her husband have returned to Canada to com-
plete their neurosurgical residencies.

“Having my own children gave me a very sobering per-
spective about what these families are going through,” 
she said. “I didn’t fully grasp just how heart-wrenching it 
would be to have a child with a serious medical issue until I 
had my own children. Getting to this clinical trial has been 
very emotional. And I’m not an emotional person. It is just 
such a huge relief to get to this point and know that I did 
what I came to do.” SM

— Contact Krista Conger at kristac@stanford.edu
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was inhibited,” Teresa Purzner said. “When we transplant-
ed the medulloblastoma cells into the cerebella of mice, we 
found that, although the control animals had to be eutha-
nized within 17 days due to cancer progression, 43% of mice 
treated with a CK2 inhibitor for 30 days lived past 100 days 
— basically until the experiment was terminated.” 

“This was astonishingly effective,” Scott said. “The kinase 
acts very late in the hedgehog pathway so it’s difficult for the 
cancer cells to mutate around it. Teresa and Jamie didn’t start 
off looking for a protein involved in the hedgehog pathway. 
But once they did, Teresa embarked on shepherding this 
finding all the way from a basic science investigation to pre-
clinical tests that have now launched a clinical trial.” 

Getting to the clinical trial wasn’t easy, however. 

W H AT  T O  D O  N E X T

“I had this beautiful, targeted small molecule 
inhibitor of CK2 that works in animals,” 
Teresa Purzner said. “But I had absolutely no idea how 
to go from there to get it to patients. This was far outside my 
realm of experience.” 

Enter Stanford SPARK. The program matches academ-
ic researchers with volunteers from the pharmaceutical, 
biotech and financial industries to streamline drug devel-
opment and make it faster and cheaper. SPARK was found-
ed by Daria Mochly-Rosen, PhD, professor of chemical 
and systems biology at Stanford, who co-directs the pro-
gram with Kevin Grimes, PhD, professor of chemical and 
systems biology.

“They started setting me up with world leaders — experts 
in every part of the drug development process to help me un-
derstand step by step what would be required to go from my 
discovery in the lab to a patient in the clinic,” Purzner said. 
“It went from a seemingly impossible task to something dif-
ficult but achievable. And then we started just tackling each 
milestone one after the other.”

Important steps included working with Grimes to con-
vince a Taiwanese company called Senhwa Biosciences Inc. 
— which was producing the only human-tested CK2 inhibi-
tor, CX-4945, for use in a trial of basal-cell carcinoma — to 
agree to provide the drug for a pediatric clinical trial. Purzner 
was also able to secure the involvement of the Pediatric Brain 
Tumor Consortium, formed by the National Cancer Insti-
tute to improve the care of children with brain tumors across 
the country. 

“Teresa, with Kevin’s help, wrote an investigative new 
drug study for the Food and Drug Administration, and, 
importantly, convinced the Pediatric Brain Tumor Con-



3 4 S P R I N G  2 0 1 9     S T A N F O R D  M E D I C I N E 

WHEN RICHARD CARDONI WAS DIAGNOSED WITH PROSTATE CANCER 20 YEARS AGO, his doctors 
chose a conventional treatment route: hormone therapy, followed by radiation. That worked beautifully 
for nearly 10 years, Cardoni said, until tests showed his tumor had rebounded. 

This time, his Stanford oncologist, Sandy Srinivas, MD, decided to try an experimental drug that used a 
radically new approach to attack the disease. Cardoni’s cancer had spread beyond the prostate to nearby lymph 
nodes, so he qualified for the treatment, which at the time was available only to men with metastatic disease.

“I had this cancer that was coming back. I wanted to try anything that would stop it,” said Cardoni, a 
retired San Jose surgeon who asked that his real name not be used in this article.

The new treatment, known as Provenge, capitalizes on the body’s own powers to combat cancer. It helped set 
the stage for a revolution in cancer treatment when in 2010 it became the first immunotherapy drug the federal 
Food and Drug Administration approved for use in patients — in this case, for those with advanced disease.
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“In 2010, people thought this would just open the flood-
gates,” said Srinivas, professor of urologic oncology at Stan-
ford. “Every patient would get Provenge, and this would be 
the wonder drug.”

However, the treatment was perhaps ahead of its time: It 
was a completely new concept, somewhat alien to patients 
and physicians, which may have made it more difficult to ac-
cept. During the next several years, its path proved to be a 
rocky one. Its manufacturer faced marketing challenges and 
was forced to declare bankruptcy. The company’s assets then 
changed hands twice. 

But Provenge is enjoying a revival, in part because of a 
new, large-scale trial to see if it stalls cancer progression in 

patients with early stage disease. Some clinicians believe pa-
tients are more likely to benefit from the drug if they take it 
before the disease has a chance to advance. 

Throughout the ups and downs of Provenge, Edgar En-
gleman, MD, never lost faith in the drug, which had its ori-
gins decades ago in his lab at Stanford.

In his initial days at the Stanford Blood Center, in the 
1980s, Engleman began wondering how he might take 
advantage of the unusual capabilities of a white blood cell 
known as the dendritic cell. These unique immune system 
cells have fingerlike projections that help them interact with 
the environment. In 1973, Ralph Steinman, MD, at Rock-
efeller University, identified and named the cell, winning a 
Nobel Prize for the work.

But there was still much to be learned about the cell, and 
the blood center, which Engleman directs, was an ideal place 
to begin. White cells were routinely discarded from blood 
donations because they might cause harm if given to patients 
with compromised immune systems, so Engleman’s lab had 
a plentiful supply for study. In 1989, his group succeeded in 
isolating the dendritic cell in humans, a first step in under-
standing its role as one of the body’s defenders.

“Dendritic cells are uniquely capable of educating the  
immune system to see new things. There aren’t a lot of cells 

that do that,” said Larry Fong, MD, leader of the Cancer 
Immunotherapy Program at UCSF who worked with Engle-
man as an oncology fellow at Stanford. “So being able to iso-
late them was an important first step.”

Engleman then began to consider what some thought was 
an impossible challenge: What if he could extract dendritic 
cells from cancer patients, removing the cells from the tumor 
environment, and then somehow educate them to attack the 
cancer? It was contrary to traditional thinking — the im-
mune system typically doesn’t attack cells it views as “self,” 
and tumor cells are seen as self.

“This was the 1990s, when the concept of immunotherapy 
was completely foreign and there was great skepticism,” said 

Engleman, a cellular immunologist and professor of pathol-
ogy and of medicine. “Nobody thought this was feasible.”

But Engleman wasn’t deterred. He began working with 
Ronald Levy, MD, a professor of oncology at Stanford, who 
was then testing methods of vaccinating patients against their 
own tumors using a different mechanism. The scientists 
were fortunate, Engleman said, in finding antigens — pro-
teins unique to a tumor — that could prime the dendritic cell 
to target the tumor.

They began testing the therapy in four lymphoma pa-
tients, all of whom developed measurable responses; in one 
patient, the tumor was completely suppressed, they reported 
in a 1996 paper in Nature Medicine. They conducted a larg-
er trial with 35 patients with B-cell lymphoma, again with 
promising results that were published in Blood in 2002.

In 1992, Engleman started a company, Activated Cell 
Therapy Inc. in Mountain View, California, teaming up with 
Samuel Strober, MD, a professor of medicine who was inter-
ested in immune suppression in organ transplantation and 
autoimmune disease. Within a few years, the company was 
renamed Dendreon and later moved to Seattle. At that point, 
the two Stanford scientists severed their financial ties. 

The company decided to test the therapy, under the ge-
neric name sipuleucel-T, as a treatment for metastatic pros-
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tate cancer among patients who had failed all other therapies, 
including hormone therapy. Prostate cancer is the most com-
mon form of non-lung cancer among American men. This 
year, more than 174,000 men are expected to be diagnosed 
and more than 31,000 will die of the disease, according to the 
American Cancer Society. When the company was launch-
ing its trial, patients with metastatic disease had no options 
other than palliative care, Engleman said.

“At the time there was very little hope for these patients, 
and the bar for treatment success was low,” he said. “I felt it 
was likely to be extremely safe because these were cells from 
the patient, not foreign cells. … It was hard for me to imag-
ine toxicity from that. So I felt the downside risk was very 
minimal. And indeed, it was found to be very well tolerated.”

The company ultimately published results of a trial 
involving 512 participants with metastatic disease. Half 
received an infusion of the drug, while the other half 
received a placebo infusion. The findings, published in 
2010 in The New England Journal of Medicine, showed the 
chance of survival over a three-year period to be 31.7% 
among the treated patients, compared with 23% in the 
placebo group. Among patients receiving the drug, the 
average increase in survival was four months.

	ON THE BASIS  OF THE TRIAL ,  THE 

FDA APPROVED THE drug the same 
year to much fanfare and outsized 
expectations. The company, mar-
keting the drug under the name 

Provenge, initially enjoyed great success. The drug has since 
been prescribed to more than 30,000 patients in the United 
States, according to company figures.

“There was a big uptake, as it was very sexy, a new ap-
proach. You are stimulating your own body to do all the 
magic,” said Srinivas, the Stanford oncologist. 

Immunotherapy was still a relatively new concept. But the 
field soon exploded, with the introduction of other, FDA-
approved immunotherapy drugs that work through a differ-
ent mechanism than Provenge does. Immunotherapy soon 
became the hottest area of cancer treatment and research.

But Dendreon struggled to market the drug, in part be-
cause it was complicated to administer, Srinivas said. For in-
stance, when Cardoni was taking the medication, he had to 
drive to a company-contracted lab in Oakland, California, 
and undergo leukapheresis, in which his blood cells were re-
moved, and the red cells, platelets and plasma were returned 

to his body. The white blood cells were sent to a laboratory in 
Seattle, where the dendritic cells were exposed to the tumor 
antigen, thus priming them for action. Cardoni returned to 
Stanford several days later for an infusion of the treated cells. 
He had to repeat the process three times. 

 cARDONI, WHO WASN’T DETERRED BY GOING TO 

SUCH LENGTHS FOR  the treatment, said he had 
no side effects. Most patients have only mild ef-

fects, such as chills, fever and headache during the infusion, 
though there is a 2% risk of stroke, Srinivas said.

On the downside, the drug was relatively expensive, 
$93,000 for a full treatment, which seemed a fortune at the 
time (immunotherapy drugs now cost at least $250,000 a year). 
Moreover, it was hard to quantify the impact of Provenge be-
cause there is no biomarker to measure its effects. 

Unlike other prostate treatments, the drug does not nec-
essarily affect PSA, or prostate specific antigen, an imperfect 
marker that is used to gauge the progress of disease. That was 
off-putting to some clinicians and patients.

“I know there are still physicians who don’t believe in 
Provenge and don’t use it,” said Russell Pachynski, MD, as-
sistant professor of oncology at Washington University in St. 
Louis, who began using the drug as an oncology fellow at 
Stanford. “I think to some extent, they might not understand 
how it works. It doesn’t work like traditional chemotherapy. 
It’s not a targeted pill. Now we have worked out more of 
the mechanism of the drug, but when it was approved, there 
were a lot of questions about exactly how it was working — 
and oncologists like to know precise mechanisms of action, 
especially for a novel, first-in-class therapy. We know these 
immune cells are stimulated and activated, but what exactly 
happens when they are put into the patient?

“The other thing the patient and the oncologist see is 
PSA, and the PSA went down in fewer than 3% of patients 
in the trial that led to Provenge’s approval. So people think it 
doesn’t work because your PSA doesn’t go down, and that’s 
the metric by which they are gauging response. However, 
PSA is only one way to assess response, and there are drugs 
that lower the PSA very nicely, but don’t improve overall  
survival. So, there is a lot of education that has to happen,” said 
Pachynski, who is a strong believer in the value of the drug.

Because of these questions, it became a bit of a conun-
drum for prescribing physicians, Srinivas said. “It was a little 
labor-intensive to give the drug and, for all of this, the return 
seemed like it was very little,” she said. “Patients would say, 
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E X P L O R I N G  T H E  R E A L M S  O F  M E D I C I N E  A N D  H E A L I N G

 FOR AS LONG AS SHAILI JAIN, MD, CAN REMEMBER, SHE HAS BEEN DRAWN 

TO THOSE WHO HAVE suffered the unspeakable. The Stanford psychiatrist 
said her compulsion is fueled by the sense that she was born to bear witness, 

a sense that goes back to her childhood, growing up in a family devastated by the 
Partition of India in 1947. In her new book on post-traumatic stress disorder, The 
Unspeakable Mind, she explains how this led to a career treating people with the seri-
ous, though long-ignored, medical condition, and she provides a full picture of PTSD 
through case studies, explanations of the scientific research and its implications. 

Jain, a clinical associate professor of psychiatry and behavioral sciences, is the 
medical director for integrated care at the Veterans Affairs Palo Alto Health Care 
System. Her PTSD research and almost two decades of caring for thousands of 
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IN HER BOOK ON POST-TRAUMATIC STRESS DISORDER, SHAILI JAIN EXPLORES THE LASTING IMPACT 

OF PEOPLE’S SORROWS AND TRAUMA ON FUTURE GENERATIONS.

A legacy of 
trauma
A PSYCHIATRIST SPEAKS 
FROM THE FRONT LINES OF 
PTSD SCIENCE



trauma survivors are part of a revolu-
tion in understanding and treating the 
illness. Though an age-old affliction, 
the condition was recognized by the 
psychiatric establishment only in 1980. 

PTSD affects more than 6 million 
Americans at any given moment, said 
Jain. And though it’s famous for caus-
ing nightmares, flashbacks and extreme 
reactions to being startled, the disorder 
has other, more subtle symptoms. It 
mutes feelings of happiness, often leads 
to social withdrawal and can result in 
damaging cellular changes that pass 
from parents to child.

In this excerpt, Jain introduces a young 
woman with some of these more subtle 
symptoms and asks whether they could 
stem from her parents’ traumatic lives. 

E X C E R P T

 WHEN I WAS A CHIEF RESIDENT, 
I spent several months rotating 

through a student health center at a lo-
cal college. My patient Rimma was a 
freshman referred by her primary care 
doctor for worsening anxiety and trou-
ble adjusting to college life. Rimma was 
petite with dark hair, strands of which 
were dyed with different hues of pur-
ple. She invariably wore black clothes 
with clunky army boots, her nose was 
pierced, and she wore dark, heavy 
makeup that made her green eyes pop 
in contrast to her ghostly pale skin. Her 
appearance always struck me as somber 
and served to distract me from the fact 
that underneath all the makeup and lay-
ers of clothing was a young girl. 

Rimma was precocious and intel-
ligent and had graduated from high 
school at 16, so was much younger than 
her freshman peers. She told me she 
felt like an outsider and was finding it 
hard to connect with other students. 
Her academic performance was suf-
fering, which caused her much anxiety. 
She suffered from insomnia, had lost 

her appetite and was having panic at-
tacks two to three times a week. 

Rimma viewed the entire college 
citizenry — teachers, administrators 
and students — as incompetent Ne-
anderthals. She would spend whole 
sessions engaged in biting 
commentary about everyone 
she encountered. Somewhat 
disturbingly, it soon became 
apparent that she was not 
actually engaging with those 
people; she was judging them 
from afar. Her pervasive mis-
trust of the world around her 
made her keep an emotional 
distance from almost every-
one else on campus. 

Rimma also spent a lot of time talking 
about her relationship with her mother. 
Her parents had come to America from 
the Soviet Union in the late 1980s, 
Orthodox Jews who had left to escape 
religious persecution in the communist 
Soviet Union. Rimma had been born in 
the United States and had never been 
to Russia, and from what I could gather, 
her parents rarely traveled back either. 
Rimma often engaged in vivid descrip-
tions of the bitter battles she had with 
her mother. With contempt, she would 
mock her mother’s Russian accent and 
complain that “she never talks about 
anything that really matters” and “she 
lives in her own world, freaks out about 
the littlest of things.”

Rimma had initially celebrated leav-
ing for college and relished the chance 
to be on her own, but her struggles 
with adjusting to campus life, com-
bined with her parents’ concerns about 
underage college drinking, meant she 
had since moved back home and now 
commuted to classes. 

At the time, I viewed this as typical 
teenage rebellion. Intellectually, Rimma 
was mature, but emotionally she was 
still a teenager struggling with classic is-

sues of separation and identity. But now, 
more than a decade on, it occurs to me 
that I did not consider the possibility 
that her parents had a very significant 
trauma history. What had happened to 
her Jewish parents in the communist 

Soviet Union? What had it 
been like growing up in an 
environment where you had 
to be secretive about your 
faith? Under such circum-
stances does one simply live 
life with a basic loss of trust 
and confidence in the world? 
Does this undermine your 
passions and commitment 
to your loved ones? And the 

most important question: Were Rim-
ma’s symptoms directly related to her 
parents’ traumatic experiences?

Centuries of case reports have con-
tributed to a conventional wisdom that 
parents living with traumatic stress are 
more likely to have children who suffer 
from depression, anxiety or traumatic 
stress. For decades this “psychological 
damage” was attributed to the way the 
children were parented. By this logic, 
Rimma learned behaviors in her home 
environment that led her to react to the 
larger world in a fearful, emotionally 
volatile and aloof manner. 

Another plausible explanation would 
be that such psychological issues simply 
“run in families” and Rimma had in-
herited a genetic profile from her par-
ents that made her more vulnerable to 
such problems. Indeed, though PTSD 
is, by definition, linked to a traumatic 
event, research studies have consistent-
ly shown that PTSD, like depression, is 
highly heritable, and genetic influences 
explain a substantial proportion of one’s 
vulnerability to developing PTSD after 
surviving trauma. 

In the early part of the 21st century, 
Dr. Rachel Yehuda, a neuroscientist at 
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A second
chance at life
STEM CELL TRANSPLANTS 

AGAINST THE ODDS SAVE BROTHERS 

WITH A RARE GENETIC DISEASE

By Erin Digitale
PHOTOGRAPHY BY 

TIMOTHY ARCHIBALD

 IN OCTOBER 2017, just after Ronnie 
Dogan’s first birthday, his doctors made 
a desperate, last-ditch phone call. 
Ronnie was born with a rare genetic 

disease, IPEX syndrome, that caused 
his immune system to wage widespread 
attacks on his body’s healthy tissues. 
The name is an acronym of the syn-
drome’s main features: immunodys-
regulation polyendocrinopathy enter-
opathy X-linked.

Hospitalized for all but a few days of 
his life, Ronnie suffered severe gastro-
intestinal problems that required sur-
gical removal of large portions of his 
small intestine. 

No matching donor was available 
for a stem cell transplant — the only 
potential cure — and Ronnie was so 
fragile it was unclear if he could even 
survive a transplant. More than once 
during his first year of life, his family 
was encouraged to take him home to 
pass away. 

But Ronnie’s mother and grand-
mother pushed to keep him hospital-
ized. By his first birthday, the little 
boy was in limbo, alive but lacking a 

path to health. He was in his fourth 
hospital, the University of California-
Davis Medical Center in Sacramento, 
to be near his family in Stockton, Cal-
ifornia, when his physicians reached 
out for help.

“They called Stanford and asked, 
‘What do we do now? He’s 1,’” said 
Rosemary Anama, Ronnie’s grand-
mother and legal guardian. She appre-
ciated the phone call but didn’t expect 
much to come of it. “That’s where Dr. 
Alice came in. She came and said, ‘Hey, 
we can transplant him.’”

FAMILY FINALLY HAS HOPE

 WH E N  T W O  S TA N F O R D  P H Y S I -

C I A N - S C I E N T I S T S ,  A L I C E  B E R -

TA I N A ,   M D ,  P H D , and Rosa Bacchetta, 
MD, traveled to Sacramento to evalu-
ate Ronnie, they knew the severity of 
his medical condition. 

Bacchetta, an associate professor of 
pediatrics, is an expert in IPEX syn-
drome. Bertaina, also an associate pro-
fessor of pediatrics, had recently moved 
from the largest children’s hospital in 
Europe, where she developed a way to 
give stem cell transplants to patients 
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who lack a well-matched donor.
Bacchetta and Bertaina were re-

cruited to Stanford during the univer-
sity’s push to build its Center for De-
finitive and Curative Medicine, which 
is designed to bridge the gap between 
basic scientific discoveries and cures, 
particularly for gene therapy and 
stem cell transplants. Global efforts 
on these fronts are beginning to pay 
off. After decades of research, gene 
therapy techniques are producing vi-
able therapies: For example, the gene 
therapy treatment strimvelis treats a 
form of severe combined immunode-
ficiency, or “bubble boy disease.” And 
several Stanford scientists are improv-
ing stem cell transplants, in which 
a patient’s diseased bone marrow is 
replaced with that from a healthy do-
nor. Previously restricted to treatment 
for blood cancers, the transplants are 
helping a widening circle of patients.

So, in spite of the dismal prognosis 
others had given Ronnie, the Stanford 
experts had reason for optimism. They 
had options no other hospital in the 
United States could provide. 

“I found Ronnie better than I had 
expected,” Bertaina said. “I had already 
transplanted IPEX patients much sicker 
than him with good results.” Bacchetta 
had been performing stem cell trans-
plants in IPEX patients since 2003, 
shortly after the gene responsible for the 
disorder was identified. She, too, felt that 
Ronnie could be a transplant candidate.

Ronnie’s family was skeptical. They’d 
recently been told there was no hope. 

The physicians weren’t surprised 
by this reaction. “Before we met them, 
they went through so much, so many 
different therapies, and nothing was 
enough to cure the disease or to really 
overcome the clinical manifestations,” 
Bacchetta said. “Usually it’s very, very 
traumatic for a family to see their 
child so sick, to have a disease which 

is basically incurable or curable only 
with a very steep pathway, an invasive 
treatment.” 

Bacchetta and Bertaina explained 
how their proposed plan differed from 
a standard stem cell transplant: They 
could use bone marrow from a partially 
matched donor, Ronnie’s father, plus a 
gentler drug-conditioning regimen to 
prepare for the procedure. 

Once the news sank in, Anama felt 
celebratory. 

“I was extremely excited to know that 
my baby had a second chance at life,” 
Anama said. “I don’t even have the words 
for it — I was past happy and excited.”

ACUTE AUTOIMMUNE DISEASE

 IPEX SYNDROME INTRIGUES SCIEN-

tists because it provides a worst-case 
scenario of rampant autoimmunity. 

“It’s one disease that recapitulates all 
the different autoimmune diseases you 
can find in adults later on,” Bacchetta 
said. Patients can have early Type 1 
diabetes and severe intesti-
nal disease. Their intestinal 
and skin problems resemble 
ramped-up versions of celiac 
disease and eczema.

These autoimmune dis-
eases, which are becoming 
increasingly common, arise 
from a combination of ge-
netic susceptibility and en-
vironmental influences, in-
cluding immune events such 
as infections. The complex 
interactions between these factors are 
hard to study. IPEX syndrome is simple 
by comparison: It shows up soon after 
birth, caused by a single, recessive gene 
mutation and most patients are male.  

The mutated gene codes for a key 
immune-regulating protein called 
FOXP3. Normally, this protein inter-
acts with a vast network of targets, acting 
as the conductor in a complicated sym-

phony whose instruments are regula-
tory T cells. The cells maintain “self” 
tolerance. In IPEX syndrome, without 
functional regulatory T cells, other 
immune cells freely attack the body’s 
healthy tissues. 

When Ronnie was born, he seemed 
fine. Immune protection passed from 
his mother kept him free of symp-
toms. But after about a week at home, 
he stopped eating, ran a fever and de-
veloped green diarrhea. “He made this 
groaning [sound], like he was in agony, 
in intense pain,” Anama said. 

Anama and her daughter, Ronnie’s 
mother, Tiffany Pigg, took the baby to a 
community medical center in Stockton. 
His electrolytes were off balance and 
he was badly dehydrated. He was trans-
ferred to a local hospital, then a larger 
regional center. 

His medical team stabilized him, 
but it took months to figure out what 
was wrong. Given that IPEX syn-
drome is very rare, the slow diagnosis 

wasn’t surprising. Most doc-
tors never see a case.

Once Ronnie’s disease 
was identified through ge-
netic testing, his physicians 
gave him immune-sup-
pressing drugs and tried to 
prepare him for a stem cell 
transplant. But the medica-
tions made him sicker. 

“The T cells they were 
trying to kill came back more 
aggressively,” Anama said. 

“They told us, ‘We can’t give him the 
transplant. He won’t make it through.’”

Ronnie’s medical team encouraged 
the family to take him home and keep 
him comfortable until he passed away. 
Ronnie’s mother refused, asking that 
he remain hospitalized. Not long 
afterward, when Ronnie was about 
7 months old, his mother signed 
guardianship of her son over to 
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Anama. “She said ‘Mom, I can’t do it,’” Ana-
ma said.

RONNIE’S BABY BROTHER IS BORN

 AFTER THE STANFORD physicians met 
Ronnie, the little boy’s health worsened 

again. It took five months to stabilize him 
enough for him to be transferred to Lucile 
Packard Children’s Hospital Stanford. 

During the wait, in March 2018, Ronnie’s 
little brother was born. A few days later, it 
became apparent that baby Levi also had 
IPEX syndrome. 

“Fortunately for Levi, thank God, they 
caught it early,” Anama said. Levi arrived at 
Packard Children’s when he was 3 weeks old. 
“He was started on a lot of medications that 
helped save his organs,” his grandmother 
said. Importantly, Levi did not suffer the se-
vere intestinal disease that required so many 
surgeries for Ronnie. After his diagnosis, Ana-
ma also became Levi’s guardian.

The Stanford team decided they would 
use the same transplant approach for both 
brothers. There were two challenges: First, the 
boys’ blood stem cells needed to be killed to 
make room for transplanted cells to grow in 
their bone marrow. Bertaina proposed using a 
drug called treosulfan that was available only 
in Europe; it had fewer side effects for the liver 
than similar medications. She asked the U.S. 
Food and Drug Administration for expanded 
access, also known as a compassionate-use 
exemption, to allow the brothers to receive it.

The bigger problem was that Ronnie and 
Levi didn’t have a matched stem cell donor. 
Typically, physicians match a patient to a 
healthy bone marrow donor who shares all 
the same subtypes of the body’s 10 HLA an-
tigens, immune identity markers that project 
from cell surfaces. Using a closely matched 
donor reduces the risk of a potentially fatal 
transplant complication called graft-versus- 
host disease, in which the donated immune 
cells attack the recipient’s tissues. 

People inherit half their HLA antigens 
from each parent. An ideal transplant sce-
nario is to use stem cells donated by a 
healthy sibling with a 10-for-10 antigen 
match. Ronnie and Levi didn’t have other 
siblings. A second-best option is to find a 
match using a donor registry. But patients 
from ethnic minority populations are less 
likely than white patients to match to a reg-
istered donor, and none were a fit for Ronnie 
or Levi, who are black.

The technique Bertaina pioneered in 
Italy takes a different approach. Technicians 
process stem cells from the donor to elimi-
nate alpha-beta T cells, immune cells that 
instigate graft-versus-host disease. As a re-
sult, patients can be safely transplanted us-
ing stem cells from a donor with only 5 of 10 
matching HLA antigens — such as a parent. 

The boys’ father, who was not affected 
by IPEX syndrome, was the obvious choice, 
and he agreed to donate bone marrow. 

“Alpha-beta T cell depletion is becom-
ing our backbone platform for every type of 
transplant,” Bertaina said. The team is now 
offering it to most children who need stem 
cell transplants.

PARALLEL SEARCH FOR TREATMENTS  

 WHILE THE PHYSICIANS HELPED Ron-
nie and Levi, Bacchetta was also busy 

in the lab. Her team is developing gene-
therapy approaches to IPEX syndrome, work 
funded largely by the Bonnie Uytengsu and 
Family Endowed Fund for Genetic Immune 
Diseases. Although a stem cell transplant 
gives a patient functional new genes — from 
the donor — methods of delivering these 
genes directly in the patient’s own cells 
might be better.

“The main, huge difference is that with 
gene therapy we correct the patient’s cells,” 
Bacchetta said. “We will not have to face all 
the problems of compatibility between the 
donor and patient.”

Her team is pursuing two approaches: 
In one method, they collect lymphocytes — 
white blood cells — from the patient’s body 
and transfer a normal copy of the FOXP3 
gene to the T cells. “This transforms them into 
regulatory T cells, which can be given back to 
the patient,” Bacchetta said. “The cells inte-
grate normal FOXP3 into their DNA and ac-
quire the function that is missing.”

Bacchetta’s team is preparing to move 
this method, which has been extensively 
tested in animals, to human clinical trials. 
Because the scientists are transferring the 
functional gene to T cells, which do not live 
indefinitely, the approach will not cure IPEX 
syndrome — but it could stop the disease 
for a time. And it would have fewer side ef-
fects than immune-suppressing drugs now 
used for patients who can’t have stem cell 
transplants.

“What we know from the first studies 
with gene therapy in T cells is that although 
they do not provide a cure, they can live for 
many years in the patient and help to cor-
rect the genetic defect,” Bacchetta said.

In humans, the researchers plan to ex-
plore whether gene-converted regulatory 
T cells could treat a variety of autoimmune 
diseases — not just IPEX syndrome — and 
allow patients to reduce their use of im-
mune suppressive drugs.

Bacchetta’s team is also investigating 
the use of CRISPR-Cas9 technology, which 
allows precise gene editing, to insert a func-
tional FOXP3 gene into stem cells from IPEX 
patients. Patients would receive a stem cell 
transplant with their own corrected cells. If it 
works, it would be a permanent cure. 

“We’re very excited about the gene-ther-
apy methods that Dr. Bacchetta and our oth-
er investigators are developing at the Center 
for Definitive and Curative Medicine be-
cause they give hope to many patients,” said 
the center’s director, Maria Grazia Roncarolo, 

MD, professor of pediatrics and of medicine. 
“This work is providing curative treatments 
and the chance for a normal life not just for 
people with rare diseases but also for people 
with common inherited disorders like sickle 
cell anemia and thalassemia.” 

BOYS’ PERSONALITIES SHINE THROUGH

 RONNIE ARRIVED AT PACKARD CHIL-

DREN’S on April 7, 2018, and received 
his stem cell transplant May 2. Levi arrived 
the day after his brother, and his trans-
plant was Aug. 9. Then, the family had to 
wait several months to see if the new cells 
would take hold and grow in the boys’ 
bone marrow. 

After his transplant, Ronnie continued 
to struggle with gastrointestinal compli-
cations from his long illness. For most of 
his life, he’s received all his nutrients intra-
venously. He’s had two intestinal surger-
ies and may need others. His body’s con-
stant struggle for nutrition has delayed his 
growth and development. 

Levi, spared the severe autoimmune at-
tacks his brother endured, did better in most 
respects, and with the medical team’s encour-
agement, Anama took him home to Stockton 
in January. He contracted an infection and 
had to be hospitalized again 10 days later. 

“Bringing Levi home — enjoying getting 
out, playing, feeding him, cuddling him — 
and then realizing, ‘I have to take him back’ 
was extremely hard,” Anama said. 

A recent endoscopy showed that Levi 
is free of IPEX symptoms; Anama took him 
home again on April 29. 

There have been other bright spots, too. 
The boys have upbeat personalities and 
have bonded with their caregivers at Packard 
Children’s, particularly nurses Sonja Munoz 
and Jarleen Vallejo. Anama works full time 
in Stockton and mostly visits the hospital on 
weekends, so the nurses provide much more 
than just basic medical care. For instance, 
“Sonja is there with Ronnie, teaching him 
how to count or say his ABCs, or she’s tak-
ing his socks to the sink and washing them 
out because she knows Ronnie needs socks 
and grandma won’t be here for a few days,” 
Anama said. “They have been really awesome 
the whole way.”

Anama is grateful her grandsons are 
alive. She loves seeing the boys show who 
they are, such as when they’re dancing to 
the “Baby Shark” song that exploded on so-
cial media over the last year. “Ronnie sways 
side to side and Levi goes back and forth,” 
she said with a chuckle. 

“Levi is so resilient; he just operates like 
nothing ever was wrong,” she added. “He 
crawls over me like I’m a tree. He’s playful 
and so loving.”

And since his successful transplant has 
allowed him to start healing, Ronnie’s devel-
opment has advanced tremendously.

“It might not be a big accomplishment 
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to anyone else, but when he started rolling, 
trying to pull himself up, those milestones 
were big for me,” Anama said. “I remember 
when he couldn’t do any of that.” SM

— Contact Erin Digitale at  
digitale@stanford.edu

F E AT U R E
Beyond the bench
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proteins — specifically, hair on the face and 
scalp. “But my favorite example is one that 
involves a ribosome with an embedded pro-
tein called ribosomal protein SA,” Barna said. 
“If that protein is missing, the only resulting 
effect is a loss of the spleen. Everything else 
seems absolutely normal — it’s pretty wild.” 

Gone was the notion that ribosomes are 
protein-making drones. Instead, Barna’s find-
ing was the first to frame ribosomes as choosy 
genetic regulators, capable of exercising 
discretion with incoming mRNA. “These are 
some of the first examples in which ribosomes 
show their potential power in gene regula-
tion,” said Barna. “This finding shows that the 
ribosome may be critical to the diversity of 
proteins that can be expressed within a cell, 
within a tissue or within organisms.”

It is still unknown exactly how many ri-
bosomal classes exist. Barna said that she 
and researchers in her lab have identified 
dozens of differences in ribosome compo-
sition. For example, in a eukaryote, 80 dif-
ferent core proteins can glom together in 
multiple ways to make a ribosome, but ev-
ery ribosome does not necessarily contain 
the same proportion of core proteins. So 
one ribosome could include one or more of 
a particular core protein, while its neighbor 
might not have that protein whatsoever. 

It’s essentially a numbers game: With 
this type of variation possible for 80 differ-
ent proteins, Barna said, there could be 
hundreds of thousands of different ribo-
some configurations out there. “But until 
we can track ribosomes across all cell types, 
which we’re working on right now, we won’t 
have a definitive answer.”

The realization that core components of 
ribosomes are mutated in a variety of human 
diseases opens up the possibility of manipu-
lating ribosomal discretion for therapeutic 
purposes. It’s an idea that’s theoretically ripe 
with potential, but Barna cautions that the 
research is still early. Whether ribosomes 
can be used against disease is still a ques-
tion mark. SM

— Contact Hanae Armitage at  
harmitag@stanford.edu

F E AT U R E
Bound for discovery
C O N T I N U E D  F R O M  P A G E  2 1

chair the committee charged with imple-
menting the Discovery Curriculum. Basaviah 

spent a decade as one of the directors of the 
Practice of Medicine course, which began in 
2003 and now makes up about 40% of the 
medical student curriculum. 

“Preparing students for clinical care is 
a top priority of the School of Medicine,” 
Basaviah said. “We’ve kept a continued 
focus on clinical excellence with longitu-
dinal mentorship that includes advancing 
communication and clinical skills as well as 
professionalism.”

Fully implemented as of this academic 
year, the Discovery Curriculum includes sev-
eral restructured courses and some entirely 
new ones, along with an option to split the 
second year of medical school into two years 
to give students large blocks of time for ex-
tended research or other pursuits during the 
second and third years of school. 

Among the new courses already under-
way is Pharmacologic Treatment of Disease, 
led by Kobilka. His participation, as a design-
er of the curriculum and one of its teachers, is 
notable. “Usually Nobel Prize winners are off 
doing other things and not teaching in medi-
cal schools,” Utz said. “But ours are here on 
campus. They’re vocal. They’re in front of the 
students and deeply involved.”

TIME AND FUNDING FOR DISCOVERY
Not all students will choose to split their 
second-year coursework over two years. But 
those who do will have options for using the 
unscheduled time; they will also pay the same 
tuition — and receive the same stipend and 
housing support — for five years that they 
would have for four.

Berg said that although some will choose 
to do research, many of the MD students he 
interviewed during the redesign efforts ex-
pressed a wish to take classes on the uni-
versity’s main campus and to earn a master’s 
degree. Students can earn master’s degrees 
in over a dozen disciplines, including public 
health, bioinformatics, epidemiology, bioen-
gineering, business and medical education. 
Students can opt to split the curriculum for 
other purposes as well — for instance, par-
enting a new baby, writing a novel or pursu-
ing any other interest or dream, either aca-
demic or personal. 

The advantage of the split curriculum 
is that students can start a research project 
during the spring or summer quarter of their 
first year and have sufficient time to continue 
it for the next two years. This type of extend-
ed scholarly experience was not possible in 
the previous curriculum.

“We are, luckily, a medical school in 
the middle of a major university campus,” 
Gesundheit said. “The opportunities for 
dual training for interdisciplinary work are 
enormous.”

Financial support is also available to 
students who add a sixth year to earn a 
newly offered master’s degree in biomedi-
cal investigation. A new $2.5 million grant 

from the Burroughs Wellcome Fund and 
other funding sources will pay for that ad-
ditional full year of research, as well as the 
two years of clinical rotations, for up to five 
students each year. 

‘FEASIBLE AND WORTHWHILE’
Students who began medical school in the 
fall quarter of 2017 and who are now fin-
ishing their second year were the first to 
have the option to split their second-year 
coursework. Of that group, 11 students — 
about 10% of the total — elected to do so. 

“I jumped at this opportunity,” said 
Joshua Guild, a second-year student who is 
researching how alveoli — the tiny air sacs 
that serve as the site of gas exchange in the 
lungs — are repaired by stem cells after inju-
ry. “The faculty here have done an amazing 
job of introducing additional flexibility in the 
curriculum to make an opportunity such as 
this both feasible and worthwhile.”

Guild’s classmate Shi saw the chance to 
split his second year as a “sneak preview” 
into his future career as a physician-scien-
tist. He’s been conducting research into im-
proving diagnostic and monitoring tests for 
advanced prostate cancer patients, taking 
part in patient care by volunteering at Stan-
ford’s Cardinal Free Clinics, and taking care 
of his personal wellness. He’s also advocat-
ing for his classmates, in part by leading 
the medical student mentorship program, 
which pairs incoming first-year medical stu-
dents with older students.  

Students pioneering in the split curricu-
lum know that their feedback helps refine 
and perfect the new program. “I’m appre-
hensive about being the first cohort to split 
the curriculum,” said second-year student 
Areli Valencia, who is using the extra time to 
work toward a master’s in bioinformatics and 
continue his research. “But I’m also excited 
because I’m able to design my own path.”

Embarking on such a novel curriculum 
may feel like a big change for students, but 
innovation is the point. “We’re persuading 
students to do the unusual, to be the pio-
neers,” Berg said. “We built it. Now we want 
people to come and be a part of it.”

Many students still opt for the traditional 
four-year clinical medical degree at Stanford, 
said Bernstein, including many who already 
have an advanced degree. But for those 
looking to change the face of medicine, 
from discovering new treatments to design-
ing better health care systems, the Discovery 
Curriculum provides a pathway. SM

— Contact Julie Greicius at  
jgreicius@stanford.edu
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recruit students in order to access the stu-
dents for whom we could have the great-
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est impact,” Galvin said. “With her help, 
we made YouTube videos advertising the 
program and sent student representatives 
— trained by her — to each science class-
room to answer students’ questions about 
the program.” 

Rivera was motivated “by the impact 
that science and engineering could have on 
people’s lives — both for those who practice 
it and those who benefit from its advances,” 
Galvin said.

“I just remember feeling like a different, 
more mature version of myself came out of 
doing the program my senior year,” Rivera  
said.

Still, she faced some challenges while 
she was in the program, as do many other 
students. In her case, family health difficul-
ties made it hard to attend every session in 
her senior year, and she missed quite a bit 
of school. But she said FAST helped her stay 
on track academically, while coaching from 
mentors and the scientific process itself 
both taught her resilience.

“I didn’t know that most of the time in 
science, research is like 99% failure,” Rivera 
said, “And now, I think that’s kind of what 
makes science so interesting for me. The 
fact that it is a trial-and-error process.”

Galvin said having a space for ambitious 
effort and for spectacular failure is essential 
in learning, and mentors at any level can 
play a part in making that happen. 

“We need safe opportunities to fail 
and be celebrated for trying really hard,” 
Galvin said. “The potential of graduate 
students and all sorts of professional sci-
entists to inspire the public to engage in 
science, follow curiosities, get messy — no 
matter age, race, socioeconomic status — 
is sorely untapped because many feel that 
is the job of professors and ‘professional’ 
educators.”

In February 2019, Lloyd Minor, MD, dean 
of the School of Medicine, hosted a lunch for 
the FAST founders and several of its gradu-
ate student leaders. “I’m proud of them for 
shaping the next generation of thinkers and 
thankful for their strong dedication to our 
community,” Minor said.

Galvin and Liu are sharing their training 
materials and guidance with student organi-
zations within Stanford. Their team has also 
begun meeting with people throughout the 
Bay Area who are seeking to start their own 
chapters of FAST or incorporate the lessons 
FAST has learned in its four years of opera-
tions and monitoring of student progress. 

They plan to expand the academic 
scope of FAST into social sciences, in-
cluding psychology and sociology, and 
into the arts. They’re also considering 
how to make FAST’s learning environ-
ment more inclusive of students from im-
migrant backgrounds. 

“One idea is to have a dual-language 
option for students to have Spanish-speak-

ing mentors who will work with them in 
Spanish half of the days during brainstorm-
ing and experimenting and English for pro-
posal writing and practicing presenting,” 
Galvin said. “In this new twist on FAST, the 
students who are native Spanish speakers 
can feel empowered while still learning 
to navigate our English-speaking science 
community.” 

As a Mexican American woman in bioen-
gineering, Rivera is still outnumbered, just 
as she once was in her honors biology class. 
But discovering her passion for science 
and having women mentors to inspire and 
support her has made it easier for her to 
persevere. 

“Though it’s not completely apparent,” 
she said, “you do always still feel the fact that 
you’re not necessarily taken seriously. But I 
remember, during the FAST program, when 
I felt like all of a sudden that feeling didn’t 
matter anymore. I just knew what I wanted 
to do, and I was so excited about it.” SM

— Contact Julie Greicius at 
jgreicius@stanford.edu
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‘I go through all of this, did it really work?’ 
We physicians had to put up our arms 
and say, ‘We have no idea.’ We know 
the PSA doesn’t go down. Eventually 
people live longer, and patients ask by 
how much, and we say four months. But  
patients themselves are not that impressed.”

Cardoni said he believes the drug helped 
bolster his immunity to fight the cancer, but 
he can’t say for sure because he was taking 
another treatment — an anti-androgen drug 
— at the same time.

Those kinds of issues finally over-
whelmed the company, and in 2014 it de-
clared bankruptcy. Valeant Pharmaceuticals 
Inc. acquired its assets in 2015, then sold 
it to a Chinese company, Sanpower Group 
Co. Ltd., in 2017.

Around the time of Sanpower’s acquisi-
tion, the company CEO and about 10 other 
company officials visited Engleman at Stan-
ford, sitting around a conference table at 
the blood center and peppering him with 
questions about the history of the drug. 
They told Engleman they intended to ex-
pand the market into Asia while maintaining 
U.S. operations. Engleman said they had 
done their homework, as they understood 
the drug and the market well.

One of Sanpower’s first actions was 
to launch a clinical trial that will test the 
drug in patients with early stage disease. 
In the 1980s and 1990s, patients with 
slow-growing cancers would undergo im-
mediate treatment with surgery and/or  
radiation, but the trend in the past decade 
has been to avoid over-treatment and opt 

instead for active surveillance.
At least 30% of men diagnosed with low-

risk disease now choose that option, which 
includes regular monitoring to make sure 
the cancer has not progressed.

The trial, which recently got underway, 
will include 450 men at 50 sites around the 
United States. Half will get the drug and 
half will simply be monitored. The goal is to 
see if the drug prevents them from slipping 
from a somewhat benign to a more serious 
disease.

“This is a drug we should be using ear-
lier,” said UCSF’s Fong, who long ago pro-
posed that the company take this approach. 
“When you have a patient progressing with 
cancer that’s behaving aggressively, this 
might not be the right treatment, but if you 
have a patient with a very slow-growing  
cancer, that’s where this type of treat-
ment could work the best. That patient’s 
immune system will be in better shape, 
which is what you need for a treatment like 
Provenge. You need a runway for the im-
mune system to kick in.”

He and others have continued to study 
the drug to better understand its underly-
ing mode of action and to determine how 
it might be most useful. For instance, Fong 
and his colleagues examined tissues from 
Provenge-treated patients who had their 
prostates removed and found that the drug 
activates T cells to attack the tumor.

Others are testing Provenge in com-
bination with other therapies, including 
hormone therapies and some of the newer 
immunotherapy medications, to see if a 
two-pronged approach is more effective.

“I think the biggest attribute of Provenge 
is its ability to be combined with other 
things,” Srinivas said. “That is the direction 
in which immunotherapy is going. There are 
a lot of drugs that by themselves may not 
be good, but they might be a great partner 
with other things.”

Engleman, meanwhile, has continued his 
research in immunotherapy, particularly with 
an eye toward making a dendritic-cell ap-
proach that is easier to administer. The goal 
is to deliver molecules directly to patients, 
activating the dendritic cells inside the tu-
mors, rather than through a series of infusions 
of these cells. In 2015, he and his colleagues 
published a paper in Nature showing in a 
mouse model how this could be done.

Engleman has since formed Bolt Biothera-
peutics Inc., in Redwood City, California, to 
pursue the approach. The company is devel-
oping anti-tumor antibodies that are linked 
with dendritic cell stimulators to deliver an 
immune punch to cancer. He described these 
modified antibodies as “guided missiles” 
that directly target their payload to cancer 
cells. He hopes to begin human trials later 
this year, he said.

“I still believe in the approach of tak-
ing advantage of these powerful cells,” 
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Engleman said. “So we can rev up the 
immune system, knock down cancer and 
ultimately win.”

That would be a win, too, for patients like 
Cardoni, whose cancer remains in check two 
decades after his initial diagnosis. He said 
he’s benefited from having a wide range of 
treatments available, including experimental 
medications like Provenge.

“That’s why, I believe, I’m alive after 20 
years,” he said. SM

— Contact Ruthann Richter at 
medmag@stanford.edu
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the Mount Sinai School of Medicine, of-
fered an intriguing new idea: that children 
of traumatized parents are at risk for similar 
problems because of epigenetic changes 
that occurred in the biology of their trau-
matized parents. Epigenetics refers to how 
PTSD may possibly alter the way genes ex-
press themselves in a trauma survivor and 
how such alterations can then be inherited 
by children on a cellular level and later their 
neurons, brain molecules, neuroanatomy 
and genes. These epigenetic changes are 
transmitted to children by a process called 
“intergenerational transmission” by having 
a negative impact on the parents’ sperm or 
egg quality or impacting the mother while 
she is pregnant. 

How can one disentangle the effects of 
environment from genetic and molecular 
factors, especially when parents and their 
children often share the same living environ-
ment and are exposed to the same social 
and psychological stressors? By focusing 
on the stress hormone cortisol, researchers 
have ventured into these murky waters and 
emerged with enticing new insights. 

After trauma, the brain’s central coordina-
tor of our response to stress, the hypothalam-
ic-pituitary-adrenal axis, mounts a chemical 
and hormonal reaction. The HPA axis directs 
a cascade of complex chemical reactions, and 
one of the end products, cortisol, appears to 
be crucial in helping the traumatized brain 
recover. The scientific community predicted 
that cortisol levels would be high in PTSD suf-
ferers, yet over the last two decades, study 
after study has shown that patients with PTSD 
actually have lower-than-average cortisol lev-
els than those who have been exposed to 
trauma but do not have PTSD and 
healthy controls. Indeed, the story 
of cortisol and PTSD has turned 
out to be complicated, moving 
beyond cortisol to encompass 
metabolites of cortisol, glucocor-
ticoid receptors in the brain, and 
the genes and proteins involved in 
regulating the activity and sensitiv-
ity of those receptors. 

To study the epigenetics of PTSD, Ye-
huda examined the impact of trauma ex-
posure on the salivary cortisol of pregnant 
women. Researchers collected salivary cor-
tisol samples from 38 mothers who were 
pregnant when they evacuated the World 
Trade Center on 9/11 and from their 1-year-
old babies. When compared with mothers 
who did not develop PTSD after 9/11, lower 
cortisol levels were observed in both the 
mothers who did develop PTSD after 9/11 
and their babies. Mothers who were in their 
third trimester during 9/11 had the lowest 
cortisol levels. 

This trimester effect may have been re-
lated to the traumatic stress altering the 
expression of a specific enzyme in the pla-
centa. This enzyme, which becomes active 
in the placenta only late in the second tri-
mester, is supposed to break down cortisol 
into an inactive form. If the activity of the en-
zyme is altered, elevated levels of maternal 
cortisol hormones circulating in the placenta 
could have had a negative effect on the fe-
tus’ cortisol hormones. 

When I asked Yehuda what the take-
home message from the study was, she said: 

“The message is simple: Mothers who 
are traumatized during pregnancy can 
transmit defects to their offspring, in ute-
ro, because the offspring accommodates 
somehow to the level of stress hormone. 
… The offspring do not need to have ac-
tual (traumatic) experiences in their life for 
this to be true. We do not think about preg-
nancy as the very important developmental 
event that it really is. Otherwise, we would 
take much better care of traumatized preg-
nant women than we do.”

Other studies showing that pregnant 
women with PTSD are more likely to have 
impaired uterine blood flow, low-birth-
weight babies and premature babies un-
derscore the crucial relevance of in utero 
exposures to PTSD on the biology of the 
developing baby.

These novel ideas linking traumatic 
stress, epigenetics and intergenerational 
transmission now come to my mind ev-
ery time I meet a patient who comes from 
a community that has survived a group 
trauma. I can’t help but wonder about how 
much of his or her suffering today is rooted 
in historical events and if what I am witness-
ing is, in part, the brunt of a much broader 
and deeper injury. Are traumatic echoes of 
massive group-based oppression, forced 

relocation or political subjuga-
tion also present in the room 
with us? Are these collective 
sorrows now carried in the 
blood of future generations? If 
future generations don’t recog-
nize these collective sorrows for 
what they are, will they become 
curses that permanently wound 
their souls? 

Though the science of epigenetics re-
mains in its infancy, what seems to be clear 
is that we humans are an accumulation of our 
traumatic experiences, that each trauma con-
tributes to our biology and that this biology 
determines, to some extent, how we respond 
to further traumatic events as they emerge in 
our lives. SM

Excerpt from The Unspeakable Mind:  
Stories of Trauma and Healing from the Front 
Lines of PTSD Science by SHAILI  JAIN . 
Copyright © 2019 Harper Collins Publishers. 
All rights reserved.
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POSITIVELY HEALING

Children and teens with severe peanut allergies are on alert for early signs that they’ve 
been exposed: Their skin or mouth might start to tingle, or their nose might suddenly 
feel stuffed up. That’s when the little ones ask for help and older kids might inject themselves with a shot of epi-

nephrine from an EpiPen to counter the reactions. 

If they’re receiving oral immunotherapy, which involves consuming tiny doses of peanut allergens over time to 

build up a tolerance, hints of a reaction could cause anxiety that’s so severe they skip doses or end the treatment. 

But a new Stanford study shows that anxiety in young patients can be calmed if they view the uncomfortable side 

effects as positive signals that the treatment is working. And having a positive outlook about side effects even reduced 

bad reactions when the patients ate real peanuts at the end of the treatment. 

 “We have shown that a simple change in the way we frame and discuss side effects of a treatment can have a mean-

ingful 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 pub-

lished Jan. 28 in Journal of Allergy and Clinical Immunology: In Practice. 

Decades of clinical trials show oral immunotherapy is likely effective in pro-

tecting from accidental exposure to foods that trigger allergic reactions, said Kari 

Nadeau, MD, PhD, director of the Sean N. Parker Center for Allergy and Asthma 

Research at Stanford. But families have found the treatment challenging to com-

plete. “We were particularly eager to find a mindset that could help patients 

come to understand symptoms in a more adaptive way,” she said.

Researchers recruited 50 participants ages 7-17 for the six-month study. The 

families had regular in-clinic appointments and staff access, and were taught how 

to use medications, such as antihistamines, for non-life-threatening symptoms.  

Then, building on research at the Stanford Mind & Body Lab about how mind-

sets — thoughts, beliefs and expectations — can influence behavior and health 

outcomes, researchers randomly split the families into two groups. 

Families in a control group viewed mild, non-life-threatening symptoms their 

children experienced as side effects of the treatment. 

But families in the positive-signals group were encouraged to think of the same 

side effects as positive signs that their children were building a peanut tolerance. This 

idea was reinforced in communications, written information and activities — these 

children wrote letters to their future selves that included reminders that the symptoms showed the treatment was working. 

During the first month, 21.4% of the positive-signals group who had symptoms reported feeling either kind of or 

extremely worried, compared with 45.5% in the control group. 

Similarly, after six months, 23.1% of parents in the positive-signals group reported feeling kind of or extremely wor-

ried when their child had symptoms, compared with 40% of the other parents. Symptom-related anxiety caused 4% of 

positive-signals group participants to skip a dose, versus 21% of the other group.

In terms of physiological benefits, when doses increased at the end of six months, participants in the positive 

group had fewer non-life-threatening symptoms: 1.2% versus 3.5%. 

“We hope that this intervention can be successfully adapted into clinical practice to help practitioners reduce anxi-

ety among their patients and to make this very promising treatment even more effective and stress-free for patients 

and their families,” said postdoctoral scholar Lauren Howe, PhD, lead author of the study.  — M E L I S S A  D E  W I T T E

B A C K S T O R Y

ALLERGY TREATMENT WORKS BETTER WHEN SIDE EFFECTS 

ARE SEEN AS GOOD NEWS
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In the Hansel and Gretel folktale, the children sacrificed their last pieces of bread to drop 

crumbs along the forest floor so they could find their way home, but became lost after birds 

ate the crumbs. They probably should have eaten the bread themselves. That’s because 

when we experience rewards, our brains warp in a way that increases our ability to get back 

to places where we experienced those rewards. 

That finding, published March 29 in Science, 

builds on knowledge that our brains’ neural circuit-

ry creates spatial maps as we navigate different en-

vironments. The study shows that when rats learn 

they will receive a reward at certain places on those 

maps, their brain’s navigation circuitry redraws the 

maps to incorporate spots they want to revisit.

Lisa Giocomo, PhD, assistant professor of 

neurobiology at Stanford, researches the me-

dial entorhinal cortex, an area of the brain where nerve cells act as compasses, speedom-

eters, latitude and longitude coordinates, or boundary and landmark detectors. The cells 

have been identified in rodents, bats, monkeys and humans, suggesting that such spatial- 

mapping circuitry is a universal mechanism in mammals.

Giocomo said that when we use GPS to find a location, we’ll get the same information 

every time, regardless of why we’re looking at it, how we feel or where we are. But a brain is 

more personalized than GPS. 

“In this study, we’ve learned your internal map changes depending on your behavior, mem-
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ories and state of mind,” said Giocomo, the 

study’s senior author. “We pull up different 

maps for the same space, depending on what 

we’re actually trying to do in that space.” 

Study researchers observed rats as they 

foraged for Cheerios scattered on the floor 

of two big boxes. One of the boxes had 

a “reward zone” where they were guaran-

teed to find Cheerios during the short pe-

riods of time it was open. An auditory cue 

indicated open times. 

As the rats roamed, nerve cells in the me-

dial entorhinal cortex were monitored. Once 

they recognized the reward zone cue, their 

position-signaling cells fired faster and closer 

together as they neared it, researchers found.

“This tells us the rats’ brains are making 

a new map of space, in response to their 

experience of a reward, that reflects the im-

portance of the place where they got it by 

providing a more accurate representation of 

its position,” said Giocomo. — BRUCE GOLDMAN

A
L

F
R

E
D

 P
A

S
IE

K
A

/S
C

IE
N

C
E

 P
H

O
T

O
 L

IB
R

A
R

Y


	FFC_B Cover  SM sp19
	B Cover  SM sp19
	C IFC Mouse-Sex SM sp19 CORX
	p01 T0C SM sp19
	p02 dean sp19
	p03_05 Upfront SM sp19 CORX
	p06_11 Basic Science SM sp19 CORX dm
	p12_17 Lab Life SM sp19 CORX dm
	p18_21 Curriculum SM sp19 dmcrx
	_GoBack

	p22_25 Fast SM sp19 CORX
	p26_27 QandA sp19 final
	p28_33 brain cancer SM sp19 CORX dm
	p34_37 Provenge SM sp19 CORX
	p38_39 unspeakable SM sp19
	p40_41 Ipex SM sp19 CORX dm
	p42_45 jumps SM sp19 CORX
	y Backstory SM sp19 CORX dm
	_GoBack

	z FBC Brain-Warp  SM sp19



