
Discoveries in the lab pave the way for more targeted and 
personalized therapies with fewer side effects.

Using Your Own Cells to Fight 
Autoimmune Disease
For BRI President Jane Buckner, MD, current treat-
ments for autoimmune diseases just aren’t good 
enough.

“We’ve seen great improvements in treatments for 
autoimmune diseases over the past few decades,” Dr. 
Buckner says. “But these therapies work by slowing 
down the entire immune system. This can reduce a 
person’s symptoms, but it also leaves them vulnerable 
to cancer and infections like COVID-19.”

For nearly 20 years, Dr. Buckner has been working to 
find a more targeted approach with fewer side effects. 
And she’s among a handful of scientists pursuing an 
intriguing idea: Can we use gene editing to change 
cells that cause disease into cells that protect you from 
disease?

“We’re moving closer to the first human trials using 
this approach,” Dr. Buckner says. “And it could shift the 
paradigm of how we treat autoimmune disease.”

FOXP3 SHEDS LIGHT ON AUTOIMMUNITY
BRI’s Steven Ziegler, PhD, was involved with research 
in the early 2000s that put this new approach in mo-
tion. He learned that a single change in a gene called 
FOXP3 triggered fatal autoimmunity in lab experi-
ments. Shortly after, he learned that the very same 

gene was involved in a similar disease that could lead 
young children to die from autoimmunity.

“Scientists at Seattle Children’s and Washington Uni-
versity in St. Louis found that those kids had mutations 
in the same gene we saw in the lab,” Dr. Ziegler says. 
“That showed the power this gene has in the immune 
system: loss of function leads to deadly autoimmunity.” 

If changing FOXP3 ever so slightly means severe 
autoimmunity, Dr. Ziegler reasoned that the same gene 
must protect the body from autoimmune disease when 
it’s working properly. He and other scientists set out to 
learn more.

The sum total of their findings shifted scientists’ entire 
understanding of autoimmune disease. They learned 
that FOXP3 is required for regulatory T cells (Tregs, 
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Research from Drs. Buckner and Ziegler is informing a potentially groundbreaking new 
way to treat autoimmune disease using regulatory T cells (Tregs).
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pronounced “tee-regs”) — a rare cell type that helps 
protect against autoimmune disease.

WHAT ARE TREGS? 
Tregs are a type of T cell. T cells are supposed to pro-
tect your body by attacking invaders like viruses and 
bacteria. But in autoimmune disease, they mistakenly 
attack healthy tissue.

Tregs, on the other hand, are supposed to act as quality 
control, ensuring all other T cells are doing their job 
— attacking invaders and not healthy tissue. Tregs are 
also highly specialized: Some solely protect the pan-
creas from diabetes, while others protect joints from 
rheumatoid arthritis (RA). 

Discovering Tregs was a huge breakthrough that led to 
a key question: Could scientists harness their power to 

Decades of Research Inform New Approach to Treatment
More than 30 years of regulatory T cell research at BRI and other institutions have paved the way for a 
potentially groundbreaking new approach to treatment.

create a highly targeted new treatment for autoimmune 
disease? But there was a catch.

“Unfortunately, Tregs are incredibly rare and hard to 
find,” Dr. Buckner says.

Luckily, BRI had just the tool to find a needle in a 
haystack: tetramer technology, developed by BRI’s Bill 
Kwok, PhD, and Jerry Nepom, MD, PhD, which allows 
scientists to find a few specific cells among millions.

HIGHLY TARGETED TREATMENT
Since the development of tetramer technology, BRI 
investigators have become experts on identifying cells 
that target healthy tissue and promote autoimmunity. 
BRI investigators wanted to examine those cells and 
use them as a roadmap to create Tregs — to target 
disease-causing cells and stop autoimmunity.
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TEAMWORK FUELS PROGRESS
When this tool came online, BRI partnered with David 
Rawlings, MD, and his team of gene editing experts at 
Seattle Children’s Research Institute. Together, they 
found a way to make any T cell a Treg and keep it that 
way forever.

Following additional lab studies, Drs. Buckner and 
Rawlings helped found a company called GentiBio in 
2020. GentiBio’s goal is to pioneer new medicines that 
use this approach, and they’re rapidly developing an 
engineered Treg as a therapy for type 1 diabetes. Then 
they’ll apply it to other autoimmune diseases, allergic 
diseases and transplant recipients.

This approach still has a long way to go. But it signals 
immense potential progress toward more targeted 
therapies with fewer side effects.

“Advances like this aren’t the work of any individual — 
they’re the effort of many scientists,” Dr. Buckner says. 
“It’s the physicians and patients who donate samples 
and donors who support our work. With all of these peo-
ple on our side, BRI’s vision feels within reach: a healthy 
immune system for everyone.”

A similar approach is already being used in immuno-
therapies that target cancer. These therapies repro-
gram a person’s cells to attack cancer cells, making 
them more precise and potentially less harmful than 
radiation and chemotherapy.

“We want to use a similar principle for autoimmune 
disease: Turn attacker cells into Tregs so they stop 
attacking,” Dr. Buckner says. “And because Tregs are 
so specialized, this would offer a highly targeted treat-
ment. If T cells are attacking the joints, we can repro-
gram those cells to protect the joints from RA. This new 
treatment would only affect disease-causing cells, not 
the whole immune system.”

As BRI’s team worked toward this goal, they hit anoth-
er roadblock: They needed to ensure that if they turn 
attacker T cells into Tregs, they never turn back into 
attacker cells. 

“This was tough and we started to lose hope,” Dr. Buck-
ner says. “Then CRISPR, a new gene editing tool, came 
online. That changed everything.” 

Philanthropy Powers 
Possibilities at BRI
Dr. Buckner and Dr. Rawlings of Seattle Children’s 
teamed up to advance this research, which was 
fueled by a generous $4 million grant from the 
Leona M. and Harry B. Helmsley Charitable Trust. 
Foundation grants and philanthropy fuel BRI’s 
research by supporting innovative ideas and helping 
scientists collect preliminary data needed to apply 
for larger government grants.
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Understanding Down 
Syndrome and Autoimmunity
You’ve probably heard of Down syndrome. You may 
even remember that it’s caused by an extra copy of 
chromosome 21. But fewer people know that almost 
half of those with Down syndrome have an autoimmune 
disease. Or that they are at lower risk of solid tumor 
cancers like breast cancer. 

This means there’s something different about their 
immune systems. But no one knows exactly which 
differences are important or what to do about it. For 
years, BRI’s Bernard Khor, MD, PhD, has been working 
to learn more, aiming to improve the health of people 
with Down syndrome and explore what these immune 
system differences can teach us about autoimmunity. 

“We’re building the first atlas of the immune systems 
of people with Down syndrome to map out key 
differences,” Dr. Khor says. “This lets us ask which 
differences are driving disease and if we can target 
them to improve treatment.”

Findings from one recent study could inform flu and 
COVID-19 care for people with Down syndrome — and 
potentially lead to more targeted treatments for auto-
immune disease in this population. 

BUILDING BETTER TOOLS
Dr. Khor’s vision was to create a highly detailed portrait 
of the immune systems of people with Down syndrome 
— including genes, cells, molecules and how they work 
together. But these efforts generate millions of data 
points. Dr. Khor’s key challenge was understanding 
which differences drive specific processes, like aging. 

“Think about it this way,” Dr. Khor says. “One sample 
from one person is like a map of the world. But that 
map is broken up into five million pieces, put in a bag 
and shaken up. And we want to find and study the 500 
pieces that make up Texas.”

The research team started with a traditional approach 
to sort this data. 

Bernard Khor, MD, PhD

“With the typical tools, you might ask for Texas and it 
may give you Dallas or all of the U.S.,” Dr. Khor says. 
“We needed more precise control over the data.” 

So Dr. Khor teamed up with bioinformatician Gautam 
Goel, PhD, to build a new algorithm — a set of instruc-
tions for a computer to sort huge data sets into mean-
ingful information. 

“With our method, you can zero in on the equivalent 
of states, cities, zip codes, with complete control,” 
Dr. Khor says. “And once you have that, you can pose 
questions like ‘which therapy will help this person?’ or 
‘is this person at risk for disease?’”

THE IMMUNE SYSTEM AT EVERY AGE
Dr. Khor’s team started mining the data with their new 
algorithm. They looked at samples from:

• People with Down syndrome
• People without Down syndrome or autoimmune 

disease
• People without Down syndrome but with type 1 

diabetes (T1D)

“Studying T1D would help us understand how the im-
mune systems in people with Down syndrome resem-
ble those of people who have autoimmunity and vice 
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versa,” Dr. Khor says. “We chose T1D because people 
with T1D don’t take therapies that alter the immune 
system and because T1D affects adults and children, so 
we could collect data from various age groups.” 

This enabled the research team to build immune clocks 
— detailed profiles of how the immune system changes 
with age. Applying these clocks to people with Down 
syndrome revealed that their immune systems looked 
five to 17 years older than someone of the same age 
who doesn’t have Down syndrome.

“This is crucial when you think about COVID-19 or the 
flu,” Dr. Khor says. “With COVID-19, we start to see 
worse complications around age 60. But in people with 
Down syndrome, we might see complications closer to 
40. We generally start giving a high-dose flu vaccine 
around age 65. But maybe that should be earlier for 
people with Down syndrome.” 

Dr. Khor and Cate Speake, PhD, plan to study high-dose 
flu shots for people with Down syndrome in 2022. 

REAL-LIFE IMPACT
This research also led to another key finding: They 
found higher levels of a protein called IL-6 — a known 
driver of autoimmune disease — among people with 
Down syndrome. This is promising because therapies 
that target IL-6 to treat autoimmune disease already 
exist. 

“We have different drugs to treat each autoimmune 
disease and we usually try them in a certain order 
based on what works for most people,” Dr. Khor says. 
“But most people don’t have Down syndrome. For 
people with Down syndrome, maybe that order should 
be different. Maybe we start with therapies that target 
IL-6. And that can lessen a person’s suffering. That’s 
real-life impact.”

Building Immune Clocks to Better Understand How Down 
Syndrome Impacts the Immune System

New findings from Dr. Khor show that the 
immune systems of people with Down 
syndrome look more like those of people 
five to 17 years older who don’t have Down 
syndrome. For example, a 50-year-old 
with Down syndrome may have an immune 
system that looks closer to a 65-year-old 
without Down syndrome. 

This means people with Down syndrome 
may be at risk for complications of 
infections like the flu and COVID-19 earlier 
in life. In 2022, Dr. Khor’s team plans to 
study if people with Down syndrome would 
benefit from a high-dose flu vaccine around 
age 50.
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Becky Ronan has seen firsthand how research has 
impacted life for people with Down syndrome. When her 
older brother Kevin was born with Down syndrome in 
1967, her parents were advised not to bring him home.

“Most people with Down syndrome were put in institu-
tions,” Becky says. “Kevin ended up being cared for by 
a great foster family. But our relationship felt more like 
cousins, not siblings.”

Things are very different for Becky’s daughter Frannie, 
who was born with Down syndrome in 2009: Frannie 
lives at home and has a close relationship with her 
sister Bella. 

“But there’s still bias and misunderstanding. And 
there’s still a lot we don’t know in terms of their health-
care,” Becky says. 

That’s why the Ronans were excited when Frannie’s 
doctor, Virginia Mason’s Rebecca Partridge, MD, invited 
them to get involved in research led by BRI’s Bernard 
Khor, MD, PhD. The study aims to understand if having 
Down syndrome impacts response to the COVID-19 
vaccine.

“Some data suggests that people with Down syndrome 
don’t produce as strong of a response,” Dr. Khor says. 

When Kevin was born with Down syndrome, people with the condition were often ostracized. But research and education have helped shift the paradigm for the next 
generation, including Kevin’s niece Frannie. Frannie recently participated in BRI’s COVID-19 vaccine study. She loves doing gymnastics and playing basketball.

“This study will help us learn more about that and open 
the door to ways to spark a more effective response.”

Becky knows Frannie isn’t afraid of blood draws, so she 
asked her if she wanted to join the study, which re-
quired three blood draws and two shots.

“That was no big deal for me,” Frannie says.

Frannie’s eagerness to participate was more practical: 
She knew she needed the vaccine for favorite activities 
like going to Seattle Sounders games, playing basket-
ball and doing gymnastics with the Special Olympics. 
So she got her first blood draw just before her 12th 
birthday and her first vaccine dose shortly after. She 
said participating in research was easy, especially 
because she got a teddy bear and apple juice. Frannie 
and her family are happy to do anything they can to 
improve the lives of people with Down syndrome.

“We want Frannie and everyone with Down syndrome 
to have the best possible healthcare,” Becky says. 
“When Kevin was born, they told my parents he’d live 
to 8 years old. And he just celebrated his 54th birthday. 
That change comes from research, from education. So 
we’re happy to play any small part. We’re grateful for 
BRI’s work and excited to be involved.”

Research Fuels Change: One Family’s Motivation to Participate
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The Power of Tetramers, a Tool 
Developed by Bill Kwok, PhD
Bill Kwok, PhD, has made groundbreaking discoveries 
and built a tool that’s fueled countless advances. But he 
makes his work and his path to BRI sound simple: Why 
study the minute details of the immune system? Well, 
he’s curious — he was always at the library as a kid. 
Why leave his native Hong Kong as a teenager? Well, 
his sister went to the University of Wisconsin which 
had a good reputation, so why not go there. Why come 
to Seattle and ultimately join BRI, then a brand-new 
institute?

“Well, Wisconsin was too cold,” Dr. Kwok says. “And 
Jerry Nepom, MD, PhD, seemed like a good person to 
work with.”

When Dr. Kwok joined Dr. Nepom’s lab in the 1980s, 
immunology was a new field. Little was known about 
immune cells and molecules.

“To study rare and specific immune cells, we needed a 
way to find and isolate them,” Dr. Kwok says.

This immensely complex scientific challenge went 
unsolved — until the 1990s.

“It required a tour de force of molecular engineering. 
And Bill figured it out,” Dr. Nepom says. “This major 
breakthrough allowed us to see these cells and study 
how they trigger immune responses.”

This tool, MHC class II tetramers, first helped Dr. Kwok’s 
team study rare immune cells in influenza. Then they 
sorted through millions of immune cells to pinpoint 
the few involved in autoimmune disease — seeing and 
studying them for the first time.

“In addition to making significant contributions to the 
field, Bill is a great teacher,” Dr. Nepom says. “The 
scientists he’s mentored, like Erik Wambre, PhD, and 
Eddie James, PhD, have expanded BRI’s work and made 
important contributions of their own.”

Three decades later, Dr. Kwok is still investigating 
immune cells, currently examining those that respond 
to COVID-19 vaccines and that contribute to peanut 
allergy and T1D. Curiosity still motivates him, and one 
question in particular keeps him up at night: Why do 
some people with certain genes get T1D while others 
with the same genes don’t? 

“We have some general ideas but we still need to work 
out the details of the role HLA genes play in T1D sus-
ceptibility,” Dr. Kwok says.  

Bill Kwok, PhD

Since Dr. Kwok’s team pio-
neered tetramers in the 1990s, 
the tool has helped countless 
scientists study rare and specif-
ic cells. The Kwok Lab continues 
to create tetramers for research 
at BRI and far beyond, sparking 
discoveries across more than 
100 labs and 15 countries.
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