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CANCER ARMS RACE
Leveraging the power of  genomics to disarm cancer
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ON THE COVER 

THE ALMIGHTY ANTIBODY This protein targets 
the body’s enemies, and it may be the secret to 
winning the battle against cancer. Researchers 
are working to unleash cancer-fighting antibodies 
so they are ready to go to the front lines.

DEAR FRIENDS,
This issue of Search, with its focus on cancer, is both a return 
to The Jackson Laboratory’s roots and a preview of its future. 
Since JAX’s founding, cancer research has been an essential 
component of our mission and our identity. Now, more than 
90 years later, work on the complex problem of cancer extends 
in myriad directions: from fundamental genetics to functional 
genomics, personalized medicine to predictive modeling, and 
intellectual creativity to innovative collaborations that bring 
the benefits of scientific advances to patients who need them.

Progress over this arc of time accelerated, 50 years ago, when 
President Richard Nixon declared war on cancer. A major 
thrust of this attack was the establishment that year of the 
National Cancer Institute (NCI) Cancer Centers Program, with 
15 institutions awarded as NCI Cancer Centers. Through a 
highly competitive process, JAX received its designation as an 
NCI Cancer Center in 1983 and has retained this distinction since 

that time. Today, JAX is among 71 NCI-designated cancer centers 
and one of only seven basic cancer centers. During its most 
recent review in 2019, The Jackson Laboratory Cancer Center 

was rated as “outstanding” and acknowledged for its 
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extraordinary work in seeking precise genomic 
solutions for cancer medicine. The Center’s 
strategic Therapeutic Innovation 360° program 
focuses on discovering novel treatment solutions 
and the means to bypass the significant side effects 
of cancer therapy. In addition, the unique program 
in aging and cancer exploits JAX’s advantage in 
mouse model systems for cancer research. 

More than ever, the importance of translating scientific 
discoveries into actionable knowledge and clinical 
applications — and doing so as quickly as possible — is 
clearly evident. Whether it is in our response to the 
COVID-19 pandemic or in our commitment to bringing 
the benefits of science to our communities, as with the 
Maine Cancer Genomics Initiative, JAX is committed 
not only to advancing our understanding of health and 
disease but also to creating a healthier future for all.

Today, JAX is even more committed to winning this 
fight. This aspect of our work is deeply personal 

Edison Liu, M.D.
President and CEO, The Jackson Laboratory

and meaningful to me, as an oncologist and cancer 
researcher. As you may already know, a few months ago 
I announced my plans to step down as JAX’s president 
in early 2022, but I will remain on the faculty, leading 
cancer research in my own laboratory and continuing 
to serve as the director of the JAX Cancer Center.

I am more excited than ever about the work JAX is 
doing to open up new fronts in the war on cancer and 
expand the arsenal of weapons and tactics available to 
conquer this challenging foe. Your partnership as our 
ally in this fight is invaluable — and together, we will 
achieve victory and create a future free of disease.



In this issue of Search magazine, 
we aim to examine the different 
ways cancer escalates the 
conflicts within our bodies, and 
how scientists are leveraging 
the incredible power of genetics 
and genomics to disarm it.



For most of human history, cancer was 
considered a monolithic enemy — a mass that 
grew and spread to vital organs such as the 
lungs or brain, eventually killing the patient. 
Weapons of mass destruction were directed 
against this enemy: Surgical accounts go 
back to antiquity, radiation since the early 
1900s and chemotherapy since around 1940. 
Some patients shorthand these unpleasant 
options as “slash, burn and poison.”

The so-called war on cancer, initiated with 
the National Cancer Act of 1971, didn’t wipe 
out cancer, but it did launch an era of better 
profiling of the enemy. Cancer, it turned out, 
is not one disease but many, and cancers 
are best characterized not by location in the 
body but by mechanisms, such as the close 
links between breast and ovarian cancers.

Today’s search for cancer cures is more closely 
related to hunting down cyber criminals than 
conducting a pitched battle in a theater of war. 
Just as cyber criminals use tricks of digital code 
to defraud and delude their victims, cancers 
manipulate genetic code to wreak havoc on the 
body through a variety of mechanisms. These 
include hijacking the body’s immune system, 
activating invasion and metastasis, and turning 
off normal growth suppressors and cell death.

Every cancer involves genome instability, 
tiny errors in genetic code that accumulate 
and turn normal cells into destructive 
invaders. The scientists of the National 
Cancer Institute-funded JAX Cancer Center 
focus on decoding and disarming cancer’s 
genomic changes, with the goals of finding 
cancers before they cause damage and 
neutralizing them with targeted treatments.

At JAX, the cancer arms race is on.
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Research has led to tests that identify 
the mutations driving cancer in 
individual patients as well as treatments 
that target those specific cancers.  

But all along, there have been cancer‑causing 
genetic anomalies that remained hidden 
from standard sequencing protocols. One 
kind is found within the genome itself: 
structural variants (SVs), including 
duplications, insertions, deletions and 
inversions of normal DNA sequences, that are 
difficult to spot because they don’t change the 
sequence data. Recent advances in long‑read 
sequencing are revealing how common SVs 
are even in healthy people, and they have 
also been implicated in multiple cancer types. 

Now the significance of another cancer 
danger is coming to light: extra‑chromosomal 
DNA (ecDNA). This DNA somehow 

becomes separated from the chromosomes 
themselves and forms a circular structure in 
the nucleus. Its segments may contain many 
copies of various genes, adding to the two 
copies found, as usual, in the chromosomes 
themselves. And if ecDNA sequences contain 
cancer‑promoting genes, it can cause havoc. 

CANCER INITIATION

Advanced cancers often have severely 
disrupted genomes, but the mutation or 
dysregulation of just a single gene can 
start cells on the path to malignancy. 

HIDDEN IN PLAIN SIGHT

In the hunt for genetic cancer risk 
factors, researchers painstakingly 
analyze huge amounts of genome 
sequence data. They look for specific 
mutations that increase or decrease 
susceptibility, as well as larger‑scale 
genomic patterns that may do the same.
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A variety of factors can cause cancer‑related genes 
to produce either too much or not enough of a 
protein. Loss‑of‑function mutations or deletions of 
genes such as BRCA1 and BRCA2, which promote 
the regulation of cell division and DNA repair, 
and TP53, a tumor suppressor also involved with 
suppressing cell proliferation, are well‑known 
as cancer risk factors. Other genes, known as 
oncogenes, become dangerous when they are 
overexpressed. Oncogenes such as EFGR and 
Ras produce proteins that promote cell growth, 
differentiation and proliferation, while the 
Myc family of proteins regulates the expression 
of many such proliferation‑related genes.

When a DNA segment breaks away to form 
ecDNA, it loses the usual systems that control 
gene expression. Therefore, ecDNA can be 
highly transcribed and, if it contains any coding 
genes, yield an abnormally large amount of 
protein. When those genes include oncogenes, 
the normal checks and balances on cell 
growth and division can be overwhelmed by 
the uncontrolled protein production, leading 
to cancer initiation and tumor formation.

IMPLICATED IN CANCER

It has become increasingly accepted that genomic 
lesions, which increase oncogene expression, 
play a role in some cancers, including SVs within 
chromosomes and ecDNA formation. Researchers 
first spotted ecDNA in cancer cells decades 
ago in quite a literal fashion, using fluorescent 
probes that bound to specific sequences and 
lit them up, showing that they were physically 
separate from the typical chromosomal 
structures in the nucleus. There were still 
questions surrounding both the prevalence of 
ecDNA in cancer and the role(s) it might play 
in disease progression and treatment strategy. 

JAX Professor Roel Verhaak, Ph.D., has been 
investigating aspects of ecDNA, particularly in 
the context of glioblastoma, a brain cancer that is 
highly resistant to conventional cancer therapies. 
He found that ecDNA is unevenly inherited by 
daughter cells during cancer cell divisions, creating 
important differences between cell populations. 
It makes sense — while chromosomes are 
evenly divided in a highly controlled process 
during cell division, ecDNA has no such 
regulation and is passed to daughter 
cells seemingly at random. The 
differences increase as the cells 
continue to divide, creating 
what is known as genomic 
heterogeneity within the 
tumor. If there are many 
subpopulations of cells 
with different properties, 
it becomes very difficult 
to find an effective 
therapy strategy to 
eliminate all of them. 
Therefore, ecDNA 
not only contributes 
to glioblastoma 
initiation, it can also 
provide a mechanism 
for therapy resistance 
and tumor recurrence. 

More recently, Verhaak and 
colleagues took a broader view 
to assess ecDNA frequency and 
clinical impact across multiple cancer 
types in thousands of patients. They found 
that ecDNA is far more common in a variety 
of cancers than previously thought — by more 
than 15‑fold — and while its presence is often 
amplified in cancer cells, it is not in normal tissues. 
Furthermore, patients whose cancers carry ecDNA 
with increased oncogene expression have more 
aggressive cancers than those without. Indeed, 
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The circle shape represents healthy cells in the 
human body, while the barbell shape above represents 
cancer’s relentless growth from cell to cell.



ecDNA amplification in tumors was associated with 
significantly worse five‑year survival outcomes. 

IS ECDNA A KEY TO STOPPING 
THERAPY-RESISTANT CANCERS?

The discoveries are a crucial first step 
toward finding preventions or 

effective therapies for these 
dangerous cancers. The 

insight into ecDNA’s 
prevalence and 

importance will fuel 
exploration into 

potential clinical 
targets. For 
example, how 
does ecDNA 
form? Can it 
somehow be 
neutralized 
before it can 
cause harm? 

Also, how can 
diagnosing 

ecDNA‑positive 
cancers help 

guide treatment 
strategies? 

The findings that ecDNA may underlie 
some of the most difficult‑to‑treat cancers 
indicate that new therapeutic approaches are 
needed to improve patient prognoses. 

While learning that ecDNA increases cancer lethality 
may be alarming, knowledge is power. “We are 
on a mission to improve the outcomes of patients 
with cancer,” says Verhaak, “and our ecDNA 
discoveries are pivotal for achieving those goals.” 

JAX Professor Roel Verhaak
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As cancer therapies improve and grow ever 
more precise, many cancers can be eradicated 
or effectively shut down at their site of origin. 
While medically serious, these primary tumors 
usually have growth pathways that are targetable, 
and there are now many effective treatments 
available. Nonetheless, there were 9.5 million 
cancer deaths worldwide in 2018, and that 
number is expected to jump to 16.4 million by 
2040. So why do so many patients still die?

Unfortunately, not all cancer cells are the same, 
even within the tumor, and not all of them stay 
put. Some break away from the primary tumor 
and move to other locations in the body, in a 
process known as metastasis. Metastatic cancer 
is the most dangerous and remains the most 
lethal. Understanding the processes and variables 
underlying metastatic cancer and how it might be 
stopped is therefore essential if we are to make 
the next leap forward in improving cancer care. 

HOW DOES CANCER SPREAD?

When cancer begins, it usually involves a single 
rogue cell. Somehow the brakes come off the 
carefully controlled cell division cycle, allowing 
the cell, and eventually its many descendants, 
to grow and divide with relentless speed. As it 
grows, it quickly adapts to and co-opts biological 
systems within its particular organ or tissue.

At a certain point, however, cancer cells begin 
to move, either by growing into other tissues 
or separating from the original tumor. Cells 
that break away travel through the bloodstream 

and lymph system to other places in the body. 
These cells face long odds, and most of them 
are eliminated by the immune system or fail to 
adapt to the environment in which they settle. 
Sometimes they escape immune surveillance 
for long enough, and adapt to their new 
environment quickly enough, to survive the 
transition. Eventually — weeks, months or even 
years later — they begin to thrive once again and 
grow aggressively, resistant to treatments that 
may have worked well for the primary tumor. 

Cancer researchers are investigating the steps 
in the metastatic process to look for ways to 
stop cancer from spreading. Could immune 
surveillance be enhanced to eliminate cells 
before they reach other areas of the body? 
Could the environments in other tissues be made 
less hospitable to the cells that infiltrate them? 
And if they’re not eliminated before reaching a 
destination, is there a way to maintain metastatic 
cells in a senescent state, keeping them inactive 
by undermining their ability to grow and divide? 
If the answer is yes, and a therapy can be 
developed that prevents metastatic cancer 
growth, it would save many lives. 

Not all cancer cells are the same, even within 
the tumor, and not all of them stay put.

Derailing cancer metastasis
BY MARK WANNER  |   PHOTOGRAPHY BY CLOE POISSON & TIFFANY LAUFER
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Not all cancer cells are the same, even within 
the tumor, and not all of them stay put.

Derailing cancer metastasis

JAX Assistant Professor Gary Ren   Search  |  Vol. 14  |  No. 1  |  11



IMMUNE CELL ROLES

Assistant Professor Guangwen “Gary” Ren, Ph.D., 
investigates cancer microenvironments, the 
normal tissues and cells immediately adjacent 
to cancer cells and tumors. There are many 
interactions between cancer cells and their 
immediate cellular neighbors, some of which 
are quite important for cancer growth. It’s 
imperative for the cancer cells to evade and 
eventually co-opt the local immune cells that 
might otherwise recognize and destroy them. 
Not many accomplish this feat, but those that do 
are able to grow while actually being protected by 
the immune cells that would normally kill them. 

When metastatic cancer cells migrate 
elsewhere in the body, they’re on their 

own, and have to deal with a new 
environment and immune cells. So 
how are they able to succeed there, 
so to speak? Ren is investigating 

the complex interplay between 
immune cells and cancer cells, and 

among different kinds of immune cells, 
that can dictate success or failure of metastatic 
cancer spread. Of particular interest are cells 
known as neutrophils, which are part of the 
innate immune system, the first line of defense 
against invading pathogens. Recent research 
in Ren’s laboratory has shown that neutrophils 
also play surprising roles in cancer metastasis. 
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NEUTROPHIL PARADOXES

Ren and his team worked with specialized mouse 
models to look at breast cancer cells that migrate 
to lung tissue, a common site for breast cancer 
metastatic spread. They are often eliminated by 
either neutrophils or natural killer (NK) cells, 
another component of the innate immune system. 
In an unexpected result, however, Ren found that 
when both neutrophils and NK cells are present in 
lung tissue, the neutrophils don’t react against the 
cancer cells. Instead, they actually inhibit NK activity, 
helping the metastatic cells survive and increasing 
the chance of cancer spread. This finding helps to 
explain why treatments that increase neutrophil 
counts in cancer patients, which are often greatly 
reduced by chemotherapies, are associated with 
higher risk for subsequent metastatic disease. 

In addition, the research team discovered that 
neutrophils in the lung tend to stock up on fuel in 
the form of lipids when a breast cancer tumor is 
growing. Interestingly, the process is stimulated by 
molecular signals sent from the tumor itself, even 
before its cells begin to migrate elsewhere. Then, 
when circulating cancer cells do arrive in the lung, 
the neutrophils transfer the lipid fuel to them, 
increasing their ability to survive and proliferate. 

TARGETS FOR TREATMENT

More research is needed into exactly why neutrophils 
function as both safeguards against metastasis and, in 
different contexts, as part of the support system for it. 
Nonetheless, Ren’s findings provide intriguing targets 
for therapy refinement and development. For example, 
assessing NK/neutrophil populations can help inform 
whether or not to increase neutrophil counts following 
initial therapy. And disrupting the signaling/metabolic 
cascade that helps fuel metastatic cancer cells in the 
lung could greatly reduce the chances for successful 
spread. These and other treatment regimens are 
both parts of the larger effort to derail cancer spread 
and, ultimately, deaths from metastatic cancer.

JAX is fighting 
cancer on 
multiple fronts.
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From cancer genomic testing to 
clinical trials, John Pierce 

is exploring the latest 
advances to address 

his medical 
issues.

PURSUINGKNOWLEDGE
COURAGEOUSLY

John Pierce participates in 
the tumor board meetings 
regarding his case. 
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PURSUINGKNOWLEDGE
COURAGEOUSLY

What advice would John Pierce give to someone 
who has just received a cancer diagnosis? “First, be 
your own best advocate. When I was a 20‑year‑old 
combat helicopter pilot in Vietnam, I learned 
that when someone or something is trying to 
kill you every day, you recognize that nothing 
focuses your mind like your own mortality.”

Second, he says, “get genomic profiling.”

Nearly 50 years after his combat experience, Pierce is 
now retired from a successful and varied career as an 
internet consultant. And following a series of unusual 
health crises that trained him to seek out the best 
medical advice and treatment, he has been diagnosed 
with cholangiocarcinoma — a very rare cancer of the 
bile ducts, the slender tubes that carry the digestive 
fluid bile through the liver. Pierce is now bringing his 
lifelong facility for quickly acquiring technical expertise 
to his treatment regime, to be his own best advocate.

Pierce may not be your average cancer patient, but 
every patient, and every cancer, is genomically unique. 
Pierce says that when he learned he had cancer, 

“my first inclination was to obtain genomic testing. 
Cancer isn’t liver cancer or lung cancer; it’s defined 
by whatever the cancer’s genomic profile is. And that’s 
why I started down this path and requested testing.” 

Pierce’s oncologist is Roger Inhorn, M.D., Ph.D., 
of MaineHealth, a steering committee member of 
the Maine Cancer Genomics Initiative (MCGI). 
JAX founded MCGI in 2016 with a grant from the 
Harold Alfond™ Foundation and has enrolled every 
oncology practice in Maine and most of its oncologists. 

In phase one of the program, which concluded at 
the end of 2020, participating oncologists submitted 
patient tumor samples to be sequenced and profiled 
for genes known to be associated with various 
cancers, and with response or resistance to approved 
targeted therapies or new drugs in development 
approved by the U.S. Food and Drug Administration.

“For almost all of my patients who have an advanced 
malignancy and have enough tissue available,” Inhorn 
says, “I offered participation in MCGI. Genomic profile 
testing helps clarify potential options by looking for 
targetable mutations for which there might be either 
a clinical trial option or a commercially available 
drug that can be used to treat their malignancy.”

Inhorn notes that like many patients participating 
in MCGI, Pierce “understands that there is also 
an altruistic piece to this. They understand that 
MCGI and the clinical community are trying to 
learn and create a larger database of treatment 
options and to engage and educate oncologists 
about how to best use these platforms. I think 
the day is coming where everyone who has an 
advanced malignancy will be offered genomic 
profiling — it’s going to become a standard of care.”

Tumor profiles from MCGI testing, and 
their best treatment options, are reviewed at 
Genomic Tumor Board (GTB) sessions, virtual 
conferences that link clinicians with experts in cancer 
genomics and clinical trials. Inhorn mentioned to 
Pierce that there was a tumor board meeting coming 
up, and Pierce said, “I’d like to participate. I’d like 
to be in the room when they’re discussing my case.” 

BY JOYCE DALL’ACQUA PETERSON  |   PHOTOGRAPHY BY ALEXANDRA GIARDINO & TIFFANY LAUFER
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Jens Rueter, M.D., medical director of MCGI, says 
that Pierce’s participation in the tumor board “worked 
out really well. Beforehand I was a little bit nervous 
about it because I didn’t really know what to expect. 
He’s an unusual individual because he embraces 
new technologies, and that’s coupled with really 
wanting to impact his treatment plan dramatically.”

Rueter says GTBs are an important component of 
MCGI, as they often provide the most significant input 
to clinicians with respect to applying the genomic 
information in their patients’ care plan. Typically, 
four cases are discussed during each one‑hour 
meeting. A brief case presentation by the treating 
oncologist is followed by a presentation of the genomic 
case information. Then, external advisors specializing 
in precision oncology give their interpretation 
of the case and provide significant guidance to 
the oncologist and the medical team. In this case 
Pierce himself was also able to query the experts.

Genomic testing identified two targetable 
mutations in Pierce’s cancer. He is now on his 
second targeted therapy (erlotinib) after four 
months on the IDH2 inhibitor enasidenib.

According to Rueter, most cancer patients fall into 
one of two categories. “The first are comfortable doing 
what their doctor says, maybe asking questions or even 
questioning some decisions, but basically trusting 
the doctor. And the second tend to shop around for 
doctors until they find the one who tells them what 
they want to hear.” Pierce is in a rare third category, 
Rueter says. “He just wants to know everything that 
could possibly be done to address his cancer.”

Pierce is continuing to actively advocate for his health. 
“I think cancer and oncology clinicians today don’t 
talk about cures; they talk about control. And as far 
as I’m concerned, control isn’t really good enough 
for what I’m looking for. I am looking for a cure.”

Jens Rueter (right) consults with MCGI doctors. 
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The Maine Cancer  
Genomics Initiative

The Maine Cancer Genomics Initiative (MCGI), a collaboration aimed at 
making the latest personalized medicine available to cancer patients 
throughout Maine, will now bring new precision oncology clinical 
trials to the state, support access to targeted therapies for patients 
not eligible for trials, and develop novel technology to enhance 
genomic education and genetic services through online platforms.

A MODEL FOR PERSONALIZED CANCER 
CARE IN A RURAL SETTING 

MCGI is a statewide collaboration of JAX scientists and community 
oncologists that brings innovative cancer genomic testing, education and 
drug access infrastructure to Maine. Every oncology practice in the state is a 
partner in the program. Initially driven by the need for greater availability of 
cancer genomic testing in Maine, MCGI has become a model for community 
precision oncology, or personalized cancer care, in a rural setting. Precision 
oncology uses analysis of a patient’s normal genetics and the specific 
mutations found in his or her tumors to guide more targeted treatments. 

“Over the last four years, we’ve made great progress with precision medicine 
in Maine, especially in rural areas of the state,” said MCGI Medical Director 
Jens Rueter, M.D. “In the first phase of the initiative, we provided genomic 
tests to over 1,600 cancer patients, affecting patient lives from Caribou 
to Kittery. Over the next five years, we will focus our efforts on helping 
patients navigate the steps of entering genome‑informed clinical trials 
and of accessing targeted therapies as part of their routine medical care.” 

The initiative also plans to expand its reach to other 
areas of the Northeast beyond Maine.

We ask you to help us continue changing 
the lives of patients by providing access to 
cutting‑edge cancer diagnostics and treatments. 
With your support, we can make a difference 
in the lives of Maine cancer patients. 

Learn more at www.jax.org/supportmcgi.

CGIM
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Cancer remains a difficult disease  
to treat, but the emerging therapies  
are increasingly effective.  

As we approach a new decade, it is interesting 
to speculate what we will be able to accomplish. 
What therapies will be available that seem out 
of reach today? Our ability to understand and 
manipulate cancer cells — as well as suppress and 
kill them — will continue to accelerate, so we may be 
poised at the brink of an important leap forward. 

Harnessing our 
immune systems

to attack cancer
BY MARK WANNER  |   PHOTOGRAPHY BY TIFFANY LAUFER
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Cancer immunotherapy has become a 
hot medical topic over the last decade. 
While much remains to be learned, there 
have been startling early successes, 

and there is exciting potential for 
many more in the years ahead. 

Like in so many medical 
stories, however, it took 
many years of research to 
figure out how to help our 

own immune systems detect 
and fight tumors. And the work 

began with a discovery in a mouse.

Removing checkpoints 
to treat cancer
In 1996, the journal Science published 
a paper with an interesting finding. 
In mice, blocking a protein that acts 
as an immune “checkpoint” resulted 
in the elimination of cancer cells, 
and even established tumors, by 
the immune system. The protein, 
cytotoxic T‑lymphocyte‑associated 
protein 4 (CTLA4), normally acts to 
suppress the immune system. That may 
sound strange, but checkpoint proteins 
such as CTLA4 are important parts of 
the vital system of checks and balances 
needed to prevent overactivation 
and toxic immune responses. 

Unfortunately, cancer cells use these 
checkpoint proteins to evade attack, 
flying under the immune surveillance 
radar to grow and thrive. Researchers 
strove to learn how to put these cells 
back on the radar again, whether 
through targeting a protein unique 
to the cancer cells themselves or by 
tweaking immune system function. 
The finding in the Science paper 
suggested that a new form of therapy 

could perhaps be developed by removing 
the checkpoint “brakes” on the 
immune response in human patients.  

Over the past 24 years, it has become 
clear that cancer immunotherapy is a 
powerful new option for oncologists 
and many of their patients. The effects 
of the new therapies, most of which are 
known as immune checkpoint blockades, 
are inconsistent, but when they 
work, the results can be surprisingly 
good. As a result, the Science paper’s 
senior author, James Allison, Ph.D., 
has become renowned as a pioneer 
in the immunotherapy field, the 
subject of acclaimed documentary 
film “Breakthrough” and was 
awarded a Nobel Prize in 2018. 

Finding a better checkpoint
Clinical trials for antibodies that 
bind to CTLA4 began in 2000, and 
by 2010, the first U.S. Food and Drug 
Administration‑approved treatment 
ipilimumab (marketed as Yervoy) 
emerged. Unfortunately, the overall 
survival benefit was, on average, poor. 
There were also incidences of severe 
immune toxicity, when the immune 
system became overactive and attacked 
normal tissues as well as tumor cells. 
In the meantime, another checkpoint 
protein, programmed cell death 
protein 1 (PD1), came to the fore. 

First discovered in mice in 1992, PD1’s 
biological mechanism attracted attention 
over the following decade. CTLA4 
inhibits immune cell activation early, 
in the lymph system, so blocking its 
function can lead to large‑scale, systemic 
immune activity. PD1, on the other hand, 
inhibits activity in the peripheral tissues, 
including tumor microenvironments. 

to attack cancer
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Without it the immune activation is more 
limited and more focused on the tumor area 
itself. Much of the preclinical focus therefore 
shifted to PD1 inhibition, and in 2014 the 
anti‑PD1 antibody pembrolizumab (Keytruda) 
received FDA approval. 

Pembrolizumab has been used to treat cancers 
that previously had no effective therapies, 
including metastatic cancer and inoperable 
tumors. But the majority of patients don’t 
respond, and severe inflammation is an 
uncommon but potentially dangerous side 
effect. So why is there such variability in 
patient response, how can the percentages 
be improved and how can side effects be 
minimized? Research is ongoing into these and 
many other questions as scientists and doctors 
seek to bring more precision and efficacy to 

the cancer immunotherapy field. 

Returning to the lab 
to improve therapies

Although there are approved 
immunotherapies already in 

regular clinical use, many researchers 
are taking a step back to figure out how to 
improve them. Not surprisingly, modeling the 
intricate interplay and signaling between the 
immune system components themselves and 
learning how they interact with cancer cells 
is a key part of JAX’s cancer immunotherapy 
research program. Leading the effort is 
Karolina Palucka, M.D., Ph.D., a former 
clinician who transitioned to research so that 
she could help improve patient prognoses. And 
while Palucka is a human immunologist, she 
is using mice as the foundation for her work 
to identify how to harness the power of the 
immune system to prevent and treat cancer.

Experimental mouse models that recreate 
human immune response mechanisms have 
become an important resource for immunology 
research. However, the first generation of 
these mice didn’t capture the full repertoire 
of immune cell types and functions, including 
macrophages and natural killer cells that play 
critical roles in cancer initiation and immune 
evasion. Palucka is therefore working to 
develop mice with an even more complete 
human cell population to better understand 
their exact roles in cancer cell viability, 
growth and potential metastatic spread. 

In addition, Palucka is pursuing a therapeutic 
strategy based on the concept that T cells, 
the immune cells that are able to reject 
tumors, can function as anti‑cancer drugs 
when properly armed for the purpose. It’s 
possible that anti‑cancer reactive T‑cell 
populations can be expanded via cancer 
vaccines, with the potential to greatly enhance 
the efficacy of current immunotherapies. 
With careful manipulation, it may soon 
be possible to safely and reliably tip the 
balance of T‑cell function in favor of its 
cancer‑destroying abilities. It’s an exciting 
thought, and one that will drive the cancer 
immunotherapy field even further forward.

MEDICINE IS CHANGING  
Sign up for our monthly newsletter and 
learn how scientists are turning big data 
into actionable science — and turning 
health care on its head. Subscribe at 
www . jax. org/biotechnews.
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When she was a young cancer doctor in 
Warsaw, Poland, in the early 1990s, Karolina Palucka 
felt frustrated. The tools at her disposal seemed 
limited, blunted, too often ineffective.

“I was using different combinations of chemotherapy 
and all the standard treatments, but, in fact, I was not 
seeing progress. I was not seeing solutions,” she says.

One patient, a young woman in her thirties with advanced 
breast cancer, sparked a major transformation in Palucka. 

“She really tipped the balance because I couldn’t do much 
for her,” she says. “I loved the patients and I think they 
loved me, but I just could not continue doing that.”

So Palucka made a bold move and traded her white 
doctor’s coat for a lab coat so she could explore 
how our immune system might be mobilized to 
fight cancer. She didn’t let go of her passions, 
however. Her commitment and care for patients 
remain as deep as they were decades ago.

JAX Professor Karolina Palucka
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SOPHISTICATED GENOMIC STUDIES ARE REVEALING THE 
MECHANISMS OF TUMOR FORMATION, POINTING THE 
WAY TO NEW TARGETED TREATMENT APPROACHES.
When a woman receives a diagnosis 
of breast cancer, how will it affect her 
ability to continue her career, take 
care of her kids, celebrate her 50th 
wedding anniversary? The answer will 
be as singular as the woman herself. 

That’s because her cancer has a distinctive 
genetic profile. Researchers have discovered 
dozens of genetic variants associated 
with breast cancers, and are racing to 
develop targeted treatments that disarm 
the destructive power of cancer genes.

New breast cancer cases outnumber all other 
kinds of cancer for women. For 2017, the 
latest year for which statistics are available, 
the U.S. Centers for Disease Control and 
Prevention reported 250,520 new cases 
a year, more than twice as many as the 
next‑most common cancer, lung and 
bronchus. That year 42,000 American 
women died of breast cancer. 

But those tragic statistics actually 
represent a significant improvement in 
breast cancer survival rates. The past two 
decades have seen a drop in incidence of 
ductal carcinoma in situ (DCIS), the type 
of breast cancer most likely to develop 

into invasive cancer. The American 
Cancer Society credits improved detection, 
and fewer women taking hormone therapy 
for postmenopausal symptoms, for the 
reduction. And mortality decreased 
40% between 1975 and 2017, thanks to better 
treatments as well as earlier detection. 

In fact, says Edison Liu, M.D., breast 
cancer researcher and president and CEO 
of The Jackson Laboratory, “If current 
trends continue, theoretically there would 
be no breast cancer mortalities by 2045. 
And though this remains aspirational 
and may not be able to be achieved, the 
direction is clear: We are winning.”

CREATIVE INNOVATION IN 
TREATING BREAST CANCERS

What were the medical breakthroughs 
behind the improvement in prognosis for 
women with breast cancer? Liu credits 

“decades of creative innovation,” with 
each generation of scientists building on 
findings of the previous generation.

An important early insight was that cancer 
is not a single disease with a single cause, 
and that the location of a tumor has less 

TAKING AIM AT BREAST CANCERS
BY JOYCE DALL’ACQUA PETERSON  |   PHOTOGRAPHY BY TIFFANY LAUFER
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TAKING AIM AT BREAST CANCERS

bearing on disease progression or mortality 
than its mechanisms. Better profiling of 
breast tumors was the first step in developing 
more targeted and effective treatments.

The next big cancer breakthroughs, in 
the 1960s, were a combination of 
chemotherapy (administering multiple 
drugs simultaneously) and adjuvant therapy, 
chemotherapy following surgical removal of 
a tumor, to eliminate any pockets of residual 
disease. Liu notes that adjuvant therapy 
was actually pioneered in breast cancer, by 
researchers working in the Fondazione IRCCS 
Istituto Nazionale dei Tumori in Milan, Italy.

Before adjuvant therapy, Liu says, “The 
standard protocol for breast cancer was 
draconian surgery followed by draconian 
radiation.” And while a small number of 
cases still call for such drastic treatment, 

“Adjuvant therapy eliminated the terrible 
side effects of radical mastectomy 
followed by disfiguring radiation that 
actually hurt the patient’s health.”

Hormone therapy joined the oncologist’s 
toolkit in the 1970s. The hormones estrogen 
and progesterone promote the growth of 
some breast cancers. The cells of these 
hormone‑dependent breast cancers contain 
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proteins called hormone receptors that become activated 
when hormones bind to them, causing changes in certain 
genes and stimulating cell growth. This therapy to block 
the body’s hormone production is aimed at slowing or 
stopping the growth of hormone‑sensitive tumors.

In 1994 and 1995, researchers identified genetic mutations 
in genes, designated BRCA1 and BRCA2, that turned 
out to be the most common cause of hereditary breast 
cancer. In normal cells, these genes help make proteins 
that repair damaged DNA, but mutated versions can 
lead to abnormal cell growth and cancer. Since then 
close to a dozen other genes have been identified that 
are associated with elevated risk for breast cancer. 

In 1998, the FDA approved trastuzumab, better known 
under the brand name Herceptin, to treat breast 
cancers that are HER2‑receptor positive. A gene called 
HER2 makes HER2 proteins, receptors on breast 
cells that normally control how a healthy breast cell 
grows, divides and repairs itself. In about 25% of 
breast cancers, the HER2 gene goes into production 
overdrive, spurring uncontrolled growth and division 
of breast cells. Trastuzamab works by binding to 
the HER2 receptor and slowing down cell duplication.

The impact of fundamental science on breast cancer 
outcome is clear, Liu says, “but equally important is the 
contribution of early diagnosis through mammographic 
screening. Catching cancer before it metastasizes 
saves lives as does adherence to optimal clinical 
procedures in the delivery of care.” Now, he adds, with 
genetic screening to identify individuals at high risk 
for breast cancer, targeted and intensive preventive 
measures can further reduce cancer mortality.

“All these may sound incremental,” Liu comments, “but 
you add them all up, it becomes akin to building a dam, 
brick by brick. And pretty soon you’ve got a pretty effective 
dam.” Now, he says, the biggest challenge is improving 
the survival of patients with triple‑negative breast 
cancer — those cancers that are not estrogen‑receptor 
positive, progesterone‑receptor positive or HER2 positive. 

NEW STRATEGIES FOR TACKLING 
TRIPLE-NEGATIVE BREAST CANCERS 

Triple‑negative breast cancers (TNBCs) account for about 
15% of all breast cancers, and according to Liu, “is today 
the worst breast cancer to have: the fastest‑growing, 
the most metastatic.” A study of 50,000 women 
with breast cancer showed five‑year survival rates 
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for patients with a TNBC diagnosis at 77%, compared 
to 93% for women with other types of breast cancer.

Liu and his lab focus on TNBC. In 2016 the Liu lab published 
their discovery of a distinct genomic configuration found 
in about half of all triple‑negative breast, ovarian and 
endometrial cancers, which they dubbed the tandem 
duplicator phenotype (TDP). Since then the lab has 
published many additional findings on how mutations 
in TP53 and BRCA1 genes give rise to the TDP.

The TDP is the result of mutations that cause faulty DNA 
replication during cell division. Duplications of short 
stretches of copied DNA are inserted in the genome next to 
the segments from which they were copied. These tandem 
duplication sequences disrupt genes at and near their insertion 
points and double the production of genes that happen to 
be copied, uninterrupted, in the middle. The Liu lab is now 
undertaking a multi‑pronged investigation of the TDP.

“We want to understand how the TDP evolves over time,” says 
Francesca Menghi, Ph.D., associate research scientist in 
the Liu lab. “How do all of these genomic variations occur? 

To do this we deploy a combination 
of computational analyses, studies in 
new mouse models of breast cancer, 
and experiments using human cancer 
cell lines that are either proficient 
or deficient for BRCA1 activity.”

SPLICING FACTOR DEFECTS 
AND BREAST CANCER

Another category of genetic error may 
trigger some breast cancers as well as 
many other diseases. A JAX research 
team led by Assistant Professor 
Olga Anczuków, Ph.D., studies splicing 
factors, which control the version of 
a given gene that is expressed, with 
the goal of developing molecules to 
correct defects in splicing factors.

Francesca Menghi studies critical genomic changes involved in ovarian and breast cancers.
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In the highly simplified, so‑called central 
dogma of biology, the genetic instructions 
written in DNA are copied (transcribed) 
into messenger RNA (mRNA), forming 
individual “machines” that each build 
one or more proteins — large, complex 
molecules that play critical roles in 
the body. But there are additional 
mechanisms that greatly increase 
the potential variety of proteins. 

Following transcription, a process 
called alternative RNA splicing 
enables the creation of different 
spliced mRNA versions that, in turn, 
can produce proteins with different 
functions. “Splicing is like the editing 
process in filmmaking,” Anczuków 
says. “Just as inserting or deleting 
a scene in a movie can change the 
movie’s meaning, RNA splicing can 
deliver an altered genetic message.”

Not all splices improve the final product, 
be it movie or protein. Errors in the 
splicing process have been implicated 
in many diseases, including cancer. 
Anczuków’s lab has shown that a splicing 
factor called TRA2B seemed particularly 
enriched in TNBC, and now they are 
focusing on DNA segments known as 
poison‑exons, which play a critical 
role in maintaining a tight regulation 
of splicing‑factor levels, which is 
necessary for normal cell functions.

JAX Professor Jacques Banchereau, 
Ph.D., Anczuków and other collaborators 
at JAX and UConn Health, have 
innovated a process to analyze patient 
tumors, and identified more than 
3,000 splicing events that are specific 
to breast tumors. The results, note the 
researchers, provide a rich resource 
of potential therapeutic targets.

 

WHERE ARE WE NOW?

At The Jackson Laboratory for Genomic Medicine campus 
in Farmington, Conn., Menghi reflects on how research 
in breast cancers, including TNBC, will ultimately 
translate into more targeted and effective treatments.  

“Every time I talk with my family or friends that don’t have 
a scientific background,” she says, “there’s one question 
they always ask me: Are we going to cure cancer? And it’s 
just so frustrating because in the short term, the individual 
discoveries are always really small and incremental.”

To answer the question, she says she explains that the 
rise of sequencing technology over the past decade has 
enabled an entirely new approach to cancer research and 
treatment. “Genome sequencing will open up so much 
in terms of our ability to understand what drives tumor 
initiation, and as a consequence, our ability to target it, 
prevent it, diagnose it early, monitor it better, diagnose 
relapses better, stratify patients and find novel treatments.

“I think that this is a time of progress, and I’m 
really confident about it,” Menghi says.

Liu adds, “The most gratifying aspect of this is not only 
that science has advanced so dramatically, but that all 
elements of the scientific community are coordinating 
their efforts into providing cures. I have been working 
in the field of breast cancer for 30 years, and I have seen 
how basic, clinical and epidemiological sciences, when 
all work together, have a direct impact on patient lives.”

The rate of advancement is speeding up, Liu says. 
“So, perhaps 2045 as the year when breast cancer 
mortality ceases is not such a pipe dream.”

ILLUMINATE:  
THE SCIENCE BEHIND CANCER 
Sign up for our monthly cancer research email 
newsletter and learn how scientists are leveraging 
the power of genomics in the fight against cancer. 
Subscribe at www.jax.org/cancernews.
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A  S P E A K E R  S E R I E S  B R I N G I N G  
T H E  S C I E N C E  T O  Y O U
SAVE THE DATES 2021

Join The Jackson Laboratory for a behind‑the‑scenes look at our 
science with virtual and hybrid events throughout the year.

JAXTAPOSITION 
Spring, Summer and Fall 2021

Throughout our flagship speaker series, 
JAXtaposition, JAX scientists and senior 
leadership will host conversations 
about research breakthroughs in areas 
including Alzheimer’s disease and aging, 
genetics, the microbiome, JAX® Mice, 
Clinical & Research Services and more.

From Bench to Bedside: Growth & Innovation 
April 13, 2021

Next‑Gen Genetics 
May 5, 2021

Gut Check: Is the Microbiome 
the Key to Your Health?  
June 10, 2021

Paths to Treatment and Hope for Alzheimer’s 
September 8, 2021

Science, Technology & Society 
October 19, 2021

2021 FORUM FOR DISCOVERY 
Thursday, July 15

JAX leadership and faculty will discuss 
how evolving science and technology 
are changing the future of human 
health. This annual event will celebrate 
our greatest supporters and provide 
updates on cutting‑edge research.

CONNECT WITH US

Register, learn more and watch the video  
archive from the 2020 events season 
at www.jax.org/jaxtaposition.

Questions? Contact Advancement Events 
at advancementevents@jax.org.
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