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IMMUNE SYSTEM HACKERS

Scientists are starting to reprogram
infectious bacteria to kill cancer cells

IN THE LATE 18008, Dr. William Coley—a cancer
researcher at New York Cancer Hospital—noticed
something peculiar. A patient named Fred Stein
was suffering from a tumor growing in his cheek— |
until he became infected by Streptococcus pyogenes
bacteria (which causes strep throat). Shortly after
his infection, the cancer began disappearing, as
though the fever had burned it away. !

Afterward, Coley observed that other cancer
patients who had recently undergone tumor-
removal surgery were more likely to recover
if they developed a post-surgical infection. To
figure out why, Coley began injecting inoperable
cancer patients with streptococcal bacteria. These
came to be known as “Coley toxins.” In one case,
Coley treated a 21-year-old man with a mix of |
bacteria and bacterial lysates—natural secre-
tions of bacteria that keep the immune systemon
alert—who then had a complete remission.

Coley injected over 1,000 patients, and many
recovered. But he never properly documented all |
his cases, and after his death in 1936, general med- |
ical opinion dismissed his methods. It wasn’t until
much later, when pioneering cancer researchers
revisited his work, that the medical community
realized that Coley—sometimes called the “father
of immunotherapy”—had been onto something.

In 2014, the FDA approved an immunotherapy
drug known as Anti-PD1 for melanoma, the most
serious type of skin cancer. Soon after, Anti-PD1
became the standard of care for melanoma. “I BY
have not given chemotherapy to a person with | gcja BUSHAK
melanoma for the past two years,” says Dr. Antoni % (21 eciaBoosh
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MICRO-SURGEONS:
Coley found that
an inoperable
tumor disappeared
after the patient
was injected with
sireptococcus pyo-
genes bacteria.

Ribas, a medical oncologist at UCLA. “The days
of chemotherapy for these diseases are over.”

Anti-PDy, like all immunotherapies, works by
hacking your immune system—teaching it how to
attack cancer cells—and it offers huge advantages.
When patients undergo chemotherapy, the side
effects are often debilitating, including extreme
pain and fatigue, nausea, diarrhea, hair loss, poor
appetite and a risk of life-threatening infections,
as well as long-term health consequences like
heart and lung disease. Also, chemotherapy and
radiation generally dont guarantee lasting
protection from recurrence.

Immunotherapy, on the other hand, “would

get the immune system to impact cancer long-
- treatments successful in animal trials will trans-

term, because the immune system has the ability

to remember,” says Ribas. “So if you develop a
therapy that turns on the immune system cor-
- only to find that exciting results in rats and dogs

rectly, it will continue to remember that the bad
guy is the tumor and should be attacked.”

That's why immunotherapy research has
grown. One of the most promising areas of cancer
immunotherapy goes back to Coley: Controlled
bacteria might be the best tool to turn the immune
system into a cancer-fighting machine.

We know Salmonella bacteria lurks in under-

cooked meat or buckets of cookie dough; it makes
its way into our system if we don’t prepare our
- food properly. When it does, it wreaks havoc on

us in the form of nausea, fever, diarrhea, vomiting
and chills. But there’s another side to Salmonella.

Roy Curtiss, who runs a lab at the Arizona State

University’s Biodesign Institute, has found that

| certain strains of Salmonella, when genetically

modified to become safer, have the ability to enter

cancer cells and take over. But there’s been one .

major challenge in introducing the Salmonella cure
to humans: The bacteria are toxic and can cause
infections and even sepsis. “You kill the tumors,
but then you kill the patient,” says Curtiss.

His most recent project involved genetical-

ly modifying Salmonella to lower toxicity while |

maintaining efficacy. To do so, Curtiss and his
team altered its lipopolysaccharide structure, or
outer membrane, which is the primary culprit in
causing sepsis. They fine-tuned a little more, then
injected the bacteria into mice with tumors. It
killed umors without harming healthy cells near-
by. This proved, for the first time, that bacteria
could fight cancer without any serious side effects.

Salmonella is one of the few strains of bacteria,
zlomgwith Listeria and Clostridia, that have shown
potental in destroying cancer cells. One member
of the Closiridia group, Clostridium novyi, is par-
soulardy promusing. In 2014, researchers at Johns
Hopons University injected 2 modified version
of she bacteriz, called C. novyi-NT; into dogs

who had cancer and found it could reduce their
tumors. They even tried it out, successfully, on one
human patient with advanced leiomyosarcoma
—a rare form of smooth muscle cancer.

C. novyi-NT is unique because it thrives in a
low-oxygen environment—such as the centers of
tumors. Once injected into the tumor, the bacteria
“germinate, begin to divide and grow, and in the
process consume cancer cells,” says David Chao,
president and CEO of BioMed Valley Discoveries,
which is collaborating with Johns Hopkins. The
bacteria then stop growing at the rim of the tumor,
where there is more oxygen to be found—prevent-
ing them from going any further into healthy cells.

It’s difficult, of course, to predict how well

late to people. Dr. Mario Sznol, at Yale Universi-
ty, worked on Salmonella research for five years

didn’t occur in tests on human tissue. “What we

. learned is that we don’t see the same kind of tissue
' colonization [in humans] that we did in mice and
-~ rats,” says Sznol. “There’s something really differ-

ent about the biology of human tumors.” If this
obstacle is overcome, he says, bacteria can truly

- become “nifty” vehicles of tumor destruction.

After Coley died, his daughter, Helen Coley
Nauts, fought for years to bring his work to the
attention of the medical community. And for
years, she was shunned; her father’s results were

. dismissed as lacking in evidence. But she worked

tirelessly to organize his data and track down
patients who had been treated with Coley’s toxins.

COLEY INJECTED OVER
1,000 PATIENTS WITH
HIS TOXINS—AND
MANY RECOVERED.

Even though she wasn’t trained as a scientist and
hadn’t even graduated from college, Coley Nauts
ultimately laid the basis for a field of research that
now spans across countless labs and pharmaceu-
tical companies, and it is flying forward. There are
projects developing immune-triggering therapies
for lung, breast, colon, head and neck, skin and
pretty much every other type of cancer out there.

“In the future,” Sznol says, “I think we’re
going to get so good at it, we're going to actually
be able to give patients very limited therapy and
cure them of their cancer.” @
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