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Chapter 2

Molecular Imaging for Personalized Cancer
Immunotherapy — the animated version

This chapter was completed in conjunction with the Wisconsin Initiative for Science Literacy
(WISL), as part of the WISL Award for Communicating Ph.D. Research to the Public program
(http://scifun.org/Thesis_Awards/thesis_awards.html). This program promotes the goal of WISL,
that is, to promote literacy in science, mathematics, and technology among the general public,
through sharing of these thesis chapters with the public. This chapter therefore presents a cartoon
explanation of immunotherapy and our group’s contributions to the field. Many thanks to the

science communications program of WISL for their guidance and editorial support.



Normally, cells
do what they
are supposed to

do and grow

how they're

supposed to
grow.




Every now and
then, though,

one cell
~ mutates and
goes rogue.




Usually, our immune
system is good at
fighting off those

rogue cells and
keeping us healthy.




Sometimes
one of the
rogue cells
gets away

from the
Immune
~ system and
turns into a
cancer cell.




o
Cancer ©©‘ ﬁgﬁ @

cells
grow U@ )\-\_zfj. @
really

fast and 6)@ @@ T@

begin to
take
over.

That's what makes them tancer
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Tor attempting to take over the hody.

Gan often be found masquerading as a normal cell -
last seen expressing high levels of PD-LI.

The cancer cells can hide from the

immune system, and the immune

cells can’t fight them off, because
they can’t "see” them.
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Cancer cells hide from immune

cells by covering themselves in
molecules that make them look
like normal cells. The immune cells
think they’re seeing a healthy cell,
when it's actually cancerous.




10

The important immune cells for
fighting off cancer cells are
known as T-helper cells and T-
killer cells.

Thelper cell |~ piller cell

Alias: D4+ T-cell -
Controls the immune response Alias: O3+ T-cell

Professional pathogen assassin

o)
N




11

When cancer cells hide from the
immune system, the T-killer
and T-helper cells can’t do

anything.

They're not

able to fight.
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In the last few years, though,
some scientists and doctors
have made drugs that can help
immune cells fight off cancer,
called “immunotherapies”.




When these
immunotherapy
drugs are given

to cancer
patients, the

handcuffs can

be taken off

their immune
cells.
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This lets the T-cells do their job
and fight off the cancer cells.
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These freed
T-cells can
then go to
the tumor
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For some
types of
cancer, and
certain
patients,
these

treatments ) XX N

can oWk
completely =0
N>/
destroy

their cancer.




Once in a while, these immune
cells get over-excited and can
start attacking normal cells.
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bad
news for
these
normal
cells...

y The T-cells are good at their job
and can kill them too.
This leads to many of the side
effects of these drugs.
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In ot#]er cases, even though the
immune cells can fight, they
aren’t strong enough to fight

off a tumor, and it keeps
growing.
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This is where the smart people
at the University of Wisconsin
come into the picture.
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We developed a way to track
where these drugs are going, to
see where the freed T-cells are
going in the body.
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We do this by radiolabeling the
drugs. This means attaching a
radioactive atom to the drug, so

that when a patient is given the
drug, we can see

where it goes by
\ / tracking that

radioactive atom.




Side note:

When an atom is radioactive, this
means it's not stable. To become more
stable, the atom releases a particle (in

our case, known as a positron). After
emitting the particle, the atom is more

stable. This process is called radioactive
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Positrons are the anti-particle to
the common electron. When
two anti-particles meet, they
annihilate and turn into pure

energy.

Electron
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That pure energy is given off, in
our case, as two back-to-back
gamma rays.
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We can see where the positrons
are in the body by imaging the
patient with a PET scanner,
which can detect these two

gamma rays.
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The “"PET” in PET scanner
stands for Positron Emission
Tomography, because these
scans use radioactive atoms

that release [

positrons.
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For a PET scan, the patient lays
on a bed that moves inside a
circular scanner. They stay there
for a while so the scanner can
detect the radioactive drug.
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After detecting all the
radioactive decays, we can
calculate where in the body
those decays happened and

figure out where the drug was.
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Radiolabeled drugs can be
given to patients in very small
doses to see how they behave

before the right treatment is
chosen for someone.
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We want to see if the

drugs are going where
they should, before
we give patients a full
dose of the drug.
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Our
patients in
these
studies
are

actually
mice.
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These
mice have
tumors on
their back.




We used three different drugs in
these studies. These drugs are
already given to cancer patients
today, but we want to better
understand how they work.
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PEMBROLIZUMAB

. IPILIMUMAB

Two of the drugs we use —
pembrolizumab and
ipilimumab — can unlock the
immune cells so they can fight.
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The other - atezolizumab — attaches
to cancer cells, and also some other
types of cells. It binds to the
molecules cancer cells express to
hide from the immune system.
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If the drugs

that unlock @
the immune  *
cells are
radiolabeled, é
We can see
®©
where the
Sar T

drugs (and |

therefore the
T-cells) go. é
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This means we can watch the
T-cells fight off the cancer, or
even go somewhere they
shouldn't be.
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When we inject a radiolabeled
drug that attaches to T-cells,
we can see where they are in
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We can also give a
drug that attaches to
cancer cells and see
where they are.
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By watching immune cells
work, or seeing where cancer
cells are, the doctor could then
decide what kind of treatment
is best for a patient.

41




42

For instance, someone might
have a tumor that lights up
when we image with

atezolizumab.
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This means that drug might be
a good choice because we
already know the drug goes to
the tumor like it should.
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Or let’s say we saw a lot of
immune cells going to
someone’s heart instead of
their tumor.
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That probably means this
person might be susceptible to
side effects, and we should
either keep a close eye on them
or choose a different drug.
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Our group at Wisconsin was the
first one to radiolabel these
drugs and see where they go in
living organisms.
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In the future, we hope to use
these imaging techniques in
people, instead of mice, so we
can help doctors better
understand their patients.
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