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Dual-color fluorescence imaging
distinguishes tumor from host

Study reveals that host cells cooperate with tumor cells

esearchers from AntiCancer Inc.,

a San Diego-based cancer research

company, and from the University
of California, San Diego, and Massachu-
selts Institute of Technology (MIT) in
Cambridge have developed a method for
probing the interaction between host tis-
sue and metastatic cancer. The group has
drawn on multiple colors of Tluorescent
protein to label bath the host tssue and
the cancer. Their worle with numerous

Typically, a tumor somehow coaxes the
host tissue to grow blood vessels to nour-
ish it. As the tumor grows, so does its
Blood supply.,

“The earliest paper by Judah Folkman
[on wmor angiogenesis| was published
in 19717
the department of biology at MIT, “How-
ever, il took many years for the signifi-
cance of this work to be widely appre-
ciated.”

To study how host tissue interacts with growing cancer cells, researchers at
AntiCancer Inc. labeled human colon cancer cells with red fluorescent protein
and inserted them into transgenic mice labeled with GFP. Images reprinted with
permission of PNAS,

types of the disease clearly demanstrates
the potential of the new technigque for fur-
ther probing the points at which cancer
and host tissues cooperate,

[n 1889, The Lancet published an arti-
cle that used agricultural terms to describe
metastasis. “The seed and soil hypothe-
sis” states that a tumor distributes “seeds”
throughout the body via the bloodstream,
but that the cancer only grows in tissues
that support it. Since that time, research
has continued 10 uncover the crucial role
that a receptive host tissue plays in metas-
tasis.
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In the past several years, oncology re-
searchers worldwide have turned new at-
tention to these blood vessels as thera-
peutic targels. The rationale is simple: Kill
the tumor by chaking off its bload sup-
ply or by preventing the blood supply
from growing in the [irst place. The result
has been a host of drugs specifically de-
signed Lo kill rapidly growing cells, such
as these new blood vessels. What hasn't
been studied fully is the interaclion be-
tween the twmor seeds and the host cells
that accept and eventually nourish them.

The principal investigator, Robert M.

explained Sheldon Penman of
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Hoffman from the University of Califiormia
and founder of AntiCancer, along with
Penman and a team of ather AntiCancer
researchers set out to explore this area fur-
ther. To tackle the problem of how to ob-
serve the different tissues as they grow
and change, they tumned 10 GFP and to
DsRed2, a red fluorescent protein (REM).
LIsing genetic engineering, researchers can
make virtually any living cell express ei-
ther oof the two proteins, which then fluo-
resces red or green when exposed 1o ultra-
violet light. Because the cell’s DNA makes
the protein, any cell division that occurs
carries the fluorescent protein’s code so
that its cellular offspring also Auoresce,

They abtained mice that had been ge-
netically engineered to contain GFP and
crossed them with a nude variety 10 pro-
duce nude transgenic mice for the study.
The GFP mice expressed the protein in al-
most every tissue in their bodies. Then
the scientists genetically engineered four
types of twmor, representing the major
types of human cancer — prostate, breast,
cutaneous melanoma and orthoptic co-
lon cancers — to contain red fluorescent
protein,

The scientists introduced the RFP tu-
mors into the GFP mice and, over time,
the two colors allowed them to see the
interaction between the tumors and
mexse tissue, Atintervals from three days
ta four weeks after the cancer cells were in-
traduced, the team obtained biopsies from
the tumors and conducted whaele-body
imaging studies.

Hoffman said that the main challenges
to this work were the sensitivity, resolu-
tion and depth required for whole-body
imaging. The group needed a camera sen-
sitive enough to detect low levels of Tluo-
rescence and to distinguish the desired
fluorescence from tissue autofluorescence.
It also needed 10 image deep into the
mouse with a resolution high enough 1o
resolve single cells. To ensure that the can-
cer cells placed in the mice would flua-
resce brightly, the team cultured them in



vitre and isolated the brightly flue-
rescent cells, which were intro-
duced into the mice,

To conduct the whaole-bady
imaging, the scientists used a fluo-
rescent light box illuminated with
470-nm light from a mercury lamp
coupled 1o a fiber optic lighting
system from Lightools Research
of Encinitas, Calil. To capture the
whole-body flucrescence, they
used a long-pass filter from
Chroma Technology of Brattle-
boro, ¥, and a Hamamatsu
C5810 three-chip, cooled, color
CCD camera from Hamamatsu
Photonics of Bridgewater, N.J,
Hoffman said that manv other
types of CCD cameras could be
used for the imaging.

To study the biopsies, the re-
searchers used an (_)l_‘!-'jl'l_l_ﬂ[ﬁ BH2-
RECA fluorescence microscope
with a 100-W mercury lamp for
sample excitation and illumina
tion. To capture both red and
areen [luorescence, they passed
the excitation light through a
[7425/60 bandpass filter and a 470
DCXR dichroic mirror, Then they
captured the image using the same
camera and a long-pass filter,

Cooperating cells

In the Movember Issue of PNAS,
they report that they saw, in shorl,
the cooperation ol host cells with
twmaor cells to start angiogenesis.
Images from their work clearly
show green fibroblasts and en-
dothelial cells from the host tis-
sue starting 1o form tiny blood ves
sels inside the tumor mass, They
captured images of green host den-
dritic cells contacting tumeor cells
with their dendrites, They also
used the model to see immune
syslem responses, such as green
lvmphooyvies attacking a red breast
wmor mass and green macrophages en-
gulfing red prostate cancer cells,

Although there are no direct clinical
applications of this method, Hoffman
said that the research has valuable clini-
cal implications, such as the ability 1o de-
velop both antitumer therapy and therapy
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that targets cells that support the tumor,
such as the endothelial cells [orming the
tumeor blood vessels. This later approach
promises o be a major innovation in can-
cer chemotherapy because it offers an en.
tirely new Larget that is distinet from nor-
mial host tissue, he explained.

Labeling cancer cells with red
fluorescent protein and host
cells with GFP allowed
researchers fo see the onsct
of angiogenesis in host
epithelial cells (arrowheads)
and fibroblasts (arrows).

The GFP clearly labels
host-derived blood vessels
feeding mouse melanoma cells
labeled with red fluorescent
protein.
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In the part of a tumor
containing necrotic tissue,

the fumor blood vessels —
developed from GFP-expressing
host tissue — can be easily
identified, unlike the necrotic
area where only fragments of
the vessels can be seen.

The group plans o continue applving
the method to better understand the in-
teractions between host and tumor cells.
It has developed more than 100 distinct
lines of fluorescent tumors, of which only
about 15 have been studied. (]

Kewitt Robinsen
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