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Introduction
Mutual GI‘OWth Inhibition . Despite progress on many fronts in cancer research, metastasis
remains the most intractable problem and accounts for most
Between Metastases cancer deaths
Dianne Cameron, PhD . It is critically important to this research that we understand the

interactions of metastatic cells with their host environment

Coordinator, Radiation Therapy Program «  Fuchs (1882) and Paget (1889) proposed the hypothesis that
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characteristics of malignant cells as well as destination tissues

determine whether metastases become successfully established in
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Paget’ ' pthesis

“When a plant goes tos 3§ Seeds-are carried in all

directions; but they if they fall on

congenial soil ... The S astasis. Here, too, we

shall find evidences of pre e shall see that one

remote organ is more prong eat of secondary BI6FI/F10
growth than another .. { y of secondary disease metastases

act; but it acquires fresh
immunity enjoyed by
<{o-§peak, the same chances
¢y than the hepatic artery; it
ver was the seat of cancer
y. Such a disproportion

Dingemans, K.P., R. van
Spronsen, and E. Thunnissen,
B16 melanoma metastases in
mouse liver and lung: 1.
Localization. Invasion
Metastasis, 1985. 5: p. 50-60.

other organs. The spleenha
as the liver; its artery is event
cannot avoid embolism.
in 276 cases; the spleen in 1§
cannot be due to chance.”

Paget, S., The distribution of secondary growths r? cancer of the breast. Lancet, 1889. 1: p. 571-573.

Location 2 i in Lung Initial distribution in lung
.« 25x103 abele orescent o
)
nanospheres, tq ¢
. Location anal&

1.  No significant initial

% of total

2. No significant prefe;

up to day 4 l
3. Highly significant prefereneé
4. Declining significance & Location relative to lung structures > 100 microns
5.  Preferential growth 2

Cameron, M.D., et al., Temporal Progression of Metastasis in Lung: Cell Survival, Dormancy, and Location
Dependence of Metastatic Inefficiency. Cancer Research, 2000. 60: p. 2541-2546.
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Tumor burden at lung surface
and in whole lung, days 10 and 14

B Surface
[0 Whole Lung

Tumor burden (% volume)

10 days 14 days

Distribution of tumor burden, days 10 and 14

Tumor burden relative to whole lung

Location Preference in Lung

Results:
1. No significant initial preference: cells went
wherever space was available in the lung
2. No significant preference in location as cells began
dividing, up to day 4
3. Highly significant preference by day 10
4. Declining significance as space filled by day 14
Next Questions:
1. Preferential cell death (apoptosis)?
2. Preferential growth?

Tests for Apoptosis and
Proliferation

Adjacent serial sections of lungs were
prepared with the following:

S100 used to identify melanoma cells
Ki-67 used to assess proliferation
TUNEL assay to assess apoptosis

Differences in apoptosis
~with location in lung

No cells were

% of cells undergoing apoptosis
undergoing apoptosis within metastases at
vithin metastases | any locations in lung,
at day 4, day 10 or at
day 14

All locations in lung, days 4, 10 and 14

Differences in proliferation
with location in lung

% of cells

proliferating
within metastases I
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Preferential disi io)

—

- Not caused by

Part of lung thick section at 14 days

Bars:
100 microns

Arrows:
— Initial distributi the organ remnant
— Preferential cel Sluorescence
.. . . . indicating
- Distribution is d r@‘entlal growth rates, undivided
especially at surfa cells
« Location preferenc nsitory
— Increases after start 1 division (day 4)
— Decreases as space i by tumour
Metastases with cells retaining @)

nanosphere fluorescence

% of metastases

- Distributio i ses was due to
preferential ates, eSpecially at
surface

Mutual inhib.ition betugjeen metastases

#p<0.001 N

_ #p<0.05

% of cells proliferating within metastases

TtHerapy to a Primary Tumor
Accelerates Metastatic Grow e. Cancer Res, 2001. 61(5): p.

2207-2211.
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g Liver Meta:
o Lung Meta:s

Mutual inhibition: dua Dual injection results
«  Prompted by

) ;
ofkina isolation of a
factor in urine.of-mice with primary tumors that

prevented growth of-mie

«  Double injection e

and lungs of mic
am, ftver/sham, dual (and

lo target both liver

INuIpweL uL v

lvicall viaiicuw

(preferential for lj
« 3 groups: Lungs/s

double sham contrdly; [blood samples also + Ambiguous results: _ o
collected for analysi — dual 50% fewer liver metastas¢ this was not significant
Y q — dual > 2-fold reduction in lung tases diameter (p = 0.0384)
= + Would results be reversed i 10 cells (preferential to lung)
Folkman, J., Tumor angiogenesis. A%v Cancer Res, 1985. 43: p. 175-203. were used instead of BI6F1 cells?

Mutual inhibition:

WL ]

BIGF10 Lt Mtastases

- # 3

«  Ann Chambers gre nd Wi on in number, size, and T N §
distribution of me’ a metq pice injected with o .
< 105 cells 6 days 8 days
«  Using higher density © 5 x }0)%Nand (2) 2.5 x 10° B16F10
cells injected to targe e prodiced consistent and different
results
«  Most metastases did no p to 14 days after injection,
most grew as mounds at § eof lungs, remarkably uniform
in size, shape, and distribi 12 days | 14 days

- Results: Size, distribution a
of metastases = U

orphology depend on density

Future Work: of Mutual
Inhibitio %etastases

«Metastatic growt| a-ah exa €0 ology at the cell
level
+ Depletion i etween adjacent

<Inhibition of metastases stadied iSeveral ways:

¥ metastaty
ically pr by radiati
ot

tastasesin other organs: inconclusive oxygen, waste re

— Inhibition by distant
evidence that growthyis } ssap . . .
— Inhibition by metastase amiedrgan: transitory effect « Inter-cell signa g U nown lnhlbltory
depending on density of mye a
«For metastases > 1 mm, a
«For small crowded metast

Mo tions &VK
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O
Mutual Growth Inhibition
Cancer Metastasis Group of Western Ontario: Between Metastases
Tan MacDonald, Ala yam, Ann Chambers
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Resource ition Between @

4 primary type cell-c ication, which
Rate of depletion of nutrients i medium and rate of vary in speed and selectivity o

buildup of waste products bemeasured in culture for 1

N o . Contact depende
different densities of,

«  Probes can assay faci in e e¢llular matrix and cell Jul tri If and neichb
respiratory rate in situ,w between lesions cellular matrix U on sell and neighbours
3. Synaptic signal in neurons)
4. Endocrine signal) ormones secreted and
carried in blood)\-acts over long distances
J The first 2 can be considéred relevant in closely
ju spaced metastases in € Vs Ame organ
Contact signaling through cell- Paracrine signaling through extra-
Ci P CE A1 ﬂ Vi~
MOSt,cancer cells Signal strength is prop gnaling cells of same type
Junctional comple . In cancer cells, autocrine es normal controls on
«  Cell coupling ratio: ra enibrane potential AV of proliferation

ic current . Many enzyme-linked cell surf are oncogenes implicated in

« In normal epithelial cel arle resistance at cell this type of signaling: e.¢ yn tumors have ras mutations

surface of an isolated tor’ of 10* > that of a coupled . Nelghboprmg cells compete extracellular sn.gnal proteins: mitogens,
. P growth factors, survival signals as-welhas nutrients and oxygen
cell inter-cell membrape;coup! ratio is 0.5 to 0.9; . . . .
its rapid diffusion-of i h as fluorescein. larse Normal cells stop proliferating whe ey contact neighbors on all sides:

permits rap! o - as g , larg density-dependent inhibition g vision reflects the ability of a cell to
molecules (e.g. BSA, M ai-’ ) via junctions deplete local medium of extracell i and other factors, thus

«  In cancer cells, inter-cell miemibrane resistance ~ surface depriving its neighbours W/
membrane resistance; co

can proliferate without them

v ratio <0.02 + Cancer cells often do not mqui@acellular mitogenic signals, and
«  Cells within the same lesiofi] ht use this communication, jV

but are not connected to cells of nearby lesions
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