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Introduction

Despite progress on many fronts in cancer researetastasis
remains the most intractable problem and accoontmbst
cancer deaths

It is critically important to this research that wederstand the
interactions of metastatic cells with their hostisnment

Fuchs (1882) and Paget (1889) proposed the hypettiesti
characteristics of malignant cells as well as desihn tissues
determine whether metastases become successfiabjissed in
secondary sites

directions; but theg ow if tHeyl on
congenial solil ... stasis. lawewe
shall find evidences 0 ; we shadl gt one
remote organ is more-pron e seat of sacpnd
growth than another qlency of secondasgake

interest when we contras e immunity e/&d by
other organs. The spl s s0 to speak, the claamces
as the liver; its artery is e .u’ ger than thealtie artery; it
cannot avoid embolism. \Yekthe liver was the séaancer
in 276 cases; the spleen ionly. Such a digption
cannot be due to chance

Paget, S.The distribution of secondary growt?Hs in cancethef breastLancet, 18891: p. 571-573

- Also preferential loc

Disproportiona

B16F1/F10
metastases

Dingemans, K.P., R. van
Spronsen, and E. Thunnissen,
B16 melanoma metastases in
mouse liver and lung: I.
Localization.Invasion
Metastasis, 198%: p. 50-60.

Location rﬁe in Lung
25x10 a i orescent
nanospheres quse lung
Location anal n lung and every
day as metastase

Results:

1. No significant initia] epce: cells went wheever space

was available in tl

2. No significant prefere cation as cells lpan dividing,

up to day 4

3. Highly significant prefe J ¢é by day 10
4. Declining significance \dslgpace filled by day 14

5. Preferential growth

Initial distribution in lung

O
(]

% of total

Location relative to lung structures > 100 microns

Cameron, M.D., et alTemporal Progression of Metastasis in Lung: Ceiival, Dormancy, and Location
Dependence of ] Research, 20080 p. 2541-2546.
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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 lgan
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 inapoptosis
with location in lung
100

No cells were
%6 of calls ur_1dt_ergomg apoptosis
undergoing apoptosis within metastases at
within melastasessoi any locations in Iung,
at day 4, day 10 or at

day 14

All locations in lung, days 4, 10 and 14

Differences inproliferation
with location in lung

% of cells

proliferating
within metastases I
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Bars:
100 microns

C\%_% w Part of lung thick section at 14 days
Preferential dis jon but
- Not caused b

. . . . Arrows:
— Initial distributiopon_en he organ remnant
— Preferential cel fluorescence
L . . . indicating
- Distribution is dug @entlal growth rates, undivided
especially at surfac cells

« Location preferen
— Increases after start
— Decreases as Spa

nsitory
Il division (day 4)
ed by tumour

Metastases with cells retaining

O ?
nanosphere fluorescence M h
. Distributiont was due to
preferential growthirz especially at

surface

cenice-at margins
n@@ted fewer cell
I

% of metastases

divisions in thos
O

- Was preferentia GFo)
within metastases2<,
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Mutual inhib.ition bet\geen metastases

~p<0.001 [ N

_ *p<0.05

L 1. Guba, M., et al., A Primal d Rromotes Dormancy of Solitary
Tumor Cells before Inhils 3

endogenous inhibitor of

997. 88: p. 277-285.

erapy to a Primary Tumor

if} Mige. Cancer Res, 2001. 61(5): p.

3. Camphausen, K., et al., Radiat
Accelerates Metastatic Groy
2207-2211.

% of cells proliferating within metastases
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Mutual inhibition: dua

. .
/ Folkma
factor in urine ef.mi

prevented gro of
- Double injectigh € o: ent to target both liver
and lungs of mise>wi
(preferential for
. 3 groups: Lungs
double sham con

o)
collected for anal

=
Folkman, J.Tumor angiogenesis\%v Cancer Res, 19883 p. 175-203.

ious isolation of a
mary tumors that

liver/sham, dual (and
lood samples also

Dual injection results

o Liver Metas
o Lung Meta:

o Liver d

INULHTIUTT UL viv
wicali wvialiicu

arge (
- Ambiguous results:
— dual 50% fewer liver metas ut this was igatfcant
— dual > 2-fold reduction in lu astases diam(gtes 0.0384)

« Would results be reversed

6F10 cells (prefeatid lung)
were used instead of B16F1

cells?

Mutual inhibition:

Ann Chambers gfoupJou fation in numbkee, and
distribution of melanama ) n mice infeetih

10 cells
Using higher density q . And (2) 2.5 x 19B16F10
cells injected to targe g’produced consistent different

results dé;

Most metastases did n 0 Ce up to 14 daysiwjéetion,
most grew as mounds ¢ 3

in size, shape, and dist
Results: Size, distributidr@n
of metastases =

d morphology dependlensity

6 days 8 days

B16F10 Eu %etastases
@T
(T

! 5, ® 3 | 14 days

A

Uniform small metastases at mopse lung surfacderRlivisions 1 mm

-Metastatic growt
level

«Inhibition of metastases studiedi
— Inhibition by a primary;:mefastatic growth accelerates if
primary removed surgically or by radiation treatment
— Inhibition by distant neta esdn other organs: nconclusive

— Inhibition by metastases in
depending on density

<For metastases > 1 mm

w

Future Work:-C
Inhibition in-Clasel

- Depletion of ri
lesions (signa
oxygen, waste

- Inter-cell signal
factors secreted

of Mutual
etastaseg

¢

)nter-lesion space?
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Rate of depletion

buildup of waste products
different densities ofce
Probes can assay fasto
respiratory rate in sit

The first 2 can be cons ed relevant in closely
spaced metastases iﬂ ame organ

Contact signaling through cell-

enibrane potental V of
ic current
ne resistance atell

actor of 0> that of a coupled

ratio is 0.5 t.9;
ch as fluoresceirarge

000) via junctions
nbrane resistance ~ugace

surface of an isolated
cell inter-cell membra
permits rapid diffusiol
molecules (e.g. BSA,
In cancer cells, inter-ce
membrane resistance; c g ratio <0.02

Cells within the same lest ight use this commuration,
but are not connected to cells of nearby lesions

Signal strength is prgportiabal tq |

In cancer cells, autoctine_signaling often overt
proliferation

e-recep
o

ar ex eltllar signaproteins: mitogens,
als as'wetlas nutriets and oxygen
y contact eighbors on all sides:
of celtdivisiorflects the ability of a cell to

Neighbouring cells compe
growth factors, survival sign
Normal cells stop prolifera
density-dependent inhibitio
deplete local medium of extr; ib mitogens andther factors, thus
depriving its neighbours

Cancer cells often do not req tracellular mibgenic signals, and
can proliferate without them P
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