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METASTASiS by the haematogenous roLute
is a continuous process, and it appears
likelIy that cancer cells are released into
the blood-stream from primary cancers in
suiecessive waves. The question therefore
arises whether the arrest and retention of
one "pulse" of circulating cancer cells in
an organ modifies the retention pattern of
a succeeding "pulse". In this communica-
tion, we describe and discuss the effects
of a single pulse of NNWalker-256 (WV256)
cancer cells, given via the tail veinis of
tumour-bearing rats, on the retention in
the lungs of a seconid pulse of radiolabelled
cells. Natural metastasis only occurs in
animals bearing primary cancers, and
tumour-bearing itself may nmodify the
retentioii patterns of cancer cells injected
i.v. into animals. Preliminary experiments
were therefore made to assess the effects
of tumour-bearing, and subsequent experi-
ments were made with animals bearing s.c.
W256 cancers.
The WV256 cancer was carried in ascites

form in female Sprague-Dawley rats
weighing 150-200 g.

Before injection, 20 ml of ascites fluid
was collected in 100 ml ofice-cold, calcium-
magnesium-free Dulbecco's phosphate-
buffered saline (PBS; pH 7.2), and centri-
fuged for 10 min at 130 g. Most of the
erythrocytes were removed by hypotonic
lysis, which changes neither the viabilities
of the W256 cells (Weiss et al., 1 974a) nor

Accepted 18 Alay 1979

their suirfaces as reflected in mneasurements
of electrophoretic mobilities (Weiss & Har-
los, in preparation). These cells were
resuspended in HBSS at a concentration
of 2 x 107 trypan-blue-excluding W256
cells per ml, and 0 5 ml of stuspension was
injected s.c. into the right flank of each
rat. Animals were used after 7 days, when
the average diameter of the tuimour wvas
2 cm.
Cells from ascites tuimours were pre-

pared as above, except that the final
washing and suspeinsion were made in
Medium RPMI 1640, and the suspensions
were inctubated for 2-5 lh at 37°C in spinner
flasks. Wlhere radiolabelling was required,
08 ,uCi 1251-iododeoxyuridine (lUdR,
Amersham, Arlington Heights, Ill.) was
added to each ml of cell suspension. The
cells were next washed x 6 (130 q) in
HBSS, and resuspended at a concentra-
tion of 107/ml. Inijections of 0 4 ml of
suspension were madle via the tail veins
of ether-anaesthetized animals.
At designated times after receiving

labelled cells, animals were anaesthetized
and exsangutinated by decapitation. Their
lungs were placed in 700/ ethanol and
y-counted. After counting, the specimens
were subjected to 3 changes of ethanol
over 3 days, anid the residual radioactivity
determined.
Repeated exposure to alcohol removes

radioactivity not associated with intact
* Perma1niient addre.s: St Mary's HIospital AedIi(al Sclool. London. U.K.
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cells (Bryant & Cole, 1967). Single tail-
vein injections of radiolabelled W256 cells
were administered to tumour-bearing (TB)
and non-tumour-bearing (NTB) rats at
to, and counts were made on the lungs of
animals killed after 5 min (t5), 60 min
(t60), 120 min (t120), 240 min (t240) and
27 h (t27h). The y-counts are expressed as
percentages of the dose given at to in
individual experiments, determined by
counting samples of the cell suspension
(- 13,000 ct/10 min). The results sum-
marized in Fig. 1 show that in both TB
and NTB animals there is a small (- 2-5%)
consistent loss of radioactivity from the
lungs on alcohol extraction.
The results, which are also summarized

in Fig. 1, show that in both TB and NTB
animals, all the injected cancer cells are
initially arrested in the lungs, but that
they are gradually released until, by 27 h,
less than 1% remain. Although similar
proportions of injected cancer cells are
initially arrested in the lungs of both
groups of animals and are retained in
them for at least 1 h, significantly fewer
cells are retained after 120 min (0 01 >P >
0.001) and 240 min (0-02>P>0 01) in
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the lungs of the tumour-bearers. After
27 h no differences are detectable. The
data given in Fig. 1 are based on experi-
ments made on 147 tumour-bearing and
90 non-tumour-bearing rats.
For comparison of single and double

injections in NTB rats, the rats received
either a single injection of radiolabelled
cells or an injection of non-labelled cells,
followed 60 min later by an injection of
labelled cells. 73 animals received a single
injection, and 32 received double injec-
tions. The results, which are summarized in
Fig. 2, reveal no significant differences in
the arrest or retention patterns of the
labelled cancer cells in the lungs of NTB
animals up to 120 min after injection. In
these circumstances, the first injection
was without effect on the second.

116 TB rats received single injections
of cancer cells. Of those receiving double
injections, 53 received cells followed after
60 min by radiolabelled cells, and 41
received 0 4 ml HBSS and then labelled
cells.
The results summarized in Fig. 3 show

that although the initial arrest pattern
(t5) of labelled cells in the lungs of all 3

to tt1060 2O t80 t240 t27h
FIG. I. Thie retenition of radiolabellecd WV256 cells in the lutngs at specified times after tail-v7ein

injection into tumouir-bearing an(d nion-ttumour-bearing rats. All counts are given as percentages of
the administered dose. The tipper (@ *) curves show the counts before, and the loner curves
( O O ) aftei alcolhol extraction. The standardl errors, whiehli are sho-wn on oiily one set of means,
all fall witliin the same range.
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FIG. 2. The retention of W256 cells in tlhe
lungs of non-tumour-bearing rats, for up
to 120 min after either single (0) or tlhe
secon(l of twro (0) injections.
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Fia. 3. The retention of AV256 cells in the
lungs of tumour-beariing rats for periodls of
uip to 120 min after single injections of
labelled (*) cells ( - -), or after the seconcl
of two injections of either HBSS then
labelled *cells ( ) or unlabelled then
labelled *cells ( * ). The first of the two
injectionis was given 1 li before the second.

groups is similar (0.9>P>0.8) and the
similarities are maintained after 60 min
(P= 0 4), by 120 min the loss of these cells
is less in the groups which have received
the double injection of cells (0-01 >P>

0.02) than in the other 2 groups. After
27 h the mean percentage count in the
group receiving the double injection of
cells was 5 8 + 13% (n=9), compared
with 0.23+0.50/ (n=12) for the group
receiving the single injection; this dif-
ference is highly significant (P < 0.001).
The above experiments showed that the

differences in retention patterns between
animals receiving single and double injec-
tions were maximal at t120. To determine
the persistence of these effects, the inter-
val between the first and second injections
was extended from the usual 1 h to 3 h,
and animals were killed 2 h after the second
injection. When the retention patterns are
compared with the lung counts 2 h after
a single injection of radiolabelled cells
(57.2 + 1.8%; n=56), the lung counts are
not significantly different (0 9 >P> 0 8)
from those in animals receiving either
cell suspension (57.0+422%; n=10) or
HBSS (58.5+3l1%; n=10) in the first
injection.

During the process of metastasis by the
common haematogenous route, circulating
cancer cells must be arrested at the vas-
cular endothelium, whence they grow or
crawl out of vessels into the surrounding
tissues (Chew et al., 1976; Wallace, 1978;
Warren, 1979). It is generally agreed that
metastasis is an inefficient process (Zeid-
man et al., 1950; Greene & Harvey, 1964)
in that of the many cancer cells released
from primary cancers (Butler & Gullino,
1975; Liotta et al., 1974) relatively few
develop into overt metastases (Weiss,
1979). One explanation for this disparity,
which is central to any understanding of
the "economics" of metastasis, is that most
of the circulating cancer cells arrested at
the vascular endothelium are released
again into the circulation (Wood et al.,
1961; Fidler, 1970; 1976) where they
perish (Weiss, 1978) as a result of a com-
bination of mechanical (Sato & Suzuki,
1976) and chemical (Holmberg, 1964)
trauma.
The present experimental data (Fig. ])

show that in common with other tumour-
host systems, most of the administered
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caincer cells are temporarily arrested in the
lutngs after tail-vein injections, but they
are subsequtently released from pulmonaryr
sites until, by 27 h after injection, com-
l)arativelv fewAr remnain. The incidence of
cancers in the ltunigs of rats after tail-vein
injections of unliabelled WV256 cells in other
experiments has been recorded in this
laboratory for some years. After the i.v.
injection of 106 or 107 W256 cells, - 800o
acnd 10000 respectively of animals de-
veloped tumours in their lungs. Thus,
although in the present experiments less
thatn 0.12% of an administered dose of
4 x 106 cancer cells was retained in the
ltunigs 27 h after single injections (Fig. 1),
this represents 5 x 103 viable cells which are
alparently capable of generating pul-
monary tumours.

In pulmonary embolism, a high degree
of circulatory collapse may result from
the obstruction of minor branches of the
puilmonary artery (Florey, 1970). This is
probably due to a reflex spasm of other
aldditional branches of the pulmonary
arteries, possibly mediated through
stretch-receptors (Aviado & Schmidt,
1955: Niden & Aviado, 1956). The rele-
v<ance of this to puilmonary metastasis is
stlggested by the observations of Potter
et al. (1.961), who observed that in the
rcabbit injection of V-2 carcinoma cells
produced localized circulatory arrest, not
only in terminal arterioles plugged by
tumouir emboli, but also in vessels con-
taining no emboli, to w\hich blood-flow was
frequently restored by 10 min to 2 h. In
addition to the involvement of stretch-
receptors, pharmacologically active sub-
stances released at the site of embolism
may trigger reflexes leading to hypoten-
sion and bradycardia (Dawes & Comroe,
1954). Thus it might reasonably be expec-
ted that the arrest of cancer emboli in the
vasculature of the lungs and other organs
would lead to alterations in the arrest
patterns of succeeding emboli, and that
this effect wouild be over and above that
(lile to direct blocking of "arrest sites"
bv the first wave of emboli.
Attempts were made previously to

assess the alterations produced by a prior
i.v. injection of Gardner lymphosarcoma
cells on the short-term arrest and release
patterns in the lungs of a second injection
in mice bearing this cancer (Weiss &
(Claves, 1978). The results indicated that
interactions between the host and the first
injection markedly increased the pulmon-
ary retention of cells given in a second
injection, compared with those retained
after a single injection. However, similar
increases in the retention of a second
injection of cells were also seen when saline
was substituted for cancer-cell suspension
in the first injection. Upon reflection, it was
not surprising that tail-vein injections of
0-2 or 0 4 ml of fluid should have produced
circulatory distturbances in mice, since
these represent 1000 and 20% respectively
of their blood volumes (. 2 ml). The
present experiments were therefore made
on young adult rats with blood volumes of
12- 14 ml.
Non-tumour bearing rats were given

either single injections of radiolabelled
cells, or an injection of non-labelled cells
followed after 60 min by an injection of
labelled cells. The lung counts given in
Fig. 2 show tlhat, although more cells are
initially arrested (t5) after a single than a
double injection, the difference is not
statistically significant (0 2>P> 041) at
this time, nor at t6O and t120. Although
these experiments on non-tumouir bearing
animals fail to demonstrate a significant
effect of a prior pulse of cancer cells on a
succeeding one, previous work has demon-
strated that the arrest patterns of injected
cancer cells in mice may (Weiss et al., 1974b;
WVeiss & Glaves, 1976; Glaves & Weiss,
1976) or may not (Weiss, 1978) be altered
by tumour-bearing. The experiments
summarized in Fig. 1 show that in
animals given single injections of cancer
cells, although the initial arrest in the
lungs of tumour- and non-tumour-bearing
animals is similar, the release of these
arrested cells from the lungs is faster in
the tumour bearers.
When tumour-bearing animals were

given double injections of W256 cells,

4S6;
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the lung counts (Fig. 3) indicated that the
initial arrest of the labelled cells was
similar in both cases, and that statistically
significant differences in retention could
not be demonstrated after I h. However,
2 h after administration of labelled cells,
more were retained in the animals receiv-
ing the double than in those receiving the
single injections. Increased retention per-
sisted for at least 27 h in the animals
receiving the double injections. These
differences, which according to Wallace
et al. (1978) represent increases in the num-
ber of extravascular cells in the lungs,
therefore indicate potential tumorigenic
synergism between the first pulse of
cancer cells and the second, since 25 times
(58%0: 0 23 %o) more of the second pulse
than the first is delivered to the extra-
vascular pulmonary tissues. In contrast
to the mouse (Weiss & Glaves, 1 978),
in the rat this effect of the first injection
on the retention pattern of the second is
due to interactions between the host and
the first pulse of cancer cells themselves,
as distinct from their suspending fluid.

Previous work showed that the effects of
tumour-bearing on the modified arrest
patterns of injected cancer cells were
immunospecific (Weiss & Glaves, 1976).
The observation that the modification of
the retention pattern of a second injection
by a prior injection of cancer cells is seen
in TB but not in NTB animals therefore
raises the question of the nature of the
host-cancer interactions responsible for
the modification, and the mechanisms of
their action. One possibility is that the
changed retention pattern is the conse-
quence of an immune response of the host
to an immunogenic tumour. Future work
with nonimmunogenic tumours will, we
hope, clarify some of these questions.
However, regardless of the explanation,
the present data, which demonstrate an
effect of a prior wave of cancer cells on the
retention pattern of a succeeding one in
the same organ, serve to emphasize the
potential importance of regarding meta-
stasis as a continuous series of overlapping
processes.
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