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Invasive potential and actual invasion:
An essay on tumor progression

Peter Strauli

1. Invasion as a criterion of malignancy

Tumors have various means to endanger and
eventually to kill their hosts. Growth of a
neoplastic cell population, even if it is strictly
expansive and does not encroach on
neighboring normal structures, is perilous in
an organ with a limited range of adaptation
to increasing pressure, e.g. in the brain. Fur-
thermore, tumors producing excessive
amounts of hormones or similar agents can
imperil the host irrespective of their growth
behavior. Within the vast spectrum of death
by neoplasia, however, these are relatively
rare instances compared to the effects of in-
vasion and their eventual sequel, metastasis.
Invasion or local spread is therefore the chief
characteristic of malignancy, and as long as
morphology is responsible for the definitive
diagnosis of cancer, the search for invasion
in histological preparations remains irrep-
laceable.

2. Principal mechanisms of invasion

It is a truism that tumor invasion is a com-
plex process which represents, at every mo-
ment, the result of tumor action and host
reaction. In spite of this complexity a rough
concept of invasion, at least of heuristic
value, is possible (Strauli 1980). It must be
based on those properties and activities of
cancer cell populations that are regularly or
at least frequently recorded in surveys of
clinical and experimental malignancies. Such
features are tumor cell multiplication, exer-
tion of Iytic effects, and tumor cell locomo-
tion. Of these, proliferation is the basic
property of neoplasia. Benign tumors as well
as incipient stages and many metastases of
malignant tumors show that cell multiplica-
tion alone is unable to achieve invasion and
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therefore needs support by  other
mechanisms. Admittedly, progressive mul-
tiplication of cancer cells (Willis 1973) is an
elementary factor, even the driving force, of
local spread in many types of cancer, and
this is easily understandable, since two (or
more) daughter cells require more space than
one cell. Such space must be taken from the
host, and this calls for lytic action. Thus,
proliferation and destructive influences to-
gether can accomplish invasion and must not
be supplemented by cancer cell locomotion.
But when and where the latter becomes
operative, it can increase the spead of local
spread and expand its range.

To what extent are the three mechanisms of
invasion operative in solid cancer? In man,
the most frequent type of this tumor class is
squamous cell carcinoma, of which carci-
noma of the ectocervix is the most inves-
tigated representative. The available in-
formation on Jlocal spread of cervix
carcinoma is summarized in the next para-
graph.

3. The lesson of human cervix carcinoma

Owing to early detection by colposcopy and
exfoliative cytology, innumerable specimens
of cervical carcinoma were and still are sub-
jected to histological examination. A first
consequence of this endeavour was the de-
scription of a preinvasive stage with a neo-
plastic focus confined to the epithelium and
exhibiting no tendency to extend in depth.
Unfortunately, a proliferation of terms
complicates communication about cervical
cancer. Intraepithelial neoplasia is an ad-
equate designation for the preinvasive stage,
but the term carcinoma in situ has also be-
come established. The lesion is intra-
epithelial with regard to the epithelial-stromal
junction represented by the basement mem-




brane. However, multiplication of the neop-

lastic cells frequently results in their piling-
up above the former epithelial surface. Many
cells of these exophytically growing neop-
lasias are shed. This is not only the raison
d’étre of clinical cytology, but also a factor
that slows down overall growth of the neop-
lastic focus.

The next stage is microinvasive carcinoma.
Although there is no universal agreement on
definition and description of this phase, a
prevailing pattern is recognizable (Hamperl
1959, Ober et al. 1961, Burghardt 1973,

Figs. | and 2. Squamous
cell carcinoma of the hu-
man ectocervix. Transi-
tion from carcinoma in
situ  to  microinvasive
g carcinoma.

Fig. 1. A cohesive projec-
tion, consisting of pleo-
morphic carcinoma cells,
extends from the base of
the tumor into the
stroma. The host tissue is
infiltrated by inflam-
matory cells, among them
a foreign body giant cell
(circle). Magnification x
160,

Fig. 2. Similar situation.
The pleomorphic cells in
the invading part of the
tumor are clearly recog-
nizable. Magnification x
250.

Figs. 1 and 2 were kindly
provided by PD Dr. C.Y.
Genton, Leitender Arzt,
Institut fir Pathologie,
Universitat Zirich.

Seski and Schmidt 1982). Microinvasion be-
gins with the extension of tongues and
prongs from the base of the intraepithelial
tumor (fig. 1, 2). These prejections consist
of tightly cohesive cells which, in contrast to
the undifferentiated and uniform cells of in
situ carcinoma, are pleomorphic and often
show features of differentiation with keratin
formation. Inevitably, these tumor exten-
sions come in conflict with the basement
membrane. Recently, Spornitz and Hafez
(1982) have presented excellent transmission
electron microscopic evidence for the forma-
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GROWTH PATTERNS OF MICROINVASIVE
SQUAMOUS  CiLL CARCINOMAS OF THE HUMAN

Schema . Growth pat-
terns  of microinvasive
squarnous cell carcinomas
of the human cervix.

1 Intraepithelial tumor.

2 Non-confluent mic-
roinvasion: a finger-like
outgrowth, b bulky out-
growth.

3 Confluent microinva-
sion {coalescence of indi-
vidual finger-like or bulky
parts): a reticular patiern,
b advanced bulky out-
growth.

4 Two sections through
the same tumor show
(left) drop-like foci that
seem to lack continuity
with the tumor, and
{right) the cohesive tumor
mass. Serial sectioning re-
veals in most instances the
continuity of tumor paris
visible in single sections.
Therefore, the distinction
of a drop-like growth pat-
tern i1s hardly warranted,

CERVIX

4

tion of gaps through which parts of the carci-
noma cells are pushed into the stroma. Since
basement membrane material is synthesized
by epithelial cells, decreased supply of such
material could contribute to the weakening
of the basement membrane wherever the
cervical epithelium is replaced by carcinoma.
At the sites of actual penetration, however,
proteolytic activity of the carcinoma cells
must be considered as a factor of microinva-
sion.
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In the stroma, further invasion of cervical
carcinoma frequently displays two more or
less successive patterns, non-confluent and
confluent; in both, finer (finger-like} or
coarser {(bulky) outgrowths can prevail
(schema 1). It must be emphasized, however,
that intermediate forms do occur and that
attempts to describe growth patterns should
not divert from the concept of a biological
and clinical entity represented by microin-
vasive carcinoma of the cervix.




With regard to mechanisms of invasion, two
points merit special attention:
(1) Evidence for lytic effects can be found in
the immediate vicinity of the microinvasive
tumor parts. They consist in alterations of
the stroma with degradative changes of col-
lagen (reticulin) fibrils and the appearance of
edema. Since the same sites are frequently in-
filtrated by host cells (lymphocytes, plasma
cells, eosinophils), the origin of the lytic
agents is an open issue. The tumor cells, at
any rate, are serious candidates. A cathepsin
B-like activity has recently been dem-
onstrated in squamous carcinoma cells from
the human ectocervix, particularly in a sub-
population with a high rate of proliferation
in vitro (Pietras and Roberts 1981). It has
been argued that the onset of invasion in
cervix carcinoma could be due to the
emergence of “‘a cell clone producing a pro-
teolytic enzyme sufficient to weaken the
basement membrane and the underlying coll-
agen’ (Koss 1981). Proof for this course of
events appears now to be within reach.
(2) On the other hand, convincing evidence
for the occurrence of tumor cell locomotion
in microinvasive cervical carcinoma is lac-
king. Such evidence could only be of an indi-
rect nature (direct recording of tumor cell
translocation by microcinematography being
excluded) and consist in the demonstration
of isolated carcinoma cells or cell groups
within the stroma. This can only be achieved
by serial sectioning. In single sections the dis-
continuous localization of tumor elements is,
as a rule, an artefact caused by the complex
shape of the invading tumor front (see bot-
tom of text fig. 1). So far, the strongest argu-
ment in favor of tumor cell locomotion was
provided by Schiller et al. (1953), who de-
scribed a few chance findings of so-called
spray carcinoma. This particular type of
microinvasive carcinoma is thought to de-
velop exclusively in the basal layers of the
ervical epithelium, while the higher strata
remain normal; for this reason the tumor
escapes detection by colposcopy or cytology.
Spray carcinoma ‘‘does not show strands in-
vading the stroma, but the invasion is per-
formed by single carcinoma cells which form
a brush- or spray-shaped structure’’ (Schiller
et al. 1953). No spray carcinomas were
found in the large material of Hamperl,
Burghardt, and later investigators, and it re-

mains doubtful whether such a particular
type of infiltrating cervical carcinoma exists
at all. For theoretical reasons, better
evidence for tumor cell locomotion should
be expected in surgical specimens from ad-
vanced cervical carcinomas; this assumption,
however, is not substantiated by published
reports, The conclusion is justified that inva-
sion of squamous cell carcinoma of the
cervix, at least in its early stage, is ac-
complished by tumor cell proliferation and
by lvtic events in the invasion zone, whereas
a contribution of tumor cell locomotion is, at
best, exceptional.

4. Tumor invasion and tumor progression

Tumor progression, the antipode of tumor
regression, consists in the acquisition of
higher degrees of malignancy by individual
tumors. Since invasion is the main feature of
malignancy, progression must-be expected to
be chiefly expressed in the appearence of in-
vasiveness as such and in the emergence of
the latter’s more advanced stages. Tumor
progression is analyzed in Fould’s ‘‘Neop-
lastic Development™ (1969), one of the
master texts of theoretical oncology. A pas-
sage on carcinoma in situ of the human
uterine cervix reads as follows: “To call it a
cancer is dangerously misleading. Its desig-
nation as an imperfect carcinoma indicates,
in harmony with the best available evidence,
that the quality of invasiveness is not merely
inapparent or latent but is absent and can be
acquired only by progression”. As pointed
out in the preceding paragraph, progression
from the in situ stage to the microinvasive
stage implies the onset of lytic activity, but
not of cell locomotion. There is some mor-
phological evidence that this limited
sequence of progression is not only characte-
ristic for squamous cell carcinoma of the
cervix, but also for other localizations of this
tumor type. It is a reasonable assumption
that full progression (i.e. with inclusion of
tumor cell locomotion) is not or only rarely
attained at the time when human squamous
cell carcinomas are examined after surgery
or autopsy. The same need not be true for
other human cancers, e.g. malignant mela-
noma, although the concept of progressive
invasion is basically applicable to them. On
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the other hand, the limited span of progres-,
sion available to squamous cell carcinomas
corresponds to Fould’s statement that
““progression does not always reach an end-
point within the life-time of the host’’. The
consequence of this deduction is that
progression can be brought to further ad-
vance in the progeny of the original tumor
through transplantation to new hosts. On
this basis we can expect that an extreme de-
gree of invasive potential can possibly be at-
tained by transplantable squamous cell carci-
nomas. The crucial question, of course, is:
Transplantable in what type of host? The
progeny of human tumors cannot be serially
transplanted in human beings. Attempts
were made to use conditioned (X-irradiated
and/or cortisone-treated) animals as hosts
for permanently transplantable human
tumors, among them several squamous cell
carcinomas (Toolan 1954). These xenografts
displayed capacities of invasion which, in
general, did not exceed or even reach those
exhibited in the patient. A noteworthy excep-
tion is H.Ep.3, the fastest growing and most
invasive cancer of the human xenograft
series. Its parent tumor, a squamous cell car-
cinoma of the buccal mucosa, was already in
an advanced stage of spread when surgery
was performed and material from a cervical
lymph node metastasis was harvested for xe-
nografting. In the conditioned host, H.Ep.3
displayed vigorous invasion which, judged
from the published micrographs, occurred in
a more dissociated growth pattern than in
the original host. Spread by single cells was
particularly conspicuous when H.Ep.3 was
implanted on the choriocallantoic membrane
of the embryonated chick egg (Gittermann
and Luell 1973). As a most unusual event in
this experimental approach, H.Ep.3 was
found to metastasize to many organs of the

chick embrye, among them gizzard, heart,
lung, liver, kidney, spleen, intestine, eye,
and brain. We may thus assume that this hu-
man squamous cell carcinoma reached its
full invasive potential after heterotran-
splantation. But this is an exceptional situa-
tion. For systematic studies on dimensions of
invasiveness attainable beyond the indi-
vidual tumor-host association, we must re-
sort to animal tumors. An excellent model is
the V2 carcinoma of the rabbit.

5. The V2 carcinoma of the rabbit, an ab-
solute invader

Skin papillomas of the cottontail rabbit
occasionally progress to squamous cell
carcinomas. From such lesions, serially tran-
splantable tumors were established, of which
V2 (or VX2) became the most widely used
entity (Kidd and Rous 1940). The V2 carci-
noma is a moderately to poorly differen-
tiated squamous cell carcinoma which grows
in domestic rabbits of all strains and shows a
characteristic mode of spread: it penetrates
into surrounding host structures from all im-
plantation sites, produces regional lymph
node metastases in most animals and spreads
to the lungs in about half of the hosts.

As an example of local spread of the V2
carcinoma, some histological findings of
subcutaneously implanted tumors are shown
in figures 3-10. The first four photographs
demonstrate characteristic growth patterns
sequentially exhibited by V2 implants during
two to three weeks. Cell multiplication
proceeds throughout this observation per-
iod. A cohesive invasion front exists only for
a short time and often abuts upon connective
tissue with increased density (fig. 3). Such
capsule-like structures are invaded within a

Figs. 3 - 6. V2, transplantable squamous cell carcinoma of the rabbit. Growth patterns after s.c. implantation.

Fig. 3. A cohesive part of the tumor (left) abuts on connective tissue {right) with increased density. Magnification x

500,

Fig. 4. A less cohesive part of the tumor with remnants of connective tissue, Magnification x 500.

Fig. 5. Tongue-like projections of the tumor extending into the surrounding host tissue which shows a loosened

structure. Magnification x 500.

Fig. 6. A single carcinoma cell (circle) is localized at a slight distance from the invading edge of the tumor. Magni-

fication x 500.
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few days, either by tumor growth in paraliel
sheets which split up and compress the
stroma (fig. 4), or by the extension of tumor
tongues which squeeze into stromal inter-
stices (fig. 5). With progressive dissociation
of the invasion front, single V2 cells and
small cell groups are frequently found in ad-
vanced positions (fig. 6). Serial sectioning
proves that in many instances such tumor
elements are genuinely isolated and must
have reached their acual sites by active trans-
location.

Lytic effects become recognizable within the
first days after tumor implantation. They are
exemplified in the next four figures which
show the destruction of the skin muscle
layer. Histological evidence indicates that
this structure together with its collagen fascia
perishes in contact with tumor cells (figs. 7,
8), tumor and host cells (granulocytes, mon-
ocytes, lymhocytes, fig. 9), and occasionally
with host cells alone (fig. 10). Indeed, the
studies of our group (Graf et al. 1981; Baici
et al. 1982) have revealed that destructive ef-
fects in the invasion zone of the V2 carci-
noma result from a kind of biochemical
interaction between tumor and host with
proteolytic enzymes from both sides as ef-
fectors.

As concerns the third mechanism of inva-
sion, tumor cell locomotion, histology
provides indirect evidence only for its oc-
currence and significance. Direct evidence is
exclusively obtained by time lapse recording
of cell motility. We have therefore studied
the motile behavior of V2 carcinoma cells by
microcinematography (Haemmerli et al.
1982) utilizing experimental conditions of in-
creasing complexity: Motility on glass, on
the surface of normal explanted rabbit me-

senteries, and on and within mesenteries of
rabbits which had received intraperitoneal
implants of the carcinoma. From small
tumor fragments explanted in culture
chambers (figs. 11-15), single V2 cells de-
tach, flatten, and migrate outwards under
display of conspicuous leading lamellae. The
migration of the cells in always short-dis-
tanced. Apparently the V2 cells, in spite of
being on the move almost incessantly, have a
tendency to stay in the vicinity of other can-
cer cells. This “‘socio-locomotory’’ behavior
is consistent with the distribution pattern of
single tumor cells in sections. The mesentery
as a transparent membrane allows the micro-
cinematographic recording of V2 cells tran-
slocating within a living tissue (figs. 16-19).
As long as the tumor cells are on the surface
of the mesentery, they move around in a si-
milar configuration as on glass (figs. 16, 17).
Penetration into the interior, however, re-
quires shape adaptations, and V2 cells per-
ambulating within the fibrillar meshwork of
the mesentery display incessant and striking
shape changes apparently imposed by the
texture of the microenvironment (figs. 18,
19),

Recent studies on spread of the V2 carci-
noma in the mesentery (Strauli et al., 1983)
provide new insight into the possible com-
binations of the three major mechanisms of
invasion. Tumor cells that have migrated
singly into the interior often begin to divide
and thus give rise to small foci. A graded
zone of complete and incomplete destruction
of the loose connective tissue extends around
such tumor nodules. Apparently, lytic ef-
fects depend on the close association of a
minimal number of cells. Multiplication of
V2 cells with formation of foci can also oc-

Figs. 7-10: Destruction of the skin muscle layer of the rabbit during invasion ot the s.c. implanted V2 carcinoma.

Fig. 7. The tumor (right and bottom) has invaded, isolated and partly destroyed the large fibers of the striated
muscle. Penetration of carcinoma cells into a muscle cell is indicated by a circle. Magnification x 400.

Fig. 8. Three muscle fibers are invaded by carcinoma cells. While two fibers are completely replaced by the tumor,
one fiber contains a rest of the sarcoplasma {arrows). Magnification x 400.

Fig. 9. Damage of muscle fibers decreases with distance from the tumor. The figure shows from left to right destruc-
tion, damage, and preservation of the musculature. Remnant of a muscle fiber is indicated by a circle. Magnification

x 500.

Fig. 10. Destruction of the muscle layer by inflammatory host cells. The tumor (bottom) has reached and partly atte-
nuated the collagen fascia (arrows) of the skin muscle. Host cells, apparently attracted by the tumor, have displayed
their proteolytic capacity before reaching their chemotactic target, the carcinoma cells. Magnification x 500,
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cur at the surface of the mesentery. Such ag-
gregates, preceded by a destruction zone, ex-
tend in depth and reach the interior, where
single V2 cells get loose and, after short
migrations, produce new tumor foci. It is
conceivable that the invasive maneuvering of
V2 cells at a given site and time is governed
by environmental influences, but no such
interdependence is clearly recognizable at the
time being. At any rate, it appears that the
tumor disposes always of a complete invasive
potential: The V2 carcinoma is an absolute
invader.

6. Concluding remarks:
tumor invasion

Progression of

As presented here for squamous cell carci-
noma, a trend towards increasing invasive-
ness is disclosed by the combined engage-
ment of clinical and experimental pathology.
This trend fits well into the concept of tumor
progression, but so far, the latter’s connec-
tion with invasive potential is more descrip-
tive than analytic. What causes the progres-
sion of tumor invasion? A discussion of the
possible mechanism(s} is beyond the scope of
this communication, but two major alterna-
tives should be mentioned:

(1) The full potential of invasion is induced
in the first cancer cell(s) by the transforming
influences. The whole progeny of the trans-
formed cell(s) is genetically primed for inva-

Figs. 11-15. Motility of V2 carcinoma cells on glass.

sion, but expression of the potential depends
on extragenetic factors, e.g. the size of the
cancer cell population.

(2) The acquisition of the full potential of in-
vasion depends on additional (posttrans-
formational) changes of the genotype oc-
curring either in the whole cancer cell pop-
ulation or in subpopulations, which may but
must not coincide with clones or stem cells.
Whether or not subpopulations are the car-
riers of the invasive potential is of minor im-
portance for the fundamental aspects of the
problem,

The host can be considered to be a decisive
factor for both alternatives, and it is an intel-
lectual and technical challenge to investigate
in depth the impact of its anti- and pro-neop-
Iastic activities on progression of tumor inva-
sion.
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