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Primary tissue culture of human laryngeal carcinomas, producing cells
similar to the original tumour, was effected in serum-supplemented medium.
This culture method provided a good investigative model for the study of

lymphocyte/epithelial cell interactions in tumour and normal cultures.

0f 107 laryngeal and hypopharyngeal carcinomas, 45% grew. The
appearances were compared with similar preparations taken from normal true
cord of the same larynx, of which 70% grew. No morphological differences
were found by light or electron microscopy. Bizarre morphology occurred in
20% of cultures, mainly in tumour but also in normal cultures. This
appeared in cultures which had ceased proliferation at an earlier stage
than non-bizarre cultures and was identified by inactivity of monolayer and

lack of intracellular activity, as abserved by time-lapse video microscopy.

Cultures were revealed by time-lapse video microscopy to support
motile lymphocytes, which appeared phase-dark, both on the upper and lower
monolayer surfaces under phase-contrast optics. Tumour-infiltrating
lymphocytes migrated from laryngeal explants onto the emerging monolayer.
These cells remained activated on the culture for as long as 19 days. Many
attempts were made by tracking methods to identify lymphocyte phenotype,
which was found to be T cell, although heterogeneous subset identities
existed. Bizarre type cultures lacked motile lymphoid cells suggesting that
lymphocytes require stimulants produced by proliferating cultured epithelial
cells. Mitotic tumour cells were shown, using vector analysis, to be
chemotactic for T cells. This was a unique function of the culture method.
This chemotactic phenomenon could not be repeated i1f diffusion was

increased, presumably because products of cell growth were dissipated.
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Mitotic chemotaxis may be related to mediators produced by the epithelium

specific for T cells.
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'Motility in cells must imply a special function ; we are in no doubt what
that function is in the case of spermatozoa, polymorphs and monocytes.
When motility ceases we must assume that the objective has been attained,
as Jjourney's end in lovers' meeting. The cliché ‘'round cell infiltration'
establishes the fact that the wanderings of the Ilymphocyte are not
invariably aimless, but that under certain conditions they clearly reach
their destination and cease to move.

.....they move towards certain cells, and remain attached for long
periods; if they leave they return again; their cytoplasm licks, as it were,
the cytoplasm of other cells; in the cases shown these are malignant cells.
No other motile cell does this; for example the polymorph, the eosinophil
and the monocyte never attach themselves to other cells in this way. It is
true that we cannot deviate the lymphocyte from its apparently purposeless
wandering by any chemical bait or by small particulate objJects as we can
so readily do in the case of the monocyte and polymorph.

.....When you see the lymphocyte moving in a time-lapse film you may be
reminded of Graves' poem on the cabbage white butterfly:

'The butterfly, the cabbage white,
(His honest idiocy of flight)
Vill never now, it is too late
Master the art of flying straight.’
On the other hand, on occasions when the lymphocyte approaches close to

certain other cells its movements are directed towards them. Dare we

introduce a new word for this and call it ‘cytotropism'?’.

Professor R J V Pulvertaft, O B E (1959).



CHAPTER 1

21



22

Vith inadequate culture methods due to lack of understanding of the optimum
growth medium, it is not surprising that difficulty has frequently been
experienced in growing squamous carcinomas in vitro. Carcinomas of the
head and neck are especially difficult to grow compared with other tumours.
As the field of tissue culture has developed and 1t was realised that
epithelial cells and their tumours have special growth requirements, fresh
attempts at culture of carcinomas were made. These are described in
Chapter 2, which is a review of all the relevant literature including tissue
culture. The primary aim of this project was to culture squamous cell

carcinoma of the human larynx using improved methods.

Laryngeal cancer comprises a variety of different types of neoplasm,
but 97% of cases are squamous cell carcinoma. The most common malignant
tumour in the head and neck region and also the whole body is squamous
cell carcinoma. Squamous cell carcinoma of the larynx and hypopharynx
arises from the thin lining of epithelial mucasa covering intralaryngeal
and extralaryngeal structures, respectively. In the United Kingdom and
many other countries, the vocal cords are most commonly affected. For this
reason control epithelium for culture was taken from non-neoplastic true
cord. Early stage tumours were not included in this study, since
laryngectomy is seldom required for treatment, irradiation treatment usually
being successful to cure the lesion. Total laryngectomy or gastric pull-up
operations were carried out on advanced tumours, and after tumours which
had been irradiated, had failed to respond. The neoplastic material

available for culture was thus most often an advanced tumour. This
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required extra adaptations to be made to the culture technique, which will

be described.

In Chapter 3, cultures of carcinoma were compared with normal control
cultures, grown under identical experimental conditionms. Results were
assessed for the 1influence of pre-operative irradiation therapy on
proliferation of cells. Characteristics of cytokeratin formation and cell
morphology and surface structure were investigated by immunocytochemistry

and electron microscopy, respectively.

An advantage of the explant method is the heterogeneity of cell types
which can be cultured. In particular time-lapse video microscopy showed
that 1lymphocytes migrated out of explants and interacted with the
proliferating culture. In Chapter 4 lymphocyte motility is described and
observations made about 1) the apparent need for a viable co-culture
substratum for motility to occur and 2) a ‘'sandwich culture' method to
prevent dissipation of the stimuli for chemotaxis of lymphocytes to mitotic

carcinoma and normal cells to aoccur.

Chapter 9 investigates the plane of movement of the lymphocytes. Do
they move on the apical surface of the tumour culture or rather
basolaterally so that they underlap the culture? Tests were carried out to
assess whether lymphocytes were clinging to the apical surface of cultures.
This involved the application of a matrix into which lymphocytes would
quickly and preferentially migrate. Further evidence of apical movement

and also emperipolesis was obtained by time-lapse video microscopy.

Chapter 6 attempts to identify the subset phenotype of motile

lymphocytes on cultures. Infiltrating lymphocytes in sectioned tissue and
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lymphocytes in explant tissue vasculature have been stained to identify

some but not all to phenotype level.

In Chapter 7, an investigation by a statistical method called vector
analysis is described to test for chemotaxis of lymphocytes to mitotic

cells in cultures of carcinoma and normal laryngeal epithelium.

Chapter 8 is a conclusion of all findings in this thesis. This is

followed by a Bibliography of cited references and Appendices 1, 2 & 3.

A Published Paper, Vang et al, (1986) pertaining to some of the work

presented in this thesis is included in the inside back cover of the thesis.

A VHS Video Presentation is contained in this thesis. It is a short
demonstration lasting approximately 15 minutes, of lymphocyte locomotion.
The video may be played independently of this text at any appropriate
monment on a standard VHS video cassette recorder. A simultaneous narration
is recorded on the video. For the purposes of playing back and reviewing
video sequences, a time-code is displayed on the monitor screen during

play. This is situated in the centre of the lower edge of the screen.
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The purpaose of this literature review is to present an introduction to the
theme of this thesis. It will describe attempts by other workers to grow
carcinomas In vitro and show that at the commencement of this study there
was a need for a suitable culture system for human laryngeal squamous
carcinoma. Further sections proceed to review the literature relevant to
the applications of this growth model, which are described in Chapters 3,
4, 5, 6 and 7. The review also covers several topics relating to
lymphocytes. The identities of lymphocytes within normal and diseased
skin and carcinomas are reviewed, in an attempt to identify lymphocytes
motile on cultures. Studies of lymphocyte locomotion while in contact
with other non-lymphoid cells and in chemotaxis assays are described.
Motile responses of Ilymphacytes as a characteristic of phenotype and
function and as an immunological reaction are discussed. In particular a
broad assessment 1s presented of humoral and cellular stimuli likely to be
present during the culture of laryngeal epithelial and carcinoma cells by

explant method,

TISSUE CULTURE BY EXPLANT METHOD

This study of laryngeal carcinoma in tissue culture by the explant
method is a novel one. The explant method requires the transplantation of
a tissue fragment from the 1living body to a laboratory environment
designed for the purpose of culture. The excised tissue becomes an
‘explant’, which is secured in place eilther in a fibrin clot or simply in a

drop of medium held between plastic or glass supports. Essential growth
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medium bathes the explant, while the temperature and gaseous content of
the environment are controlled at its physiological 1level. Explants
receive no further manipulation or any enzymatic treatment. In the
explant method the tissue architecture is thus retained intact, unlike the
method of cell culture which dissociates cells into aggregates and single
cells, This is a fundamental difference which is important to the topic
of this thesis. Explants produce cultures comprising cell types as
heterogeneous as the original tissue explant. Consequently, explant tissue
culture should be more representative of the original tissue than other

types of culture.

Harrison is considered to be the founder of tissue culture. In 1907,
he was the first to apply the explant method as a tonl (Harrisom, 1807).
He demonstrated that nerve fibres develop from frog neuronal perikarya.
The method he chose was the hanging drop technique. Tissue was embedded
in a lymph clot on a glass slide, which was i1nverted over a small
indentation in a second slide. A drawback of this method was that growth
medium could not be changed so that culture time was short. Nevertheless,
explanted epithelium from the guinea pig was first grown by hanging drop

technique in 1817 by Loeb and Fleisher.

Flask culture was introduced by Carrel in 1823, His flask had a
short neck angled to facilitate replacement of nutrients and is still
widely used today. Replacing exhausted medium with fresh medium enabled

cultures to be grown for longer periods than by the hanging drop method.
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Explants were made to adhere to the flask surface by embedding in plasma
clots. This not only secured the explant in place but provided protection
when renewing medium. Carrel described a number of explant cultured
tissues, but omitted to mention the origins of the tissues. However, his
study has particular relevance to the topic of this thesis, since it
included the co-culture of epithelial cells, fibroblasts and leucocytes.
Carrel's work demonstrated the versatility of the explant method for
variocus tissues, particularly epithelium. Furthermore, his results served
to promote the benefits of this type of system to the author during the
initial project design for this study. The scope of his findings were
broad; ranging from the observation that fibroblasts proliferated faster
than epithelial cells to the finding that resting fibroblasts were
stimulated to proliferate by contact with ‘'wandering' spleen cells

(presumably lymphocytes).

More recently the explant method has been helpful in studying
migration and differentiation of epithelial cells during wound repair by
Resau et al, (1684)., This indicated that it was an excellent method for
demonstrating epithelial cell migration, relating well to the physiological
repair mechanism. As migration is a characteristic of cancer cells, it
seemed that primary explant culture might therefore be a good tool for the

investigation of carcinomas.

Explant Culture of Carcinomas

In my survey of the literature I was specifically interested in
studies of carcinoma explant culture. At the commencement of this work
there existed only a few reports of this nature. Krause et al, (1881) and

Easty et al, (1981) reported a surface culture method in which explants



29
were grown on the flask surface. They found that fibroblast outgrowth was
detrimental to epithelial colonies. No study was carried out on the
explant cultures per se. The cultures (some from laryngeal carcinoma)
were passaged to form cell lines. Edwards et al, (1980) comment on the
problems encountered when growing explants of head and neck cancer. They
reported a mixture of cells growing out from carcinoma explants
comprising fibroblasts, normal epithelial cells and carcinomatous cells.
They used a monoclonal antibody to kill contaminating fibroblasts of
several tumour explants, including +two laryngeal carcinomas. More
recently, Freeman et al, (1986) have cultured primary explants of squamaous
cell carcinoma of the breast, lung and stomach on collagen gels. At the
present time of writing, the study by the author was the only other report
of the explant method for actually studying proliferating carcinomas (Vang
et al, 1986). A copy of this reference is bound in the inside back cover

of this thesis.

In search of a broader related bibliography, a literature search was
focused on explant culture of normal epithelium, since carcinoma arises by
changes in such epithelium. The literature provided several examples of
the explant method for skin research. This method has proven useful for a
variety of purposes such as investigating the effect of allergens (Karasek,
1966), the processes of wound healing (Voccl et al, 1983), the effect of
vitamins and cortisol (Prose et al, 1967), the proliferation of psoriasis
(Pullman et al, 1974) and the effect of carcinogens (Steel et al, 1978).
Explant éultures performed well in carcinogenesis studies as a result of
the presence of dermis, which exerted powerful influences on epidermal

carcinogenesis (Pinto et al, 1968).
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The sparsity of reports in the literature of carcinoma culture grown
by explant method is attributable to a combination of three factors:
1) the inhibitory effect of fibroblasts on carcinoma cells in culture;
2) primary carcinoma cultures have been grown by an alternative culture
method most accurately described as cell culture. Their subsequent
subcultivation has produced some well established cell 1lines. The best
known is Hela from a carcinoma of the cervix. Two laryngeal carcinomas
produced the laryngeal cell line HEp-2 (Moore et al, 1955). Foley et al,
(1960) developed CCRF-108, another laryngeal cell line. Easty et al (1981)
established HN-2, HN-4, HN-8 and HN-10 cell lines from squamous carcinoma
of the larynx.
3) The employment of the explant method for primary culture has hitherto
had a low success rate for reasons which will be described.
The awareness of these difficulties indicated that the majority of

carcinomas could not be grown by the explant method.

Feeder Cell Layer

A novel approach to explant culture of carcinomas came as the result
of a major development in the culture of normal epithelium. This was the
introduction of a feeder layer comprising murine fibroblasts (Rheinwald &
Green, 1975). It was used to enhance epithelial cell growth befare
fibroblasts from the connective tissue proliferated. Prior to 1975, the
explant culture of epithelium was bhampered by overgrowth of fibroblasts.
Efforts were made to inhibit fibroblast growth to allow the slower growing
epithelial cells to grow, but were only moderately successful (Dover,
1985>. An alternative approach was to enhance the growth of epithelial
cells. Rheinwald and Green (1975) showed that epithelial cell growth was

enriched by the presence of an irradiated feeder layer of 3T3 fibroblasts.
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Fibroblasts were stopped from proliferating by irradiation, but stayed
alive and continued to secrete growth factors into the medium. This
emphasised the special needs growing epithelium has for growth factors.
The same method was successful for growing explant cultures of squamous
carcinomas for subsequent cell line establishment (Rheinwald and Beckett,

1981), but no studies were carried out using the explant method.

As the explant method without the complexities of a feeder layer was
unsatisfactory for the culture of human carcinomas, it was necessary to
seek help from the 1literature regarding alternative methods of primary
culture of squamous carcinomas grown using cell culture techniques.
Cobleigh et al, (1987) grew squamous cell carcinoma on feeder layers but
chose to study only dissociated cells from carcinomas of the head and
neck, rather than explants. These authors concluded that 3T3 fibroblast
support increases the number of successfully grown carcinoma cultures by
approximately two-fold. They also found that higher plating densities of
carcinoma cells produced more successful cultures when grown with or
without a feeder layer than did low plating densities. It seemed that
explants may produce the highest plating density of all, even to the
extent of growing well without a feeder layer support. This was found,
indeed to be the case for laryngeal carcinoma explants (Vang et al, 1986).

This will be described in this thesis.

Enhancement of epithelial cell growth in the absence of a feeder
layer followed after the contribution of the feeder layer was understood.
It was found that the inclusion of epidermal growth factor (Rheinwald &

Green, 1977) and cholera toxin (Green, 1978) had the same effect as a
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feeder layer. This alternative was adopted for the early work on culture
of laryngeal carcinomas reported in this thesis. Growth and metabolism of
most mammalian cells in culture require that growth factors, hormones and
other factors be present in the basal medium. Typically, these factors are
provided exogenously by supplementing basal medium with fetal bovine
serum and/or other sera usually used in cell culture protocols. A number
of growth factors and hormones have been identified, isolated and purified
from a variety of sources, including animal tissues and cellular secreted
products; others are produced synthetically. Growth factors and hormones
available from suppliers of reagents can be used in conjunction with other
essential nutrients to reduce or eliminate the need for commercially

prepared so-called 'serum replacements'.

Laryngeal carcinoma cultures required undefined growth factars
present in selected batches of sera which were added to growth medium.
The ability of serum to support growth of carcinoma culture is variable
from batch to batch. The importance of pre-selecting serum for optimal
growth promotion of normal keratinocytes was mentioned by Rheinwald and
Beckett, (1881). This regimen was used by the author for growing

laryngeal cultures.

Anchorage Dependence

Human head and neck carcinomas have been grown by a variety of cell
culture methods. Some earlier methods are not now valid. Mattox and Von
Hoff, (1980) used soft agar culture. At the time, this method was

considered acceptable because colony formation in agar was one of the
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accepted criteria of tumorigenicity, distinguishing transformed tumour
cells from normal cells. Furthermore, the method was selective against
fibroblasts which are anchorage dependent and unable to form colonies in
agar. However, Rupniak and Hill (1980) pointed out the unsuitability of
this method for head and neck squamous carcinomas. Rheinwald and Beckett
(1981)> also found poor colony formation on semi-solid methylcellulose
support. Furthermore certain squamous cell carcinoma cell lines resemble
normal keratinocytes 1in the characteristic that they are triggered to
differentiate terminally if deprived of anchorage (Green, 1978 and
Rheinwald et al, 1977). Dodson et al, (1981) explained that carcinomas
and squamous carcinomas 1in particular, capable of growing monolayer
cultures, retained a degree of anchorage dependence. Cobleigh et al, in
1987, confirmed that head and neck carcinomas were strictly anchorage
dependent. This problem could be overcome by a variety of anchorage
methods. Embedding the explant in plasma clots was a popular method as
already mentioned. Another method was to allow the explants to dry
slightly on the surface of the flask until they lost their wet appearance,

prior to adding medium (Fischer et al, 1980).

Attachment Factfors

Attachment factors enhance the attachment and spreading of many
types of anchorage dependent cells. Some cell types can synthesize their
own attachment factors while others cannot produce enough to adhere and
grow. By supplementing attachment factors to the cell culture system,
cells which do not attach well to glass or plastic show greatly improved

plating efficiency.



34

Serum contains many components which promote cell attachment and
spreading. VWhen using serum—free media it is often necessary to replace

these serum components with attachment factors (Maurer, 1886).

Extracellular matrix components influence attachment, cell spreading,
growth, morphology, differentiation and motility of many cells. Exogenous
addition of these components to cultures can be of benefit (Kleinman,

1987).

Surface Charge Interactions

Electrostatic interactions occur between the negatively charged
surface ions of the cell membrane and the positively charged surface ions
of attachment factors on the substratum. Poly-L-lysine, fibronectin or
collagen can be absorbed to the surface to increase the number of

positively charged sites available for cell binding.

The culture of head and neck cancer is the most difficult among all
human squamous carcinomas. In addition +to dinhibitory effects of
fibroblast and microbial contamination, a further problem occurs if the
tumour is dissociated. This has been identified by cell culture studies of
Cobleigh et al, (1986). They reported that a cell population is present in

head and neck carcinomas, which inhibits colony formation during culture
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of dissociated cells. This suggests that dissociated culture techniques

are inappropriate for the culture of head and neck carcinomas.

From the literature review it can be seen that explant culture of
carcinomas has the following requirements:
1) the possibility of extended culture
2) the control of fibroblasts
3) growth factors or a feeder layer; the presence of active serum factors
determined by pre-screening

4) anchorage to a substratum.
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LYMPHOCYTES VITHIN TISSUE EXPLANTS

I have observed that lymphocytes migrated from 1laryngeal carcinoma
explants to interact with the proliferating carcinoma cultures. Similarly
lymphocytes migrated out of normal control explants. In Chapter 6,
methods are described to locate and identify motile lymphocytes after
fixation. The recent literature was consulted to find out which groups of
lymphacytes infiltrate carcinoma, normal skin and mucosal explants and
thereby suggest the +types of monoclonal antibodies to select for

identifying motile lymphocytes. This was relevant to the procedures

adopted in Chapter 6.

Lymphocytes in Blood Vessels

Capillary blood vessels in explants of carcinomas are a likely source
of motile lymphocytes on cultures. Miodonski et al, (1980) found that the
vascular structure of advanced laryngeal carcinomas differed within three
zones. These are 1) the interior of the tumour, 2) the tumour border
where tumour growth is most intense and 3) adjacent tissue to the tumour.
The peripheral portions of the tumour (especially small tumours growing
out of the true mass of an exophytic neoplasm), contained the largest
collection of capillaries. VWithin the deeper tumour strata there were
avascular regions of varying size. These corresponded to the larger foci
of neoplastic cells or to places of necrotic destruction. Tumour explants
may vary in vascularisation. Thus, the amount of motile lymphocytes

derived from vessels within explants would depend upon the extent of



37

vascularisation. Presumably an explant with a dense concentration of

vessels would release many lymphocytes from its cut edges.

Lymphocytic Infiltrates

Lymphocytes are present in normal tissue and in many pathological
lesions. Their presence as infiltrates in dermatoses, solid tumours,
normal skin and mucosae has been quantitatively analysed by Bos et al,

(1686} and Smolle (1988).

Tumour infiltration by Ilymphocytes is particularly common in
naturally-occurring human tumours and experimentally-induced animal
neoplasia. Ehrlich in 1909 observed that lymphocytes accumulate at the
peritumoural interface with the host and realised that this was an immune
response to the tumour. Smolle (1988) indicated that infiltrates in
squamous cell carcinomas, malignant melanoma and seborrhoeic keratosis
were similarly based. He described a T cell compartment which is common
to all these lesions. Other immunchistological studies confirmed that the
majority of mononuclear infiltrates in solid tumour were T lymphocytes

(Poppema et al, 1983; Lennard et al, 1984).

The significance of lymphocyte infiltration in tumours will be
assessed since in certain cancers a favourable prognosis has been linked
to 1lymphocyte infiltrationm. ¥y model of motile tumour-infiltrating

lymphocytes may thus have potential application in the research of the
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mode of infiltration into solid tumours. The effect of the lymphocyte
infiltrate on the growth of the tumour which it infiltrates, has always
been contentious. Very few cancers seem to be restricted by a moderate
mononuclear cell infiltrate. The exceptions are medullary carcinoma of the
breast and perhaps seminoma of the testis. Heavy infiltration of
lymphocytes in tumour stroma does in the latter appear to carry a more
favourable prognosis. This is sometimes also true of carcinomas of the
breast, bladder, stomach and cervix and malignant melanoma,
choriocarcinoma and neuroblastoma (Krelder et al, 1984). Laryngeal
carcinoma has been assessed for prognostic influence of infiltrating
leucocytes by many workers (Sala et al, 1976 and Bennett et al, 1971),
Their results are not in agreement, except in the finding that there is no
overwhelming correlation of good prognosis with leucocyte infiltration at
all stages of the disease. Bennett et al found that certain stages (Grade
I and II) of well-differentiated tumours did have a better survival rate.
However their finding that poorly differentiated tumours with infiltration
have an extended survival rate is contradicted by Sala et al who found
that all poorly differentiated tumours have poor prognosis regardless of
some infiltration or none. At that time (1877) it was impossible to
identify lymphocyte subsets beyond classification into B cells or T cells.
This prevented a fuller understanding of infiltrating lymphocytes and

their functions.

Lymphocyte Phenotypes

The advent of monoclonal antibodies has enabled lymphocytes to be

categorised according to their immunological phenotype. Lymphocyte
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phenotypes in human breast carcinoma have been identified and quantified
by Rowe et al, (1984). They found that lymphocytes had accumulated in
numbers which did not reflect the simple recruitment from peripheral
blood. There was a higher ratio of suppressor/cytotoxic cells to helper
cells than found in peripheral blood, ralsing the question as to whether
infiltrating lymphocytes can proliferate in the tumour or whether they are
selectively recruited from peripheral blood. This study was useful in
showing the correlation of higher Ilymphocyte numbers infiltrating
carcinoma of the breast than found in normal or benign conditions. Breast
tumour infiltration did not appear to be associated with activated T cells,
in contrast to other conditions, such as polymyositis and muscular

dystrophy (Rowe et al, 1883).

Infiltrates in Carcinoma of the Tongue

A profile of immunocompetent cell infiltrates, in squamous carcinoma
of the tongue is reported by Boscia et al, (1888). The majority of
infiltrating mononuclear cells were activated T lymphocytes, in contrast to
the findings in breast cancer by Rowe et al (1984). Helper/inducer T
cells predominated in the +tumour stroma, but in the parenchyma,
suppressor/cytotoxic T cells were more numerous. Natural killer cells were

infrequent and B cells and monocytes were rare.

Lymphocytic Infiltrates in Laryngeal Carcinoma

A similar study of human laryngeal carcinomas was carried out by

Zeromski et al, (1988). They found that laryngeal carcinoma was
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infiltrated by a highly heterogeneous cell population. Small numbers of
suppressor/cytotoxic T cells and natural killer cells were present within
the tumour. Here the absence of helper/inducer T cells could account for
failed anti-tumour action by cytotoxic cells. Helper/inducer T cells
accumulated at the tumour periphery. This indicated to the author of this
thesis that a range of lymphocytes may be present in laryngeal carcinomas,

which may differ between different laryngeal carcinomas.

Effects of Infiltrating Lymphocytes

A co-culture model and an organ culture model showing the effect of
infiltrating lymphocytes have been described suggesting that lymphocyte
interaction with carcinoma in vitro may reflect the situation in vivo
Evidence of stimulatory effects of lymphocytes on tissue was found. (The
stimulatory effect of motile lymphocytes on resting fibroblasts as shown
by Carrel, 1923, was mentioned earlier). Gorlina et al, (1987) describe
the differentiation of fibroblasts caused by contact with lymphocytes.
Lymphocytes were found to regulate regeneration and proliferation of
caonnective tissue. MacDonald and Spencer (1988) demonstrated that
activated T cells within gut mucosal explants cause crypt epithelial cell
hyperplasia and villous atrophy. The mechanism of this reaction is
unknown. If T cells can 1induce epithelial cell division it is a

possibility that there is some similar interaction in tumours.
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Functional Responses of Isolated Tumour-Infiltrating Lymphocytes

Since motile lymphocytes on cultures were likely to be tumour-
infiltrating lymphocytes (TIL) the literature regarding TIL was reviewed
for relevant studies. Functional tests of TIL were compared to those of
peripheral blood lymphocytes (PBL) which are often used in tests with
tumour cells devised to resemble lymphocytes infiltrating tumours. These
studies show that neither isolated TIL nor PBL provide satisfactory
lymphocyte models of lymphocyte infiltrates in situ. Several studies on
human tumour-infiltrating lymphocytes (TIL) have been performed, some of
which will be mentioned in this section. TIL recovered from tumours and
studied in bulk cultures were found to be poor effectors of cytotoxicity in
in vitro assays with different tumour targets (Vose et al, 1977; Hutchinson
et al, 1981). Various reasons for this poor cytotoxicity have been
suggested; inadequate cell numbers for analysis, low proportions of
effector cells among TIL, inhibitory influences of tumour microenvironment
(Miescher et al, 19086) or possible suppressive factors produced by cells
in TIL populations (Vose et al, 1979). More recently Miescher et al,
(1987) have found that cytolytic T lymphocyte precursors were present in
tumours at higher frequencies than previously recorded. The tumours
tested comprised melanoma, glioma, breast, colon and oesophageal
carcinomas. They isolated TIL and assessed functional profiles by co-
culturing TIL with disaggregated tumours. They pointed ocut that individual
tumours had infiltrates with extremely heterogeneocus functional profiles.
Their study found a high number of TIL were T4+ cytotoxic T cells. This
is a rare functional subset of normal peripheral blood T lymphocytes,

which suggested that this type of cell was selectively accumulated in situ.
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Boscia et al, (1988) studied TIL from human squamous cell carcinoma of
tongue and found reduced cytotoxic function. They expanded TIL in IL-2
and found that this resulted in enriched populations of
suppressor/cytotoxic T cells, compared to expanded peripheral blood

lymphocytes (PBL) which were enriched with helper/inducer T cells.

These latter studies required the isclation of TIL from tumours and
tested for cytotoxicity on autologous or allogeneic tumour cells.
Functional studies iIn vitro may not be representative of TIL iIn situ in
tumour, as they employ TIL and tumours which have been disaggregated and
no longer retain the exact cell-cell interactions confined within tumour
tissue architecture. Thus many mediators of T cell function may be
different in the test situation compared to the iIn vivo situation.
Furthermore, the isolation of TIL from solid tumour requires harsh
separation techniques, such as those described by Zettergren et al, (1973),
in which only small numbers of cells may be processed. Yields are often
contaminated with tumour cells and lymphoid cell numbers are low. Present
isolation techniques cannot provide healthy or representative tumour-
infiltrating 1lymphocytes for functional and even, perhaps locomotion

studies.
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STUDIES OF CELL MIGRATIOK

Cell locomotion assays have contributed to our understanding of immunology
and cancer. They can be classified as end~point and visual assays. End-
point assays observe only the position of leading motile cells moving
towards an attractant. The latter has been used frequently in the study
of motile lymphocytes, but gives no information about the pathways or
locomotion per se. Laryngeal carcinoma cultures were examined in this
study by the visual assay method of time-lapse video microscopy. Visual
assays allow more detail to be studied than end-point assays. They are
used to investigate locomotory ©behaviour and interactions between
different cells. Video technology for this was derived from closed circuit
television security surveillance. During the early 1980s it was adapted
for use with the light microscope and cell movement was recorded on video
tape (Newgreen et al, 1882; Magee et al, 1987; Kuwana et al, 1987). Cell
movement had previously been filmed only on reel to reel cinematographic
celluloid film. This has the benefit of a more sharply defined image, but
has the major drawback that there is a delay for developing before the
image can be seen. This delay is considerable in terms of real time cell
locomotion. Video on the other hand produces a slightly inferior quality
picture to ciné f£film, but has the advantage that the image can be
immediately replayed on the same equipment as for recording, without

processing.

Cinematographic time-lapse observations of explant tumour culture
have advanced knowledge of cellular growth and invasion. Although tissue

culture cannot simulate the immense complexity of the conditions in vivo,
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some of the distinctive features of malignant invasion have been
conveniently observed by time-lapse cinematography. Abercrombie and
Heaysman (1976) published an analysis of invasion in vitro. They used
time-lapse film of fibroblasts and sarcoma cells derived from explants to
demonstrate collisions ©between two cells in a two dimensional
confrontation. A cell will cease to move in the same direction after
contact with another cell. This i1s termed contact inhibition. The
phenomenon of contact inhibition was found to be defective in tumour

cells.

Similarly, the role of motility in invasive carcinoma has been
studied in two-dimensional confrontations by Easty et al, (1982). They
grew normal epithelial culture next to squamous carcinoma cell lines of
the tongue and larynx. Normal cells were seen to move away from
carcinoma cells. It could not be established whether this was important
in invasion iIn vivo, Other confrontations of invasive cells and non-
invasive cells were carried out in the form of mammary carcinoma cells
seeded on endothelial cell monolayers (Zamora et al, 1880). This
demonstrated that the system 1s a useful model for analysing the

mechanism of tumour embolus interaction with blood vessel walls.

Locomotion of Lymphocytes

Part of the work carried out for this thesis is concerned with
lymphocyte motility. Lymphocytes are intrinsically motile cells and their
motility is a controlled process; if it were not they would be randomly
dispersed throughout the body. Lymphocytes are constantly moving and
repositioning themselves throughout the lymphoid system of thymus, spleen,

bone marrow, lymph nodes, gut mucosa and other mucosal-associated tissues.
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The ability to initiate an immune response depends upon the capacity of
lymphocytes with appropriate receptors to move to an area where antigen
is deposited, such as the skin or gut mucosa. This requires that
lymphocytes must locomote actively out of the blood and cross into the
lymph via high endothelial vessels. The subject of lymphocyte traffic and
homing has been studied in intact animals, but gives little understanding
of lymphocyte locomotion per se. However, the mechanism of lymphocyte

locomotion has been derived from In vitro studies, which will be reviewed.

T lymphocytes motile on laryngeal cultures were shown to move
towards undefined stimuli in the cultures. An investigation of the type of
locomotion will be described in Chapter 7. The terminology of lymphocyte
locomotion requires explanation and will be outlined here. Lymphocyte
motility may be random locomotion, which is termed a kinesis or directed
locomotion, which is termed a taxis. Various types of kinesis are known.
These are chemdkinesis, where a chemical stimulus causes random
locomotion; orthckinesis, where speed is determined by the intensity of the
stimulus, or klinckinesls where turning is determined by the intensity of
the stimulus. Likewise, taxes may be prefixed according to the nature of
the stimulus, although the most common type of taxis is chemotaxis. The
most commonly used method for demonstrating chemotaxis of leucocytes by
end-point assay (ie. measuring the lymphocytes nearest to the stimulus and
therefore furthest from the starting point) is the Boyden filter assay
(Boyden, 1962). A porous filter separates two compartments. In the upper
compartment are cells; in the lower one an attractant. The attractant
diffuses up through the pores of the filter, forming a gradient. The cells
respond by migrating through the pores of the filter (which must be large
enough to let this happen) towards the lower surface. Thus, movement of

cells such as leucocytes to an attractant, can be measured. However, this


























































































































































































































































































































































































































































































































































































































































































