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Summary.-Five tumour cell lines have been derived from a primary squamous
carcinoma of the tongue, from 2 subsequent local recurrences, and from 2 lymph-node
metastases-all from the same patient. While the cell lines shared many morpho-
logical and biochemical characteristics, those derived from recurrences and meta-
stases appeared to be less differentiated, were less well organized in culture, and
displayed fewer desmosomes and tonofilaments than cells in the primary tumour
line. A recurrent line showing greatest morphological divergence from the primary
tumour line also demonstrated the greatest differences at the ultrastructural level,
in increased production of plasminogen activator and in the composition of cell-
surface glycoproteins.

MUCH EMPHASIS has been attached to a
concept, derived from work with induced
neoplasms in animals, that primary
tumours may contain subpopulations of
malignant cells with an increased capacity
to invade and metastasize (Fidler, 1973,
1975; Fidler et al., 1978; Poste & Fidler,
1980). Whether such subpopulations exist
in human tumours, and whether "they
play a clinically significant role within the
time frame of naturally occurring meta-
stasis" (Weiss, 1980) is unknown; but
attempts to establish lines of human
carcinoma cells derived from primary
and recurrent or metastatic lesions in the
same patient are of some relevance to
this question. We report here the establish-
ment and certain properties of 5 tumour
cell lines derived from a primary squamous
carcinoma of the tongue, 2 subsequent
local recurrences and 2 lymph-node meta-
stases, all from the same patient.

METHODS AND MATERIALS
Clinical history and surgical pathology
The patient (L.B.) was a 54-year-old man

who presented with a 3-month history of an
enlarging ulcer on the right border of the
anterior two thirds of his tongue. Biopsy of
this 2 x 3 cm ulcer showed a well differentiated
squamous carcinoma. He was initially treated
by chemotherapy and radiotherapy and then
by 3 radical surgical procedures, from the
first 2 of which tumour material was obtained
for culture. The relevant details are sum-
marized in Table I.

Laboratory investigations
Cell lines-.A cell line was established from

the primary tumour and subsequently from
2 local recurrences and from 2 nodal meta-
stases. The methods used were, in each case,
the same as previously described (Easty et al.,
1981). The 5 cell lines have been maintained
in Dulbecco-Eagle's medium containing 10%
foetal calf serum, 150 u penicillin, 2-5 jig
Fungizone, and 1 ,ug Minocycline per ml,
gassed with 10% CO2 in air and incubated at
370C.

Determination of growth rates.-25cm2 cul-
ture flasks (Nune. Gibco) were inoculated
with 3 x 105 cells in 5 ml Dulbecco-Eagle's
medium containing 10% foetal calf serum,
the medium changed twice weekly, and 2
culture flasks trypsinized and the total
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TABLE I. Origins of 5 tumour cell lines derived from primary, recurrent and metastatic
squamous carcinoma of tongue in Patient L.B.

Surgical procedure
Right partial glossectomy and
right suprahyoid block dissection

5 months later:
Resection of remaining two-thirds
of tongue and left radical neck
dissection

Followed by:
Further resection of tongue and
oral fistula and right radical neck
dissection

Surgical pathology Tumour cell line r
Squamous carcinoma, well differentiated (1) Primary tumour
in tongue. Metastatic carcinoma in 1/16 LICR (Lond) HN-6
lymph nodes

Squamous carcinoma, well to moderately (2) Recurrent tumour, left
differentiated, in tongue. Metastatic side of tongue
carcinoma in 11/46 lymph nodes LICR (Lond) HN-6Lr

(3) Recurrent tumour, right
side of tongue
LICR (Lond) HN-6Rr

(4) Metastasis in
submandibular node
LICR (Lond) HN-6nl

(5) Metastasis in upper deep
cervical node
LICR (Lond) HN-6n2

Squamous carcinoma, well to moderately
differentiated in fistula. Metastatic
carcinoma in 7/17 lymph nodes

number of cells counted every 3-4 days for
2 weeks. Growth curves were constructed
from the cell counts and the doubling time
calculated.

Xenografts.-Cell lines derived from the
original primary carcinoma, from one local
recurrence, and from the submandibular-
lymph-node metastasis, were first grown in
culture on gel-foam sponge, fragments of
which were then implanted s.c. in the flanks
of immune-suppressed female CBA/LAC
mice. When significant growth occurred,
fragments of the nodules were reimplanted
into further immune-suppressed mice and
portions fixed for morphological studies.

Histology, electron microscopy.-Standard
histological processing and staining pro-
cedures were used. The techniques for electron
microscopy have been described (Easty et al.,
1981).
Analysis of surface glycoproteins.-The

membrane proteins of confluent cultures in
25cm2 culture flasks were radio-iodinated
using lactoperoxidase (LPO) by a modifica-
tion of the method ofHubbard & Cohn (1976).
Each flask was washed x 3 in phosphate-
buffered saline (PBS) and treated with a
solution consisting of 25 jug LPO (Sigma) and
2 ,ul glucose oxidase solution (Sigma type V,
5 ,ug/ml) in 2 ml PBS containing 20mM
glucose and 1 mCi 1 25I (Radiochemical
Centre, Amersham) at room temperature for
10 min. They were then washed with 5 ml
PBS containing 1 jug/ml Nal and lysed with

1 ml PBS containing Nonidet NP40 (0-5% v/v),
iodoacetamide (5 mM) and PM SF (1 mM).
The labelled proteins were precipitated with
acetone using 5:1 v/v acetone: lysate, and the
precipitates dissolved in 200 ,ul 0-1% sodium
dodecyl sulphate in 62-5mM Tris buffer (pH
6-8) containing 0-IM 2-mercaptoethanol, by
heating at 100°C for 2 min. The dissolved
precipitates, which contained equivalent
amounts of radioactivity, were then electro-
phoresed on 7.5% polyacrylamide gels with
the appropriate standard markers for molecu-
lar weight.

Other biochemical analyses.-The quantities
of carcinoembryonic antigen (CEA) released
by confluent cultures of the cell lines over a
period of 24 h were measured by radio-
immunoassay using the method of Laurence
et al. (1972). The quantities of immuno-
reactive f-hCG were similarly measured,
using a modified version of the technique
described by Orth (1974); for details see
Easty et al. (1981). The release of plasminogen
activators by the established cell lines was
measured using the method of Jones et al.
(1975) with 1251-labelled fibrin as substrate.
Confluent cultures containing 3-4 x 106 cells
were incubated for 24 h in Dulbecco-Eagle's
medium containing 10% FCS in which the
protease inhibitor oC2-macroglobulin had been
inactivated by reduction of the pH of the
serum to 3 0 for 2 h at room temperature.
Plasminogen-activator activity of serial dilu-
tions of the culture medium was measured
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and compared with the activity of dilutions
of human urokinase (Leo Laboratories) vary-
ing from 25 to 0-1 Ploug units per ml in
identical control medium.

RESULTS

The establishment of the original cell
lines from the primary squamous car-
cinoma of the tongue and the other 4 lines
was accompanied by considerable growth
of fibroblast-like cells which were elimina-
ted mechanically with a rubber-tipped
metal probe. None of the primary cultures
was subcultured until all detectable fibro-
blasts had been eliminated. The lines were
designated as follows:
Primary squamous carcinoma: LICR

(Lond) HN-6;
Local recurrences in the tongue: LICR

(Lond) HN-6Rr and HN-6Lr
Metastasis in submandibular lymph node:
LICR (Lond) HN-6nl;

and
Metastasis in upper deep cervical lymph

node: LICR (Lond) HN-6n2.
One of the lines, HN-6Lr, has not been
studied as extensively as the others and
will not be described in the same detail.

Tripolar mitoses were frequently seen
in all the cultures. The doubling times of
HN-6, HN-6Rr and HN-6nI were closely
similar, but the doubling time of HN-6n2
was more than twice as long (Table II).
Both HN-6 (Fig. 1) and HN-6n2 formed

flat epithelial sheets and exhibited some
density-dependent inhibition of growth.
HN-6Rr, HN-6Lr and (to a lesser extent)
HN-6nI readily formed multilayered
mounds of cells (Fig. 2) and continued to
proliferate vigorously after reaching con-
fluence.

Cell lines HN-6, 6Rr and 6nl all grew as

FIG. 1.-Confluent culture of HN-6, derived
from the primary tumour. The cells present
an epithelioid appearance and mitoses are
numerous. x 180.

TABLE II.-Properties of tumour cell lines derivedfrom a primary, recurrent and metastatic
squamous carcinoma of the tongue

Cell line
(LICR (Lond))

HN-6
HN-6Rr

Site
Tongue
Tongue
Local
recurrence

HN-6nl Metastasis
to sub-
mandibular
node

HN-6n2 Metastasis
to deep
cervical node

Time to
1st sub-
culture
(wks)

8

No. of
doublings

54

Doubling
time
(h)
32

Growth as
xenograft

+

fl-hCG
(ng/ml)

2-5

CEA
(ng/ml)
-ve

Plasmin-
ogen

activator
(pu/ml)
2-3

8 30 30 + 3 -ve 12-21

13 29 30 + 2 -ve 2

5 72 ND 2-4
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FIG. 2.-Dense culture of HN-6Rr, derived
from the locally recurrent lingual tumour.
Compared to the primary tumour (Fig. 1)
the ordered pattern of growth is lost.
Mitoses are present but difficult to detect.
x 180.

easily-transplantable xenografts in im-
munesuppressed mice. Histologically, the
xenografts closely resembled the tumours
from which the cells originated.

Electron microscopy
Vertical sections of the cultures revealed

a number ofdifferences between the various
cell lines; all the lines derived from recur-
rent or metastatic tumours were less well
organized than the line derived from the
primary tumour.

Cell line HN-6, from the primary
tumour, grew as a multilayered structure
with the cells flattened parallel to the
surface of the culture flask (Fig. 3). The
cells exposed to the culture medium were
always more flattened than the cells
beneath them, and they contained short
microvilli on their upper surface. Desmo-
somes and cytoplasmic bundles of tono-
filaments were prominent, particularly in

cells from the upper layers of the culture.
Cell lines from recurrent and metastatic

tumour (6Rr, 6Lr, 6nl, and 6n2) grew
in a considerably less organized manner.
Although the cultures retained their multi-
layered pattern, the degree of flattening
of the cells at the upper surface was
reduced; so, too, were the numbers of
microvilli on their upper surface (Fig. 4).
Desmosomes and cytoplasmic bundles of
tonofilaments were infrequently seen. The
cell membranes often formed highly
irregular processes, giving a more dis-
organized appearance than in the primary
tumour. Disorganization was most marked
in cells established from the local recur-
rence 6Rr, where the cultures were multi-
layered but lacked any obvious polariza-
tion (Fig. 5). Only one morphological cell
type was seen. Numerous short processes
of the cell membrane were present, and the
cells contained large areas of cytoplasm
with few organelles. Desmosomes were
rare, and no bundles of tonofilaments
were seen in the cytoplasm.
None of the cell lines produced detect-

able CEA, but all released very similar
quantities of immunoreactive ,B-hCG into
their culture medium (Table II). Significant
and reproducible differences in the quanti-
ties of plasminogen activators released
have been recorded; the 6Rr line, which
formed prominent multilayered mounds of
cells, produced significantly more than
the other 3 lines.

Analysis of the surface glycoproteins of
lines 6, 6Rr and 6nl revealed quantitative
differences in the intensity of labelling of
the bands, with 6Rr showing differences
from the other 2 lines. No convincing
qualitative differences could be detected
between the 3 lines (Fig. 6).

DISCUSSION

As far as we are aware, these 5 lines
represent the first set of primary, recurrent
and metastatic human tumour lines estab-
lished from the same patient. Apparently
different lines have been obtained from a
single tumour by Auersperg (1969a; b)
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I

.......

.. .. X-
FiG. 3. HN-6. TEM. The cells nearest the medium are flattened with short microvilli. Desmosomes

and bundles of cytoplasmic tonofilaments (arrow) are present. x 11,500.

,.;.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ..:
FIG. 4. HN-6nl. TEM. Some cells are flattened, but do not have microvilli on their exposed surface.

Cell outlines are irregular, and desmosomes and tonofilaments are infrequent. x 6150.

who established- 2 lines from a single
squamous carcinoma of the cervix uteri:
they differed significantly in their in vitro
growth characteristics, in their behaviour
when transplanted into the hamster cheek

25

pouch, and in their intercellular and sub-
strate adhesiveness.
The properties of the cell lines investi-

gated in this study have not yet revealed
any startling differences between the
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FIG. 5. HN-6Rr. TEM. The cells at the upper surface are not flattened. Short cell-membrane
processes are numerous, but desmosomes and cytoplasmic buindles of tonofilaments are rare. x 4400.

primary, recurrent or metastatic lines. All
release similar quantities of immuno-
reactive P-hCG in culture, and none
produces detectable CEA. They differ,
however, in a number of properties, e.g.
6n2 has a doubling time twice that of
6nl, though both cultures were initiated
simultaneously and have been treated
identically. In monolayer culture, 6Rr,
and to a lesser extent 6n 1, are readily
distinguished from the other 2 lines by
their capacity for greater multilayering
and the formation of a less well organized
epithelium. HN-6Rr repeatedly produced
more plasminogen activators than the
other lines, and demonstrated quantita-
tive but not qualitative differences in the
patterns of glycoproteins analysed by
lactoperoxidase labelling and electrophore-
sis. The absence of significant qualitative
differences in the patterns of surface
glycoproteins of the different lines is
consistent with results obtained by others.

Raz et al. (1980) compared the exposed
surface proteins of 3 B 16 melanoma variant
lines which had differing lung-colonizing
capacities, and were unable to detect
significant differences. Lubitz et al. (1980)
obtained very similar results to our own
when they compared 2 normal and 7
malignant human glial-cell lines: the
differences they found were considered to
be due either to amplified or decreased
expression of the different glycoproteins
or to altered accessibility to lactoperoxi-
dase labelling.
The ultrastructural investigations indi-

cated that the cell line HN-6 derived from
the primary tumour displayed tonofila-
ments and desmosomes which were mar-
kedly reduced or absent in all the other
lines. These results certainly suggest that
a reduction in the level of differentiation
has occurred in the cell lines derived from
the recurrent and metastatic tumours,
though detailed evaluation is difficult.
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FIG. 6.-Electrophoretic separation of surface glycoproterns isolated from the primary squamous
carcinoma (HN-6), a local recurrence (RN-6Rr), and one lymph-node metastasis (HN-6nl).

The tumours had all been exposed to
irradiation and cytotoxic drugs before the
lines were established. Secondly, there is
the problem of selection of cells, which is
inherent in all successfully established
tumour lines; the extent to which tumour
cells grown continuously in vitro can be
directly compared with cells in corre-
sponding tumour growing in vivo is
always to some extent conjectural.

We are indebted to Dr Vera Dalley and Mr Peter
Clifford, FRCS, for access to clinical material. Miss
Sue Carter performed many of the biochemical
assays. R.L.C. gratefully acknowledges support
from the Medical Research Council, and M.R.P.
from the Vandervell Foundation.
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