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ABSTRACT

Cell lines from six human squamous cell carcinomas exhibiting
different degrees of differentiation and malignancy were studied
under in vitro and in vivo growth conditions. The stability of
phenotypic traits of these carcinoma cells and their sensitivity to
environmental influences were analyzed to further elucidate the
interdependency of differentiation and malignancy expressed
under experimental conditions. In conventional (submerged) cul
tures the cell lines exhibited unique growth patterns with an
individual but generally poor expression of differentiation (strati
fication). In a new organotypical culture assay where the cells
grew on lifted collagen gels at the air-medium interface, three-

dimensional structures were formed exhibiting organizational
features and degrees of differentiation similar to those of the
respective tumors. Both in tumors formed after s.c. injection of
cells and in transplants (performed with silicone chambers on
the dorsal muscle fascia) in nude mice, an enhancement of the
individually distinct pattern of differentiation was observed. While
anchorage independent growth was an unreliable marker for
malignancy, all six lines were tumorigenic after s.c. injection into
nude mice. However, the tumor yield (20 to 100%) and latency
period (2 to 12 weeks) varied considerably. In contrast all lines
exhibited (within 1 to 2 weeks) invasive growth in 100% of
animals after transplantation onto the dorsal muscle fascia. All
tumors (squamous carcinomas) and invading cells were identified
as epithelial and as human by specific antibodies. The two new
test systems, the organotypical culture assay in vitro and the
transplantation assay in vivo, proved to be reliable and sensitive
models also for human squamous carcinoma cells to analyze
their differentiative and malignant potential. In comparing the
individually maintained degrees of differentiation and malignancy
in the different test systems, it was apparent that, opposite to
the prevailing opinion, cell lines with the highest differentiation
potential were at least as malignant as were the least differen
tiated ones.

INTRODUCTION

It is a widely accepted principle in tumor biology that during
tumor progression, genotypical and phenotypical changes occur
which may lead to the development of a cell population with
higher malignant properties often coincident with a decrease or
total loss of the potential for differentiation (1). Studies with
teratomas also indicated that the induction of cellular differentia
tion can reduce the malignant growth potential of tumor cells (2).
The postulate of an inverse correlation between differentiation
and malignancy, as originally formulated by Broders (3) in his
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"grading theory" for squamous cell carcinomas, has strongly

influenced tumor treatment and clinical prognosis (4). This hy
pothesis had been based on histopathological and clinical expe
riences only, but its experimental analysis using human cells had
been problematic thus far. The relevant parameters could be
studied only in cell culture or in tumors transplanted into heter-

ologous athymic nude mice, and both environments can exert
selective pressure on these cells. Factors originating from the
blood circulation of the mouse, effects from (unphysiological)
neighboring tissues, or the different growth substrates may
significantly alter growth potential and the expression of differ
entiation and malignancy of human tumor cells. These compli
cating factors may explain the conflicting results reported with
SCC2 cell lines, concerning the stability of the original tumor cell

phenotype in culture and nude mouse xenografts. While some
authors found no or poor correlation in the degree of differentia
tion between primary and nude mouse tumors (5), other studies
reported a well preserved maintenance of major morphological
characteristics of SCCs in culture and xenografts (6-10).

In order to identify and discriminate environmental effects on
differentiation and growth behavior of human tumor cells in vivo
and in vitro, more relevant and sensitive test systems had to be
used. Differentiation in SCCs is usually defined by the tissue
architecture including horn pearl formation and/or single cell
keratinization (dyskeratoses). In submerged cell cultures, how
ever, these parameters are difficult to apply. Most cell lines
exhibit a similar "culture-type" morphology with no or an incom

plete differentiation pattern, such as stratification and formation
of cornified envelopes or horn-sheet-like structures (9,11-13).3

In addition keratins synthesized by carcinoma cells in culture do
not provide reliable criteria to distinguish highly keratinized from
undifferentiated SCC cells, although the pattern may vary quan
titatively according to the observed histological classification (12,
14,15). Thus far the propensity of squamous epithelia to organ
ize a normal or abnormal multicellular architecture cannot be
adequately analyzed in conventional cell cultures. In organotypi
cal cultures, however, when cells are growing on lifted collagen
gels at the air-medium interphase, mouse keratinocytes form
three-dimensional structures and express morphological differ

entiation features similar to those seen in vivo (11, 12,16). This
system can now also be applied to human epidermal cells to
study the modulating effect of environmental factors on keratin
ization of malignant and normal epidermal cells.4

Malignancy is a complex phenomenon composed of many
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aspects which are difficult to assess under experimental condi
tions particularly with epithelial cells of human origin. In particular
there is a lack of reliable morphological criteria to detect trans
formed epithelia in culture. The soft agar test, the most suitable
in vitro parameter for transformed rodent cells, has very poor
correlation with tumorigenicity when applied to human cells (6-

8,17,18). Even the assessment of tumor formation after injection
of cells in nude mice is not very reliable when primary human
tumors or derived cell lines are tested (19-21). Early parameters

of transformation such as changes in tissue organization and
differentiation as well as invasion are usually not detectable or
only difficult to detect in experimental systems in vitro and in
vivo. A transplantation assay originally established for mouse
epidermal cells (11) and later successfully applied to a human
squamous cell carcinoma line (7) does provide growth conditions
where carcinoma cells can express early malignant characteris
tics such as altered morphogenesis and invasion.

Using these test systems we could clearly demonstrate in this
study that the phenotypical characteristics unique for each pri
mary tumor were preserved in the respective cell line while the
degree of expression was modulated by the different in vitro and
in vivo environments. The two new assays included here provide
improved tools to simultaneously study the potential for differ
entiation and malignancy and may permit a more critical analysis
of the correlation between these two parameters in human
cancer cells.

MATERIALS AND METHODS

Cell Lines. All six squamous cell carcinoma lines were derived from
individual tumors and initiated by expiant cultures. They were established
in our laboratory as described (7, 10) or obtained as early passages.3

Cells were cultivated throughout in modified MEM (4 x MEM) with 15%
fetal calf serum (22) in plastic Retri dishes (Falcon, Oxnard, CA) and
incubated at 37Â°Cin humidified, gassed (95% air + 5% CO2) incubators.

Cultures were passaged weekly at a 1:10 split ratio for SCL-I, SCL-II,

TR 126, and TR 138 and at a 1:4 split ratio for TR 131 and TR 146.
Cells were used for the experiments reported here in passages 95 to
100 (SCL-I), 55 to 71 (SCL-II) (for earlier passages see Refs. 7 and 10),

11 to 24 (TR 126), 6 to 20 (TR 131), 12 to 26 (TR 138), and 15 to 29
(TR 146).

Organotypical Culture Assay. Morphogenesis and structural differ
entiation were tested in vitro in the organotypical culture assay as
described earlier for mouse keratinocytes (11,12) (see Chart 1). Cells (2
x 105 in 200 n\ MEM) were plated on collagen gels (type I, isolated from

mouse tail tendons) prepared in silicone chambers (Renner GmbH,
Dannstadt, Federal Republic of Germany) and incubated at 37Â°C. After

the cells had attached, the chambers were lifted to the air-medium
interphase by using Stanzen culture Retri dishes with 1-mm-high projec

tions at the bottom (Greiner und SÃ¶hne,NÃ¼rtingen,Federal Republic of
Germany) and the medium covering the cells was then drained. By this
arrangement cells growing on the collagen gel were directly exposed to
the air while nourished from below by diffusion through the supporting
collagen layer. After 1 and 2 weeks, respectively, samples of each line
were processed for routine histolÃ³gica! analysis by fixation in Bouin's

solution.
Soft Agar Test The ability for anchorage independent colony forma

tion was tested by plating 104 and 10s cells/60-mm dish in 0.3% soft

agar on a 0.5% agar base (Bacto, Difco Laboratories, Detroit, Ml)
prepared in 4 x MEM with 15% fetal calf serum (final concentration).
Cultures were fed once a week by adding 1 ml of fresh soft agar. The
growth of colonies was followed microscopically for 7 weeks and then
counted macroscopically after staining viable colonies with tetrazolium

Silicon- normal and transformed
Chamber cells In

organotypical culture

Culture Projections
Medium in Petridish

Chart 1. Schematic cross-section through an organotypical culture assay on
lifted collagen gel mounted in a silicone chamber (lower part) indicating regularly
and abnormally structured cell masses representing normal and transformed cells,
respectively.

transplantation
chamber

transformed cells
F

muscle fasciagranulation tissue normal cells
(graft bed)

Chart 2. Schematic cross-section through a transplant protected by the silicone
chamber (upper part) indicating growth and organizational behavior of normal and
transformed cells following transplantation as a cell suspension onto the mouse
mesenchyme.

salt (23).
Tumorigenicity Test in Vivo. Tumor formation was assayed in 4-

week-old nude mice (BALB/c and NMRI backcrosses) by s.c. injection
of 106 cells (in 50 ÃŸ\medium) into the interscapular region. The latency

period until tumor nodules were palpable was recorded and tumors were
excised either shortly after their appearance or after 3 to 5 months.
Tumors were fixed for histology or deep frozen in liquid nitrogen for
cryostat sectioning.

Assay for Invasiveness. Expression of differentiation in vivo and
invasive growth was tested in a transplantation assay in nude mice. This
assay was originally developed to test growth and differentiation behavior
of mouse keratinocytes and carcinoma cells (11, 24) (see Chart 2). First
a glass disc was implanted under the back skin of mice and left for 4
weeks to induce a granulation tissue as graft bed. The glass disc was
then removed by a longitudinal incision and a silicone chamber (upper
closed part; Renner GmbH, Dannstadt, Federal Republic of Germany)
was placed onto the granulation tissue, fitting the inner dimensions of
the granulation tissue formed around the glass disc. The skin was closed
around the chamber and the wound margins were tightly fixed with
wound clips. Cells were directly applied onto this graft bed via a hypo
dermic needle injected into the silicone chamber. In nude mice, however,
the granulation tissue formed was very thin and two operations increased
the risk of mortality due to infection and stress. Therefore in further
experiments, a modification of this technique was used which proved to
be well tolerated by the nude mice and as sensitive as the original
method. In a one-step operation the silicone transplantation chamber

was directly implanted onto the deep connective tissue of the muscle
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fascia by a longitudinal incision in the Â¡nterscapular region. Under both
experimental procedures 2 x 10s cells suspended in 200 n\ of 4 x MEM

were injected into the chamber. Transplants were excised after 7 and
14 days and fixed en bloc for routine histology or were deep frozen for
cryostat sections.

Indirect Immunofluorescence. The human origin and epithelial nature
of the tumors as well as of the transplants on the nude mice was
visualized in the immunofluorescence test by the use of specific antibod
ies. Cryostat sections were incubated for 45 min at 30Â°Ceither with a

polyclonal anti-mouse keratin antibody at a dilution of 1:10 or with an

undiluted monoclonal antibody against human cell nuclei (kindly provided
by Dr. Birgit Lane, ICRF, London, United Kingdom). The slides were
rinsed three times in phosphate buffered saline followed by further
incubation for 45 min at 30Â°Cwith a fluorescein labeled anti-guinea pig

IgG and anti-mouse IgG, respectively (Miles-Yeda, Rehovot, Israel) at a

dilution of 1:20. After several washes in phosphate buffered saline and
Tris-HCI buffer (pH 8.5), the sections were mounted in Aqua-Mount

(Lerner Laboratories, New Haven, CT) and examined with an inverted
microscope with epifluorescence optics (IM 35; Cart Zeiss, Inc., Ober-

kochen, Federal Republic of Germany).

RESULTS

Characterization of Primary Tumors. The origin, degrees of
malignancy, and keratinization of each primary tumor are given
in Table 1. The histopathological grading of differentiation is
related to the degree of anaplasia, presence of horn pearls, and/
or single cell keratinization (dyskeratoses), respectively. Tumors
classified as highly differentiated contained large keratinized
areas or numerous horn pearls while poorly to moderately differ
entiated tumors mainly revealed single cell keratinization (dys
keratoses). The undifferentiated tumor was composed of ana-

plastic cells with no indication of keratinization.
Differentiation Features of Cell Lines in Vitro. In normal

surface cultures each line exhibited a unique pattern of growth
and differentiation which was easily detectable by phase-contrast
microscopy (Fig. 1). While TR 146, TR 138, SCL-I, and TR 126

cultures were consistently composed of a mixture of at least two
different cell types (distinct islands of polygonal cells alternated
with more spindle shaped cells of varying size) (Fig. 1, b, c, d,
and e), TR 131 and SCL-II cultures, on the contrary, were more
uniform (Fig. 1, a and f). Although some cells appeared nonepi-

thelial by morphology, their epithelial identity could be demon
strated clearly by their reaction with anti-keratin antibodies in the

indirect immunofluorescence test. The cytological homogeneity
or heterogeneity of the cell lines was not correlated with the
morphological degree of differentiation. Differentiation was dis
cernible by stratification of cells and formation of coherent horn

Table 1

Origin and degrees of differentiation and malignancy of the primary SCC tumors

CelllineTR131TR146TR138

SCL-I
TR126SCL-IIDegree

of dif
ferentiationPoor3HighModerate

Poor
PoorNoneDegree

of ma
lignancyInvasive

tumor
Metastasizing

tumor
Solid tumor
Solid tumor
Metastasizing

tumor
Solid tumorOrigin

of tu
morsiteLarynx

CheekSupraglottis

Face
TongueFaceSource

of tissue
culturematerialPrimary

tumor
Lymph node

metastasis
Primary tumor
Primary tumor
PrimarytumorPrimary

tumor
Â°Since well differentiated transplantation tumors were obtained with the TR 131

cell line, we presume that an atypical (highly differentiated) portion of the tumor
was selected for tissue culture by chance.

sheet-like structures, as seen in cultures of the highest differen

tiated lines TR 131 and TR 146 (Fig. 1, a and b), or of single
cornified envelopes in cultures of TR 138 and SCL-I (Fig. 1, c
and d). TR 126 cells rarely and SCL-II cultures never expressed
light morphological parameters of differentiation. Upon induction
by Triton, cells from the lines TR 131 and TR 146 were the only
of the TR lines to form cornified envelopes at a measurable
level.5

Cultivation on collagen substrate and direct exposure to the
air (in the organotypical culture assay) enhanced the expression
of three-dimensional growth and differentiation features. Under

these growth conditions the unique organization and differentia
tion patterns of the different human SCC lines were much more
prominent than in submerged cultures and even resembled those
of the respective nude mouse tumors. In TR 131 and TR 146
cultures nodule-like structures alternated with areas consisting

of only one or two cell layers. Within these nodules early stages
of horn pearl formation (typical of TR 131 in Fig. 2a) or differen
tiated "swollen" cells with thickened cell membranes and degen

erated nuclei characteristic of TR 146 (Fig. 2o) were observed.
Cells of TR 138 and SCL-I formed less organized multilayered

cell masses with randomly distributed mitoses and dyskeratoses
(Fig. 2, c and d). Keratinization was absent in TR 126 and SCL-
II cultures which exhibited a less stratified architecture mostly
consisting of only 2-3 cell layers (Fig. 2, e and O- A distinct

analysis was difficult with cells of the TR 126 line since they did
not grow as well on the collagen substratum and started to
degenerate after about 2 weeks of incubation time (Fig. 2e).

Expression of Differentiation in Vivo (Nude Mouse). The
degree of differentiation in vivo was monitored by histolÃ³gica!
examination of tumors formed after injection of the carcinoma
cells into nude mice as well as of transplants situated on the
dorsal muscle fascia. The expression of keratinization was gen
erally higher in vivo (see Figs. 3 and 4), but the pattern of
organization characteristic for each cell line was very similar to
that observed in the organotypical cultures in vitro.

Cells from the lines TR 131 and TR 146 formed highly differ
entiated tumors although with varying histological features. TR
131 cells usually grew to cysts which in advanced stages were
completely filled with horn sheet-like material. Cell islands, invad

ing the surrounding host tissue, often carried horn pearls in their
centers (Fig. 3a). The solid tumor nodules of TR 146 which
eventually ulcerated through the skin, showed large keratinizing
areas including "stratum granulosum-like" and parakeratotic cells

(Fig. 3u). Tumors formed by TR 138, SCL-I, and TR 126 cells

could be classified as moderately to poorly differentiated by their
ratios of keratinized areas (TR 138; Fig. 3c), horn pearls (SCL-I;

see Ref. 10) and dyskeratoses which were seen in all three tumor
specimens (TR 126; Fig. 3d). Only SCL-II cells produced tumors

which were completely undifferentiated (see Ref. 10).
Following transplantation onto subdermal mesenchyme the

carcinoma cells usually first formed an irregular superficial "epi
thelium" with unique structural organization before they invaded

into the host tissue. The different methodological approaches
(transplantation of cells onto the preinduced granulation tissue
or directly onto the muscle fascia) did not influence the pattern
of growth or differentiation. Transplants of TR 131 and TR 146
exhibited the highest degree of differentiation both on the surface

* H. T. R. Rupniak, unpublishedresults.
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and within the transplantation bed. Invasively growing islands of
TR 131 cells differentiated to typical horn pearls (Fig. 4a). Other
areas were covered with irregularly structured parakeratotic
surface epithelium containing horn pearl-like configurations com

posed of cells with thickened membranes and pyknotic nuclei
(see Fig. 6). In TR 146 transplants a rather regular "mucosa-like"

pattern of organization and differentiation with several layers of
flattened parakeratotic and stratum granulosum-like cells could

be observed in some specimens (Fig. 4b). In the transplants of
TR 138, SCL-I, and TR 126 (Fig. 4, c-e), only dyskeratoses were
seen while SCL-II cells had grown to homogeneously appearing

cell masses with no indication of differentiation (not shown here,
see Ref. 10).

Table 2 summarizes the degree of differentiation observed in
the different test systems. The results clearly indicate that the
individual potency for differentiation as expressed in the primary
tumor and early cell culture was maintained and expressed in
the cell lines but was modulated by the environmental conditions
in that keratinization was most complete only in vivo.

Transformed Growth Behavior in Vitro. Anchorage independ
ent growth and disorganized morphogenesis in vitro are consid
ered as indicators of transformed growth behavior of cells in
culture. Colony formation in semisolid medium was positive in
only four of the six SCC lines and the efficiency remained low
(ranging from 0.02 to 2%; Table 3). Moreover the cell line with
the highest colony efficiency (SCL-I with 2%) acquired the ca

pacity for anchorage independent growth only at later passages,
while cells did not grow at all in agar up to passage 54. Similarly
SCL-II cells grew only in soft agar after passage 10. Since all the

other lines were tested around passage 20, growth in agar may
develop or further increase during later passages. In addition to

Table 2
Degree ol morphological differentiation expressed by squamous cell carcinoma

cell lines in vitro and in vivo

Submerged Organotypical Injection
Cell line culture" cultures tumor" Transplant0

TR 131
TR146TR

138
SCL-I

TR 126High

HighModerate

Poor
PoorHigh

HighModerate

Moderate
PoorHigh

HighModerate

Moderate
PoorHigh

HighModerate

Moderate
Poor

SCL-II Absent Poor Absent Absent
" Stratification and/or cornified envelopeformation.
6 Comified envelope formation (keratinization).
c Stratum corneum or horn pearl-likestructures and/or singlecell keratinization.

Table 3

Malignant growth behavior of squamous cell lines in vitro and in vivo

CelllineTR

131
TR146TR138

SCL-ITR126

SCL-IISoft

agar3

cloning
efficiency

(%)0.02

00.13

2.0000.03Tumor

formation"Tumor

yield11/13(84%)

10/10(100%)2/10(20%)

22/29(72%)2/10(20%)

7/11 (64%)Latency

period
(wk)2-5

2-57-8

12-147-14

8-12Invasive

growth012/12

10/109/9

11/1110/10

15/15
8 105cells plated.
610e cells injected per animal.
c 105cells transplanted per animal.

the low frequency of colony formation, all colonies remained very
small when compared to control cells from a mouse skin carci
noma cell line.

When grown on plastic, cells of all lines exhibited no typical
morphological features to be correlated to their malignant growth
behavior in vivo, such as disoriented colonies or piled up foci
known from transformed fibroblast cultures. In the organotypical
cultures, however, each cell line formed unique multilayered
structures with atypical organization and disturbed orientation,
with proliferating and differentiating cells often positioned in all
layers (Fig. 2, a-d). Only in cultures of the relatively undifferen-
tiated cell lines TR 126 and SCL-II (Fig. 2, e and f) a smaller
degree of stratification was expressed but no normal tissue-like

organization was observed within 3 to 4 weeks. In general the
rather regular morphogenetic organization and differentiation as
known from normal mouse and human keratinocyte cultures (13,
25)* were never seen in organotypical cultures of the carcinoma

cell lines.
Malignant Growth in Vivo. All cell lines expressed malignant

growth potential by tumor formation after cell injection in nude
mice. However, the tumor rate varied considerably from 20 to
100% as did the latency period from 2 weeks to 3 months. The
higher tumor yields seemed to be correlated with the shorter
latency periods (Table 3). By these criteria TR 146 and TR 131
cell lines appeared to be the most malignant with tumor rates of
100 and 84% and latency periods of 2 to 5 weeks. For all other
cell lines tumors were first palpable only after 2 to 3 months. TR
131 cells produced cysts which remained fairly small (about 0.5
cm in diameter) and did not further increase even after 5 months,
but invading tumor cell cords could be detected in the adjacent
mesenchyme. The solid tumors formed by TR 146, SCL-I, and
SCL-II cells ulcerated after having reached diameters of 1.5 to 2

cm. These carcinomas were often either centrally keratinized
(TR 146), necrotic, or filled with fluid (SCL-I and SC-II). The few

tumors derived from lines TR 138 and TR 126 also appeared to
be cysts, but the peripheral disorganized tumor masses heavily
invaded the host tissue, both subcutis and dermis (see Fig. 3, c
and d).

The transplantation assay proved to be a more sensitive test
for malignancy demonstrating invasive growth behavior of all the
carcinoma cell lines in 100% of the animals, whether cells were
transplanted onto preinduced granulation tissue or onto muscle
fascia. As early as 7 days after transplantation, invading cords
could be observed originating from the newly formed atypical
epithelium covering the surface of the graft beds. Within 2 weeks
the carcinoma cells had penetrated deeper into the host tissue
but never infiltrated the muscle. Transplants of the different cell
lines revealed again individual organizational features very similar
to those of the nude mouse tumors (see Fig. 4). Diffusely
infiltrating tumor cells were characteristic for the TR 138 and TR
126 lines (see Fig. 4, c, d, and e). In these cases it was particularly
important to prove the epithelial nature and human origin of the
putative invading cells. This could clearly be evidenced in the
indirect immunofluorescence test when frozen sections were
labeled with a monoclonal antibody against human nuclei (Fig.
5), as well as with an anti-keratin antiserum which cross-reacts

with human skin epithelia (Fig. 6).
When comparing criteria for malignancy (Table 3), there was

no obvious correlation between the results obtained with the in
vitro (soft agar) and the two in vivo assays which by themselves
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correlated very well. The invasion test, however, seemed to be
more sensitive and reliable for the detection of malignant growth
potential of the human carcinoma derived cell lines.

DISCUSSION

The degree of differentiation in epithelial tumors such as SCCs
is usually identified by classical histological parameters based on
cytological criteria and the tissue architecture. The analysis of
keratinization and of multicellular organization, however, repre
sents a problem in conventional submerged cell cultures where
only a rather unspecific "culture-type" pattern of differentiation is

expressed. By improving the substratum and the culture milieu
such as provided in the organotypical culture assay, three-

dimensional structures are formed by carcinoma cells exhibiting
individual organization and keratinization patterns very compa
rable to those expressed in transplantation tumors. With this
model system altered morphogenesis and tissue architecture
can now be studied in vitro and used as an additional parameter
to identify transformed keratinocytes (12, 13, 26). Moreover
since some of the human carcinoma lines infiltrated into the
collagen substratum (see Fig. 2c) this assay may be further
useful to study tumor cell invasion in vitro (see also Ref. 27).

The remnant potential for differentiation of the SCC cell lines
is best expressed only under in vivo conditions. The transplan
tation assay proved particularly useful to demonstrate the vary
ing differentiation features expressed when cells grow both on
the surface and within the host mesenchyme. Studies with
keratinocytes have demonstrated that complete expression of
differentiation requires factors from the mesenchyme in vivo (13,
16, 28, 29), which cannot be provided by modified substratum,
improved culture media, or the addition of mesenchymal feeder
cells in vitro (30,31 ) but which to a certain extent can be replaced
by addition of intact dermal tissue to epidermal cultures (16, 25,
26). These mesenchymal influences on cell differentiation are
apparently also effective on carcinoma cells as well as on hybrid
cells between human carcinoma and normal cells (32). These
regulatory effects of the mesenchyme are rather permissive
(allowing the expression) than inductive, since cells from undif-
ferentiated tumors and cell lines (e.g., SCL-II) cannot be stimu

lated to form differentiated structures under in vivo conditions.
Furthermore the environmental effects are obviously not species
specific since mouse mesenchyme can effectively act on human
cell differentiation.

These and earlier observations (7, 10) clearly indicated that
the individual propensity for differentiation of the different SCC
lines is rather unchanged in vitro, maintained over many pas
sages in culture, and obviously controlled by a stable endoge
nous program. The degree of expression of the differentiation
potential, however, is controlled by exogenous factors. Conflict
ing results concerning the stability of the preserved potential in
SCC-derived cell lines probably may be due to the heterogeneity
of the primary tumor cell population with the possibility that
different parts of the tumor were taken for cultivation and for
histological diagnosis, respectively. This might also have hap
pened with TR 131 and might explain the discrepancy between
the high degree of differentiation of this cell line and the diagnosis
of the tumor as a "poorly differentiated SCC."

Whether environmental, e.g., mesenchymal, factors can also
control tumor cell growth as a consequence of or in addition to

the effects on differentiation is unclear. The results with hybrids
between normal and malignant human cells indicate that tumor-
igenicity is obviously controlled in the nude mouse by environ
mental conditions (32, 33). Similarly many heterotransplants of
human tumor biopsies do not grow progressively in this environ
ment (17, 20). Nevertheless this tumorigenicity assay is still
considered the most reliable and physiologically meaningful test
for malignancy since all in vitro criteria related to increased
proliferation and autonomous growth potential (e.g., anchorage
independence) are not safe parameters, particularly for SCC
cells. The proliferative activity of the skin carcinoma cells may
be less than that of normal keratinocytes (6, 8, 34) and growth
ability in agar is low or absent (6, 10, 31, 35, 36). On the other
hand even normal human fibroblasts and mesothelial cells are
able to grow in semisolid media (35, 37).6 Since the ability of

SCC cells for anchorage independent growth increases with
culture time, this propensity may be regarded as an adaptation
phenomenon to unfavorable growth conditions and as such be
related to advanced stages of malignancy.

When SCC cell lines were tested for tumorigenicity in nude
mice, a considerable variability in tumor yield and latency period
was observed. These two parameters are usually taken as
indicators for the degree of malignancy of injected cells, although
most of these xenografts, even though they are derived from
mÃ©tastases,remain encapsulated and do not metastasize (19,
21 ). Further problems are encountered with the histopathological
diagnosis of malignancy of such tumors when only cysts are
formed (31).3 Most of these difficulties with the tumorigenicity

test, most probably related to tissue interactions or immunolog-

ical host reactions (21,32), could be overcome by the short term
transplantation assay to identify malignant cells by their ability to
invade into neighboring mesenchyme in vivo.

Invasion is the earliest morphological criterion to diagnose
malignant lesions in surface epithelia. Our test system mimics
the in vivo situation of early stages of an "invasive carcinoma"

from squamous epithelia in that the transplanted cells first recon
stitute an epithelial-like architecture on the surface of the mes

enchyme and later penetrate into the host tissue. The data clearly
indicate that this assay is much more sensitive than the tumori
genicity test as far as the rate of positive results (invasion) and
the latency periods are concerned. Furthermore the cell number
necessary for this test system is more than 1 order of magnitude
less than that usually needed for tumor formation by injection.
Preliminary experiments indicate that even 104 cells transplanted

onto the mesenchyme of nude mice (using a smaller transplan
tation chamber) will lead to invasive growth within only 1 week.

Due to the conditions of the transplantation assay which are
obviously more favorable for the attachment and growth of
epithelial cells as compared to the "unphysiological state" of

being injected into foreign mesenchyme, carcinoma cells express
more readily and reproducibly their malignant growth potential.
When growing on top of the transplantation bed, cells may be
less affected by mesenchymal factors than inside the connective
tissue following injection. However, thus far all invading human
tumor cells grew only into the s.c. tissue including the mesen
chyme of the muscle fascia but never infiltrated the muscle.
Whether this is due to the relatively short observation period or
to host tissue reactions must still be clarified. Another transplan-

* J. McCormick, personal communication.
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tation system has been described recently using a s.c. implanted
collagen sponge which improved attachment and outgrowth of
the injected cells and provided higher sensitivity of this malig
nancy test (38). Nevertheless all the existing In vivo assays to
test for malignancy are at best qualitative but do not allow to
quantitatively determine degrees of malignancy under experi
mental conditions.

These studies on six human SCC lines with various degrees
of differentiation and malignancy have demonstrated that individ
ual features of growth and differentiation of carcinoma cell pop
ulations are maintained during in vitro passages. The degree of
differentiation expressed in vitro and in vivo, however, is modu
lated by environmental conditions. With two new test systems,
the organotypical culture and the transplantation assays, growth
and differentiation characteristics of epithelial tumor cells can be
analyzed with improved sensitivity in vitro and in vivo under
comparable and more tissue specific conditions. Although quan
titative distinctions of the degree of malignancy are still proble
matic due to insufficient methodology, the cell lines with the
highest expression of differentiation also appeared to be "most
malignant." Whether this correlation of differentiation and malig

nancy can be generalized to disprove the postulate of Broders
(3) must still be determined with a larger series of tumors and
cell lines. The present work, however, clearly indicates that the
grading of malignancy of squamous cell carcinomas using the
degree of differentiation as a main parameter is questionable and
requires further experimental verification.
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Fig. 1. Phase-contrastmicrographs of confluent cultures of TR 131 (a),TR 146 (b), TR 138 (c), SCL-I (d), TR 126 (e)and SCL-II (/).All micrographsare reduced from
x 225 original magnification.Arrows, horn sheet-likestructures (a, o) and comified envelopes (Â£>,c) on top of the monolayer.
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Fig.2. Histologicalcross-sections of 2-week-old organotypical cultures on lifted collagen gels: a, TR 131; b, TR 146; c, TR-138; d, SCL-I; e, TR 126; f, SCL-II.a to d

are reduced from x 290; e and f are reduced from x 480 original magnification.Arrows, differentiated cell structures (a, o) and dyskeratotic cells (c, d); arrowheads,
mitotic cells (c, d). H & E.
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Fig. 3. Histological sections of the tumors formed after s.c. injection of cells into the nude mouse. In a, highly keratinized and well organized cysts (arrowhead) had
formed 9 weeks after injection of TR 131 cells. Islands of tumor cells containing horn pearl-like differentiation structures (arrows) had invaded the host mesenchyme.
x 290. In b highly differentiated tumor with stratum granulosum-like cells (arrows) formed by TR 146 cells 2 weeks after injection, x 290. c, lateral part of the cystic
tumor (inner surface indicated by arrowheads) developed by TR 138 cells in the s.c. tissue 3 months after injection. Arrows, differentiated parts of the tumor, x 70. d,
poorly differentiated cyst (acrowfteads point to luminal side) formed by TR 126 cells 3 months after injection. Cells heavily infiltrated the subcutis and dermis. X70.H&E.
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Fig. 4. Histological sections of invasively growing cells 2 (a to e) and 1 week (d) after transplantation onto the muscle fascia of nude mice, a, TR 131 (arrows, horn
pearl-likestructures within the invading cell strand), x 480. Â£>,TR 146 (arrowheads,small invading cell cords, x 290). c, SCL-I. x 290 d TR 138 x 290 e TR 126 x
480. H & E.
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Fig. 5. Identificationof the humanorigin of the superficiallyand invasivelygrowing TR 138 cells 2 weeks after transplantation. Indirect immunofluorescencetest after
labeling with a monoclonal antibody recognizing human nuclei (spot-like fluorescence).The more uniformly stained cells in the mouse mesenchymeare most probably
unspecifically labeledmacrophages, x 290.

Fig. 6. Thick, irregularlystructured, differentiatedsurface "epithelium"with invadingedgeand infiltratedcell nests formed by TR 131cells 2 weeks after transplantation.

Indirect immunofluorescencetest after labelingwith a guinea pig antiserum against keratin; see small cell groups in the mesenchyme.x 120.
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