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Tumorigenicity of Cell Lines Established 
from Oral Squamous Cell Carcinoma and 

its Metastatic Lymph Nodes 

Tokio Osaki, Yukihiro Tatemoto, Kazunori Yoneda and 
Tetsuya Yamamoto 

We investigated the biological and histopathological characteristics of seven human tumour cell lines 
established from primary tongue squamous cell carcinoma (OSC-1), from metastasised lymph nodes 
of the gingival carcinoma (OSC-2 and OSC-3) and from tongue carcinoma (remaining four lines). The 

doubling time ranged from 22 h (OSC-2 and OSC-4) to 55 h (OSC-7), and did not correlate with 
tumour cell stratification in a collagen gel matrix. An invasive tendency was most prominent in OSC-2 
and OSC-4; with the other cell lines, except OSC-6 and OSC-7, only a few sporadic invading cells were 
found in the tissue culture. In the cell lines established from the metastatised tumours, originally 
exhibiting grade 3 invasion, the invasion became more sporadic when the tumour cells were 
xenografted into the tongues of nude mice, while an invasion similar to the original was observed in the 
cell lines obtained from the original site (OSC-1) and from tumours of Grade 4C invasion. These 
findings suggest that the biological behaviour of the established tumour cells is markedly different 
even in tumours of the same tissue origin, and strongly invasive cells may selectively invade, and 
metastatise to the lymph nodes. 
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INTRODUCTION 
RECENTLY, TISSUE culture in a collagen gel matrix containing 

fibroblasts has been tried in several laboratories [l-5]. Using 

this technique, for example, development of a substitute for 
skin has been tried [ 1,2], and the characteristics of established 
human tumour cell lines have been analysed [3-51. In a 

collagen gel matrix, tumour cells are expected to multiply and 
invade in a manner similar to that observed in the original 

human tissue. It is thought that the original mode of invasion, 
which is an important marker of the lymph node metastasis in 

oral squamous cell carcinomas [6, 71, can be reestablished in 
the gel matrix. If so, tissue culture would be a very useful a’n 
vitro test for the invasion mode of each tumour. 

The transplantability and metastatising activity of estab- 
lished tumour cells are usually tested in nude mice. High 
transplantability is associated with strong tumorgenicity. 
Tumour formation rate and tumour growth speed largely 
depend on the mouse tissue used for tumour cell inoculation 
[8, 91, and the tongue seems to be suitable for the multiplica- 
tion of tumour cells. 

In the present study, the biological characteristics of seven 
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cell lines, established from oral squamous cell carcinomas and 

their metastatic lymph nodes, were investigated. In addition, 
tumour cells cultured on collagen gel matrices and xenografted 

to nude mice were histopathologically examined. Based on the 
results, the relationship between the biological and histologi- 
cal characteristics, and also between in vitro and in vivo 
findings, is discussed. 

MATERIALS AND METHODS 

Cell source 
Tumour cells were obtained from the untreated metastatic 

lymph nodes and the primary oral lesion in 6 cases and 1 case, 
respectively. The TN stage, shown in Table 1, was based on 
the UICC definition [lo]. Histopathological characteristics of 
the tumours were determined on specimens stained with 
haematoxylin and eosin which were prepared from biopsied 
materials before treatment, and the mode of tumour cell 
invasion was classified as described by Willen et al. [l l] 
(Fig. la, c). 

Cell culture 
The metastatic lymph nodes and oral tumour tissues were 

minced to about l-2 mm in diameter, and placed on the 
surface of 60-mm Petri dishes in Dulbecco’s modified Eagle’s 
medium (DMEM) containing 200 U/ml penicillin G, 
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Table 1. Clinical and histopathological summaries of turnour cell lines established 

Cell line 

osc-1 

ox-2 

osc-3 

osc-4 

osc-5 

OSC-6 

osc-7 

Age, sex of 
the donor 

Primary site 

and T-stage 

Differentiation and 

mode of invasion 

Tissue of cell 

isolation 

54, M 

68, F 

56, M 

76, M 

48, F 

57, M 

57, M 

Tongue 

T3 

Gingiva 

T2 

Gingiva 

T4 

Tongue 

T2 

Tongue 

T2 

Tongue 

T2 

Branchiogenic 

T4 

Moderate 

Grade 3 

Well 

Grade 3 

Moderate 

Grade 4C 

Well 

Grade 3 

Well 

Grade 3 

Well 

Grade 4C 

Poor 

Grade 3 

Tongue 

(primary) 

Submandibular LN 

(metastatic) 

Cervical LN 

(metastatic) 

Submandibular LN 

(metastatic) 

Submandibular LN 

(metastatic) 

Cervical LN 

(metastatic) 

Cervical LN 

(metastatic) 

L? q = lymph node. 

Fig. 1. Microphotographs of cancer cells in the biopsied materials (A: 0X-2, C: OSC-S), and tumour cells after multiplication 
in the tongue of nude mice (B:OSC-2,lOSth passage. D:OSC-5,48th passage. Four weeks after inoculation in both cell lines. x 60 
in all). Well-differentiated tumour cells invaded into the stromal tissue without any distinct borderline exhibiting an invasion 
mode of grade 3 in both A and C. In the nude mice, OSC-2 formed large islands of tumour nests among the muscular bundles (B). 
The histological features and invasive mode at the periphery of the tumour are similar to those in (A). In contrast, cord-like or 
diffusely invasive tumour cells are visible in the xenograted OSC-5 (D). Compared with the biopsied material, the tumour cell 

invasion is more sporadic. 

200 pg/ml streptomycin, 0.075”. sodium bicarbonate, lo”,, culture medium at 37°C in a humidified incubator at 95”,, 
fetal calf serum (FCS), and O.dmg/ml L-glutamine (culture atmosphere and 5”,, COz, changing the medium twice a week. 
medium). The chopped tumour tissues were cultured in the Initial cell passage was performed when a rapid tumour cell 

UC(B) 10:54 
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Fig. 2. A phase contrast micrograph of OSC-1 at the late 
log-phase of the growth (50th passage, x 300). The cells are 

uniformly squamous. 

growth was observed (usually at 3-8 weeks from the start of 
culture) (Fig. 2). The seven cell lines examined showed 

constant growth after five passages, and all subsequent 
experiments were performed using cell lines passaged more 
than 10 times. 

Cell growth 
Cells (105) of each cell line were seeded in 60-mm dishes 

filled with 10 ml of culture medium in the presence or absence 

of the indicated reagents. The cells were trypsinised every 
48 h, and viable cells were counted after staining with OS:& 

trypan blue. Cell counts were plotted, and the growth curve of 
each cell line was obtained. The doubling time was determined 

by the multiplication in the logarithmic phase. 

Chromosomal analysis 
Chromosome and karyotype were analysed by the modified 

G-banding technique [12]. Briefly, the tumour cells in the 

exponential growth phase were treated with colcemid at a final 

concentration of O.ll.tg/ml for 4 hat 37°C then dispersed using 

0.25”); trypsin and washed with 0.05 mol/l phosphate-buf- 
fered saline (PBS, pH 7.4). The cells were then suspended in a 

hypotonic solution containing 0.075 mol/l KC1 and incubated 
for 10 min. After centrifugation at 1200 rpm for 5 min, the 
pellets were fixed twice with a methanol-acetic acid (3:l) 

mixture. The fixed cells were placed on clean slides and air- 
dried, then stained with Giemsa solution for 10 min. Modal 
chromosome distribution and karyotype features were exam- 

ined by analysing metaphases of each cell line using photo- 

micrographs ( x 1000). 

Colony-forming eficiency 
Five hundred cells of each cell line were poured into 60-mm 

plastic dishes filled with 6 ml of the culture medium. After 
incubation for 7 days, colonies consisting of 10 or more cells 
were microscopically counted after Giemsa staining. Colony 
formation in soft agar was also examined using the following 
procedure; 5 x lo4 cells were plated on the bottom surface of 
35-mm plastic dishes coated with 0.59, agar, and the cells were 
overlayed with 0.34b agar. After 14 days, clusters larger than 
60 pm in diameter were counted in 10 random fields of an 
inverted microscope ( x 50). Four plastic dishes were used for 

each cell line, and the examination of each cell line was 
repeated twice. The mean number of colonies or clusters was 

expressed as the colony forming efficiency (7”). 

Xenograft of tumour cells 
Cells (5 x 105) in 0.05 ml of PBS were subcutaneously 

inoculated into the tongue of 4-week-old Balb/C-nu/nu mice 

using 10 animals for each cell line. Four weeks after 

transplantation, the tumours formed were removed, fixed in 
Carnoy’s solution and histopathologically examined after 
haematoxylin and eosin staining. Tumour cells (1 x lo6 

suspended in 0.1 ml of PBS) were also injected into the tail 

vein of 6-week-old BALB/c-nu/nu mice anaesthesised with 

subcutaneous pentobarbital using 10 mice for each cell line. 

Six weeks later, the mice were killed and the lungs were 
resected. The extirpated lungs were fixed with Carnoy’s 

solution. The pulmonary colonies were microscopically exam- 
ined in haematoxylin and eosin stained sections. 

Tissue culture in collagen gel matrix 
Collagen gel matrix was prepared by mixing 0.33, type I-P 

collagen (pH 3.0, Koken Co. Ltd, Tokyo, Japan) with 5-fold 
DMEM and a reconstituted buffer solution (0.05 N sodium 
hydroxide with 2.276 sodium bicarbonate and 200 mol/l 
Hepes) at a ratio of 7:2:1, and layered in 35-mm dishes. 

Normal human fibroblasts (6 x 105), isolated from explants of 

the oral mucosa of a female infant, were poured onto the 

collagen matrix at 4°C. After 30 min incubation at 37°C and 
solation of the gel matrix, 1 ml of the culture medium was 

added on the gel, and the dishes were incubated for 3 days. 
Cancer cells (5 x 105) suspended in the culture medium were 

poured onto the gel matrix. After 24 h, the collagen matrix was 
removed from the dishes and soaked in a mixed culture 
medium composed of one volume of DMEM containing lo”, 

FCS and two volumes of KG-M medium (Epipak, Sanko Co. 
Ltd, Tokyo, Japan). The collagen matrices containing the 

tumour cells and fibroblasts were cultured for 14 days with 
medium changes at intervals of approximately 48 h. The gel 

matrices were microscopically observed after fixation with 
Carnoy’s solution for 3 h and staining with haematoxylin and 

eosin. 

RESULTS 
Morphological characteristics of the monolayered cell lines 

All the established cell lines monolayered on the culture dish 
surfaces exhibiting characteristics of squamous cell origin. 
OSC-1,2,4,5 and 6 were well-differentiated with atypism in 
the cell size (Fig. 2). OSC-3 cells were predominantly a large 
polygonal shape, and their nuclear-cytoplasmic ratio was the 
highest of the cell lines examined. Cells in OSC-7 were 
polygonal to spindle-like in shape, and poorly differentiated. 

Cell growth 
OSC-2 and OSC-4 became confluent in 8 days, and their 

doubling times were 22.9 h and 21.2 h, respectively. OSC-3 
and OSC-5 multipled slightly more slowly, with a doubling 
time of 31.3 and 32.5 h, respectively. OSC-1 and OSC-6 
exhibited very similar in vitro growth, and required more than 
10 days to achieve confluency (their doubling times were 38.6 
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Table 2. Colony-forming efficiency and transplantability of cell lines examined 

Cell Line Doubling time(h) Passage* 

Colony-forming 
efficiency(“,) 

Plastic? Agarf. 

Transplantability 

Tongueg Lung II Chromosome 

osc-1 38.6 72 8.4 0 s/10 o/10 74, XX-Y 

osc-2 22.9 150 19.8 0 lo/lo Z/IO 76, XX 

osc-3 31.3 83 14.2 2.3 lo/lo l/IO 97, XX-Y 

osc-4 21.2 168 18.2 0.05 lo/lo 4110 69, X-Y 

osc-5 32.5 69 12.8 0.05 lo/lo ND 69, XX-Y 
OSC-6 39.4 35 9.6 0 lo/IO ND 70, XXX-Y 

osc-7 54.6 14 4.3 0 S/IO ND 85, XX-Y 

*At 30 June 1993. 
tTwo x 10’ cells were seeded in 60 mm plastic dishes and incubated for 10 days. 
IFive x 10” cells were plated on 0.3”,, agar, and overlayed with 0.5”,, agar. Colonies were counted after 3 weeks incubation. 
$Five x lo5 cells were inoculated into the tongue of 4-week-old BALB/C-nuinu mice, and tumour formation was observed at 4 weeks after 
inoculation. 
IlOne x lo6 cells were injected into the tail vein of 6 week-old BALB,‘C-nu/nu mice. At 6 weeks after inoculation, colonies formed in the lung were 
counted microscopically. 

- osc-1 (P 60) 
- osc-2 (P 130) 

- osc-3 (P 70) 

- osc-4 (P 150) 

m---m osc-5 (P. 50) 

- osc-6 (P 25) 

*+ osc-7 (P 5) 

2 4 6 8 10 days 

Fig. 3. Growth curves of the tumour cell lines. Each point 
represents the mean of duplicates. 

and 39.4 h, respectively). OSC-7 showed the slowest multipli- 

cation, with a doubling time of 54.6 h (Table 2, Fig, 3). 

Chromosome analysis 

The modal number of chromosomes in metaphase ranged 
from 69 (OSC-4) to 97 (OK-3). OSC-3 and OSC-7 appeared 
to be tetraploid, while the other cell lines were triploid. The 
range of chromosome number was from 7 1 to 76 in OSC- 1,70 
to 76 in OSC-2,96 to 100 in OSC-3,65 to 70 in OSC-4,68 to 
72 in OSC-5,60 to 71 in OSC-6, and 80 to 87 in OSC-7. Six 
marker chromosomes were observed in OSC-1, two in OSC-2, 
10 in OSC-3, one in OSC-4, three in OSC-5, two in OSC-6, 
and nine in OSC-7 (Table 2). 

Colony-forming eficiency 

On the plastic substratum, the average colony-forming 
efficiency was 8.4”” for OSC-1, 19.8”,, for OSC-2, 14.2”, for 

OSC-3, 18.2”,, for OSC-4, 12.B0,, for OSC-5, 9.69, for 

OSC-6, and 4.3O,, for OSC-7. The efficiency in the soft agar 

was very low, being 2.3”” for OSC-3,0.05’,, for OSC-4 and 5, 
and On,, for the other cell lines (Table 2). 

Xenografted tumour cells 

About 4 weeks after inoculation into the tongue, the 
xenografted cells multiplied to form tumours of about 

0.5-0.8 cm in diameter. Tumour formation was observed in all 
nu/nu mice except for mouse case each for OSC-1 and OSC-7. 

The histopathological characteristics of the tongue tumours 
were generally similar to those in the donor’s tissues. 
However, the mode of tumour cell invasion in the tongue was 
somewhat different from that of the original mode in OSC-2, 

OSC-4 and OSC-5. These cell lines, which were established 
from the metastatic lymph nodes, exhibited more sporadic 

invasion in the xenografted tissue compared to the original 

mode of invasion (Fig. lA, D). 
Pulmonary lesions were observed after intravenous inocula- 

tion in three of four cell lines examined. Of these, OSC-4 
showed the most frequent lodging of the intravenously 

inoculated cells, and tumour formation in the lung was found 
in four out of 10 mice, compared to two or one mice for OSC-2 
and OSC-3, respectively, and no pulmonary lesions were 

formed in OSC-1 (Table 2). The pulmonary tumour cell 
differentiation resembled that in the tongue; however vascular 
invasion was occasionally observed in the lung lesions 

(Fig. 4A, B). 

Tissue culture in collagen gel matrix 

OSC- 1 stratified to two or three cell layers in the collagen gel 
matrix, but the tumour cells did not deeply invade (Fig. 5A). 
The cells of OSC-2, 3, 5, 6 and 7 multiplied to form 
polylayered sheets with mitosis and dyskeratosis; OSC-2 and 
OSC-7 formed prominent thick sheets (Fig. 5B, G). All cell 
lines, except OSC-6 and OSC-7, invaded into the gel matrix; 
however, the invasive pattern differed with each cell line. 



Fig. 4. Pulmonary colonisation of xenografted OSC-4 (120th 
passage). (A) A view of multifocal tumour nests in the lung 
(arrows), formed after venous transfusion of the tumour cells. 
(B) Microscopy of the pulmonary lesion exhibiting marked 
atypia and vascular invasion (arrow head) with slight cell 

infiltration ( x SO). 

Invasive tendency was the most strong in OSC-2 and OSC-4 

(Fig. 5B, D); and only a small number of OSC-3 and OSC-5 
tumour cells invaded deeply (Fig. 5C, E). Compared to 
OSC-2, in which a cord-like invasion pattern with small nest 
formation was observed, OSC-4 exhibited a more sporadic 

invasion pattern (Fig. 5B, D). OSC-6 and OSC-7 were the 
least invasive with only a few solitary invading cells (Fig. 5F, 

G). 

DISCUSSION 
The cell lines in this study, all of which possessed distinctive 

marker chromosomes, had different doubling times, which 
correlated with growth in nude mice, but not with multiplica- 

tion in the gel matrix. Their colony-forming efficiencies were 

very weak in soft agar. However, all cell lines could be 
transplanted to nude mice. Because of the low colony-forming 
efficiencies and high tumour formation in the mouse tongue, 

no relationship between the two was found. 

Compared to monolayer cells on plastic dishes, stratified 
tumour cells in the collagen gel matrix seem much more suited 

to the examination of tumorgenicity. It is likely that rapidly 

multiplying tumour cells (OSC-2 and OSC-4) stratify more 
than slowly growing tumour cells (OSC-7). However, the 
stratification in Figs 5 did not correlate with the growth curve 
(Fig. 3) in OSC-4 and OSC-7. Both OSC-2 and OSC-4 

exhibited prominent invasion into the matrix. In addition, 
after intravenous inoculation, OSC-4 followed by OSC-2, 

most frequently formed pulmonary lesions. The original mode 
of invasion of their primary tumour cells in the gingiva and 
tongue, respectively, was grade 3 for both, while in the 
collagen matrix they invaded more diffusely. These cell lines 
were obtained from the metastatic lymph nodes. It is therefore 
considered that the explanation for this discrepancy is that the 
more invasive cells in the original tumour cells had dissemi- 
nated to the lymph nodes, however, there is a possibility that 
the difference may reflect some form of selection under the 
tissue culture condition. 

The tumour cells xenografted into the tongue of nude mice 
grew more sporadically and more invaded into the muscular 
tissue than the primary tumour cells; however, OSC-3 and 
OSC-6, whose original mode of invasion was grade 4, and 
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Fig. 5. Typical microphotographs of the tumour cell lines 
cultured in the collagen matrix for 2 weeks (cross-section, 
x 160). OSC-1 shows an almost non-invasive proliferation, 
with formation of only two to three cell layers (A). OSC-2 
stratifies moderately and invades very sparsely into the gel 
matrix (B), while the poorly-differentiated OSC-4 does not 
stratify and invades diffusely into the matrix exhibiting a 
cord-like structure (D). OSC-3 (C) and OSC-5 (E) are 
moderate in stratification, and only a small number of 
invading cells are visible. Both OSC-6 and OSC-7 are not 

invasive in the gel matrix (F and G, respectively). 



Characterisation of Oral Carcinoma Cell Lines 301 

OSC-1, which isolated from the original tissue, retained the 

same invasion mode as the original. Taking these in vivo results 

together with the in vitro findings, the above hypothesis, 

namely that the more invasive cells among the tumour cells 
will selectively metastatise to the regional lymph nodes or 
distant organs, seems to be valid. To confirm this assumption, 
it would be useful to examine invasion- and metastasis- 

regulating oncogene expression [1315], cell surface adhesion 
molecules [16-181 and metalloproteinase activity [5, 14, 
19-211 in the established cell lines. 

Further basic studies can be carried out using the cell lines 
described here, and we plan to use these lines for analysis not 
only of invasion and metastasis, but also of signal transduction 

involved in cell differentiation [22,23] and apoptosis [22-251. 
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