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Abstract-By use of phase contrast microscopy, transmission and scanning electron microscopy 
the cytomorphological effects of different known tumor promoters (TPA, teleocidin, mezerein and 
anthralin) were studied and compared to the cytomorphological effects of a variety of non- or 
weak promoting irritants (ethylphenylpropiolate (EPP), ph or o , 6 1 acetone, ethanol and dimethyl 
sulfoxide (DMSO)). The studies were conducted in cultures of stratifying rat tongue epithelial 
cells. It was demonstrated that the tumor promoters induce characteristic cytomorphological 
alterations, the most striking changes being elongation of the cells and formation of long 
cytoplasmic extensions together with induction of so-called “dark cells”. The non-promoting 
irritants exerted well-known cytotoxic reactions like cell rounding and cell sloughing. It is suggested 
that the characteristic tumor promotor induced cytomorphological effects partly rejects a block of 
the intercellular communication and thus should be paid more attention as an important charac- 
teristic event among the pleiotropic effects exerted by tumor promoters. 

INTRODUCTION 
SINGLE application of the tumor promoter 12-O- 
tetradecanoyl-phorbol- 13-acetate (TPA) is known 
to induce marked hypcrplasia and morphological 
changes in the cpithclium of mouse back skin 
[l-3]. The most striking cffcct on the epidermis 
seems to bc the induction of “dark” kcratinocytcs 
[2, 41. Morphological changes induced by TPA 
have also been reported in a variety of in 7,dro 

systems including human fibroblasts [5]> chick 
embryo fibroblasts 161, mouse fibroblasts [ 7, 81, 
mouse epithclial cells [ 91, canine kidney cells [ lo], 
monkey kidney cells [Ill, hamster oral epithelial 
cells [ 121, and human epithelial cells [ 13-151. In 

these studies, the most frequent observation has 
been the alteration of the phenotype of TPA- 
treated cells toward a pronounced elongation and 
formation of long cytoplasmic extensions. 

The present paper dcscribcs that not only TPA 
but also diffcrcnt classes of tumor promoters such 
as tcleocidin, anthralin and mczcrcin induct 
identical characteristic morphological changes in 
culturrd rat oral squamous cpithclial cells. 

MATERIALS AND METHODS 

Tissue culture 

Suhculturcs of rat tongue squamous cpithclial 
cells were prepared as previously described [ 161. 

Bricfy, the cells were plated in plastic culture 
flasks (Falcon 3013) as droplets of ccl1 suspension 
containing 2 x 10” cells per 20 (-Al and wcrc sup- 
plied with complctc culture medium consisting of 
minimum csscntial mrdium with Earlr’s salt 
solution (MEM): 5% calf serum and 40 &ml 
gcntamycin sulfate. The incubation tcmpcraturc 
was 30” C and the gaseous environment consisted 
of 95% air and 5% CO,. 

Preparation and application of test chemicals 

TPA and phorbol were purchased from P-L Bio- 
chemicals, GmbH, \t’. Germany, cthyl- 
phcnylpropiolatc (EPP) from EGA-Chrmir, \Y. 
Germany, and mczcrcin from LC Scrvicc Corp., 
U.S.A. Anthralin was commercially available 
(Trojborg Apotck, Aarhus, Denmark), whcrras 
tclcocidin was kindly donated by Dr. Fujiki, 
National Cancer Ccntcr Rcscarch Institute, Tokv:o, 
Japan. Reagent gradr acctonc and ethanol wet-r 
used. 

,411 chemicals wcrc dissolved in dimcthyl sulf- 
oxide (DRISO), purchased from Pierce Chemical, 
U.S.A., to a final concentration in the culture 
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medium of 0.2% DMSO. The influence of a wide 
range of concentrations of each chemical on cell 
proliferation was prior to the performance of 
morphological studies assessed by computerized 
measurements of the outgrowth areas during a 14- 
day period (Table 1). The test chemicals were 
added to confluent cell cultures day 4 after sub- 
cultivation. 

For each dose level of all chemicals microscopy 
examinations were made in duplicate flasks. 
Observations were conducted in two identical 
experiments performed with a 4-week interval. 

Phase contrast microscopy 
The cultures were examined in a Leitz Diavert 

phase contrast microscope and photographed 
every 10 min during the first 4 hr following test 
chemical application. The cultures were sub- 
sequently examined during 1 week with increasing 
intervals from 20 min to 6 hr. 

when morphological cell changes wcrc fully 
developed, the medium was removed and cultures 
were processed for scanning electron microscopy. 
They were rinsed in MEM (30” C) followed by 
fixation for 2 hr at 4” C in a 1 : 1 mixture of 2.5% 
glutaraldehyde and 2% aqueous 0~0~ (1 : 1) in 
0.2 M sodium cacodylate (pH 7.4). After rinsing 
in the same buffer, specimens (16-20 sq mm) were 
cut out from the bottom of the culture flasks with 
a warm scalpel and were critical point dried with 
Polaron E3000 CPD. Specimens were mounted on 
metal stubs using a double-coated tape (Scotch 
665), supplemented with Silverpaint and coated 
with gold-platinum with Polaron E5000 Diode 
Sputtering System. Examination was made in a 
Philips 505 scanning electron microscope. 

Transmission electron microscopy 

Scanning electron microscopy 
Two hours following exposure to test chemicals, 

Table 1. Dose range of testchemicals per ml medium. Toxicity 
was assessed by computerized measurements of the outgrowth 
areas during a 14 days period. Non-toxic doses did not affect 

the growth rate 

Toxic doses Non-toxic 
doses 

Two hours after exposure to test chemicals the 
cultures were processed for TEM study. They were 
fixed in 2.5% glutaraldehyde-2% para- 
formaldehyde in 0.1 M cacodylate buffer (pH 7.4) 
for 2 hr at room tempcraturc, rinsed in the same 
buffer overnight and then post-fixed in cacodylatc 
buff&-cd OsO,+ for 1 hr at 4’ C. Following staining 
en bloc with 1% aqueous uranyl acetate and dc- 
hydration in ascending concentrations of ethanol 
(50-lOO%), the cultures were infiltrated with a 
mixture of ethanol and hydroxypropyl meth- 
acrylate (HPMA) for 30 min each in ratios of 2 : 1, 
1 : 2 and finally in pure HPMA. This was followed 
by an infiltration with HPMA and Epon in ratios 
of 2 : 1, 1 : 2 each for 2-3 hr and then cmbcdded 
in situ with pure Epon. After polymerization, the 
cpon blocks wcrc peeled from the flasks. Thin 
sections were cut parallel or vertical to the sub- 
stratum with a diamond knife, double stained with 
uranyl acetate and lead citrate, and examined in 
a Philips 301 transmission electron microscope at 
60 kV. Scmithin sections were stained with tol- 
uidine blue for light microscopic observation. 

TPA 

Teleocidin 

Mezerein 

Anthralin 100 pnol 

EPP 5 CLg 
1 CLg 

Phorbol 500 ng 
100 ng 

Acetone 1% v/v 
0.1% v/v 

Ethanol 10% v/v 
1% v/v 

DMSO 10% v/v 
5% v/v 

’ M 
250 ng 
100 ng 

1 I% 
100 ng 

500 ng 
100 ng 

10 ng 

l ng 

10 ng 

l ng 

10 ng 

1 ng 

10 ~rnOl 
1 prlol 

500 ng 

10 ng 

O,Ol% v/v 

O,Ol% v/v 

1% v/v 

RESULTS 

As a general observation no significant 
differences either between flasks having received 
identical treatment or inter-experimentally were 
recognized. 

Findings with phase contrast microscopy 
Within 10 min after exposure to TPA, telcocidin, 

and mczcrein in non-toxic doses (Table l), 
morphologic changes of the cultured rat cpithclial 
cells became evident and reached a maximum after 
2-3 hr. These changes consisted of marked widcn- 
ing of the intercellular spaces and transformation 
of the polygonal cpithelial cells to elongated, tri- 
angular or spindleshaped, fibroblastoid cells (Figs. 
1, 3, 5 and 6). Many of thcsc morphologically 
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Fig. 1. Culture of rat tongue squamous epithelinl cells. Untreated control culture day 4 following subcultivation. Phase contrast 
x 240. 

Fig. 2. As Fig. 1. SEM X 240. 
Fig. 3. Culture exposed to 100 ng TPA per ml medium day 4 following subcultivation. Phase contrast X 240. 

Fig. 4. As Fig. 3. SEM X 240. 
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Fig. 5. Culture exposed to 100 ng teleocidin per ml medium day 4 following subcultivation. Phase contrast X 240. 
Fig. 6. Culture exposed to 100 ng me~erein per ml medium day 4 following subcultivation. Phase contrast X 240. 
Fig. 7. Culture exposed to 100 ng phorbol per ml medium day 4 following subcultivation. Phase contrast X 240. 

Fig. 8. Culture exposed to 1 ~g EPP per ml medium day 4 following subcultivation. Phare contrast X 240. 
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Fig. 9. Control culture. Polygonal cell shape, several intercellular junctions. TEA4 X 5000. 

Fig. 10. Culture exposed to TPA, 100 ng per ml medium during 1 hr. Elongated cell shape. Organelles concentrated in 
the perinuclear region. Very few intercellular junctions. TEM X 5000. 



24 D. Arenholt et al. 

Fig. 11. Control culture. Adjacent cells connected with numerous ynmetric desmosomes. TEM X 15000. 

Fig. 12. Culture exposed to TPA, 100 ng per ml medium during 1 hr. Asymmetric or disorganized desmosomes. TEM X 

15000. 
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Fig. 13. Survey of culture exposed to teleocidin, 100 ng per ml medium during 1 hr. Spindle shaped cells and virtually no 
intercellular junctions. Light cells and dark cells (arrows). TEM X 5000. 

Fig. 14. Treahnent as in Fig. 13. No intercellular junctions between closely apposed cells. TEM X 15000. 
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modified cells displayed long thin cytoplasmic 
extensions up to 50 pm in length. The cellular 
response to anthralin developed more gradually 
than to the other tumor promoters used, but was 
morphologically identical to the other tumor pro- 
moter treated cultures after 8-10 hr. The mor- 
phological changes induced by the tumor pro- 
moters were reversible, in that the fibroblastoid 
cells slowly regained their original polygonal shape 
during a period of 24-36 hr. A change to medium 

not containing tumor promoter, accelerated at any 
time the normalization of cell morphology. 

Application of tumor promoters in toxic doses 
(Table 1) resulted in granulation and vacuolization 
of the cytoplasm and formation of rounded cells. 

Treatment of the cultures with non-toxic doses of 
the non-promoting irritants EPP, phorbol, acetone, 
ethanol and DMSO did not provoke morphological 
changes like those seen in the tumor promoter 
treated cultures. Cytotoxic reactions, i.e. granu- 
lation and vacuolization of the cytoplasm and 
increasing ccl1 rounding occurred in the cells 
treated with toxic concentrations of thcsc non- 
tumorpromoting chemicals, but cellular shape and 
intercellular relations generally stayed normal 
(Figs. 7 and 8). 

Findings with scanning electron microscopy 
The control cultures consisted of polygonal epi- 

thelial cells whose surfaces were covered with small 
villi or ridges. The cells wcrc closely apposed with 
numerous tight interdigitations (Fig. 2). In sharp 
contrast, the promoter treated cultures showed a 
marked variation in cell size, shape and surface 
morphology. A dominating fcaturc was the prc- 
scncc of elongated, fibroblastoid cells with long 
slcndcr cytoplasmic extensions traversing great dis- 
tanccs to interconnect with other cell bodies or 
proccsscs scvcral cell lengths away (Fig. 4). Cells 
with mote pronounced microvillous surfaces wcrc 
also an occasional finding. Although some other 
cells still retained their polygonal shape and rcla- 
ti\cly close intercellular relations, the intercellular 
spacrs were generally dilated and tight intcr- 
cellular intcrdigitations were not observed. Scvcral 
mitotic cells could be identified cvcn in areas whcrc 
intercellular regulation mechanisms bctwccn the 
majority of the cells by morphological critcrias 
wcrc shown to bc out of control. 

The rounded cells seen at the LM level after 
exposure to strongly toxic doses of promoting and 
non-promoting test chemicals could easily bc 
identified in SEM, the ccl1 membranes showing 
numerous blebs. Neither fibroblastoid cells nor 
cells with long slender cytoplasmic extensions were 
obscrvrd in thcsc cultures. 

Findings with transmission electron microscopy 
Figure 10 illustrates a typical survey clcctron 

micrograph of cells treated with TPA. Compared 

with control cultures, the cells were apparently 
devoid of their cell-to-cell contacts (Fig. 9). The 

tonofilamcnts wcrc decreased in number and 
showed fragmentation and formation of irregular 

aggregates and whorls. Tonofilamcnts often 
showed detachment from desmosomes, dispcrscd 
distribution and much less prominent bundle for- 
mation than in control cells. Microfilaments frc- 

quently seen at the periphery of untreated cells 
were virtually absent in the TPA-treated cells. 

Desmosomes became hardly visible and, if rccog- 
nizablc, displayed separation between the apposing 
attachment plaques, asymmetry in width, dis- 
appearance of an intercellular contact layer and 
loss of insertion of tonofilaments. Gap function- 
like structures frcqucntly seen between the control 
cells were extremely rare between the promoter- 
treated cells (Figs. 1 l-14). Furthermore, the ccl1 
organellcs were often concentrated in the pcri- 

nuclear region leaving a broad organ&e-free zone 
at the cell pcriphcry. 

Long slender cytoplasmic extensions, the most 
characteristic finding in the tumor promoter 
treated cells, were revealed to contain ton- 
ofilaments and microtubules running parallel to 
their long axis, free ribosomcs, numerous pino- 
cytotic vesicles, some coated vesicles and vesicular 

or tubular profiles of smooth membrane bound 
structures. Vcsiclcs and smooth membranous 
structures wcrc concentrated particularly at the tip 
of cell cxtcnsions, which wcrc either attached to 

other ccl1 bodies and proccsscs or freely protruded 
into the intercellular spaces often with bulging 

ends. Lysosomal-like bodies such as multivcsicular 
bodies were also present in the ccl1 processes. 

The so-called “dark cells”, clearly demonstrated 
in toluidine blue stained semi-thin sections, could 
easily bc recognized in promoter-treated cultures 
in TEM. They appeared in groups or singly 
throughout the cultures. Both cytoplasmic and 
nuclear matrices showed high electron density, and 
densely packed ribosomes further contributed to 
the dark appearance of these cells. Relatively large 
nuclei with coarse nucleoplasm, prominent nucleoli 
and abundant cytofilaments were additional 
characteristics of the dark cells. 

DISCUSSION 

The present study has demonstrated that not 
only TPA, as earlier demonstrated, but also other 
known tumor promoters arc capable of inducing 
characteristic morphological changes in exposed 
cells. The observations made by phase contrast 
microscopy are in full accordance with previously 
described findings in TPA-treated cells in vitro, 
either epithelial cells or fibroblasts of different 
origin [5--141. The occurrence of elongated cells, 
long cytoplasmic extensions and rounded cells has 
also been reported in the epidermis of mouse back 
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skin following TPA treatment [l-4]. The present 
ultrastructural observations of numerous mic- 
rotubules, pinocytotic vesicles and multivesicular 
bodies in the tumorpromoter treated cells also cor- 

respond well with previous in vivo observations [2]. 
Based on the ultrastructural features, the elec- 

tron dense cells frequently observed in promoter 
treated cultures were identified as “dark cells” 

which have been described in some in uivo studies 
as a remarkable tumor promoter effect [l-4]. The 
widened intercellular spaces and decreased inter- 
cellular connections shown by SEM are well in 
accordance with the TEM findings exhibiting a 
dramatic decrease of the amount of intercellular 
junctions. 

One study [8] has reported that a variety of 
potent tumor promoters cause a rapid but rever- 
sible disorganization of microfilaments in mouse 
BALB/3T3 fibroblasts. The present study supports 
these findings by the demonstration of dis- 
organized microfilaments in the tumor promoter 
treated epithelial cells. 

In non-toxic as well as toxic doses the non- 
tumor-promoting chemicals were not able to pro- 

voke morphological changes similar to those 
induced by tumor promoters. Thus the charac- 

teristic phenotypical changes induced by tumor 
promoters cannot be interpreted as purely toxic 
effects. Further, the changes are transient and of 
relatively short duration, which is in agreement 
with a few reports stating that changes are initiated 
within 2-120 min [8, 11, 211 and almost com- 
pletely reversed within 7-10 hr [ 111. 

Different classes of tumor promoting chemicals 
possess the ability to inhibit the metabolic intcr- 
cellular communication [16]. It is known that the 
metabolic cooperation between the cells is 
mediated by their gap junctions [17] and recent 

studies have demonstrated a dccrcased number of 
gap junctions in TPA-treated Chinese hamster V- 
79 cells [ 181 and in mouse epidermis in vivo [ 19, 
201. The present study has clearly demonstrated 
that tumor promoter treatment decreases the num- 
ber of intercellular junctions between epithelial 
cells in culture. The obscrvcd morphological 
changes may well indicate that the tumor pro- 
moters exert influence on the metabolic co- 
operation between cultured cpithclial cells, as prc- 
viously shown in fibroblastic cultures [ 16, 22, 231. 

Tumor promoting phorbol esters have been 
shown to induce increased mcmbranc fluidity of 
cells [25, 261 and because of this membranc- 
mediated effect some morphological changes might 
bc expected. Although it has been demonstrated 
that the morphological changes can be induced by 
TPA even in cnuclcated cells [24], any relationship 
between the morphological configuration of cells 

and the changes at the molecular level still remain 
uncertain. 

Epithclial cells when seeded in vitro arc known 
to exhibit elongated, fibroblastoid morphology and 
formation of long cytoplasmic extensions (attach- 
ment bridges) during the initial stages of cellular 
adherence [27]. Individual epithelial cells seeded 
on plastic will go through a stage of reassociation 
during which the attachment bridges arc numerous 
[27]. Once contacts to neighboring cells have been 
established, the ccl1 layer attain normal pavemcnt- 
like morphology. Similar observations have been 
made in subcultures in the present in vitro system. 
The morphological changes of tumor promoter 
treated cells thus seem to mimic those of newly 
seeded, untreated cells establishing intercellular 
contacts. It is thcrcforc suggcstcd that the tumor- 
promoting chemicals transiently make the cells 
morphologically react as individual cells through 
interference with the intercellular communications 
and possibly by membranous alterations at the 
molecular lcvcl. 

The frequent observation of mitotic cells in the 
tumor promoter treated cultures strongly indicate 
that the cells do not suffer from toxic injuries. It 
further demonstrates that tumor promoter treated 
cells do undergo division, cvcn while the general 
intcrccllular communication is inhibited and the 
metabolic regulation of the cells is out of normal 
control. The observation supports the thcorics of 
Trosko e/ al. [28] that tumor promoters by blocking 
the intercellular communication inhibit the 

repressor effects of normal cells on adjacent 
initiated cells thus allowing thcsc to expand into 
minicloncs. Further repeated exposure to a tumor 
promoter or a hypcrplasiogcnic agent could result 
in the expansion of thcsc clones into a tumor mass 

[28]. - 
To our knowledge chemically induced tumor 

promotion in rat cpithclium has not yet been pcr- 
formed. Still the accordance between our obscr- 
vations and observations made in a variety of ani- 
mal and cell culture studies rcprcscnting sensitive 
targets for tumor promotion make us put forward 
the tentative suggestion that the present findings 
arc rclatcd to the tumor promoting effect of the 
compounds tested. 

Since the modifying effect on ccl1 morphology 
seems to be a common characteristic of tumor 
promoting chemicals in spite of their different 
chemical structure, it should bc elucidated whether 
this effect rcflccts common critical events con- 
cerning intercellular communication betwccn cpi- 
thelial cells. 
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