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Abstract—The mouse embryo fibroblast cells, termed C3H/10TS, developed three,
types of morphologically altered foci after exposure to 7,12-dimethylbenz(a) anthracene.
The types 111 and 11 cells showed oncogenic potential, whereas the type 1 cells
remained non-oncogenic. By scanning electron microscopy the concentration of short
microvilli was found to increase with increasing cell culture passage for all three types.
Only on types 11 and 111 cells were long microvilli observed. There was a significant
correlation between the oncogenic potential and the presence of long microvilli. This
observation may be of value in screening for oncogenic transformation of cells in culture.

INTRODUCTION
Mouse embryo fibroblast C3H/10T34 cells

have been exposed to 7,12-dimethyl-
benz(a)anthracene (DMBA). Morpho-
logically transformed cells of three types

have been tested for their ability to form
tumors in immunosuppressed mice. Scanning
electron microscopy (SEM) is an excellent
method for detecting morphological alte-
rations of the plasma membrane of cells in
culture.

In this study we present a positive cor-
relation between the oncogenic potential of
DMBA transformed cells and the surface con-
centration of long microvilli. The ability of a
cell line to grow as a transplanted tumor is
called oncogenic potential and this parameter
is quantitated as the inverse mean tumor
development time. The significance of these
findings for carcinogenesis is discussed.

MATERIALS AND METHODS

Cell source and culture conditions

The origin and method of culture of the
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C3H/10T% clone 8 cells have previously been
described [1]. Three transformed cell lineages
obtained after exposure of the cells to DMBA
were designed types I, IT and III respectively,
according to their growth pattern. The onco-
genic potential was weak for type II and
stronger for type III cells, and increased with
increasing number of passages in culture [2].
Non-synchronized cells in the sub-confluent
late logarithmic phase of growth were used
throughout the study [3].

Preparation of palladium covered agar

Cover glasses were defatted in 509,
acetone—alcohol and dipped in 19, agar. A
copper grid was used to mask the agar before
layering of the palladium by evaporation.

Preparation of cells for electron microscopy

The cells were grown on cover slips and
fixed at 37°C for 60 min by adding very
29, glutaraldehyde at
37°C, buffered with 0.1 M cacodylate and
0.1 M sucrose, pH 7.2, to the culture medium.
The cells were dehydrated by alcohol and
taken through the critical point drying by
liquid CO, [4], using a Balzers Critical Point
Drier. The cells were then coated with a thin
film of gold (40nm) using a Polaron sputter
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apparatus. The specimens were viewed and
photographed with a Philips PSEM 500 scan-
ning electron microscope operated at 25kV at
a tilt angle of 20°C, or as otherwise stated.

Evaluation of micrographs

For quantitative evaluation of microvilli
and blebs on the cell surface, micrographs of
50 strictly randomly chosen cells, photo-
graphed at a primary magnification of
x 1250, were viewed on 2 times magnified
copies. The evaluation was undertaken by a
person not knowing the oncogenic potential of
the coded cells. The concentration of microv-
illi on the cell surface was described in four
classes: those with none —, with few -+,
many + + (still possible to count), and in-
numerable + + + (counting no longer poss-
ible) microvilli. Microvilli were called “long”
when the length was more than three times
the diameter.

RESULTS

The results are shown in Tables 1 and 2
and in Fig. 1 and characteristic pictures are
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Fig. 1. The correlation between the oncogenic potential (or-

dinate) and the fraction of cells with long microvilli (abscissa)

Jor the types 11 and 111 cells. Regression coefficients were 1.00
and 0.99 respectively.

shown in Figs. 2-7. Low power magnification
revealed the growth pattern of transformed
and oncogenic cells with the multilayered
piling-up and cord-like arrangement. The cells
were spindle-like and had a rather compact
body (Fig. 2a). Non-transformed cells in con-
trast were flattened with large thin projections
(Fig. 2b), but the most distinct differences
were seen on the cells’ surface.

Amount of microville on the cells

Table 1 shows that an increase in microvilli

concentration was seen with increasing cell
culture passage for all three types. For the
non-transformed C3H/10T% cells the pattern
was practically unchanged at several passages

~tested (passages 10 and 20 shown in the

table). The type III cells had the highest
concentration of microvilli throughout. The
number of cells without microvilli decreased
with increasing passage for all three types.
Thus 40 of the 50 cells studied were without
microvilli in the type I cells. With increasing
passages even the non-oncogenic type I cells
showed a high fraction with an extremely
high concentration of microvilli, similar to the

corresponding passages of the oncogenic types
IT and IIT cells.

Appearance of microvilli on the cells

In fully transformed cells both short and
long microvilli can easily be discerned (Fig.
3a), whereas non-transformed cells display a
smooth membrane surface (Fig. 3b). Higher
passages of the non-oncogenic type I cells
displayed, short, stubby microvilli (Fig. 4b).
In contrast, oncogenic type III cells exhibited
both long and short microvilli (Fig. 4a).
These differences were reproducible and seen
in cells cultured on glass, plastic or metal. In
addition, the fraction of cells not exhibiting
microvilli diminished with increasing passage
number except for the non-transformed cells
(Table 1). Type III cells were the most
homogeneous (Fig. 5a), whereas in type 1I
(Fig. 5b)}—and even more expressed in type I,
a certain fraction of cells did not exhibit
microvilli at all.

Only on the type II and the type III cells
were “long” microvilli observed. The non-
oncogenic passages of these cells displayed a
very low concentration of long microvilli,
randomly dispersed among the much higher
concentration of short microvilli. The onco-
genic passages of the type II and the type
IIT cells had a very high concentration of
long microvilli. The long microvilli were 34
times as long as the short ones (Fig. 4b). In
Fig. 1 the oncogenic potential of types Il and
I cells is plotted aginst fraction of cells with
long microvilli. There is a statistically signi-
ficant (r>0.99) correlation between oncogenic
potential and the presence of long microvilli.

Amount of blebs on the cells (Table 2)

Most of the cells in the four groups were
without blebs. However, in each case quite a
few of the cells had a low concentration of
blebs. Higher concentration of blebs appeared
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Fig. 2. Surovey view of the growth pattern of iransformed and oncogenic and non-transformed cells (tilt angle 45°). (a) The
oncogenic type 111, passage 61, is characterized by a multilayered piling-up and cord-like arrangement. (b) The non-
transformed cells are flattened with large thin projections. x 150.
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Fig. 3. Sweey vtewe of the cell surface of ransformed and non-transformed cells taken at @ tilt angle of 67 . (a} 'The cells
display microvillt of different length and blehs on theiv surface AbY Non=transformed cells in contrast exhibit smooth membrane
aurface. x 8300,




Fig. 4.
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Comparison of small and long microvilli. (a) Long and small microvilli on an oncogenic type 11 cell, passage 32.
(b) Small, stubby microvilli on a non-oncogenic type 1 cell, passage 31. x 2700.
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Fig. 6 (a and b).  Typical blebbing feature of different cell types. (a) Non-transformed 10T% cells. (b) Tvpe 1
passage 31.
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Fig. 7. Mitosis in transformed and non-transformed cells. (a) Type 111 cells, passage 61, exhibit microvilli and blebbing
activity on both daughter cells. (b) Non-transformed cells have a similar surface although only cells exhibiting microvilli are
demonstrated here. x 8300.
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Table 2. Amount of blebs on C3H/10TE and on
DMBA transformed types 1, 11 and 111 cells

Amount of blebs on the cells

Cells Passage ++ + ++ + -
C3H/10T} 10 0 0 11 39
20 0 1 13 36

It 0 1 20 29

Type | 14 1 9 20 20
32 1 1 9 39

6 1 3 14 32

Type 11 17 1 2 13 34
32 0 0 41 9

10 0 2 6 42

Type 111 31 2 18 14 16
65 10 12 8§ 2

The C3H/10T cells and the DMBA transformed types
I, IT and III cells were prepared as above. The amount
of blebs was quantitatively evaluated in each group of
50 strictly randomly chosen cells at the various culture
passages for the different cell types. The concentration of
blebs is described as for the microvilli {legend Table 1).

sporadically on certain areas of the cell sur-
face (Fig. 6). No clear-cut pattern of bleb
distribution could be established, except that
all the transformed cells had significantly
more blebs than the non-transformed cells.
During mitosis microvilli and blebs were ob-
served in the non-transformed as well as in all
the transformed cell types (Fig. 7a and b).

DISCUSSION

Our study has shown that in chemically
transformed fibroblast cells there is a positive

correlation between a high concentration of

long microvilli and the oncogenic potential. It
is too early to say whether this is a general
phenomenon. We suggest that this correlation
may be useful in scoring for oncogenic trans-
formation of cells in culture.

Whether the long microvilli may be related
to the ability to infiltrate and metastasize,
which are the ultimate malignant criteria, is
too early to say.

Whereas studies by Porter [5] concerned
spontaneously and  wvirally  transformed
Balb/3T3 cells, Malick and Langenbach [6]
reported on the membrane morphology of
chemically transformed culture cells. Both
types of transformation displayed general simi-
larities, such as microvilli, blebs and ruffles.
These surface structures were also found upon
transformation of hamster embryo cells in
culture by X-irradiation [7]. Some studies [6]

related microvillli and marginal ruftles to
transformation by methylcholanthrene (MCA)
and blebs together with cytoplasmic strands to
transformation by DMBA.

Thus, the relationship between cancer cells
and an increased number of microvilli was
described [5-7], but no distinction between
short and long microvilli was made. Our
study shows that the development of the
oncogenic potential is related to the develop-
ment and concentration of the long micro-
villi. High number of short microvilli only, as
seen in the type I cells, was not correlated to
oncogenic potential.

Hamster embryo fibroblasts in culture have
few cells with unevenly distributed microvilli
[8] of variable length. However, virally trans-
tormed hamster fibroblasts showed a larger
number of microvilli [8], but some evidence
[9] has also demonstrated the lack of micro-
villi in SV-40 transformed fibroblasts. For
BALB/3T3 cells a tumorigenic transformant of
spontaneous origin developed a large number
of microvilli and blebs [5]. MCA-trans-
formed C3H/10T% cells displayed micro-
villi of variable length, whereas the DMBA-
transformed cells were characterized by blebs
and so-called cytoplasmic strands [6]. In
accordance with our finding of an increase in
microvilli concentration of DMBA-
transformed cells as a function of passage in
culture, Malick and Langenbach [6] observed
an increase in the number of microvilli after
inoculation and establishment of cells from the
resulting fibrosarcomas in culture. However,
they did not report an increase in the micro-
villl concentration of transformed cells carried
in culture only.

When investigating the role of surface mor-
phology in agglutination by Con A, it was
found that for surface cultures 4 of 10 in-
vestigated cell lines which had a high aggluti-
nability were also characterized by many mic-
rovilli [10].

Neither the mechanism of the formation of
microvilli nor their biological significance is
well understood at this time. It is thought that
they may be connected with nutrition as they
are more frequent on free surfaces of cells and
increase the surface area substantially [11].
Microvilli and blebs have also been reported
to be membrane storage sites during mitosis
[3]. Microvilli are not only found on cells
specialized for absorption, e.g., intestinal or
hiver cells, but also observed in cells with
secretory activity, e.g., parietal cclls in the
stomach, and in sensory cells. This indicates
that microvilli may not function identically
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and that their membranes may have mole-
cular specializations for special functions [12].
It has been reported for rapidly proliferating
cells and for transformed cells which have a
high amount of microvilli and a low con-
centration of dibutyryl (3'5’) cyclic adenosine
monophosphate  (cAMP), that increasing
cAMP leads to a decrease or disappearance of
microvilli [13]. This observation has been
confirmed for SV-3T3 cells and VLM cells
[14].

It has been shown that microvilli formation
was an early surface change of the urinary

bladder epithelium in rats, mice and
hamsters, but not in guinea pigs, follow-
ing the administration of N-butyl-N(4-
hvdroxvbutvl)nitrosamine [15].
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