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The idea that the surface of transformed cells differs
from those of their normal counterpart had received sup-
port from various lines of research. There were evidences
that the cells transformed by carcinogens have altered
cell surface [4, 13], agglutinability by plant lectins [7] and
cellular adhesiveness to the substrate [20]. Investiga-
tions carried out by scanning electron microscopy (SEM)
to observe alterations of the cell surface topography re-
vealed the appearance of microvilli, small projections,
blebs, ruffling and several other deformations in cells
transformed by several carcinogens [22]. Lectin binding
specificity allowed phenotypic and functional characteri-
zation of membrane associated glycoproteins expressed
in transformed cells [19]. Beside topographical and plas-
ma membrane changes, cellular transformation could
cause alterations in interaction of �cell-substrate�. Non-

transformed cells of fibroblastic or epithelioid origin re-
quired attachment to and the stretching on a substrate
as a necessary pre-requisite for in vitro growth condi-
tion while tumor cells are characterized by the loss of
adhesiveness to the substrate [20]. The present inves-
tigation was undertaken to understand whether in trans-
formed cells alterations in cell surface occurred in a sin-
gle step or these characters advanced gradually with
progressive neoplasia, and to find out whether any cor-
relation existed among these characters. The possible
impact of host physiology and metabolism on these cha-
racters upon in vivo growth of transformed cells was also
explored. In the study, 20-methylcholanthrene (MCA) �
transformed murine embryonal fibroblast cell line de-
signated as CNCI-PM-20 [12] was developed and was
used for in vitro (P-20, P-27, P-32, P-36, P-42) and
in vivo (P-42) passages. In all cases nontransformed
fibroblast cells from primary culture of 20 days old Swiss
mouse embryo was considered as a control.

MATERIALS AND METHODS
Chemicals. Glutaraldehyde, concanavalin A (Con A)

and α-methyl-D-glucopyranoside were purchased from
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Scanning electron microscopy (SEM), concanavalin A (Con A) mediated hemadsorption assay and EDTA mediated cell
adhesion assay were performed to investigate whether progressive cell surface alterations occurred in 20-methylchol-
anthrene-induced transformed murine embryonal fibroblast cells in culture. It has been shown under SEM that with the
advancement of passages the surface of the cells progressively became ruffled or coarse, long and narrow interconnec-
tions between the cells appeared and cells surface varied morphologically. During early to late passage transition of
these cells the gradual increase in Con A binding ability was observed as well as progressive decrease in cellular
adhesiveness in EDTA mediated cell adhesion assay. This study has revealed that cell surface alteration upon chemical
transformation is a gradual multistep process which started during early in vitro passages and got enhanced in the late
in vitro passages.
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Èçìåíåíèÿ ïîâåðõíîñòè êóëüòèâèðóåìûõ ýìáðèîíàëüíûõ ôèáðîáëàñòîâ ìûøè, òðàíñôîðìèðîâàííûõ
20-ìåòèëõîëàíòðåíîì, áûëè èññëåäîâàíû ìåòîäàìè ñêàíèðóþùåé ýëåêòðîííîé ìèêðîñêîïèè, ãåìàäñîðáöèè ñ
èñïîëüçîâàíèåì êîíêàíàâàëèíà À  è àíàëèçà àäãåçèè êëåòîê â ïðèñóòñòâèè ÝÄÒÀ. Óñòàíîâëåíî, ÷òî ïðè óâåëè÷åíèè
÷èñëà ïàññàæåé ïîâåðõíîñòü ôèáðîáëàñòîâ ïîñòåïåííî ñòàíîâèòñÿ øåðîõîâàòîé, à ìåæäó êëåòêàìè ïîÿâëÿþòñÿ
äëèííûå è óçêèå ñîåäèíåíèÿ. Ïî ìåðå ïàññèðîâàíèÿ êëåòîê îòìå÷åíî ïîâûøåíèå êîíêàíàâàëèí-À-ñâÿçûâàþùåé
ñïîñîáíîñòè è ïîñòåïåííîå ñíèæåíèå àäãåçèâíîñòè êëåòîê. Äàííîå èññëåäîâàíèå ïðîäåìîíñòðèðîâàëî, ÷òî
èçìåíåíèå êëåòî÷íîé ïîâåðõíîñòè ïðè òðàíñôîðìàöèè ÿâëÿåòñÿ ìíîãîñòàäèéíûì ïðîöåññîì, êîòîðûé íà÷èíàåòñÿ
íà ðàííèõ è ïðîãðåññèðóåò íà ïîçäíèõ ïàññàæàõ êëåòîê in vitro.
Êëþ÷åâûå ñëîâà: õèìè÷åñêèé êàíöåðîãåíåç, ïîâåðõíîñòü êëåòîê, ñâÿçûâàíèå ëåêòèíîâ, àäãåçèâíîñòü êëåòîê.
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Sigma Chemical Co, USA. All other chemicals used in
this study were of reagent grade.

Cell and culture procedure. 20-MCA-transformed
CNCI-PM-20 cell line obtained from 20 days old Swiss
mouse embryo [12] was routinely maintained in Eagle�s
minimum essential medium (MEM) containing 5% fetal
bovine serum (FBS) at 37 °C in a humidified atmo-
sphere of 5% CO2 and 95% air. Refeeding with fresh
growth medium was done once per week.

Scanning electron microscopy (SEM). To study
the cell surface topography, cells grown on coverslips
using growth medium were fixed in 1% glutaraldehyde
at 37 °C for 1 h, resuspended in fresh fixative and kept
at 4 °C for 24 h. After two washes in phosphate buffer
(0.078 M) and one wash in distilled water, the cells were
dehydrated in ascending grade of alcohol and amy-
lacetate, critical point dried under liquid CO2 and gold
coated at 150 A° thickness in an ion coater. Observa-
tion was made at 20 KV in a scanning electron micro-
scope (Jeol-JSM-5200).

Quantitation of Con A mediated hemadsorbtion.
To assess the lectin binding ability of cells from diffe-
rent passages of CNCI-PM-20 cell line Con A medi-
ated hemadsorbtion assay was done by modified me-
thod of Mitani et al [11]. Solutions of Con A at different
concentrations were prepared in PBS from the stock
solution of Con A (1 mg/ml in saturated solution of so-
dium chloride). Human �O� positive blood was collec-
ted in Alsever�s solution, washed by PBS for three times
and from packed cell, 2% RBC was prepared in PBS
containing 1% BSA. About 1 · 104 cells were seeded in
35 mm Petri dish containing growth medium. After
6 days of culturing cells were fixed in 2% paraformal-
dehyde in 0.01 M phosphate buffer (pH 7.2) containing
0.14 M sodium chloride. To block the free aldehyde
residues, the cells were treated with 0.1 M glycine for
1 h at room temperature. The plates were treated with
various concentrations of Con A for 20 min at 37 °C.
After brief wash with PBS the plates were incubated at
37 °C for 20 min with 2% RBC. For quantitation speci-
fically adsorbed RBCs were dissociated from the cell
surface with 1 ml of 500 mM α-methyl-D-glucopyra-
noside in PBS by placing the Petri dish on a recipro-
cating shaker and the number of dissociated RBCs were
counted in a hemocytometer. To determine the total
number of cells grown in each 35 mm plate, at least
three untreated cultures from each experimental group
were trypsinized and cells were counted by hemocy-
tometer.

Cell detachment assay. The EDTA mediated cell
detachment assay was done by the modified method
of Yamada et al [24]. After five days of growth (an initial
seeding density of 1 · 104 cells per plate) the cells were
treated with 2 ml of PBS (Ca++, Mg++ free) containing
0.02% EDTA. Then the dishes were placed in a vari-
able speed shaker and were shaken at 95�100 oscil-
lations per min at 25 °C for 5�20 min. Detached cells
were counted and remaining attached cells were de-
tached with 0.25% trypsin and counted, too. In all ca-
ses cell viability was checked by trypan blue dye ex-

clusion technique. Percentage of adherent cells were
determined from the following equation:

        No of adherent cells x 100       .
No of adherent cells + No of detached cells
Statistical analysis of the results were performed by

t-test.

RESULTS
Transformation-induced changes on cell surface

topography. The cell surface topography of primary fi-
broblasts studied by SEM showed the smooth and
stretched membrane configuration without any structural
deformities (Fig. 1, a). The cells of primary culture were
characterized by wide and elongated cytoplasmic pro-
cesses for anchoring participating in cross bridge for-
mation with neighbouring cells (see Fig. 1, a). The smooth
and stretched membrane configuration of primary cul-
ture was stable during 20 passages of the cells. Along
with progressive neoplasia, appearance of long and nar-
row interconnections between the cells (i.e from P-27-42
and P-42 (in vivo)) was observed (Fig. 1, b).  With ad-
vancement of passages (i.e from P-27-42 and P-42
(in vivo)) the surface of the cells progressively became
more ruffled and coarse (Fig. 1, c). In all passages, the
morphology of cell surface varied from cell to cell (Fig. 1,
b, c, d).  After in vivo growth, cells of P-42 exhibited
similar membrane and cell surface topography to that
observed prior to in vivo growth.

Transformation-induced changes in cell surface
glycoprotein. The evolution of alterations in lectin bind-
ing ability in relation to progressive neoplasia of CNCI-
PM-20 cells was studied by Con A mediated he-
madsorbtion assay. By microscopy, it was observed
that malignant fibroblasts of late passages adsorbed
RBC massively (Fig. 2, b) and diffusely whereas in early
passages this adsorbtion was moderate (Fig. 2, a).

In quantitative studies, it was observed that up to
P-20 the number of RBC adsorbed per cell remained
equal to that of the nontransformed cells of primary cul-
ture at all concentrations of Con A (Fig. 3). The signifi-
cant increase of RBC adsorbtion per cell in almost all
concentrations of Con A was observed for first time at
P-27 and this pattern of adsorbtion almost remained un-
changed in P-32 and P-36 (see Fig. 3). Again the sig-
nificant increase of RBC adsorbtion per cell was noticed
at P-42 and this increase persisted even after in vivo
growth of the P-42 cells (see Fig. 3). This study also
revealed that in all cases except P-42 (in vitro) and P-42
(in vivo) the number of RBC attachment per cell increased
in a concentration dependent manner in the range of
Con A concentration from 10 µg/ml to 250 µg/ml (see
Fig. 3). In the P-42 (in vitro) and P-42 (in vivo) the phe-
nomenon mentioned above was observed at Con A con-
centration up to 500 µg/ml (see Fig. 3).

The corresponding mean values of the number of RBCs
adhered per cell in different in vitro passages of CNCI-
PM-20 cell line at different concentrations of Con A were
compared with those of primary culture by t-statistics
(Table 1). While at all concentrations of Con A there was
no significant difference in terms of RBC adsorbtion per
cell between P-20 and cells of primary culture, a signifi-
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cant difference (1%) was observed between P-42 (in vitro)
and P-42  (in vivo) and primary culture (see Table 1). The
number of RBC adhered per cell compared with that of the
primary culture at different concentration of Con A of the
cells of other passages (P-27, P-32 and P-36) showed
the difference at both 5 and 1% level of significance.

Transformation -induced changes in cell � ad-
hesive properties. To determine the degree of the
changes in cellular adhesion with the noncellular ma-
trix material upon progression of transformation, CNCI-

Fig. 1. Scanning electron micrograph of primary culture cells and the
cells of different in vitro passages of CNCI-PM-20 cell line. a � nor-
mal diploid fibroblasts with tidy cell surface and smooth membrane;
b � cells of passage 36 showing long and narrow interconnections;
c � cells of passage 42 showing marginal ruffles; d � cells from
passage 42 showing different types of deformities on cell surface

Fig. 2. Con A mediated hemadsorption. a � in normal diploid
embryonal fibroblast cells; b � in passage 42 (in  vivo). x125
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PM-20 cell line was studied by EDTA mediated cell
detachment assay. No significant differences in cellu-
lar adhesion to the substrate between primary culture
and P-20 cells were observed (see Fig. 4). In all cases
the percentage of detachment was directly proportional
to the duration of shaking. Starting from P-27 the gra-
dual reduction of adhesive property was noticed. In
P-27, 98.1% cells remained attached to the substrate
after 10 min of shaking while nearly 10% cells remained
attached after 40 min (Fig. 4). The percentage of at-
tached cells after 15, 20 and 30 min of shaking in P-27
and P-32 remained more or less similar (see Fig. 4)
while in P-32 the slight decrease in number of adhered
cells was noticed at 40 min. Though a moderate diffe-
rence in cellular adhesion between P-32 (see Fig. 4)
and P-36 (see Fig. 4) was observed at 10 min, a sig-
nificant differences in cellular adhesion became evi-
dent at 20 min, and in P-36 the majority of the cells
wasn�t attached at this time (see Fig. 4). The signifi-
cant difference in adhering property of CNCI-PM-20
cells was apparent after transition of P-36 cells to P-42.
It should be noted that in the earlier passages nearly
100% of cells remained adhered after 1 min of shaking
while in passage 42, 90% of cells remained adhered
under identical condition (see Fig. 4). Even after 3 min
of shaking 100% cells remained attached up to P-36
while in P-42, 34% of cells remained attached (see
Fig. 4). In P-42 within 15 min of shaking no cells re-
mained attached (see Fig. 4). Also, if P-42 cells were
transplanted in the syngenic host and then returned to
cell culture conditions, their adhering property remained
unchanged (see Fig. 4). When time of 50% cellular
detachment was calculated, a gradual decrease from
36 min in primary culture to 1.8 min in P-42 (in vivo)
was recorded (Table 2).

In Table 3 the mean values of the cellular adhesion of
in vitro passages of CNCI-PM-20 cells upon different time
of shaking were compared with those of primary culture
cells by t-statistics and the corresponding p-values were
calculated. There   was significant (1% level) difference
between P-42 (in vitro) and P-42 (in vivo) and primary
culture cells in case of 2�15 min of shaking (Table 3).
Also, the significant difference (both 5 and 1% levels) for
P-27, P-32 and P-36 compared to the primary cultures
at different duration of shaking was shown.

DISCUSSION
Cell transformation induced by chemical carcino-

gens resulted in the development of several types of
cell surface abnormalities [6, 13, 21]. The MCA trans-
formed CNCI-PM-20 cell line exhibited differences on
its surface topography, lectin binding ability and adhe-
siveness to the substrate in comparison to its normal
counterparts. In this study the replacement of smooth,
knob free stretched membrane configuration in untrans-
formed normal fibroblasts by uneven, coarse, ruffled
membrane in transformed cells of CNCI-PM-20 cell
line was demonstrated. Probably, the membrane of the
cells became more rough and deformated with ad-
vancement of passages. Similar types of ruffles had
been observed in golden hamster cells transformed

in vitro with 3,4-benz[a]pyrene which progressed with
time [22], as well as in two highly metastatic clones
RT7-4Ba and RT7-4Be and in ascites adapted coun-
terparts of two solid  tumors [8]. Probably the balance
of forces operating at the membrane of normal cell con-
tributing to its stretched and smooth membrane con-
figuration became lost in transformed cell resulting in
the appearance of membrane ruffles. The altered cell
surface topography   may reflect also the increase or
decrease of cell membrane activities. The presence of
membrane ruffles in the ascites adapted counterparts
of two solid tumors was indicative of their decreased
membrane activity [8]. Also, the involvement of acti-
vated p21 ras protein in the induction of membrane ruf-
fles in transformed cells was reported [2, 9]. Since the
cells of CNCI-PM-20 line were found to be over-
expressing p21 ras protein in their cytoplasmic com-
partment  (manuscript in preparation) one may sup-
pose the existence of a possible link between marginal
ruffles and p21 ras overexpression in these cells.

 The topological abnormalities like the appearance
of ruffles and long narrow interconnections seemed to
appear at P-20 cells and got aggravated till P-42.
Therefore it appears that these changes did not occur
in a single step after carcinogen exposure but they fol-
lowed a process of sequential development having a
possible relationship with nontransformed, transformed
but not tumorigenic, and fully transformed phenotypes.
Since these changes remained unaltered after in vivo
growth of these cells it may be stated that the impact of
host physiology and metabolism was negligible.

  The role of plasma membrane glycoprotein on cell
transformation could be explained on the basis of lec-
tins binding ability on cell surface. The Con A mediated
hemadsorbtion assay indicated different Con A binding
ability in the cells of different in vitro passages of CNCI-
PM-20 cell line but showed its low level in the normal or
untransformed cells. Interestingly, different   number of
RBC adsorbtion per cell on Con A binding sites in diffe-
rent passages of the CNCI-PM-20 characterized the
early to late passage transition of this cell line. These
observations concurred with previous studies where Con
A mediated hemadsorbtion in malignant C3H/He mouse
mammary epithelia adsorbed 2-fold higher amount of
RBC of guinea pig than nonmalignant cells [11]. Similar
studies demonstrated that Con A agglutinated hamster
embryo cells that were transformed by polyoma and
SV40 viruses, benzepyrene and X-ray but did not ag-
glutinate normal cells [7]. The difference in agglutinabil-
ity was explained by clustering of agglutinin receptors
upon the altered fluid dynamic state of the membrane of
the transformed cells [5]. It had been established that
nontransformed cells contained the same binding sites
as transformed cells did but in cryptic form (up to 85% of
the sites) [7]. The different degree of agglutination found
with the different transformed cell lines indicated that
these transformed cell line might vary in the number of
exposed sites [7]. The possible explanation for altered
agglutinability in transformed cells, as suggested by other
authors [3, 15], was related to rearrangement of Con A-
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binding sites on the cell membrane and the density of
sites, rather than their total number. Since altered cell
surface glycoprotein was found to be one of the causes
related to the formation of solid tumors in syngenic
host [17] it might be concluded that changes in glyco-

protein occurred in the cell membrane of CNCI-PM-20
cell line during early phase of carcinogenesis which ag-
gravated in progressive neoplasia of this cell line and
finally contributed to the formation of fibrosarcoma in the
syngenic host [17]. In this study the changes in lectin
binding pattern was initially observed at P-20 and then
in later passages. The pattern of RBC absorbtion on
P-42 cells after in vivo growth indicated that the host
physiology and metabolism did not have any influence
on Con A binding ability of CNCI-PM-20 cells.

The change in the cellular adhesiveness, a char-
acteristic feature of transformed cells, was investigat-
ed by EDTA mediated cell detachment assay in the
cells of CNCI-PM-20 cells line. It was interesting to
note that the cells of different in vitro passages of CNCI-
PM-20 cell line were frequently and more rapidly de-
tached from the plastic substrate than their normal
counterparts in the EDTA mediated cell detachment
assay. This phenomenon appeared to be true even in
cells transformed by virus and other factors regardless
of whether proteolytic enzymes, chelating agents or
mechanical methods were used to detach cells [23]. It
has been reported that in many transformed and tumor
cell lines this loss of adhesive properties can at least
be partially restored by treatment with antiproliferative
agents like retinioc acid and retinoids [1]. The present
study indicated a gradual decrease in the cell adhe-
sion from the early P-20 till the late P-42 and after
in vivo growth of these cells. This decrease in the ad-
hesiveness in the cells of different in vitro passages of
CNCI-PM-20 cell line might be attributed to the defi-
ciency in cellular microfilament, microtubules [16], a
decrease in the synthesis of GAG (glycosaminegly-
can) [18], or loss of extracellular matrix glycoprotein
like fibronectin [14], alterations in transmembrane pro-
teins like integrins [10] or disruption of actin stress fi-
bres [23] in these cells.

 In conclusion, it could be stated that topological al-
terations, lectin binding ability and loss of cellular adhe-
siveness of the cells of CNCI-PM-20 cell line did not oc-
cur in a single step. All these characters started to alter
from P-20 and gradually got enhanced with successive
passages. Finally, since this study revealed also that all
these membrane-associated changes in characters ap-
peared almost simultaneously, the expression of these
characters might be interrelated to one another.
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