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Configuration of Surfaces of Human Cancer Cells 
in Effusions 

A Scanning Electron Microscopic Study of Microvilli 

Wenancjusz Domagala* and Leopold G. Koss** 
Department of Pathology, Montefiore Hospital and Medical Center, 
Albert Einstein College of Medicine, Bronx, New York 10467, USA 

Summary. The surfaces of viable cells of metastatic human carcinomas of 
various histologic types and primary origin, suspended in pleural and ascitic 
fluids, were shown by scanning electron microscopy to be covered by micro- 
villi of  variable configuration and distribution. Microvilli of  some cancer 
cells appeared biologically active since they were capable of forming exten- 
sions and anastomoses when settling on glass. The possible specificity and 
significance of microvilli in the light of the experimental data were discussed. 
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Introduction 

The configuration of surfaces of human carcinoma cells in vivo, or under condi- 
tions as closely reflecting the natural state as possible, is of a major current 
investigative interest. Such studies may contribute to our understanding of many 
phenomena presumably vested in the cancer cell surfaces, such as the interrela- 
tionship of cancer cells to each other and to their environment [4, 17, 19, 
30, 32]. 

Effusions occurring in patients with metastatic carcinoma are a natural cul- 
ture medium [16] wherein cancer cells may proliferate freely and are accessible 
to sampling by tapping. Effusions also contain a variety of benign cells such 
as mesothelial cells, macrophages, and leukocytes which can serve as natural 
controls. Surface features of the various cell types found in effusions were 
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described in a prior communication [6] using light microscopy, transmission 
electron microscopy (TEM), and scanning electron microscopy (SEM) for identi- 
fication and correlation. One of the preliminary conclusions of  this study was 
that the surfaces of human cancer cells in effusions were endowed with microvilli 
(MV), a feature that was conspicuously lacking in the benign cells. However, 
this study was based on air dried material and thus subject to critique for 
technical reasons. 

The purpose of the present study was to determine by the use of critical 
point drying technique and SEM whether the prior observation on the configura- 
tion of human cancer cell surfaces could be confirmed and expanded. We were 
interested in determining whether the organ of origin and the histologic type 
of cancer had any bearing on the configuration of cancer cell surfaces. It was 
also of interest whether the MV represented merely a feature of membrane 
configuration or whether evidence could be elicited under simple experimental 
conditions that MV may have an activity or function of their own in living 
human cancer cells. 

Material and Methods 

There were 19 pleural and ascitic fluids containing cells of  metastatic carcinoma. The sites of 
origin, and histologic types of  primary tumors are summarized in Table 1. Ten fluids from patients 
free of cancer, listed in Table 2, served as controls. 

An aliquot of approximately 10 ml of  the freshly drawn fluid was centrifuged for 10 min 
at 200 g. The supernatant was discarded and the sediment washed twice in Hank's Balanced Salt 
Solution (HBSS) by centrifugation for 5 rain at 200 g. Following the second wash the samples 
were divided into 2 approximately equal aliquots, processed in a different manner. 

Aliquot 1 was processed as follows: the samples were washed for the third time in HBSS. 
The supernatant was discarded except for a few drops to avoid drying, and the sample was 
fixed in 5 ml of 2% glutaraldehyde in cadodylate buffer pH 7.3 for 2 h at 4 ~ C. After a wash 
in cacodylate buffer (5 min at 200 g), the supernatant was discarded, new buffer added, and the 
sample placed in a refrigerator at 4 ~  until further processing (usually for 48 h). Subsequently 
the sediment was spun down for 5 min at 200 g and transferred by Pasteur pipette into one well 
of  Linbro plate covered by specially cut narrow cover slip sealed with Scotch tape, and centrifuged 
for 5 min at 200 g. Cover slips with cells deposited by centrifugation was then immediately transferred 
into a vial with 1% OsO4 in cacodylate for postfixation at 4 ~ C. 

T a b l e  1. Site of origin and histologic type of primary tumors 

Site of  origin No. of cases Pleural fluid Ascites 

Breast (Adenocarcinoma) 
Lung (Adenocarcinoma) 
Lung (Epidermoid carcinoma) 
Colon (Adenocarcinoma) 
Ovary (Adenocarcinoma) 
Cervix uteri (Squamous carcinoma) 
Stomach (Adenocarcinoma) 
Pancreas (Adenocarcinoma) 

8 8 - 
2 2 - 

1 1 - 

3 2 1 
2 - 2 
1 1 - 

1 1 - 

1 1 - 

Total 19 16 3 
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Table 2. Clinical diagnosis in cases negative for cancer 

29 

Diagnosis No. of cases Pleural fluid Ascites 

Congestive heart disease 3 3 - 
Pulmonary emboli 1 1 - 
Pneumonia 1 I - 
Liver cirrhosis 4 - 4 
Unknown 1 - 1 

Total 10 5 5 

Aliquot 2 was processed as follows: the samples were washed for the third time in HBSS. 
The supernatant was discarded and I ml of fresh HBSS added to the sediment and mixed gently. 
An aliquot was transferred into a specially prepared short glass tube 1 cm in diameter with a 
cover slip attached by dental wax, and placed in inverted position. The cells were allowed to 
sediment onto the cover slip for 15 min at room temperature. 0.5 ml of HBSS was removed and 
1 ml of glutaraldehyde added drop by drop in order to fix the cells in situ on the cover slip. 
After 15 min of fixation the cover slip was transferred into cacodylate buffer and placed at 4 ~ C 
until further processing. The cover slip was postfixed with OsO 4 at 4 ~ C. 

Following postfixation both aliquots were dehydrated in ascending series of acetones and 
in amyl acetate, critical point dried in a Denton DCP-1 apparatus, coated with gold-palladium 
and examined with JSM-43 scanning electron microscope. 

Viability of cells in the sample prior to fixation was tested by eosin exclusion. Very few 
cells accepted eosin and, conservatively, at least 90% of the cells were judged viable. All SEM 
findings were carefully controlled by light microscopic preparations stained according to Papanico- 
laou whereby identification of cell types could be accomplished with ease [16]. 

Selected aliquots of the same samples were studied by transmission electron microscopy (TEM). 
For this purpose, following the 3rd wash in HBSS, the samples were centrifuged for 15 min at 
200 g and the sediment fixed in 2% glutaraldehyde in cacodylate buffer for 2 h at 4 ~ Postfixation 
in OsO4 for 8 h followed. The samples were dehydrated as described and embedded in Epon. 
Ultrathin sections were examined with UEMW 100 microscope. 

Results 

Identification of Cell Types 

Cells  o f  me t a s t a t i c  c a r c i n o m a  were  read i ly  iden t i f i ed  in S E M  because  o f  the i r  

la rge  size (20 to 40 p in d i a m e t e r )  w h e n  c o m p a r e d  wi th  all  o t h e r  cel l  c o n s t i t u e n t s  

o f  the  f lu id  (Fig.  1) a n d  because  o f  the i r  cha rac t e r i s t i c  a r r a n g e m e n t  in 3 -d imen-  

s iona l  c lus ters  t ha t  has  n o t  been  o b s e r v e d  in any  o f  the  con t ro l s .  The  n u m b e r  

o f  c o m p o n e n t  cells  in the  c lus ters  va r i ed  f r o m  a few to severa l  h u n d r e d .  The  

gene ra l  c o n f i g u r a t i o n  o f  the  c lus ters  was usua l ly  spher ica l  o r  i r r egu la r  (Fig.  2). 

T h e  cells  were  o f t en  d e m a r c a t e d  f r o m  each  o t h e r  by i n v a g i n a t i o n s  o f  va r i ab le  

dep th ,  g iv ing  the  c lus te r  a m o r u l a - l i k e  a p p e a r a n c e  (Fig.  3). Sur face  cell  c h a r a c t e r -  

istics o f  c lus t e red  a n d  single c a n c e r  cells  were  c o m p a r e d  a n d  f o u n d  to be ident i -  

cal. O t h e r  cell  types  seen in e f fus ions  tha t  c o u l d  c o n c e i v a b l y  be m i s t a k e n  fo r  

c a r c i n o m a  cells  were  h i s t iocy tes  a n d  m e s o t h e l i a l  cells. T h e  cells  o f  b o t h  types  

were  c o n s i d e r a b l y  sma l l e r  t h a n  m o s t  m a l i g n a n t  cells a n d  h a d  sur face  fea tures ,  

wh ich  a l l o w e d  fo r  the i r  i den t i f i c a t i on  in nea r ly  all  ins t ances  (see be low) .  S imu l t a -  
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Fig. 1. Carcinoma of  breast-pleura1 fluid. Note the large size of  cancer cells when compared with 
erythrocytes and lymphocytes in the same field, x 300 

Fig. 2. Carcinoma of breast-pleural fluid. Cluster of cancer cells with ill-defined borders and the 
characteristic cell surfaces with microvilli of variable configuration. Three smaller cells attached 
to the periphery of the cluster have the surface characteristics of histiocytes (cf. Fig. 9). x 1700 
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Fig. 3. Ovarian adenocarcinoma. Group of cancer cells with deep intercellular spaces. Note microvilli 
of variable configuration on cell surfaces, x 2300 

neous TEM and light microscopic studies carried out on several samples from 
our current material fully confirmed the criteria of cell identification. 

Single cancer cells predominated in fluids from patients with breast and 
gastric carcinomas. Cancer cell clusters were more commonly encountered in 
carcinomas of other primary origins. 

Surface Features of Carcinoma Cells in Effusions 

The presence of innumerable microvilli (MV) was the characteristic trait of  
the surfaces of carcinoma cells in effusions regardless of anatomic origin and 
histologic type of primary tumor. The MV were observed on surfaces of cancer 
cells in clusters (Figs. 2 and 3) but could be better studied on single cells. The 
latter were for the most spherical and resembled chestnut burs covered with 
innumerable tiny spines (Fig. 4). Occasionally indentations or invaginations of 
the surface were observed (Fig. 5). The MV generally covered the entire vi- 
sualized surfaces of the cells except for an occasional small area which was 
MV-free. The MV varied in configuration, size, and density (Figs. 2-6). The 
length of MV varied from 0.1 jam to 0.5 jam but occasionally tufts of much 
longer MV could be observed (Fig. 6). The diameter of MV varied from 0.1 
to 0.2 jam. The shape of the MV was also variable. Some MV had a relatively 
regular, rod-like configuration (Fig. 6). In other instances, the base was broader 
than the tip, and in yet other instances the free end of a microvillus was 



Fig. 4. Higher magnification of  a breast cancer cell from the center of  Figure 1. The cell is about  
25 pm in diameter. Note numerous  long, delicate MV covering entire cell surface, x 3000 

Fig. 5. Epidermoid bronchogenic carcinoma. Cancer cell, about 20 ktm in diameter, with surface 
invagination. The microvilli are sparser and shorter when compared with those shown in Figure 4. 
x 4600 



Fig. 6. Adenocarcinoma, lung. Cancer cell with a tuft of  long MV at one pole. The remaining 
surface is covered with short, stubby microvilli, x 5500 

Fig. 7. Lung, adenocarcinoma, pleural fluid. Transmission electron microscopy. Note numerous 
microvilli on the surface of  the cancer cell (cf. Fig. 6). x 27,900 
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Fig. 8. Ovarian carcinoma, ascitic fluid. Transmission electron microscopy. Note numerous microvilli 
of unequal configuration on the surface of the cancer cell. Fusion of  microvilli may be noted 
(cf. Fig. 3). x 25,000 

bulbous and wider than the base. Branching and fusion of MV were repeatedly 
observed (Figs. 4, 7, 8). There were not only cell-to-cell differences in each 
sample but MV variability could be observed on the surface of a single cell 
(Fig. 6). No evidence could be obtained of a MV pattern that could be considered 
as specific for any tumor type or organ origin. 

TEM studies of cancer cells in selected samples fully confirmed the presence 
of MV of uneven size and configuration on the surface of cancer cells of 
various primary origin (Figs. 7 and 8). This technique also confirmed excellent 
preservation of this material. 

Behavior of Microvilli in Carcinoma Cells Settling on Glass Surface Prior 
to Fixation 

Cancer cells that were allowed to settle on glass for 15 min prior to fixation 
had the surface texture as described. In all cases a spread of MV on the glass 
surface was observed. In most instances the MV in contact with the glass 
formed short spikes. In 2 cases of carcinoma of the breast the MV were extended 
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Figs. 9 and 10. Cytoplasmic extensions in 
breast cancer cells which were allowed to 
settle down on the glass cover slip for 15 min 
prior to fixation. Same specimen as shown 
in Figures 1 and 4. Fig. 9. All cancer cells, 
covered by MV, are attached to glass by 
long cytoplasmic extensions, x 1000. Fig. 10. 
The details of  the lower portion of the cell 
located in the center of Figure 7. Note the 
variable thickness of cytoplasmic extensions, 
some of which are broken, presumably as 
the result of contraction due to fixative. 
• 9000 
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Fig. 11. A histiocyte, about 10 ~t in diameter, 
with numerous surface ruffles. There are 
no MV. x 5500 

Fig. 12. Typical mesothelial cell, about 15 ~t 
in diameter, covered with numerous blebs 
of different size. • 4600 

for  a cons iderab le  d is tance  a r o u n d  the cells. N o t  only the M V  in direct  con tac t  
with the glass but  also the M V  f rom ad jacen t  por t ions  o f  the cell fo rmed  
long, 8 to 10 ~tm extensions  o f  var iable  d iamete r  on to  the glass surface, some 
o f  which, due to con t rac t ion  o f  the cell body  dur ing  f ixat ion,  were rup tu red  
(Figs. 9 and  10). 
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Control Fluids- Macrophages and Mesothelial Cells 

In the 10 control fluids no cells with surface features of cancer cells were 
observed. These fluids confirmed that the surfaces of macrophages and mesothe- 
lial cells were quite distinct. The surface of macrophages was made up of 
irregular ridges or ruffles of different size and width (Fig. 11). All macrophages 
which were allowed to settle on glass prior to fixation were attached to the 
glass by thin, veil-like, cytoplasmic processes. 

Typical free-floating mesothelial cells were covered by blebs of different 
size and shape, some of them connected to the cell body by a narrow cytoplasmic 
neck (Fig. 12). This cell appearance may indicate dying or damaged mesothelial 
cells. There were a few occasional mesothelial cells covered by short, uniform 
MV only. Histiocytes and macrophages were also identified in fluids containing 
cancer cells. 

Discussion 

SEM is the ideal technique for the study of configuration of cell surfaces [4, 
11, 12]. It offers the additional advantage of allowing the inspection of a very 
large number of cells. The present study was targeted on human cancer cells 
in their natural setting and with a minimum of experimental manipulation. 
This work confirms and extends prior findings [6] that the presence of MV 
of variable sizes and configuration characterizes all free-floating human carci- 
noma cells in fluids, regardless of histologic type or primary tumor and of 
organ of origin. SEM evidence that irregular MV may occur on surfaces of 
human cancer in other settings as well has been recorded in carcinomas of 
the uterine cervix and of the breast [15, 36, 42, 48]. 

There were prior light microscopic observations of cytoplasmic processes 
on the surface of some cancer cells in fluids [39, 40, 41]. The "brush borders" 
or "pseudocilia" presumably referred to the light microscopic appearance of 
the cancer cells with tufts of long MV such as shown in Figure 6. 

The presence of MV has been previously recorded by TEM on the surfaces 
of free-floating human cancer cells from fluids [14, 22, 40, 41, 50, 51] and 
on free surfaces of cancer cells within various solid human tumors [1, 23, 
31, 43], yet this feature has been rarely emphasized. The significance of this 
finding may have eluded the observers because TEM reveals only that part 
of the cell that is in the plane of the ultra-thin section, offering a limited 
view of the surface of the entire cell. 

It must be stressed that MV are not exclusive feature of surfaces of cancer 
cells. They may be observed in a variety of anatomic situations on cell surfaces 
in normal adult mammals [3, 8, 47], on embryonal cells [26], and on some 
metaplastic cells [49]. However, the MV on normal cells exhibit polarity, i.e., 
they are located only on a well demarcated area of cell membrane, usually 
at the portion facing the lumen of a gland or a cavity. Such MV are uniform 
in length, shape and diameter and are evenly distributed throughout the MV- 
bearing area [9]. Only slight deviations from this rule have been recorded: 
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the number and morphology of MV on the cell surface may vary with different 
periods of the cell cycle [5]. Small differences in the numbers of MV observed 
on the surfaces of cells lining the bronchial and the tracheal mucosa were 
thought to be the result of continued regeneration of the bronchial epithelium 
[11]. Similar differences have been described on and among neighboring cells 
of duodenal epithelium in the early stages of embryonal development [26]. 

The MV on the surface of free-floating human cancer cells in fluids differ 
from those on benign cells in tissues in two respects: 

1. They have no polarity and cover the entire surface of the cell. Moreover, 
with regard to groups of cancer cells, the phenomenon of "inverse polarity" 
has been previously observed in TEM [6]: the surfaces of cancer cells lining 
intercellular spaces inside the cluster were devoid of MV, whereas MV were 
abundant on the outer free surface, facing the fluid environment. 

2. They are highly diversified in terms of length, width, shape and distribution 
on the cell surface. 

Crucial evidence that MV are not artifacts of fixation or passive excrescences 
on the surfaces of human cancer cells was provided by the simple experiments 
described above: MV of some cancer cells settling on glass showed ability 
to spread for considerable distances while retaining their thickness. This suggests 
that the observed MV are active, dynamic structures, perhaps capable of prolifer- 
ation and attachments to tissue surfaces in vivo. The mechanisms that triggers 
this proliferation is unknown but has many similarities to the spread of cell 
processes on hard surfaces in tissue culture [2]. 

A comparison of surface features of mesothelial cells and cancer cells sheds 
some light on the possible specificity of MV in cancer. Under physiologic condi- 
tions, the surfaces of mesothelial cells facing the lumen of the pleural or peri- 
toneal cavity are covered by numerous MV. They have been described in the 
light microscope as a brush border [16] and have been observed with SEM 
[3, 47]. 

The surfaces of free-floating mesothelial cells in fluids are usually covered 
by surface blebs (Fig. 14), probably as a sign of cell injury or commencing 
cell death. It is known that mesothelial cells change their configuration in 
response to various environmental conditions [2, 21]. Therefore, it appears likely 
that mesothelial cells detached from their natural setting lose their MV and 
acquire surface blebs, in contrast to cancer cells which either retain or acquire 
MV. 

It must be noted that occasional surface blebs have been observed also 
on the surfaces of Chinese hamster ovary cells during the G-phase of the cell 
cycle [28]. It is not clear whether or not this observation is pertinent to the 
human mesothelial cells in fluids. We have no information on the status of 
the cell cycle in cancer cells in fluids but so far have not observed blebs on 
carcinoma cells believed to be viable. 

It has been observed that certain variables may have some bearing on the 
occurrence of MV on the surfaces of cells in tissue culture: thus, changes 
in metabolic activity [7], cell density in culture [24], and the type of growth 
medium [37] may increase or decrease the number of MV per cell. Perhaps 
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most pertinent to our observations is the increase in the number of MV in 
cultured cells transformed by oncogenic viruses [27, 45]. 

SEM studies epithelial surfaces in experimental bladder and cervix carcino- 
genesis have also emphasized the appearance of microvilli of diversified configu- 
ration once the malignant process has been established [13, 35]. Rubio [35] 
suggested the term anisovillosis to describe the phenomenon. In a more recent 
TEM study of experimental bladder carcinogenesis is the rat it has been em- 
phasized that microvilli occur on the surfaces of all transformed epithelial cells 
and reach the epithelial surface relatively late [18]. This evidence indirectly 
supports the observations recorded here. 

Formation of MV has been linked to intracellular levels of dibutyryl (3'5') 
cyclic adenosine monophosphate (c-AMP) [7, 19, 29, 38]. For example, cultured 
tumor cells have much lower levels of c-AMP than normal cells from which 
they were derived [25], and they also exhibit more surface MV than do their 
benign counterparts [27]. Furthermore, it has been noted that experimental 
tumor cells treated with c-AMP can no longer be induced to cluster by exogenous 
lectins [4]. In support of this relationship, we have preliminary evidence that 
treatment of human cancer cells in effusions with c-AMP analogue added prior 
to fixation induces dramatic morphologic changes in cell surfaces with diminu- 
tion or complete loss of MV (Domagala and Koss, unpublished data). 

Much of the more recent work on cancer cell surfaces, such as lack of 
contact inhibition in tissue culture [2], response to various lectins (review in 
[30]), and biochemical studies (review in [33]), has been based mainly on experi- 
mental cell systems in vitro. The signal advantage of such studies is their repro- 
ducibility and controllability. The use of free-floating cancer cells in human 
effusions may serve as a counterpart to these experimental studies as has been 
suggested before [16]. 

Significance of M V  on Surfaces of Cancer Cells 

The presence of MV on the surfaces of human cancer cells and in experimental 
systems of epithelial carcinogenesis [13, 18, 35] suggests that this cell configura- 
tion is not purely incidental. However, neither the mechanism of formation 
of MV nor their biologic significance is known at this time. Several speculations 
appear worthy of a brief comment suggesting possible future directions of investi- 
gation. 

MV may serve to increase the surface of cancer cells for purposes of absorp- 
tion, as is the case in normal intestinal epithelium [44] or serve to maintain 
a constant cell surface area [10]. MV may increase the degree of exchange 
of fluids and metabolites with the environment and thus are engaged in active 
trans-membrane uptake and exchange [7, 34] or serve to produce a microenviron- 
ment of its own as a buffer zone between the cell and its environment [44]. 
MV may play a role in cell-to-cell and cell-to-substrate contacts [9, 12]. Some 
of our observations on behavior of MV recorded above support this hypothesis. 
Finally, the MV which increase the surface of the cell may play a role in 
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dissipation of heat, reflecting altered pathways of cell metabolism, as originally 
suggested by Otto Warburg [46]. 

After completion of this paper, a communication by Krivinkova et al. [20] 
reported the results of scanning electron microscopy of human cells in effusions 
carried out in short-term tissue cultures. These authors confirmed the presence 
of prominent microvilli as an exclusive feature of cancer cells. The identification 
of other cell types in culture corresponded closely to the observations recorded 
here. 

This investigation was supported in part by a Public Health Service International Research Fellow- 
ship #lF05 TW 02121-01. 

References 

1. Albores-Saavedra, J., Altamirano-Dimas, M., Alcorta-Anguizola, B., Smith, M. : Fine structure 
of human papillary thyroid carcinoma. Cancer 28, 763-774 (1971) 

2. Ambrose, E.J.: The surface properties of mammalian cells in culture. In: The proliferation 
and spread of neoplastic cells, pp. 23 37. Baltimore: Williams and Wilkins 1968 

3. Andrews, P., Porter, K.L.: The ultrastructural morphology and possible functional significance 
of mesothelial microvilli. Anat. Record 177, 408-426 (1973) 

4. Berlin, R.D., Oliver, J.M., Ukena, T.E., Yin, H.H.: The cell surface. N. Eng. J. Med. 292, 
515 520 (1975) 

5. Dick, E.G., Dick, D.A.T., Bradbury, S. : The effect of surface microvilli on the water permeability 
of single toad oocytes. J. Cell Sci. 6, 451~,76 (1970) 

6. Domagala, W., Woyke, S.: Transmission and scanning electron microscopic study of cells 
in effusions. Acta Cytol. 19, 214-224 (1975) 

7. Evans, R.B., Morhenn, J., Jones, A.L., Tomkins, G.M.: Concomitant effects of insulin on 
surface membrane conformation and polysome profiles of serum-starved Bells/C 3T3 fibroblasts. 
J. Cell Biol. 61, 95-106 (1974) 

8. Fawcett, D.W. : The cell; its organelles and inclusions. Philadelphia and London: W.B. Saunders 
1966 

9. Fisher, H.W., Cooper, T.W.: Electron microscopic studies of the microvilli of HeLa cells. 
J. Cell Biol. 34, 569 576 (1967) 

10. Follet, E.A.C., Goldman, R.D.: The occurrence of microvilli during spreading and growth 
of BHK21/C12 fibroblasts. Exp. Cell Res. 59, 124-136 (1970) 

11. Greenwood, M.F., Holland, P.: The mammalian respiratory tract surface. A scanning electron 
microscopic study. Lab. Invest. 27, 296-304 (1972) 

12. Hodges, G.M. : A scanning electron microscope study of cell surface and cell contacts of "spon- 
taneously" transformed cells in vitro. Europ. J. Cancer 6, 235-239 (1970) 

13. Jacobs, J.B., Arai, M., Cohen, S.M., Friedell, G.H.: Early lesions in experimental bladder 
cancer: Scanning electron microscopy of cell surface markers. Cancer Res. 36, 2512-2517 (1976) 

14. Johnston, W.W., Ginn, F.L., Amatulli, J.M.: Light and electron microscopic observations 
on malignant cells in cerebrospinal fluid from metastatic alveolar cell carcinoma. Acta Cytol. 
15, 365-371 (1971) 

15. Jordan, J.A., Williams, A.E.: Scanning electron microscopy in the study of cervical neoplasia. 
J. Obstet. Gynaecol. Brit. Commonwealth 78, 940-946 (1971) 

i6. Koss, L,G. : Diagnostic cytology and its histopathologic bases. 2nd edition. Philadelphia: J.B. 
Lippincott 1968 

17. Koss, L.G. : Morphology of cancer cells. Handbuch der allgemeinen Pathologie. Sechster Band. 
Fiinfter Tell, pp. 1-139. Berlin, Heidelberg, New York: Springer 1974 

18. Koss, L.G. : Some ultrastructural aspects of experimental and human carcinoma of the bladder. 
Cancer Res. 37, 2824-2835 (1977) 



Microvilli on Cancer Cells 41 

19. Kram, R., Mamont, P., Tomkins, G.M. : Pleiotypic control by adenosine 3': 5'-cyclic monophos- 
phate: A model for growth control in animal cells. Proc. Natl. Acad. Sci. 70, 1432-1436 (1973) 

20. Krivinkova, H., Ponten, J., Blondai, T. : The diagnosis of cancer from body fluids. A comparison 
of cytology, DNA measurement, tissue culture, scanning and transmission microscopy. Acta 
Path. Microbiol. Scand. Sect. A. 84, 455467 (1976) 

21. Mohr, W., Beneke, G., Murr, L.: Untersuchungen zur Mitreaktion der Pleura bei peritonealen 
Reizungen. Path. Microbiol. 37, 459~J,68 (1971) 

22. Murad, T.M.: Electron microscopic studies of cells in pleural and peritoneal effusions. Acta 
Cytol. 17, 401~,09 (1973) 

23. Murad, T.M., Scarpelli, D.G.: The ultrastructure of medullary and scirrhous mammary duct 
carcinoma. Am. J. Path. 50, 335-360 (1967) 

24. O'Neill, C.H., Follet, E.A.C.: An inverse relation between cell density and the number of 
microvilli in cultures of BHK21 hamster fibroblasts. J. Cell Sci. 7, 695-709 (1970) 

25. Otten, J., Johnson, Y.S., Pastan, G. : Cyclic AMP levels in fibroblasts: relationship to growth 
rate and contact inhibition of growth. Biochem. Biophys. Res. Commun. 44, 1192-1198 (1971) 

26. Overton, J., Shoup, J. : Fine structure of cell surface specializations in the developing duodenal 
mucosa of the chick. J. Cell Biol. 21, 75-85 (1964) 

27. Porter, K.R., Fonte, V.G. : Observations on the topography of normal and cancer cells. Proc. 
Scanning Electron Microscopy (eds. O. Johari and I. Corvin), pp. 683~88. Chicago: liT Re- 
search Institute 1973 

28. Porter, K.R., Prescott, D., Frye, J.: Changes in surface morphology of Chinese hamster ovary 
cells during the cell cycle. J. Cell Biol. 57, 815-836 (1973) 

29. Puck, T.T., Waldren, C.A., Hsie, A.W. : Membrane dynamics in the action of dibutyryl adenosine 
3':Y-cyclic monophosphate and testosterone one mammalian cells. Proc. Natl. Acad. Sci. 69, 
1943 1947 (1972) 

30. Rapin, A.M.C., Burger, M.M. : Tumor cell surfaces: General alterations detected by agglutinins. 
In: Advances in Cancer Research. (Eds. G. Klein, S. Weinhouse), pp. 1-91. New York: Academic 
Press 1974 

31. Roberts, D.K., Marshall, R.B., Wharton, J.T.: Ultrastructure of ovarian tumors. I. Papillary 
serous cystadenocarcinoma. Cancer 25, 947-958 (1970) 

32. Robbins, J.C., Nicholson, G.L.: Surfaces of normal and transformed cells. In: Becker, F.F. 
(Ed.) Cancer. A comprehensive treatise. Vol. 3. New York: Plenum Press Publ. Co. 1975 

33. Roseman, S. : The biosynthesis of complex carbohydrates and their potential role in intercellular 
adhesion. In: The cell surface in development. (Ed. A.A. Moscona), pp. 255-271. New York: 
J. Wiley and Sons 1974 

34. Rosenberg, M.D.: The relative extensibility of cell surfaces. J. Cell Biol. 17, 289-297 (1963) 
35. Rubio, C.A. : The cervical epithelial surface. III. Scanning electron microscopic study in atypias 

and invasive carcinoma in mice. Acta Cytol. 20, 375-380 (1976) 
36. Rubio, C.A., Kranz, I.: The exfoliating cervical epithelial surface in dysplasia, carcinoma in 

situ, and invasive squamous carcinoma. Acta Cytol. 20, 144-150 (1976) 
37. Selby, C.C., Biesele, J.J., Grey, C.E.: Electron microscope studies of ascites tumor cells. Ann. 

N.Y. Acad. Sci. 63, 748 773 (1955-1956) 
38. Sheppard, J.R.: Cyclic AMP-Different levels in normal and transformed cells. Nature, New 

Biol. 236, 14-16 (1972) 
39. Spriggs, A.I., Boddington, M.M. : Cytology of effusions. 2nd ed. New York: Grune and Stratton 

1968 
40. Spriggs, A.I., Jerrome, D.W. : Aspects particuliers de surface des cellules libres dans les ~panche- 

ments. Revue de cytologie clinique 2, 7-22 (1969) 
41. Spriggs, A.I., Meek, G.A.: Surface specializations of free tumor cells in effusions. J. Path. 

Bact. 82, 151-159 (1961) 
42. Spring-Mills, E., Elias, J.J. : Cell surface differences in ducts from cancerous and non-cancerous 

human breasts. Science 188, 947 949 (1975) 
43. Thrasher, T.V., Richart, R.M.: An ultrastructural comparison of endometrial adenocarcinoma 

and normal endometrium. Cancer 29, 1713-1723 (1972) 
44. Toner, P.G., Carr, K.E.: Cell structure. An introduction to biological electron microscopy. 

Edinburgh and London: Churchill, Livingstone 1971 
45. Veseley, P., Boyde, A.: The significance of SEM evaluation of the cell surface for tumor 



42 W. Domagala and L.G. Koss 

cell biology. In: Scanning electron microscopy (Part III). (Ed. O. Johari), pp. 689-696. Chicago, 
Illinois: IIT Research Institute 1973 

46. Warburg, O. :f]ber die Ursache des Krebses. In: Holzer, H. and Holldorf, A.W., eds.) Moleku- 
lare Biologic des malignen Wachstums. Berlin, Heidelberg, New York: Springer 1966 

47. Watters, W.B., Buck, R.L.: Scanning electron microscopy of mesothelial regeneration in the 
rat. Lab. Invest. 26, 604~09 (1972) 

48. Williams, A.E., Jordan, J.A., Allen, J.M., Murphy, J.F.: The surface ultrastructure of normal 
and metaplastic cervical epithelia and of carcinoma in situ. Cancer Res. 33, 504-513 (1973) 

49. Wong, Y.-Ch., Buck, R.C.: An electron microscopic study of metaplasia of the rat tracheal 
epithelium in vitamin A deficiency. Lab. Invest. 24, 55~6 (1971) 

50. Woyke, S., Domagala, W., Olszewski, W. : Alveolar cell carcinoma of the lung: An ultrastructural 
study of the cancer cells detected in the pleural fluid. Acta Cytol. 16, 63~9 (1972) 

51. Woyke, S., Domagala, W., Olszewski, W. : Ultrastructure of hepatoma cells detected in peritoneal 
fluid. Acta Cytol. 18, 130-136 (1974) 

Received May 19, 1977 


