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The structure and composition of the 
plasma membrane seem to vary among 
different cell types (1) and with the func- 
tional activities of any given cell (2). In ad- 
dition, it is commonly suspected that can- 
cer cells may have unique or highly special- 
ized plasma membranes which give rise to 
or facilitate their loss of contact inhibition, 
accelerated growth, tumorigenicity, and 
metastatic spread throughout the body (3). 
Recently, Porter et al. and others (4, 5), us- 
ing the scanning electron microscope, 
found several differences between the sur- 
face morphology of normal and trans- 
formed cells in vitro, while others de- 
scribed differences in the binding of plant 
lectins to the outer surface of the plasma 
membranes from normal and cancer cells 
(6). 

Since last year we have been studying 
the surface topography of human breast 
tissues with the scanning electron micro- 
scope. We have observed material ob- 
tained at biopsy or mastectomy from 32 
women with the following breast abnor- 
malities: 11 dysplasias, 4 fibroadenomas, 2 
lobular carcinomas in situ, and 15 infil- 
trating duct carcinomas. The results to 
date strongly suggest that the duct epithe- 
lium within dysplastic breasts or those con- 
taining benign neoplasms is distinctly dif- 
ferent from the duct epithelium within car- 
cinomatous breasts. Thus, the purpose of 
this report is to draw attention to pre- 
viously undetected differences in the sur- 
face morphologies of ducts from cancerous 
and noncancerous breasts which may be of 
potential diagnostic or prognostic impor- 
tance. The surface morphology of mam- 
mary carcinoma cells will be described in 
detail elsewhere (7). 

The surgical specimens were rinsed 
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briefly in 0.1M cacodylate buffer, pH 7.4, 
fixed for 4 days to 2 weeks in a modified 
Karnovsky's fixative (8), dehydrated in al- 
cohol, and frozen in liquid Freon. The fro- 
zen tissue was cracked with a precooled 
scalpel (9) and critical-point-dried in liq- 
uid CO2 (10). Then the dried tissue was 
viewed under a dissecting microscope and 
the upper halves of ducts close to the sur- 
face of the specimen were teased away. As 
a result, the observer obtains an unim- 
peded view of essentially all cell surfaces 
bordering one half of the duct lumen. The 
specimens were mounted on stubs with 
silver conducting paint, coated with gold 
about 200 A thick on a rotating stage in a 
vacuum evaporator, and viewed at 20 kv in 
a Kent-Cambridge S4 scanning electron 
microscope. 

Usually, the apical surface of the 
glandular epithelial cells within both nor- 
mal and hyperplastic ducts from non- 
cancerous breasts is covered with minute 
projections-the microvilli. The diameter 
of the microvilli is fairly constant (about 
0.1 um). The average microvillus is 1.5 to 2 
,m long; however, there is moderate varia- 
tion in the length of the microvilli on indi- 
vidual cells as well as among adjacent cells. 
Sometimes the surface contains only small 
spherical knobs, but it is more common to 
find knobs intermingled with microvilli. 
Since the diameter of these knobs is about 
0.1 m and we found no new surface struc- 
tures on these cells with the transmission 
electron microscope, they may be rudi- 
mentary microvilli or surface blebs which 
are disappearing from or forming on the 
surface of the cells during specific portions 
of the cell cycle or in response to other al- 
terations in their environment [see (4) for 
discussion]. Cells undergoing apocrine 
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Cell Surface Differences in Ducts from Cancerous and 
Noncancerous Human Breasts 

Abstract. The scanning electron microscope reveals structural differences between the 
apical microvilli of duct cells from cancerous and noncancerous human breasts. The al- 
terations in the microvilli from carcinomatous breasts appear to be highly specific, to ex- 
tend throughout the affected breast, and may be pathognomonic for this condition. 
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metaplasia generally have few microvilli; 
however, their positive identification de- 

pends upon their characteristic size and 

shape rather than their microvilli or sur- 
face topology. 

The apical surface of the duct epithelium 
from cancerous breasts displays some or 
all of the characteristics of ducts from non- 
cancerous breasts. However, duct cells 
from cancerous breasts show greater varia- 
tion in size and shape and in the number, 
length, and arrangement of microvilli. 
Moreover, there is a decided tendency for 
these cells to have fewer microvilli and 
more knobs or rudimentary microvilli than 
duct cells in noncancerous breasts. Because 
it is possible with our mode of specimen 
preparation to view thousands of cells at 
one time within a given duct, the observer 
immediately sees these general surface fea- 
tures even at low magnification (about 
x 2000 or less). In our experience, when 
these general alterations are prominent 
and fairly extensively distributed along the 
duct there is good reason to suspect that 
the specimen came from a breast with car- 
cinoma. However, alterations which ap- 
pear to be specific for carcinomatous 
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Figs. 1-3. The apical surface fea- 
tures of duct epithelial cells 
thought to be specific for carci- 
noma are shown in these scanning 
electron micrographs. Fig. 1 
(top left). Clumped microvilli are 
seen on several cells as well as 
rudimentary microvilli or knobs 
on the surface of a giant cell in the 
upper left corner of the figure 
(x 9,600). Fig. 2 (top right). 
Intercellular microvillus contacts 
between two cells are shown at 
higher magnification (x 19,100). 
Fig. 3 (left). Two adjacent cells, 
each with a central clump of 
thickened, irregular microvilli 
(x 7,000). 

breasts are the following: (i) the partition- 
ing of the surface microvilli into small 

groups or clusters composed of three or 
more microvilli clumped together at their 

tips (Fig. 1); (ii) the presence of inter- 
cellular microvillus contacts, that is, mi- 
crovilli from adjacent cells touching at 
their apices (Fig. 2); and (iii) a prominent 
clump of thickened, irregular microvillus- 
like projections in the center of the apical 
surface (Fig. 3). 

Tissues from the last 19 women in our 
series were processed and analyzed without 

knowledge of their clinical diagnosis. In 

every case there was perfect agreement be- 
tween the pathological diagnosis and the 
one we made with the scanning electron 

microscope. Hence, it appears that the dis- 
tribution and arrangement of the apical 
microvilli on mammary duct epithelium 
may be a pathognomonic sign of carci- 
noma. In other words, we did not have to 
find infiltrating duct carcinoma cells within 
the stroma of the gland in order to predict 
whether the tissue came from a cancerous 
or noncancerous breast: the surface fea- 
tures of the duct epithelial cells alone were 
sufficient morphological evidence for dis- 

tinguishing the two conditions. In addition, 
in seven out of seven mastectomy patients, 
ducts from so-called normal areas and at 
graded distances [that is, up to 7 inches (18 
cm)] from the primary lesion or biopsy site 
also showed these structural characteris- 
tics. Therefore, the unusual surface fea- 
tures seem to extend throughout the affect- 
ed breast. We have no idea when and how 
these structural alterations arise, what 
relationship they may have to either the 
multicentric or focal origin of carcinoma, 
and whether they are a preneoplastic lesion 
or the response of noncancerous cells to 
some influence exerted by the malignant 
breast cells or to systemic factors from 
the patient. We also do not yet know how 
useful the scanning electron microscope 
will be for distinguishing certain very con- 
fusing benign conditions such as plasma 
cell mastitis or florid sclerosing adenosis 
from carcinoma. Nevertheless, in view of 
the reasonably large number of patients 
studied, the reproducibility of the observa- 
tions, and the ease with which the scanning 
electron microscope could be used by pa- 
thologists, it seemed justifiable to report 
these findings at this time. 
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Kittens or adult cats fed casein as the 
source of dietary protein develop a retinal 
degeneration within 3 months that is vis- 
ible with the ophthalmoscope (1). The ini- 
tial fundus change is a hyperreflective 
granular zone in the area centralis similar 
in appearance to that reported for feline 
central retinal degeneration (2). A gradual 
decrease in the amplitudes of the cone and 
rod components of the electroretinogram 
and a time delay in the electrical response 
of the cone have been demonstrated coinci- 
dent with degeneration of the photorecep- 
tor cells. Ultrastructurally, vesiculation, 
disorientation, and disintegration of the 
photoreceptor outer segments occur in the 
earliest stages in the area centralis (Fig. 1), 
and are followed by the subsequent degen- 
eration of the entire photoreceptor popu- 
lation (1). 

Casein appears to be related to the reti- 
nal degeneration, since the retinopathy can 
be prevented or reversed by substituting 
lactalbumin or egg albumin for the dietary 
casein (1). Since casein is low in sulfur 
amino acids and because the retinas of sev- 
eral mammalian species have been shown 
to contain high levels of taurine, an amino 
sulfonic acid, the concentration of free am- 
ino acids in plasma and retina were investi- 
gated to determine whether sulfur amino 
acids were affected in this specific photore- 
ceptor degeneration. 

Eleven kittens and seven adult domestic 
cats were fed a semipurified diet containing 
casein (16 to 27 percent of the calories as 
protein) or a commercial chow as pre- 
viously described (1) for periods of 12 to 52 
weeks, at which time plasma amino acids 
were analyzed (3). In a subsequent study 
eight kittens were fed a casein diet (27 per- 
cent of the calories as protein) for 4 to 24 
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weeks, when retinal samples were assayed 
for amino acid and DNA concentration 
(3). 

In the first study all the cats fed the ca- 
sein diets had evidence of retinal degenera- 
tion after 3 to 12 months (1). Their plasma 
amino acid profiles (Table 1) revealed an 
essential absence of plasma taurine, 
whereas the concentrations of the other 
amino acids, including methionine and cys- 
tine (taurine precursors), were comparable 
to control values. As in other species, tau- 
rine was the principal free amino acid in 
the normal cat retina, and the other mea- 
sured amino acids were also within re- 
ported limits (4). The retinas of casein-fed 

Table 1. Plasma amino acid concentrations 
(in nanomoles per milliliter) in cats fed control 
(chow) or casein diets (nine animals per group) 
for three or more months. The results are ex- 
pressed as the mean ? standard deviation. 
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Amino acid 

Isoleucine 
Leucine 
Lysine 
Methionine 
Phenylalanine 
Threonine 
Valine 
Alanine 
Arginine 
Asparagine 
Aspartic acid 
Half-cystine 
Cysteic acid 
Glutamic acid 
Glutamine 
Glycine 
Histidine 
Proline 
Serine 
Taurine 
Tyrosine 
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kittens revealed a progressive and selective 
decrease in taurine content beginning with 
the initial assay at 4 weeks. This decrease 
in taurine preceded any change in DNA 
concentration, indicating that taurine de- 
pletion preceded cell death. After 24 weeks 
of the casein diet, retinal taurine was re- 
duced by 80 percent, and a 13 percent de- 
crease in total retinal DNA was observed 
(Table 2). The DNA decrease correlates 
with more advanced degeneration where 
progressive loss of the outer nuclear layer 
and outer plexiform layer predominates in 
the area centralis and extends into the 
peripheral retina (1). 

The decrease in plasma and retinal tau- 
rine is thought to be associated with the 
retinal degeneration, since this sulfur-con- 
taining amino acid is normally present in 
high concentrations in the retina as well as 
in muscle and brain (4), where it may func- 
tion directly as a neurotransmitter or in- 
difrectly as a regulator of calcium flux in- 
fluencing membrane potential and the ex- 
citability of nerves and muscles. It has also 
been shown that intravitreal injection of 
taurine in the chicken depressed the b- 
wave of the electroretinogram and that 
light stimulation caused the release of 
taurine in vitro (5). 

The disappearance of plasma taurine in 
cats fed casein may have resulted from a 
combination of factors affecting sulfur 
amino acid metabolism in cats. Kittens 
rank among the fastest growing mammals 
and require approximately 29 percent of 
their calories from protein for maximum 
growth. This is also reflected by the high 
protein content of cat milk (6). Adult cats 
also have high protein requirements, and 
when protein (from fish and liver origin) 
comprised less than 21 percent of the diet 
on a dry weight basis, taurine disappeared 
from the urine. By contrast, urinary feli- 
nine, an isopentanol derivative of cysteine 
peculiar to feline species (7), continued to 
be excreted during this period of in- 
adequate protein consumption (8), suggest- 
ing that the biosynthesis of felinine takes 
precedence over that of taurine when pro- 
tein is limiting. 

Casein is low in total sulfur amino acids, 
particularly cystine, the precursor for tau- 
ine synthesis via oxidation and decarboxyl- 
ation reactions involving cysteine sulfinic 
acid, cysteic acid, and hypotaurine (4). 
Comparison of the amino acid composi- 
tion of casein with the two proteins found 
to prevent the degeneration-lactalbumin 
and egg albumin--indicated that these 
proteins contained 168 and 181 percent 
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els of taurine, but in comparison to the rat 
or dog, cannot decarboxylate appreciable 
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Retinal Degeneration Associated with 

Taurine Deficiency in the Cat 

Abstract. A degeneration of the retinal photoreceptor cells develops in cats when ca- 
sein is the source of dietary protein. A mino acid profiles indicate that the degeneration is 
associated with a selective decrease in plasma and retinal taurine concentrations. A sulfur 
amino acid deficit in the casein diet combined with specific amino acid requirements of 
the cat appear related to this unique expression of taurine deficiency. 
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