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Basal clear cells of the normal human breast 
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Summary. The ductal system of the human breast consists of  two major 
cell types: epithelial and myoepithelial. In some reports a third cell type, 
given various names is mentioned. In this study it is called a basal 
clear cell. The role of this cell, unlike that of  the epithelial and myoepithe- 
lial cells, remains unclear, although it has been suggested that it may 
have a stem cell function. We illustrate here that there is an ultrastructur- 
al transition between the basal clear and myoepithelial cell; suggesting 
that it acts as a precursor of  the myoepithelial cell, and may not be 
a stem cell for both epithelial and myoepithelial cells. 
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A series of in vitro studies of  chemically induced rat breast tumour cell 
lines (Rudland et al. 1980; Bennett 1980) has provided considerable evidence 
for the presence of a population of stem cells in rat breast. Such cells are 
postulated to be capable of giving rise to both epithelial and myoepithelial 
cells (Rudland et al. 1980). Ultrastructural studies of rat breast have identi- 
fied 3 major cell types within mature breast epithelium. These are epithelial 
cells, whose major function during pregnancy is secretion of milk products, 
myoepithelial cells, with a contractile function, and basal clear cells, which 
have been proposed to constitute a stem cell population (Radnor 1972a 
and b; Rudland et al. 1980; Bennett 1980). - The situation for human 
breast epithelium is less clear, particularly as no comparable in vitro models 
exist to study the relationships between the various cell types in human 
breast. 

Ultrastructural studies of normal human breast have provided inconsis- 
tent results. With variations in both the source of material, and different 
fixation protocols (Ozzello 197l; Stirling and Chandler 1976; 1977; Waugh 
et al. 1962; Fanger et al. 1974; Ahmed 1980; Carter et al, 1969; Salazar 
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and T o b o n  1974; T a n n e n b a u m  et al. 1969; Sykes et al. 1968) several differ- 
ent estimates for  the number  o f  cell types in h u m an  breast  have been re- 
ported.  Essentially, however,  au thors  are in agreement  tha t  they consist 
of  epithelial and myoepithel ial  cells (Carter  et al. 1969; M u r a d  et al. 1967, 
M u r a d  and von  H a a m  1968; Sykes et al. 1968; T a n n e n b a u m  et al. 1969) 
with other  au thors  addi t ional ly  repor t ing intermediate  cells (Ozzello 1971; 
Fisher 1976), indeterminate  cells (Ozzello 1971), clear cells (Bässler 1958; 
Doe r r  et al. 1978), and basal clear cells (Stirling and Chandler  1976, Toke r  
1967). 

Whilst  the existence o f  a stem cell popu la t ion  has been postula ted in 
h u m a n  breast  (Ozzello 1971; Hamper l  1970; Stirling and Chandler  1976a; 
Salazar and T o b o n  1974; T o b o n  and Salazar 1974; Toke r  1967) no clear 
suppor t ing evidence has emerged. 

We have under t aken  an ul t ras t ructural  s tudy of  strictly defined (Ozzello 
1971) N o r m a l  h u m a n  breast,  w i t h  par t icular  reference to the s tructure of  
the basal clear cell, in order  to determine whether ,  such an ul t ras t ructural  
approach  is capable o f  indicating the relat ionship between the major  cells 
types in the h u m a n  breast.  

Materials and methods 

Normal human breast tissue was obtained at surgery from reduction mammoplasties carried 
out for cosmetic purposes. Thirty two such samples have been examined from patients ranging 
from 1940 years of age all nulliparous and with no known hormonal dysfunction or previous 
endocrine therapy including oral contraceptives (Ozzello 1971). Light microscopic examination 
of the breast tissue in each instance showed no evidence of disease in either breast. 

Reduction mammoplasty tissue consists largely of rat, but when viewed with a disse¢ting 
microscope the ductal tissue can be distinguished by its thread-like appearance, whilst lobulo- 
alveoli appear as minute nodules. These separate areas were disse¢ted ¢arefully from the fatty 
stroma and cut into cubes of 1-2 mm. 

Samples were fixed for a minimum of one hour in 2% glutaraldehyde in 0~05 M phosphate 
buffer (pH 7.3; 330 mOsM, by addition of sucrose) at 4 ° C, and post-fixed in 1% osmic acid 
in phosphate buffer (pH 7.3) for a minimum of one hour at 4 ° C. 

Tissue was dehydrated in ethanol, and embedded via propylene oxide, in Epon Araldite 
(Mollenhauer 1964). 

Semithin sections (1.5-2.0 gin) were stained with 1% toluidine blue for light microscopy, 
and suitable areas were selected for electron microscopy. 

Ultrathin seetions (0.05-0.07 gm) were cut on a Reichert OMU4 ultramicrotome using 
a diamond knife. The sections were double stained (Stempak and Ward 1964) with 15% 
uranyl acetate in methanol and Reynold's lead citrate pH 12 (Reynold 1963) and viewed 
in a Philips E.M. 400 electron microscope. 

Results 

Epithelial cells fo rm a cont inuous  layer, lining the lumen o f  bo th  ducts 
and lobulo-alveoli .  Such cells have microvilli  on their luminal  surfaces; 
junct ional  complexes link adjacent  epithelial cells at their apical margins 
(Fig. 1). N o  major  differences were observed between epithelial cells of  duct  
or lobulo-alveolus,  a l though,  in the lobulo-alveolus,  their co lumnar  shape 
tends to be tapered towards  the lumen in order  to fo rm the spherical con- 
tours o f  the lobulo-alveolus.  Epithelial cells occasionally extend to the basal 
lamina,  bu t  there these cells neither fo rm hemidesmosomes  nor  develop 
micropinocyto t ic  vesicles, as found  in myoepithel ial  cells. 
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Fig. 1. An electron micrograph of an 
epithelial cell; showing pale staining 
cytoplasm, columnar shape, luminal 
microvilli. (tuv), junctional complexes O'c) 
in the apical region and a round, basally 
situated euchromatic nucleus (N). Mag. 
x 6,012 

Myoepithelial cells, characterised by the presence of  myofilaments, with 
focal densities, micropinocytotic vesicles and hemidesmosomes,  rest on the 
basal lamina. They show changes in their morphology dependent  upon their 
position within the breast. In the ducts, these cells form a single continuous 
layer of electron-dense cells between the epithelial cells and the stroma. 
They have an irregular outline, with prominent  peg-like projections into 
the stroma, which can be observed both at the light and electron microscopic 
level (Figs. 2 a and b). 

In the lobulo-alveolus, the myoepithelial cells are less electron-dense 
than in the ducts, form a discontinuous layer between epithelial cells and 
the stroma, and lack the prominent  projections into the stroma again evident 
at both light and electron microscopic level, (Figs. 3 a and b). In both regions 
the irregular nucleus is characterised by clumped heterochromatin.  

The basal clear cell has an irregular shape, is larger than both epithelial 
and myoepithelial cells and has a very pale staining cytoplasm. The basal 
clear cells are more numerous in the lobulo-alveolus than main duct, and 
are abundant  especially at its extreme tip. The basal clear cell is found 
between epithelial and myoepithelial cells. It has no microvilli or membrane 
interdigitations with neighbouring cells, but does have occasional small des- 
mosomes between it and adjacent epithelial and myoepithelial cells. Cyto- 
plasmic organelles are sparse, with a few round or elongated mitochondria,  
occasional single long strands of  RER;  free ribosomes; no Golgi apparatus;  
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Fig 2. a Light micrograph of main 
duct showing the myoepithelial 
cells (Arrow) projecting down into 
the stroma. Lumen (L). Mag. 
× 450. b An electron micrograph 
of a myoepithelial cell from main 
duct protruding down into the 
stroma. The cytoplasm is dark 
staining with characteristic 
myofilaments (mJ), 
hemidesmosomes (hd), irregular 
nuclear shape (N) with clumped 
heterochromatin. The cell tests on 
the basal lamina (BL). Mag. 
× 10,340 
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Fig. 3 a. Light micrograph of lobulo-alveolus where myoepithelial cells (Arrow) do not protrude 
into the stroma. Lumen (L). Mag. x 985. b An electron micrograph of a myoepithelial cell 
from lobulo-alveolus in contrast to that found in the main duct has pale staining cytoplasm 
and an attenuated/elongated shape. The cytoplasmic features, such as myofilaments (mJ), hemi- 
desmosomes (hd) and irregular nucleus (N) with clumped heterochromatin, are similar to 
those of  a myoepithelial cell found in main duct. The cell rests on the basal lamina (BL). 
Mag. x 10,500. A high power electron micrograph of hemidesmosomes from the basal mem- 
brane of a myoepithelial cell. (Insert) Mag. x 38,500 

no filaments; occasional dark or pale lipid droplets (Fig. 4). The nucleus 
is round with uniform or clumped heterochromatin. The outer nuclear enve- 
lope has associated ribosomes and nuclear pores. 

Occassionally, basal clear cells are found resting on the basal lamina 
in the lobulo-alveolus. In such cases, these cells, although having some 
features of  basal clear cells, also have some or, all of  the features characteris- 
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Fig. 4. An electron micrograph of a basal clear cell (B) in lobuloalveolus. This cell is a much 
larger cell than the epithelial or myoepithelial cells, and has electron-lucent cytoplasm. Cyto- 
plasmic organelles are scant; the nucleus is round with no heterochromatin. This cell is touching 
the basal lamina (BL) in places, but is still largely residing between the epithelial and myoepithe- 
lial cells, and has desmosomes (Arrow) attaching it to these cells. Mag. x 5,942 

tic of  myoepithelial cells. Some cells rest on the basal lamina with hemides- 
mosomes, structures not found in epithelial cells (Ozzello 1971; Stirling 
and Chandler 1976, 1977), which attach them to the basal lamina, but 
lack cytoplasmic filaments (Fig. 5a). Other cells are seen to have a few 
cytoplasmic filaments with focal densities in the basal cytoplasm (Fig. 5 b). 
These basal clear-like cells, with hemidesmosomes and myofilaments, have 
also been observed with an irregular shaped nucleus and increasing hetero- 
chromatin content (Fig. 5 c). These cells display most of  the differentiated 
features of myoepithelial cells, but they are rounded in shape and pale 
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staining. With increasing distance from the tip of  the lobulo-alveoli, the 
pale myoepithelial cell (Fig. 5d) becomes more electron dense, and shows 
projections into the stroma described in myoepithelial cells in major duct. 

Thus, there appears to exist, a transition between basal clear cells posi- 
tioned between the epithelial and myoepithelial cells, through a cell on the 
basal lamina showing characteristics of  both basal clear cells and myoepithe- 
lial cells, to fully differentiated myoepithelial cells. 

A similar relationship with cells exhibiting features intermediate between 
basal clear and epithelial cells was not observed. 

Discussion 

The precise inter-relationships between breast cell types in general, and the 
question of whether there is a stem cell population in adult human breast 
epithelium in particular are important issues in an understanding of both 
normal and neoplastic processes in human breast. 

Clearly, ultrastructural studies are not an ideal means to approach the 
dynamic processes involved in the relationships between the various cell 
types in the human breast. At present, however, it remains one of the few 
methods available for such investigations. 

There is no clear concensus in published reports of  the ultrastructure 
of the human breast as to whether the basal clear cell is an epithelial or 
a macrophage type cell (Ozzello 1971 ; Stirling and Chandler 1976 and 1977). 
It is important to confirm the epithelial nature of the basal clear cells. 
The presence of desmosomes observed between basal clear cellS and epitheli- 
al and myoepithelial cells indicates that the basal clear cell is indeed an 
epithelial cell. Basal clear cells are rarely observed in major ducts, and 
are most commonly observed in lobulo-alveolar regions where they are 
situated between epithelial and myoepithelial cells. Occasionally they rest 
on the basement membrane, and cells in this position exhibit one or more 
features of myoepithelial cells (hemidesmosomes, myofilaments and micro- 
pinocytotic vesicles). 

Cells showing these myoepithelial characteristics should perhaps be des- 
ignated pale myoepithelial cells, rather than any form of basal clear cell. 
The further these cells are positioned away from the lobule tip, the more 
they resemble 'classical' ductal myoepithelial cells. 

Despite the ultrastructural spectrum observed between basal clear cells 
and myoepithelial cells, the lack of a similar association between basal clear 
cells and epithelial cells argues against the basal clear cell being a stem 
cell in the sense of giving rise to both epithelial and myoepithelial cells 
in the resting adult human breast. 

In vitro studies of  normal human breast might be expected to assist 
in resolving the relationship between the cell types of human breast. How- 
ever, during studies on a large number of samples of normal human  breast, 
digested by collagenase, and cultured in collagen gels (Foster et al. 1983) 
no basal clear cells were observed. Whether the basal clear cells are more 
susceptible to mechanical damage during the digestive preparation of breast 
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Fig. 5. a An electron micrograph showing a characteristic electron-lucent basal clear cell (B) 
resting completely on the basal lamina (BL) of a lobulo-alveolus, which is still attached to 
epithelial cells by desmosomes (Arrow). Mag. x 7,500. b An electron micrograph of a cell 
illustrating features characteristic of both basal clear cells and myoepithelial cells. The cyto- 
plasm is electron-lucent and the nucleus round with no heterochromatin, whilst below the 
nucleus myofilaments (ruf) and hemidesmosomes (hd) can be seen attaching the cell to the 
basal lamina (BL). Note the presence of desmosomes (Arrow). Mag. x 7,333. e An electron 
micrograph of a cell which has pale staining cytoplasm (it is neither electron-lucent as in 
the basal clear cell, nor electron-dense as for the myoepithelial cell). The nuclear morphology 
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is not characteristic for a basal clear cell; it is irregular with clumped heterochromatin, and 
myofilaments (ruf) and hemidesmosomes (hd) are present joining the basal membrane and 
basal lamina (BL). The shape of the celI, however, is round and not elongated as a myoepithelial 
cell in lobulo-alveolus. Desmosomes are present between this cell and neighbouring epithelial 
cells (Arrow). Mag. x 10,966. d An electron micrograph of a cell displaying features similar 
to those of the cell in e, however, the shape of the cell is elongated characteristic of a myoepithe- 
lial cell in lobulo-alveolus: basal lamina (BL), myofilaments (ruf), and hemidesmosomes (hd) 
are present. This'cell appears to be a pale staining myoepithelial celi. Mag. x 4,983 
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tissue for culture is not known. Alternatively, it is known that the rest 
of the cells of the breast epithelium undergo an initial loss of many of 
their differentiated characteristic features, under the conditions used during 
tissue culture. This may render the basal clear cells indistinguishable from 
the epithelial and myoepithelial cells. 

Our interpretation of the ultrastructural data on human breast is at 
variance with that reported for rat breast in that no evidence exists in 
the resting adult human breast for the basal clear cell being a stem cell. 
One possible explanation results from the fact that breast tumour cell lines 
have been induced by carcinogen treatment in virgin rats (Bennett et al. 
1978), where the breast epithelium is composed of mainly ducts and terminal 
end buds (Russo and Russo 1978). The latter contain a large number of 
undifferentiated cells, which are not seen in the resting adult human breast. 
During pregnancy, in the rat mammary gland, the terminal end buds differ- 
entiate into lobulo-alveoli. In the adult human breast, terminal end buds 
have not been found or reported either before or during pregnancy (Ozzello 
1971; Stirling and Chandler 1976 and 1977; Salazar and Tobon 1974). Thus, 
in the adult human breast we may be dealing with a different cell population 
from that found in the adult rat mammary gland. 

It must be remembered, however, that these studies refer to the normal 
resting adult human breast and should not be expanded, without further 
verification to include foetal, pregnant, lactating or the involuting human 
breast. 
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