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Ultrastructural Observations on Cell Death by Apoptosis 
in the "Resting" Human Breast 

D.J.P. Ferguson* and T.J. Anderson 
Department of Pathology, University of Edinburgh Medical School, Teviot Place, Edinburgh, Scot- 
land 

Summary. For the first time the process of epithelial cell deletion was studied 
within the parenchymal component of the "resting" human breast. The 
dying cells were initially recognised by specific nuclear changes involving 
peripheral condensation of the chromatin and nucleolar disintegration. At 
this stage the cells were retracted from the lumen and had lost desmosomal 
connections with their neighbours. Within the cytoplasm, there was evidence 
of ribosomal detachment from the endoplasmic reticulum with the formation 
of ribosome aggregates. The majority of dying cells were phagocytosed at 
this stage although a few underwent further morphological changes. These 
involved blebbing and fragmentation of the nucleus followed by cytoplasmic 
fragmentation. The dying cells and cell fragments were phagocytosed by 
epithelial or myoepithelial cells as well as mononuclear phagocytes and un- 
dergo lysosomal digestion within the phagosomes. These progressive morpho- 
logical changes were consistent with cell deletion occurring by apoptosis. 
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Introduction 

There have been a number of studies on the ultrastructural appearance of 
the parenchymal component (ducts and lobules) of the "resting" human breast 
but the process of cell deletion was not examined (Tannenbaum et al. 1969; 
Ozzello 1971; Stifling and Chandler 1976, 1977). The characterisation of cell 
death in healthy adult tissue has received little attention in comparison to 
that caused by toxins or ischaemia. In the last decade it has been shown that 
there are two distinct mechanisms of cell death. The first is the long established 
process of "coagulative" necrosis which normally involves groups of cells af- 
fected by adverse conditions (Trump and Mergner 1974). The second mechanism 
has been termed apoptosis; it affects individual cells and has been shown in 
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certain cases to be under  physiological  control  (Kerr et al. 1972; Wyllie et al. 
1980). To date the most  efficient way of  differentiating between cells undergoing 
necrosis and apoptosis  is based on the identification o f  specific morphologica l  
changes seen at the ul t rastructural  level (reviewed Wyllie et al. 1980). In this 
paper  we describe the ul trastructural  features o f  cell death by apoptosis  within 
the lobules of  the " r e s t i n g "  h u m a n  breast. 

Materials and Methods 

Samples of normal breast tissue were obtained from biopsies of women of reproductive age (17 40). 
The criteria of normality was the same as that described previously (Ferguson and Anderson 
1981). The biopsies were obtained directly from the operating theatre and 1 mm cubes of tissue 
were quickly excised and placed in 3% glutaraldehyde in cacodylate buffer pH 7.2. The blocks 
were fixed overnight, washed in cacodylate buffer, and post fixed for 1 h in 1% osmium tetroxide 
in cacodylate buffer. Dehydration was performed through an ethanol series followed by propylene 
oxide treatment after which the tissue was embedded in Araldite. Sections, I gm thick, were stained 
with toluidine blue and examined with the light microscope to identify ductules with cells which 
appeared to be undergoing apoptosis. Thin sections, obtained from suitable areas, were stained 
with uranyl acetate and lead citrate prior to examination with an AEI Corinth 275 electron micro- 
scope. 

The ultrastructural localisation of acid phosphatase activity was based on the Gomori technique 
and was carried out using the incubation medium described by Barka and Anderson (1962) along 
with suitable controls. 

Results 

The pa renchyma  of  the h u m a n  breast  consists o f  12-20 branching duct  systems 
which radiate f rom the nipple. At  the ends o f  the terminal ducts are the lobules, 
each of  which comprises a number  o f  blind ending ductules which connect  
with the intralobular  por t ion  o f  a terminal  duct. The ducts and ductules are 
basically similar in structure having a cont inuous  layer o f  epithelial cells with 
an underlying discont inuous layer o f  myoepithelial  cells (Fig. 1). In addi t ion 
a few cells o f  the monocy te /macrophage  system are observed between the epithe- 
lial and myoepithelial  layers (Fig. 1). 

Cell death by apoptosis  was observed to occur in a few scattered cells 
within bo th  ducts and ductules. The earliest morphologica l  change which could 
be used to identify cells undergoing apoptosis  is seen in the nucleus. This 
change was characterised by condensat ion o f  the chromat in  into aggregates 
o f  various sizes which abut  on the nuclear membrane  (Fig. 2). This is in compar i -  
son to the nuclei o f  the heal thy cells which have a homogeneous  appearance  
(Fig. 2). At  this stage the apoptot ic  epithelial cell was retracted f rom its luminal 
posit ion and was normal ly  observed between the epithelial and myoepithelial  
layers (Fig. 2). We found  no evidence for apoptot ic  cells being sloughed off  
into the lumen. At  this early stage o f  apoptosis  the dying cell had lost desmoso-  
mal connect ions  with its neighbours.  However ,  there were no obvious changes 
in the cytoplasmic organelles including the mi tochondr ia ,  a l though a few mem- 
brane bound  vacuoles with osmiophil ic contents  were observed (Fig. 2). 

In cells presumed to be at a later stage in the process, the margina t ion  
of  the chromat in  forms crescentic caps at the periphery o f  the nucleus (Fig. 3). 
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Figure 1 represents the general appearance of the parenchymal component of the "resting" human 
breast with Figures 2-13 illustrating various stages in the process of apoptosis observed within 
the epithelium. A single bar ( - )  on a micrograph represents 1 gm and a double bar (=) 100 nm. 
The following abbreviations are used throughout: C, connective tissue; CH, condensed chromatin; 
E, epithelial cell; ER, endoplasmic reticulum; F, fibroblast; L, lumen; M, mononuclear phagocyte; 
ME, myoepithelial cell; MI, mitochondrion; N, nucleus; NM, nuclear membrane; NP, nuclear 
pore; NU, nucleolus; R, ribosome; RA, ribosome aggregate; V, vacuole with osmiophilic contents 

Fig. 1. Part of a section through a ductule showing the layer of epithelial cells with underlying 
myoepithelial cells. Two mononuclear phagocytes are situated between the myo- and epithelial 
layers, x 3,600 

The remnants  o f  the nucleolus consisted o f  loose granular  material  (Fig. 3). 
In certain cases the nucleus also contained a granular  structure comprised o f  
25 nm particles which p robab ly  represents aggregat ion o f  the granular  compo-  
nent  o f  the nucleolus (Figs. 3 and 4). Within the cytoplasm of  a number  o f  
dying cells there was evidence o f  r ibosome detachment  f rom the membranes  
o f  the endoplasmic ret iculum (Fig. 6) with the fo rmat ion  of  r ibosome aggregates 
o f  various sizes (Figs. 4 and 6). There was a marked  similarity between the 
nuclear granular  aggregates and the r ibosome aggregates (Fig. 4). 

At  this stage m a n y  of  the apoptot ic  cells were apparent ly  phagocytosed  
by neighbour ing epithelial (Fig. 9) or  myoepithelial  cells or mononuc lea r  phago-  
cytes. However ,  some of  the apoptot ic  cells underwent  further structural  changes 
while still located intercellularly. The nuclear membrane  becomes convoluted  
and blebbing of  the nuclear surface at the sites o f  chromat in  condensat ion 
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Fig. 2. An early apoptotic cell situated between the myo- and epithelial cells showing peripherally 
condensed chromatin within the nucleus (arrows). x 4,500 

Fig. 3. In this apoptotic cell the nucleus contains peripherally condensed chromatin, the remnants 
of a nucleolus, and a granular aggregate (arrow). A small ribosome aggregate is present in the 
cytoplasm. • 16,000 

Fig. 4. An enlargement of part of Figure 3 showing details of the nuclear granular aggregate (arrow) 
and the ribosome aggregate, x 67,500 



Fig. 5. The nucleus of  the apoptotic celI has an irregular outline with the formation of  blebs 
containing dense chromatin (arrows). Note the numerous  nuclear pores in certain regions of the 
nuclear membrane  and the cont inuum between the nuclear granular  aggregate and the ribosomal 
aggregate (arrow head), x 14,000 

Fig. 6. Portion of an early apoptotic cell showing regions of  the endoplasmic reticulum free of 
r ibosomes (arrows) and aggregations of the free ribosomes, x 62,500 

Fig. 7. An apoptotic cell in which two nuclear fragments can be seen. The condensed cytoplasm 
contains endoplasmic reticulum and numerous  normal  mitochondria,  x 7,300 



Fig. 8. In this section three apoptotic bodies (arrows) can be seen within separate phagosomes,  
two of which are within the same epithelial cell. x 12,000 

Fig. 9. An  apoptotic ceil within a phagosome of an epithelial cell prior to lysosome digestion. 
x 4,500 

Fig. 10. This section shows that the dense deposits due to acid phosphatase  activity are localised 
within a phagosome containing an apoptotic cell. x 11,000 



Fig. 11. An apoptotic cell undergoing lysosomal digestion within the phagosome of a macrophage. 
x I7,000 

Fig. 12. A phagosome containing an apoptotic cell at an advanced stage of lysosomal digestion 
in which the nuclear remnants can still be identified, x 16,000 

Fig. 13. A nuclear ghost of condensed chromatin is present within the phagosome of  an epithelial 
cell. x 16,000 
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Fig. 14. A diagrammatical summary of the variations in the process of apoptosis observed within 
the breast epithelium. At the earliest stage of apoptosis recognised the nucleus of the dying cell 
had peripherally condensed chromatin (1). After the initial nuclear changes the cell was either 
phagocytosed (3) and digested within a phagosome (5, 6, 7) or underwent nuclear blebbing (2) 
and fragmentation followed by cytoplasmic fragmentation (4) prior to phagocytosis and degradation 
(5,6, 7) 

was observed (Fig. 5). The nuclear blebs containing dense chromat in  were limited 
by a nuclear membrane  possessing few nuclear pores whereas regions o f  nuclear 
membrane  free o f  chromat in  aggregates were rich in nuclear pores (Fig. 5). 
At  this stage there were breaks in the nuclear membrane  and a con t inuum 
was observed between the nuclear granular  aggregate and cytoplasmic r ibosome 
aggregate (Fig. 5). This blebbing leads to f ragmenta t ion  o f  the nucleus (Fig. 7) 
which was followed by f ragmenta t ion  o f  the cell giving rise to a few (3-4) 
apoptot ic  bodies. These bodies were limited by an intact p lasmalemma and 
normal ly  contained one or  more  nuclear f ragments  in addit ion to the cytoplasmic 
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organelles, including the ribosome aggregates. It would appear that the apoptotic 
bodies were quickly phagocytosed because the majority were observed within 
phagosomes (Fig. 8). In addition, it was apparent that phagocytosis could occur 
at any stage during this process of nuclear and cytoplasmic fragmentation. 
The majority of cells were phagocytosed by the time of nuclear fragmentation 
and very few dying cells progressed to the stage of cytoplasmic fragmentation. 

Irrespective of the stage at which they were phagocytosed, the apoptotic 
cells initially retained their integrity (Figs. 8 and 9) prior to undergoing digestion 
and degradation within the phagosomes (Figs. 11, 12 and 13). The presence 
of lysosomal enzymes within the phagosomes containing apoptotic cells was 
confirmed by the cytochemical identification of acid phosphatase activity 
(Fig. 10). The action of the lysosomal enzymes presumably causes the breakdown 
of the cytoplasmic organelles and membrane degradation (Figs. 11 and 12). 
The digested material is absorbed leaving behind a little indigestible debris 
(Fig. 13). It would appear that the condensed chromatin fragments were most 
resistant to degradation and could often be identified when other organelles 
were unrecognisable (Figs. 11 and 12). In certain cases, all that remained within 
the phagosome was a nuclear ghost consisting of the peripheral chromatin 
aggregates (Fig. 13). A diagram summarising the variations in the process of 
apoptosis observed within the breast epithelium is given in Figl 14. 

The morphological changes associated with the intercellular phase of apopto- 
sis (chromatin condensation, nuclear and cytoplasmic fragmentation) would 
appear to be rapid because relatively few cells were observed at these stages 
in comparison to the number of cells seen undergoing digestion within phago- 
somes. 

Discussion 

In this study we show that the morphological process of cell death occurring 
within the parenchyma of the "resting" human breast is that of apoptosis. 
This is characterised by a progression of morphological changes which involve 
initial nuclear alterations followed by nuclear and cytoplasmic fragmentation. 
The initial nuclear change involving condensation and peripheral aggregation 
of the chromatin is found universally in cells undergoing apoptosis (Wyllie 
et al. 1980). It has been shown in the case of rat cortical thymocytes exhibiting 
apoptosis, that the nuclear change is associated with activation of an endonucle- 
ase (Wyllie 1980). The disintegration of the nucleolus as seen in the present 
study has been reported in nerve cell deletion in the chick embryo (O'Connor 
and Wyttenbach 1974; Pannese 1976). However, the aggregation of the granular 
component of the nucleolus observed in the breast has not previously been 
reported although such a structure can be seen in Fig. 3a of Pannese (1976). 
The similarity of the granular component of the nucleolus to ribosomes has 
previously been noted (review Ghosh 1976). The detachment of the ribosomes 
from the endoplasmic reticulum and the formation of ribosomal aggregates 
is similar to the changes observed within dying cells of the chick embryo although 
the formation of ribosome crystals is not observed in the present study (Bellairs 
1961; Mottel and Hammar 1972; O'Connor and Wyttenbach 1974; Pannese 
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1976). These nucleolar and ribosomal changes are thought to represent a reduc- 
tion in the dying cell's ability to synthesise RNA and protein. 

In the case of the epithelial cells of the breast only a few of the dying 
cells progress to the stage of nuclear and cytoplasmic fragmentation. This is 
apparently due to the early recognition and efficient phagocytosis of dying 
cells. The mechanism by which apoptotic cells are recognised is not fully under- 
stood. From in vitro studies with rodent tissue using non-activated peritoneal 
macrophages and apoptotic thymocytes it would appear that antibody and 
complement are not involved in recognition of apoptotic cells although a serum 
factor assists in their phagocytosis (Hargreaves and Wyllie 1981). In the case 
of the breast epithelium it would appear that the plasmalemmal changes which 
allow apoptotic cells to be recognised occur at the same time as the early 
nuclear changes. The cell surface changes are such that neighbouring cells not 
normally phagocytic (epithelial and myoepithelial cells), and phagocytes (macro- 
phages) can recognise and phagocytose the apoptotic cell. 

In the breast, irrespective of the stage of apoptosis at which a cell is phagocy- 
tosed the result is lysosomal digestion within the phagosome with ultrastructural 
changes similar to those described in other tissues (Wyllie et al. 1980). One 
unusual feature is the resistance of the condensed chromatin aggregates to 
digestion within the phagosome. Whether this is due to the absence of a specific 
nuclease or proteinase necessary for the digestion of the aggregates is unknown. 

The stimuli which cause cells to undergo apoptosis are extremely varied 
but it is known that physiological changes can initiate apoptosis under certain 
circumstances. This led to the hypothesis that it is the morphological process 
involved in "programmed cell death". It has been shown that the incidence 
of apoptosis in hormone dependent tissue could be related to changes in hormone 
levels (Wyllie et al. 1980). In the case of the breast, the parenchyma is known 
to be responsive to the hormones oestrogen and progesterone, a characteristic 
shared with the endometrium. In the hamster endometrium it would appear 
that apoptosis is initiated by a reduction in the nuclear oestrogen receptor 
concentration which can be brought about by decreases in the oestrogen level 
or by increases in the progesterone level (West et al. 1978; Sandow et al. 1979). 
We have examined the incidence of apoptosis in the "resting" breast in relation 
to the menstrual cycle and found increased apoptosis just prior to and during 
menses (Ferguson and Anderson 1981), which is similar to that reported for 
the endometrium (Hopwood and Levison 1976). Therefore in the case of the 
human breast, apoptosis would appear to be a response to the decreasing hor- 
mone levels which occur towards the end of the menstrual cycle (Ferguson 
and Anderson 1981). 

In the "resting" breast, the elevated levels of apoptosis are preceded by 
elevated levels of mitosis and it would appear that apoptosis is the mechanism 
by which cell proliferation is balanced by cell deletion (Ferguson and Anderson 
1981). Therefore apoptosis has an important role to play in preserving the 
normal parenchymal architecture of the breast. 
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