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Monoclonal Antibodies to the Human Mammary Gland 

I. Distribution of  Determinants  in Non-Neoplast ic  M a m m a r y  
and Extra M a m m a r y  Tissues 

C.S. Foster, P.A.W. Edwards, E.A. Dinsdale, and A.M. Neville 
Ludwig Institute for Cancer Research, The Royal Marsden Hospital, Sutton, 
Surrey SM2 GPX, Great Britain 

Summary.  Mouse monoclonal antibodies have been raised to the human 
milk fat globule membrane. The distribution of the antigens detected by 
four of the antibodies has been examined in formalin-fixed, paraffin-embed- 
ded human tissues by light microscopic immunocytochemistry. The four 
antibodies stain lactating breast and normal resting breast. Two exclusively 
stain the luminal membranes of breast epithelial cells. A third antibody 
stains in addition the lateral membranes of duct epithelial cells. The fourth 
antibody stains both epithelial and myoepithelial cells. None of the antibodies 
is breast specific, nor do they stain every epithelial cell within the breast. 
Instead, each antibody reveals a complex and heterogeneous distribution 
of staining throughout the normal tissues. Within the breast, the staining 
by a given antibody is usually segmental and conforms to secretory units 
and their associated ducts. Similarly heterogeneous patterns of staining are 
also observed in the extramammary normal tissues. Despite the apparent 
morphological identity between breast epithelial cells when examined by 
conventional light microscopy, the hitherto unrecognised "functional" heter- 
ogeneity, which has been revealed by the monoclonal antibodies could have 
importance in understanding the biology of the normal breast and the pathol- 
ogy of breast cancer. 

Key words. Monoclonal antibodies - Milk  fat globule membranes - Human 
breast epithelial cells - Heterogeneity 

Introduction 

The glands of the mature resting breast contain two basic types of epithelial 
cells, the luminal epithelial and myoepithelial cells (Bfissler 1970). Luminal epi- 
thelial cells comprise what appears to be a morphologically homogeneous group 
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by conventional light microscopy. However, studies have claimed that several 
different types of cell can be recognised within this group using electron mi- 
croscopy (Dabelow 1957; Ozzello 1970, 1971, 1974). Myoepithelial cells are 
recognised by their topography and ultrastructural characteristics (Haguenau 
and Arnoult 1959; Hamperl 1970). The presence of transitional cell types or 
various sub-types of myoepithelial cells remains controversial. Morphological 
criteria and topographical relationships are clearly inadequate when attempting 
to relate the organisation and differentiation of the normal breast with structures 
observed in tumours or in tissue culture. 

It was the aim of the present study to produce a range of specific markers 
which would assist in an attempt to ascertain whether subpopulations of human 
breast epithelial cells may be recognised, independent of their topographical 
situation, physiological status or ultrastructural features. These markers were 
required to locate specific cell-membrane determinants in formalin-fixed, paraf- 
fin-embedded tissues in addition to frozen tissue sections and tissue cultures. 

The synthesis and secretion of milk by breast epithelial cells represents their 
most functionally differentiated state (Vorherr 1974). During this process, mem- 
branes are sequestered from the cytoplasmic component of milk secretion, in 
addition to luminal plasma membranes (Bargmann and Knoop 1959). Using 
human milk fat globule membrane as the immunogen, we have made 19 mouse 
monoclonal antibodies that bind to the luminal epithelial cells of the breast. 
The antibodies were selected by their binding to a sample of the original mem- 
brane preparations and the specificities of their staining tissue sections of human 
breast. We report the immunocytochemical staining of normal tissues by four 
of these monoclonal antibodies. The distribution of staining indicates that the 
four antibodies are directed to four different determinants. 

Materials and Methods 

i) Milk Fat Globule Membranes 

Human milk-fat globule membranes (MFGM) were prepared from fresh, pooled human milk 
according to Chien and Richardson (1967) and Plantz (1973). A single preparation was used for 
both immunisation and screening. Protein content of the M F G M  was determined according to 
Lowry (I951). 

ii) Monoelonal Antibodies 

BALB/c mice were immunised by two intraperitoneal injections of 100 ~tg M F G M  (Protein concen- 
tration) in 200 gl Freund's complete adjuvant. The second immunisation was performed seven 
days after the first. Spleen cells were prepared four days after the second injection and fused 
with the mouse myeloma NS1 using poly(ethylene-glycol) according to the method of Galfre et al. 
(1977) as modified by Edwards (1980). Hybrids were grown from the outset as clones in agar 
in 48 x 2 ml wells, with liquid medium overlay. 

Visible hybrid colonies were picked from the agar and transferred individually to fresh wells 
in liquid culture medium. Culture supernatants from the picked colonies were screened against 
M F G M  one week later, using the M F G M  plate binding assay. 42 positive wells were identified. 
After preliminary characterisation of  the specificity of  the antibodies, hybrids were recloned by 
limiting dilution. Those chosen for detailed study by preliminary immunocytochemical staining 
using concentrated culture supematants were grown as ascitic tumours in mice. 



Monoclonal Antibodies to the Human Mammary Gland 281 

iii) Nomenclature 

Monoclonal antibodies are designated with the prefix LICR LON/M, meaning Ludwig Institue 
for Cancer Research, LONdon Branch. M refers to Milk fat globule membrane. The number 
indicates the specific hybrid within the 42 positive hybrids identified by the second pIate-binding 
assay. Hybrids 3, 8, 18 and 24 are discussed in this paper. 

The class and sub-class of each antibody was determined by the double diffusion method 
of Ouchterlony using a 1% agar gel. Sub-class-specific antisera were obtained from Miles Laborato- 
ries. Monoclonal antibody LICR LON/M8 is an IgG. Monoclonal antibodies LICR LON/M3, 
M18 and M24 are of class IgM. 

iv) MFGM Plate Binding Assay 

Culture supernatants were assayed for specific antibody using MFGM adsorbed onto the surface 
of plastic tissue culture plates. The plates (24-well 'multiwell', Costar), were prepared by treating 
the wells with a solution of poly-L-Iysine in 100 gl distilled water and incubated overnight at 
4~ in a moist chamber. The plates were washed three times with phosphate buffered saline 
(pH 7.4) before addition of the MFGM. The wells were then coated with a suspension of MFGM 
diluted in phosphate buffered saline (pH 7.4) and containing 1 mM Phenylmethylsulfonylfluoride 
(Sigma, Poole, Dorset, GB). 100 ~1 of this suspension, containing 100 gg protein, was added to 
each well. The plates were incubated for 24 h at 4~ in a moist chamber. The coated plates 
prepared in this manner could be stored at 4 ~ C for up to 14 days without detectable deterioration. 
Prior to use, the plates were again washed three times with phosphate buffered saline in order 
to remove non-adsorbed membranes. After the final washing, the plates were inverted to allow 
excess buffer to drain. To each well was then added 50 gl isotonic phosphate buffer (pH 7.4) 
and 20 gl tissue culture supernatant. The plates were gently agitated at room temperature for 
one hour. After washing three times with phosphate buffered saline (pH 7.4) containing 1% bovine 
serum albumin (Fraction V, Miles Laboratories Slough Bucks, GB) the plates were allowed to 
drain. 200,000 c.p.m, of 125I-labelled rabbit anti-(mouse immunoglobulin G) (Jensenius and Williams 
1974) diluted in phosphate buffered saline containing 1% bovine serum albumin was added to 
each well and incubated for one hour. Following incubation, The plates were washed with three 
changes of phosphate buffered saline containing 1% bovine serum albumin. One millilitre 0A % 
Sarkosyl in 0.1 N NaOH was added to each well and incubated for 10 minutes and the solubilized 
labelled antibody was taken for gamma-counting. Positive wells were identified as those giving 
in excess of 15,000 c.p.m, bound. Blanks, negative wells and some weakly positive wells gave 
less than 250 c.p.m, bound. 

v) Immunocytochemical Methods 

Human tissues were obtained from three sources. Representative blocks of fresh breast tissue 
were taken from surgical reduction mammaplasties. Uninvolved breast tissue adjacent to tumours 
was not used. Fresh normal, extra-mammary tissues were obtained following the surgical removal 
of organs for non-malignant conditions, or following trauma. The spectrum of human tissues 
was completed with material taken from fresh autopsies. Surgically-derived tissue was, wherever 
possible, used in preference to the autopsy material. 

Tissue sections were routinely stained with ascitic fluid from recloned hybrids diluted 1:100 
with phosphate buffered saline. 5 g sections of formalin-fixed (10% buffered formol saline) paraffin- 
embedded tissues were de-waxed with xylene and taken to water through ethanol. Endogenous 
alkaline phosphatase activity was blocked by exposure to 15% glacial acetic acid in distilled water 
for 15 rain. The sections were then rinsed in phosphate buffered saline (pH 7.4) containing 0.5% 
Tween 80 and all subsequent washings were performed with this solution. Excess buffer was wiped 
from around the sections and the slides placed horizontally in a moist chamber. 100 gl aliquots 
of the concentrated culture supernatants were carefully pipetted onto the sections so that the sur- 
face of the tissues were covered uniformly and the sections were incubated at room temperature for 
1 h. The sections were washed three times, drained and excess buffer wiped from around the 
tissue. 100 ~tl sheep anti-(mouse immunoglobulin G) conjugated to alkaline phospbatase (Type VII, 
Sigma) (Avrameas and Ternynck 1971) and diluted in phosphate buffered saline containing 1% 
bovine serum albumin was then pipetted onto the sections and incubation continued 1 h before 
the sections were rinsed. The slides were finally liberally covered with a freshly-prepared mixture 



282 C.S. Foster et al. 

Fig. l a -d .  Adjacent sections of  lactating breast stained by monoclonal antibodies to the MFGM. 
(a) LICR LON/M3: The antibody is distributed around the membrane of all intracytoplasmic 
milk fat globules (arrows) and not the luminal membranes of the epithelial cells. (b) LICR LON/MS, 
(e) LICR LON/M18: These antibodies localise the luminal membranes of the lobular epithelial 
cells. The milk fat globules are not stained. (d) LICR LON/M24: This antibody is heterogeneous 
in staining the lactating breast. In this section only two cells stained (arrows). (Alkaline phospbatase 
with Meyer's haemalum counterstain, x 800) 
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Tissue Site A n t i b o d y  

M3 M8 M18 M24 

N o r m a l  adu l t  female  Acini 
res t ing  b reas t  L u m i n a l  m e m b r a n e s  + + - + 

In te rep i the l ia l  cell m e m b r a n e s  + - - - 
Myoep i the l i a l  cells + - - - 

Intralobular ducts 

L u m i n a l  m e m b r a n e s  + + + + 
In te rep i the l ia l  cell m e m b r a n e s  + - - + 
Myoep i the l i a l  cells + - - - 

Interlobular ducts 

L u m i n a l  m e m b r a n e s  + + + + 
In te rep i the l ia l  cell m e m b r a n e s  + - - + 
Myoep i the l i a l  cells + - - - 

Lactiferous sinuses 

L u m i n a l  m e m b r a n e s  + + + + 
In te rep i the l ia l  cell  m e m b r a n e s  + - - - 

Lac t a t i ng  b reas t  Acini 

L u m i n a l  m e m b r a n e s  - + + + 
Mi lk  g lobule  m e m b r a n e s  + - - - 
In te rep i the l ia l  cell m e m b r a n e s  . . . .  

M a l e  gynecomas t i a  Acini 

Lumina l  m e m b r a n e s  + + - - 
In te rep i the l ia l  cell m e m b r a n e s  + - - - 
Myoep i the l i a I  cells + - - - 

Breas t  vascu la r  t issue E n d o t h e l i u m  . . . .  
Per icytes  + - - - 

of  Fas t  Red  (Sigma) (0.5 mg/ml)  and  sod ium n a p h t h o l  As-B1 (Sigma) (0.5 mg/ml )  in ve rona l  ace ta te  
buffer pH  9.2 and  incuba ted  for 45 rain. Af ter  t h o r o u g h  washing,  the sect ions were coun te r s t a ined  
in buffered Meyer ' s  h a e m a l u m ,  b lued  in sa tu ra ted  l i th ium ca rbona t e  and  m o u n t e d  in w a r m  glycer in  

jelly. 
The s ta in ing  of  the h is to logica l  sect ions was con t ro l l ed  in two ways.  Possible  non-specif ic i ty  

of  m o n o c l o n a l  a n t i b o d y  s ta in ing  was  pe r fo rmed  us ing serial  sect ions of  three samples  of  n o r m a l  
breas t  t issue, each  f rom a different  subject.  Fu r the rmore ,  the observed s ta in ing  of  the serial  sect ions 
by each of  the an t ibod ies  c o n f o r m e d  to a un i fo rm pat tern .  The presence of  endogenous  a lka l ine  
phospha tase ,  non-specif ic i ty  of  the second-an t ibody-enzyme-con juga te  and  poss ible  non-specif ic  
adherence  to the sect ions of  the v i sua l i sa t ion  reagents  was excluded us ing these so lu t ions  indiv idual ly .  
Non-speci f ic  s ta in ing  by these reagents  was no t  observed.  

Results 

i) B r e a s t  T i s sues  

A l l  f o u r  m o n o c l o n a l  a n t i b o d i e s  s e l e c t e d  f o r  t h i s  s t u d y  s t a i n e d  p a r a f f i n  s e c t i o n s  

o f  l a c t a t i n g  b r e a s t  ( F i g .  1) a n d  n o r m a l  b r e a s t  t i s s u e s .  A d e t a i l e d  a n a l y s i s  o f  
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Fig. 2. Normal breast tissue stained by monoclonal antibody LICR LON/M3. The myoepithelial 
cells of the small duct were stained heavily with this antibody (arrows). The luminal epithelial 
cells of this duct showed no staining. ( x 1,000) 

the staining patterns is presented in Table 1. One of the antibodies (LICR LON/ 
M3) weakly stained myoepithelial cells in addition to the luminal epithelial 
cells of both types of breast tissue (Fig. 2). This antibody also stained the 
membrane of the intracytoplasmic milk fat globule of lactating breast (Fig. 1 a). 
The other three monoclonal antibodies did not stain myoepithelia (Fig. 3). One 
variation in staining was observed with monoclonal LICR LON/M24. In the 
lobules of the lactating and normal breast, the antigen detected by this antibody 
was restricted to the luminal membranes. However, in the ducts the antigen 
was also detected along the interepithelial (lateral) cell membranes (Fig. 4). 
Within the breast, staining by monoclonal antibody LICR LON/M3 was not 
restricted to the epithelium, but also included pericytes surrounding blood ves- 
sels. Vascular endothelium did not stain. 

The staining of both lactating breast and normal breast epithelial cells was 
heterogeneous with each monoclonat antibody. None of the antibodies stained 
every luminal epithelial cell within the tissue sections. Particularly in the sections 
of resting breast, staining varied between adjacent ceils, as well as between 
adjacent regions of the same breast. Thus, individual cells could be stained 
intensely with a given antibody while adjacent cells remained unstained. The 



Fig. 3. Longitudinal  section of a normal  breast duct  stained by monoclonal  antibody LICR LON/M8.  
The staining is resctricted to the luminal surface of  the epithelial cells, and does not  penetrate 
between the epithelial cells. The myoepithelial cells are not  stained. The small capillary and the 
contained erythrocytes are not  stained (arrows). ( x 800) 

Fig. 4. Longitudinal section of a normal  breast duct stained by monoclonal  antibody LICR LON/  
M24. In addition to the luminal membranes,  the lateral membranes  of the epithelial cells are 
also stained (arrows). Basal membranes  and myoepithelial cells are not  stained. ( •  760) 
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Fig. 5. A single secretory unit within a section of normal breast stained by monoclonal antibody 
LICR LON/M8. The luminal membranes of the majority of the epithelial cells are stained. ( x 120) 

sequential staining of serial sections with different monoclonal  antibodies dem- 
onstrated that, in general, the staining always occurred in the corresponding 
regions of adjacent sections. Usually, these regions could be defined as anatomi-  
cal units within the breast. For  example, in a particular part  of a section 
the staining might be restricted to an interlobular duct, and the attached secretory 
units (Fig. 5). Alternatively, the lobules of  one secretory unit might be stained, 
with infrequent staining of the epithelial cells lining the intralobular and interlo- 
bular ducts supplying that unit. 

ii) Extramammary Tissues 

The detailed staining patterns of  the four monoclonal  antibodies are presented 
in Tables 2-5. All four antibodies stained epithelia. Although the staining was 
restricted to the plasma membranes  of the breast epithelial cells, the cytoplasm 
of some ex t ramammary  epithelia were stained intensely. For example, monoclon- 
al ant ibody LICR LON/M18 stained both the cytoplasm and the luminal mem- 
branes of  the zymogenic cells of  the stomach and LICR LON/M24 stained 
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Table 2. LICR L O N / M F G M  
monoclonal  antibodies. 
Specificities of  staining 
in the integument 

Very weak staining 

M3 M8 M18 M24 

Keratin a __ _ 
Stratum granulosum + -- + -- 
Stratum spinosum + - - 
Stratum germinat ivum a _ _ 
Sweat glands + + - + 
Sweat ducts + + + 
Sebaceous glands + + + 

Table 3. LICR L O N / M F G M  monoclonal  antibodies. Specificities of  staining gastrointestinal tract 

Organ Cell type Antibody 

M3 M8 M18 M24 

Oesophagus Surface epithelium + _ _ a 

Stomach Secretory epithelium . . . .  
Non-secretory epithelium + + + + 
Parietal cells + + - + 
Zymogenic cells - + + - 

Ileum Surface epithelium + - - + 
Crypt epithelium + - - + 

Colon Surface epithelium + + + + 
Crypt epithelium + - - - 

Liver Parenchyma - + - - 
Kupffer  cells - - + - 
Bile ducts + + - + 

Pancreas Exocrine acinar cells - + + 
Centro acinar cells + + - + 
Exocrine duct lamina + - - + 
Islet cells + - - - 

a Very weak staining 

i n t e n s e l y  t h e  c y t o p l a s m  o f  t h e  c e n t r o a c i n a r  c e l l s  o f  t h e  p a n c r e a s .  A n t i b o d y  

L I C R  L O N / M 3  a l s o  s t a i n e d  t i s s u e s  d e r i v e d  f r o m  t h e  e m b r y o n i c  m e s e n c h y m e ,  

p a r t i c u l a r l y  s m o o t h  m u s c l e ,  s k e l e t a l  m u s c l e  a n d  a d r e n a l  c o r t e x .  I n  a d d i t i o n  

t o  e p i t h e l i a ,  a n t i b o d y  L I C R  L O N / M 1 8  a l s o  s t a i n e d  t h e  a d r e n a l  c o r t e x  a n d  

t h e  s m a l l  p e n e t r a t i n g  c a p i l l a r i e s  o f  t h e  b r a i n .  T h e  l a r g e  i n t r a c e r e b r a l  v e s s e l s ,  

a n d  t h e  e x t r a c e r e b r a l  v e s s e l s  d i d  n o t  s t a i n .  T h e  s t a i n i n g  o f  n o r m a l  t i s s u e s  b y  

a n t i b o d i e s  L I C R  L O N / M 8  a n d  L I C R  L O N / M 2 4  w a s  e x c l u s i v e l y  e p i t h e l i a l  a n d  

i n c l u d e d  b o t h  e c t o d e r m a l  a n d  e n d o d e r m a l  d e r i v a t i v e s .  

T h e  d i s t r i b u t i o n  o f  s t a i n i n g  t h e  r a n g e  o f  n o r m a l  t i s s u e s  w a s  u n i q u e  f o r  

e a c h  a n t i b o d y .  N o n e  o f  t h e  a n t i b o d i e s  s t a i n e d  e v e r y  ce l l  w i t h i n  a p a r t i c u l a r  

e p i t h e l i u m .  N o t  o n l y  w e r e  t h e  v a r i a t i o n s  i n  s t a i n i n g  c e l l - t y p e  s p e c i f i c  (e .g .  z y m o -  

g e n i c  vs .  p a r i e t a l  c e l l s  i n  t h e  s t o m a c h ,  T a b l e  3),  b u t  t h e y  w e r e  o f t e n  f o c a l  



288 C.S.  F o s t e r  et al. 

T a b l e  4. L I C R  L O N / M F G M  m o n o c l o n a l  a n t i b o d i e s .  Spec i f i c i t i e s  o f  s t a i n i n g  g e n i t o u r i n a r y  t i s sues  

O r g a n  Ce l l  t ype  A n t i b o d y  

M 3  M 8  M 1 8  M 2 4  

U t e r u s  G l a n d  e p i t h e l i u m  + + + - 

S t r o m a  - - - - 

F a l l o p i a n  t u b e  E p i t h e l i u m  + + + + 

S t r o m a  + - - 

C e r v i x  E n d o c e r v i x  e p i t h e l i u m  + + + - 

E c t o c e r v i x  e p i t h e l i u m  + - - 

S t r o m a  + - - - 

O v a r y  F o l l i c l e s  . . . .  

S t r o m a  + - - - 

P r o s t a t e  G l a n d s  . . . .  

D u c t s  + + - 

S t r o m a  + - - - 

Tes t i s  S p e r m a t o g o n i a  + + - + 

S p e r m a t o c y t e s  + + + + 

S p e r m a t o z o a  - + + + 

L e y d i g  cel ls  + + - + 

K i d n e y  G l o m e r u l i  . . . .  

P r o x i m a l  t u b u l e s  . . . .  

D i s t a l  t u b u l e s  a + + 

C o l l e c t i n g  d u c t s  + + + + 

Very  w e a k  s t a i n i n g  

T a b l e  5. L I C R  L O N / M F G M  m o n o c l o n a l  a n t i b o d i e s .  Spec i f i c i t i e s  o f  s t a i n i n g  r e s p i r a t o r y ,  n e r v o u s  

a n d  e n d o c r i n e  t i s sues  

O r g a n  Ce l l  t ype  A n t i b o d y  

M 3  M 8  M 1 8  M 2 4  

T r a c h e a  R e s p i r a t o r y  e p i t h e l i u m  + + + + 

G l a n d s  + + + + 

L u n g  A l v e o l a r  e p i t h e l i u m  - + + - 

B r a i n  N e u r o n e s  + a _ _ 

G l i a  . . . .  

C a p i l l a r i e s  - + - 

P e r i p h e r a l  n e r v e s  . . . .  

A d r e n a l  C o r t e x  + - + - 

M e d u l l a  + - - 

T h y r o i d  E p i t h e l i u m  + + + - 

C o l l o i d  . . . .  

a Very  w e a k  s t a i n i n g  
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Fig. 6. Section of smai1 intestinal mucosa stained by monoclonal antibody LICR LON/M8. The 
luminal membranes of the non-secretory surface epithelium are stained intensely. Cells in the 
deep regions of the crypts are not stained. ( x 160) 

within a part icular  epithelium. For  example, the staining of  the parietal and 
zymogenic  cells o f  the s tomach by L I C R  L O N / M 8  was focal, and recurred 
at intervals a long the epithelium. Within every epithelium which stained, each 
an t ibody produced  a heterogeneous pat tern which was unique for that  ant ibody.  
The heterogeneity observed within ex t r amammary  epithelia thus resembled that  
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Fig. 7. Section of rectal mucosa stained by monoclonal antibody LICR LON/M3. The luminal 
membrane of all surface epithelial cells stain with this antibody, irrespective of their position 
in the crypts. ( x 140) 

already described for the breast epithelium. In addit ion to the focal variations, 
these monoc lona l  antibodies frequently demons t ra ted  changes in staining which 
could be directly correlated with cell ma tura t ion  or topography.  Monoc lona l  
an t ibody L I C R  L O N / M 8  stained only the luminal plasma membranes  o f  the 
nonsecret ing cells in the surface layer of  the ileal and colonic mucosa  (Fig. 6). 
Morphologica l ly  identical cells within the crypts did not  stain. A similar pat tern 
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was produced in the colon by antibody LICR LON/M24. The staining of the 
endometrial glands by antibody LICR LON/M3 was the reverse pattern. The 
staining was most intense in the deep portion of the glands, but was absent 
from the surface of the endometrium. In the colon, this antibody stained the 
luminal plasma membranes of all the mucosal epithelial cells, irrespective of 
their position in the crypts (Fig. 7). 

Some tissues were stained uniformly by monoclonal antibodies. These tissues 
were invariably derived from embryonic mesenchyme. For example, all smooth 
and skeletal muscle cells appeared homogeneous in staining by LICR LON/M3, 
and LICR LON/M18 uniformly stained all the cells of the adrenal cortex. 

Discussion 

A detailed examination of the distribution of antigens identified by the four 
monoclonal antibodies to the MFGM has revealed the determinants to be 
present on some extramammary tissues, in addition to the epithelial cells of 
normal and lactating breast. Two of the antibodies have also identified determi- 
nants in tissues derived from mesenchyme as well as in epithelia. Within the 
epithelia of the breast and other normal tissues the staining patterns of the 
monoclonal antibodies has revealed hitherto unrecognised heterogeneity. Not 
only are gross regional variations identified by the antibodies, but also differences 
between morphologically identical adjacent cells within a single region. The 
demonstration, by means of serial sections, that the staining patterns define 
anatomical regions and remain constant is an indication that this is a real 
biological phenomenon, and not an artifact of fixation or staining. 

One problem which is well recognised by histochemists is the variability 
of staining produced by incomplete fixation of tissues prior to embedding (Wall- 
ington 1979). The effect of fixation was determined using frozen sections of 
fresh normal breast tissue stained by these four monoclonal antibodies. The 
sections were unfixed or fixed in buffered formol saline prior to staining. The 
observed patterns of staining were similar to those obtained following the use 
of formalin fixed, paraffin-embedded tissues. In this study the tissues were 
fresh, trimmed into small pieces and fixed adequately in a standard manner 
before further processing. Care was always taken to ensure that the tissue 
sections were completely covered by the reagents employed during the staining 
and that at no time were the reagents allowed to evaporate. The presence 
of intense staining located to anatomical regions (for example secretory units 
and the associated ducts) and pronounced differences between adjacent cells 
strongly suggests that the resultant patterns indicate important variations in 
the surface membrane composition at that time. The similarly heterogeneous 
patterns of staining observed throughout the other normal epithelia indicate 
that variability in the expression of surface determinants is a feature common 
to all epithelial cells, not only breast. 

Milk fat globule membranes prepared in aqueous, inorganic media comprise 
a heterogeneous combination of carbohydrate, protein and lipid antigens. A 
specific determinant identified by a monoclonal antibody (defined as an epitope) 
may be present as part of more than one larger molecule within the MFGM. 
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For  example, a particular carbohydrate epitope may form a part of a glycopro- 
tein and a glycolipid, simultaneously. The two molecules may have different 
functions and be distributed in different sites within a celt. However, within 
the breast it is possible to make statements concerning the expression and 
distribution of determinants contained within the milk fat globule membrane. 
No information is presently available concerning the structure of the determi- 
nants within the MFGM,  or whether those determinants form part of the 
same antigens in the extramammary tissues. Nevertheless, the differential distri- 
bution observed in the staining of normal tissues by the four monoclonal anti- 
bodies demonstrates that each antibody is 'directed towards a different epitope. 
The various distributions cannot be explained by two or more of the antibodies 
having the same epitope specificity, but different affinities. It is possible, howev- 
er, that within the MFGM,  at least two of the antibodies may identify two 
sepal'ate epitopes of the same molecule, but that these epitopes are expressed 
in a different association in the extramammary tissues. These and other mono- 
clonal antibodies may be used as probes with which to investigate the biology 
of breast and other human tissues. Provided the experimental systems are well 
defined, and the appropriate antibody is chosen, it is of little or no consequence 
that the determinants identified by the antibodies are also expressed by other 
tissues. Thus, these reagents may assist in relating observations on tumours 
and tissue culture to the normal tissue. 

The synthesis and secretion of milk by breast epithelium, probably represents 
the most functionally differentiated state of the individual epithelial cells (Vor- 
herr 1974). Therefore, antibodies which identify components of membranes 
produced during lactation define a very specific state of functional differentiation 
of the breast cells expressing these determinants. Hence, the four monoclonal 
antibodies which have been raised to the milk fat globule membrane demonstrate 
a functional heterogeneity within both the lactating breast and the normal 
breast which was hitherto unrecognised. The staining patterns produced by 
the four antibodies indicate that cells which are morphologically and topographi- 
cally identical may simultaneously coexist in at least two different states of 
functional differentiation. Moreover, the heterogeneity which has been defined 
by these monoclonal antibodies suggests that between those populations of 
epithelial cells, other antigenic distinctions may also occur. The expression of 
particular cell-surface determinants by morphologically identical cells may repre- 
sent fluctuations in the functional status of those cells with time. Alternatively, 
the expression of the determinants may define specific and permanent sub- 
populations within those epithelial cells. 

We intend to use these antibodies to investigate functional differentiation 
of cells within breast tumours and breast tissue culture in an attempt to relate 
these observations to the normal breast. The possible significance of the hetero- 
geneity to breast cancer is discussed in the accompanying paper (Foster et al. 
1982). 
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