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Summary. In this study the proliferative and secre-
tory activity of human pregnant and lactating
breast has been examined. 17 cases of pregnant tis-
sue were obtained, comprising 9 from first trimes-
ter, 6 from the second and 2 from the third, togeth-
er with 3 cases of lactating breast. Proliferation,
measured by 3H thymidine autoradiography, gave
a constant Thymidine labelling index of approxi-
mately 6% during the first 20 weeks, with a reduc-
tion by 50% thereafter. Levels of 0.2% were seen
during lactation. Morphological assessment
showed a high frequency of both mitosis and apop-
tosis throughout gestation. Although mitotic fre-
quency did reduce with time, values were more
variable than thymidine labelling. The reduction
in thymidine uptake halfway through pregnancy
coincided with generalised morphological lacta-
tional differentiation and the major immuno-
cytochemical expression of alpha-lactalbumin.
However, cytoplasmic expression of the secretory
component of IgA was generalised and marked
even during the first trimester and was closely re-
lated to increased proliferation and general syn-
thetic cellular activity. These and other observa-
tions support a complex relationship of autocrine
and paracrine factors in addition to the customary
endocrine ones for breast regulation.
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Introduction

In the light of recent documentation of the vari-
ability in breast epithelial proliferation in the nor-
mal “resting” state (Ferguson and Anderson 1981 ;
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Anderson et al. 1982; Meyer and Connor 1982;
Going et al. 1988) it would be relevant to know
in more detail the situation that exists during the
development and full expression of physiological
differentiation to lactation in this tissue. Previous
reports of pregnant breast noted a much higher
level of proliferation than normal (Salazar et al.
1975; Meyer 1977) and a study of eight cases of
pregnant breast noted a high occurrence rate of
both proliferation (mitotic frequency) and dele-
tional cell death (apoptotic frequency) (Ferguson
and Anderson 1983). The breast has a distinctive
development that is related to sexual maturity and
menstruation but without recourse to pregnancy,
features which distinguish it from the equivalent
glands of other mammals (Short and Drife 1977).
This report documents the relationship of prolifer-
ation and secretory activity at different stages of
pregnancy and during lactation, and considers
these events firstly in relation to the situation dur-
ing the menstrual cycle and secondly to the modu-
lating factors.

Materials and methods

Samples of breast tissue of normal appearance were obtained,
over a 3 year period, from 17 pregnant and 3 lactating women,
aged from 17 to 34 years. Both parous and nulliparous women
were included (see Table 1). All were biopsied for clinical rea-
sons usually a palpable mass giving rise to concern. In 13 cases,
the normal breast tissue was taken from areas surrounding,
but separate from a fibroadenoma. The remaining 7 samples
were from specimens in which no pathological changes were
evident. :

Autoradiography. Thin slices of breast tissue were stained with
methylene blue dye and groups of breast lobules microdissected,
using iris scissors, as described previously (Going et al. 1988).
The lobules were incubated in Modified Eagle’s Medium
(Gibco, Europe) with 5 uCi/ml 3[H]-methyl thymidine (Amers-
ham International) (specific activity 1.5 Ci/mM) under hyper-
baric oxygen conditions at 37° C for one h. The lobule strips
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were fixed in Carson’s buffered formalin (Carson et al. 1973),
embedded in paraffin wax, 5 um sections obtained and autora-
diographs were prepared by dipping sections in K5 Nuclear
Research Emulsion (Ilfford) diluted 1:1 with 1% glycerol. Sec-
tions were exposed for 14 days at 4° C and the autoradiographs
were then developed using D-19 developer (Kodak), fixed (Uni-
fix-Kodak) and stained with haematoxylin and eosin.

Quantitation. Quantitation of labelled cells was performed as
described previously (Going et al. 1988). The total number of
cells in each terminal duct lobular unit (TDLU) was determined
by estimating the number of cells in each ductule (and in certain
cases the intralobular portion of the terminal duct) to the near-
est 10 and multiplying by the number of ductules. The number
of labelled nuclei were then assessed (identified as those show-
ing at least 5 grains above background) and expressed as a
percentage of the total cell number. Adequate penetration of
thymidine was confirmed by labelling of nuclei at the centre
of the lobule clusters. Sixteen lobules (TDLUS) were counted
for each case (approximately 8000 cells) and the mean labelling
index calculated to obtain the TLI value.

Mitosis and apoptosis. Blocks of normal tissue from 12 of the
cases used for thymidine labelling studies were fixed in Carson’s
fluid, dehydrated and embedded in glycol methacrylate (GMA).
Sections, 2 um thick, were cut and stained using the Feulgen
method, counterstained with fast green. Mitotic figures and
apoptotic bodies were identified (Ferguson and Anderson 1981)
and their frequency per lobule for 50 lobules calculated, al-
though in two cases only 20 lobules were available for assess-
ment. The number of ductules present per lobule was also
counted, to allow expression of mitosis and apoptosis on a
per ductule basis.

Immunocytochemistry. Slices of normal breast tissue, in each
of the 20 cases examined, were fixed in Carson’s fluid or metha-
carn fixative (6:3:1, methanol: chloroform: glacial acetic acid)
and embedded in paraffin wax. Paraffin sections (5 pm thick)
were cut, dewaxed, rehydrated and treated with 1% hydrogen
peroxide in methanol to abolish endogenous peroxidase activi-
ty. Sections fixed in Carson’s fixative were also pretreated with
0.1% trypsin (Difco 1:250) in 0.1% calcium chloride for
15 minutes at 37° C. A peroxidase-anti-peroxidase (PAP) meth-
od (Sternberger 1986) was then employed for localisation of
alpha-lactalbumin (LA) and the secretory component {SC) of
immunoglobulin A(IgA). The polyclonal primary antibodies to
LA and SC (Nordic) were both used at a dilution of 1:400.
Omission of the primary reagent was used as a negative control.

Results
A. Proliferative activity

Thymidine labelling. Proliferative activity in the hu-
man breast, measured by 3[H] thymidine incorpo-
ration into nuclei, was consistently high through-
out the first half of pregnancy (Table 1), but
showed a marked reduction during the second
20 weeks. The thymidine labelling index (TLI) was
estimated for the TDLU as a whole, but, where
the intralobular terminal duct could be identified
separately it also showed a high TLI (4.11 for the
first half of pregnancy and 2.75 for the second

Table 1. 3{H] thymidine accumulation in pregnant and lactating
breast

Length of Thymidine Parity Time since Length of
pregnancy labelling last previous
(weeks) index (TLI) pregnancy lactation
for TDLU

6 10.99 2+1 4 years 0

6 6.6 1+0 3.5years 8/12

8 6.4 1+0 10years N/K

9 6.3 140 2 years 3/12

9 **6.8} 1+0 2 years 15/12

6.8}
10 3.6 0+0 — -
10 7.7 1+0  22/12 6/12
1 6.7 1+0  17/12 12/12
13 5.9 0+0 - —
14 **6.1} 1+0 6 years 1/12
5.9}

15 6.6 0+0 — —
17 6.5 0+0 - —
19 6.6 0+0 — —
21 33 0+0 — -
21 3.7 141 1 year 6/12
30 33 1+1 4years N/K
32 2.9 0+0 — -
Lactating 0.2 (NLL=1.8) 240 2/12 Current
Lactating  0.17 (NLL=2.7) 2+0 3/12% Current
Lactating  0.23 240 6/12%* Current

* Currently using continuous progestin oral contraceptive
** Bilateral specimens

N/K =not known

NLL =non-lactational lobules

half). Labelled cells were seen in most ductules in
a majority of lobules (Fig. 1) but were not situated
in any particular region or orientation within the
ductule. Labelling activity did not appear to be
related to history of previous pregnancy or dura-
tion of lactation (Table 1), although the lowest
values seen in the first half of pregnancy were in
tissue from 2 nulliparous women. There was also
frequent 3[H] thymidine accumulation in both in-
tralobular stromal cells and in the cells lining the
walls of vessels (Fig. 2).

In the lactational breast there was little prolifer-
ative activity (Fig. 3) although morphologically
non-lactational lobules, seen occasionally within
an area of lactating breast, had a consistently high-
er TLI (Table 1).

Mitosis and apoptosis. The number of mitotic fig-
ures per lobule noted during pregnancy was high
(Table 2) and consistent with the high TLI. How-
ever, mitotic frequency showed greater variability
than thymidine labelling when used as a method
of measuring proliferative activity, whether ex-
pressed per lobule or per ductule (Table 2). How-



Fig. 1. Six week pregnant breast tissue. Nuclei heavily labelled with 3H thymidine are seen throughout lobule x 160

Fig. 2. Vessel in stroma surrounding ductule shows two nuclei (arrowed) overlain with grains x 500
Fig. 3. Autoradiograph of lactating breast. One labelled nucleus is seen x 320

Fig. 4. Apoptotic bodies (arrowed) are present in epithelium of 21 week pregnant breast tissue x 500
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Table 2. Mitotic and apoptotic frequency during pregnancy and lactation

Weeks of Mitotic frequency Apoptotic frequency
pregnancy
Per lobule  Mean value Per ductule Mean value Per lobule  Mean value Per ductule Mean value
6 1.14 0.02 1.06 0.02
8 0.86 0.05 0.4 0.02
9 0.29 1.37 0.02 0.05 0.14 0.66 0.008 0.02
10 3.2 0.12 1.02 0.04
13 1.21 0.06 0.58 0.02
17 1.54 1.23 0.06 0.05 0 16 0.41 0.06 } 0.02
19 0.95 0.02 0.03
21 0.42 0.01 0 64 0.02
21 2.64 1.43 0.06 0.03 2.36 1.13 0.05 0.03
30 1.24 0.03 0.38 0.009
lactating 0.02 } 0.0003} 0.06 } 0.001}
lactating 0.02 0.02 0.001 0.001 0.02 0.04 0.001 0.001

ever when measured on a per ductule basis, intro-
duced to take account of increasing lobule size,
mean mitotic frequency decreased with increasing
length of gestation. High numbers of apoptotic
bodies were seen throughout pregnancy (Fig. 4)
but the apoptotic frequency per lobule was con-
sistently less than the mitotic frequency (Table 2)
and remained constant even when expressed on
a per ductule basis. Both mitotic figures and apop-
totic bodies were seen only rarely in the lactating
breast.

B. Immunocytochemistry

Alpha-lactalbumin. Early in pregnancy (6—
12 weeks), alpha-lactalbumin (LA) staining was
noted in very few scattered epithelial cells of a few
lobules as a predominantly diffuse cytoplasmic
pattern (Fig. 5). Although it was present in most
lobules at 13-20 weeks the milk protein was local-

ised to relatively few cells and many ductules were
negative; staining was often seen both diffusely in
the cytoplasm and towards the luminal border of
the epithelium (Fig. 6). From week 21 of pregnan-
cy, positivity of staining was greater with many
cells showing reactivity. This was usually in the
apical region of the epithelium, where it was fre-
quently of a granular pattern, and in luminal con-
tents (Fig. 7). The intensity and location of stain-
ing for LA was similar from 21 up to 32 weeks
of pregnancy. In the lactating breast, localisation
of LA resembled late pregnancy with the cyto-
plasm and luminal contents (where present) show-
ing intense staining. Non-lactational lobules within
lactating breast tissue showed only sporadic cyto-
plasmic reactivity for alpha-lactalbumin in a few
epithelial cells, similar to weeks 6-12 of pregnancy.

Secretory component of immunoglobulin A. In early
pregnancy (6-12 weeks) the secretory component

Fig. 5. Alpha-lactalbumin is localised to cytoplasm of occasional epithelial cells in six week pregnant breast tissue. Peroxidase-anti-

peroxidase method. Haematoxylin counterstain x 160

Fig. 6. Sporadic staining for alpha-lactalbumin is seen in the cytoplasm and lumina of the epithelium of 13 week pregnant breast.
Peroxidase-anti-peroxidase method. Haematoxylin counterstain x 160

Fig. 7. 30 week pregnant breast tissue shows typical intense alpha-lactalbumin localisation in apical cytoplasm and lumina. Peroxi-

dase-anti-peroxidase method. Haematoxylin counterstain x 160

Fig. 8. Luminal staining for the secretory component of IgA is seen in the six week pregnant breast. Peroxidase-anti-peroxidase

method. Haematoxylin counterstain x 160

Fig. 9. Breast tissue at 17 weeks of pregnancy. Variable cytoplasmic expression of secretory component within lobule gives a
mosaic staining pattern. Compare with staining for alpha-lactalbumin at similar stage of gestation (Fig. 6). Peroxidase-anti-peroxi-

dase method. Haematoxylin counterstain x 160

Fig. 10. Predominantly luminal localisation of secretory component is present in lactating breast. Peroxidase-anti-peroxidase method.

Haematoxylin counterstain x 160
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of IgA (SC) was localised to a thin rim at the lumi-
nal border and to the luminal contents of most
breast ductules (Fig. 8). However in one sample
(8 wecks) the staining pattern was similar to that
seen at 13-20 weeks of pregnancy. Here there was
intense apical and general cytoplasmic staining in
the majority of ductules in addition to the luminal
contents (Fig. 9). This pattern was also particularly
noted in the intralobular terminal ducts. Generally,
it was prominent that only a proportion of cells
in any ductule were stained, giving a mosaic pat-
tern. From week 21 of pregnancy and in lactation,
secretory component was localised to the apical
aspect of the epithelium and to the luminal con-
tents (Fig. 10). Although most cells showed reac-
tivity, it was often of lower intensity than the stain-
ing seen during the first half of gestation.

Discussion

This study has clearly demonstrated a distinct bi-
phasic pattern in the proliferative response of the
breast during pregnancy. The first half is charac-
terised by a constant, high rate, with a fall in prolif-
eration in the second half at the time morphologi-
cal and functional differentiation is expressed. In
view of the limited data available, it is important
to consider the particular relationship of these fea-
tures of proliferative activity and functional differ-
entiation in the human.

The levels of proliferation are comparable with
those reported previously for 7 (4.45%) and 18
(6.20%) week pregnant human tissue (Meyer
1977), but contrast with the variable activity in
the normal “resting” premenopausal breast, which
has reported ranges of 0-8.84% (Meyer and Con-
nor 1982) and 0.04-5.69% (Going et al. 1988). Sev-
eral factors contribute to this variability, but the
highest values are characteristic of the late “lu-
teal” phase. That similar levels are sustained
throughout early pregnancy is consistent with a
stable proportion of the cell population being ac-
tive in the growth cycle. Moreover, the reduction
by 50% in the TLI values during the second half
of pregnancy (Table 1) indicates a change in this
stability. From a theoretical point of view the three
most likely ways of achieving this are through (I)
alteration in the length of the S phase of the cell
cycle, (I) increase in the length of the most vari-
able phase of the cycle, G1, or, (II) a decrease
in the number of cells in the proliferating compart-
ment (Pardee et al. 1985; Calaf et al. 1986). The
present study has no direct evidence on any of
these aspects, but the evidence of secretory differ-
entiation (see later) is in favour of either (II) or
(II1), or both.

The proliferative response measured by mitosis
was more variable, as noted previously (Ferguson
and Anderson 1983). This is consistent with the
comment by Meyer (1984) of reduced accuracy of
mitotic index compared with thymidine labelling
as a measure of proliferation. Nevertheless, a ma-
jor benefit of morphological assessment is that it
also allows evaluation of deletional cell death
(apoptosis). This study has confirmed a previous
report (Ferguson and Anderson 1983) of a high
frequency of apoptosis during pregnancy. The oc-
currence of this event is perhaps surprising in view
of the major increase in cell number required.
However the factors initiating apoptosis and its
significance may be different from the resting
breast, where it has been suggested that a balance
is maintained between cellular proliferation and
cell death, with apoptotic cells frequently derived
from recently mitotic cells (Anderson et al. 1982;
Mukherji 1983). In pregnancy, as in many develop-
mental situations (Wyllie et al. 1980), apoptosis is
more likely to be involved in tissue shaping and
may therefore be required for orderly development
and expansion of the lobular units.

The most notable feature of secretory activity
during pregnancy was the contrast between the
staining patterns for LA and SC. SC was found
more uniformly and intensely in the first trimester.
The positive relationship to proliferation, seen pre-
viously in the resting breast (Going et al. 1988)
was accentuated. It must be noted that SC is also
present in a range of non-breast epithelial tissues,
where it acts as a surface receptor for dimeric IgA
(Brantzaeg 1974; Kuhn and Kraehenbuhl 1979).
It is thus not a measure of breast differentiation
but is rather an indicator of the generally increased
synthetic activity of the epithelium during pregnan-
cy. In contrast LA reactivity was similar to pre-
vious descriptions (Bailey etal. 1982; Clayton
et al. 1982) and localisation of expression through-
out the first trimester was at a low level similar
to the resting breast (Going et al. 1988). The in-
crease in detection thereafter closely correlated
with the appearance of morphological differentia-
tion of the breast, which is pronounced only late
in the second trimester (Ferguson and Anderson
1983). This is consistent with its function in milk
production as a “specifier” protein for the lactose
synthetase system (Brew et al. 1968). The func-
tional differentiation occurs at the same time as
diminished proliferation, for which a prolonged
G1 phase or a decreased growth fraction seem the
most plausible explanations.

When considering the factors responsible for
breast stimulation it is important to emphasize that
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the shift from a proliferating to a differentiated
state does not occur until pregnancy is well ad-
vanced. In respect of the humoral factors promot-
ing mitosis and differentiation, the steroid hor-
mones, oestradiol and progesterone are generally
considered to stimulate the former, with a variable
requirement also for insulin, thyroxine, hydrocorti-
sone and placental lactogen (McManus and
Welsch 1984 ; Calaf et al. 1986). Differentiation is
promoted by prolactin (Wilson et al. 1980), with
some competitive blocking activities attributed to
progesterone and oestrogens (Tyson et al. 1975).
In support of this the appearance of LA is coinci-
dent with the major rise in serum levels of prolactin
after the twentieth week (Tyson et al. 1972; Rigg
et al. 1977), although it must be noted that the
drop in proliferation at that time contrasts with
the continuously rising levels of the steroid hor-
mones (Tulchinsky et al. 1972). Despite these in-
formative observations, the difficulties encoun-
tered in inducing pregnancy like growth of human
breast tissue in vitro (McManus and Welsch 1984)
encourages re-examination of the various factors
promoting modulation. It is now becoming evident
that the different stimulant factors do not operate
independently in the full expression of the mamma-
ry phenotype. Indeed, some authors have sug-
gested that epidermal growth factor (EGF) is cru-
cial for this expression (Tonelli and Sorof 1980;
Imagawa et al. 1986; Stewart et al. 1987), although
it must be noted that alterations in serum levels
of EGF during pregnancy have not been con-
sistently reported (Ances 1972; Hirata et al. 1980).
Enthusiasm for a single factor playing the predom-
inant role would therefore appear to be unjustified.
Indeed, the present finding of actively proliferat-
ing, morphologically “resting” lobules in fully lac-
tating breast tissue suggests that systemic hor-
mones are not the only factors regulating the func-
tional activity of the mammary gland and that au-
tocrine and paracrine regulation of growth (Oka
and Yoshimura 1986) must also be considered.
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