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Abstract Benign and malignant breast lesions may
show an apocrine epithelium considered to be the resu
of metaplasia. In an attempt to clarify the histogenesisTie apocrine epithelium, a normal constituent of apo-
the breast apocrine epithelium we searched for the pr@sae glands of axillary and anogenital skin, consists of
ence of apocrine cells or cells with apocrine differentigells with eosinophilic cytoplasm containing PAS-posi-
tion during human breast development. We analysedti@ diastase-resistant granules. This epithelium express-
autopsy specimens of female breasts from fetuses ée-a protein of 15 kDa, which is named gross cystic dis-
tween 28 and 40 weeks of gestational age and tisease fluid protein-15 (GCDFP-15) since it was first iso-
from 6 normal breasts, obtained after breast reductiorlated in the cyst fluid of fibrocystic breast disease [8].
nulliparous young women between 22 and 28 yearsTdfis protein is considered to be a specific marker of apo-
age. Formalin-fixed, paraffin-embedded sections wetgne differentiation. Immunohistochemical [12] and in
stained with haematoxylin-eosin, PAS-diastase andsitu hybridization [15] studies have shown that in normal
monoclonal antibody (BRST-2) anti-GCDFP-15, whictissues the secretion of GCDFP-15 appears to be restrict-
is a specific apocrine marker. A 40-week fetal breast web to apocrine glands and to some glands that have com-
analysed by electron microscopy. No cells with histologron phylogenetic features with apocrine glands, such as
ical and ultrastructural apocrine features were foundthe salivary submandibular, lacrimal and bronchial
the ducts of fetal breasts. All fetal breasts showed sogtands. An apocrine epithelium frequently appears in be-
ducts with sparse GCDFP-15-immunoreactive cells; thiggn breast lesions such as fibrocystic disease [9, 14, 17,
number of these cells increased with gestational age], papillomas [17], and fibroadenomas [3]. Further-
PAS-diastase was negative. No cells with apocrine matere, cells with apocrine features are described in ma-
phology were found in ducts and lobules of normal adiliinant breast tumours called apocrine carcinomas [1].
breasts. Scattered GCDFP-15-positive luminal epithelfah apocrine epithelium is frequently observed in the
cells and rare PAS-diastase-positive cells were obseriegast lesions, but the biological significance and the
in some lobules of all adult breasts. Cells with biochenmechanism by which this particular cellular feature is
cal characteristics (GCDFP-15 expression) of apocripeduced remain obscure.

differentiation are evident during human fetal breast de-Several explanations have been given for the presence
velopment and persist in adult mammary glands. Unf apocrine cells in the breast. The apocrine epithelium
known stimuli may induce these cells to take on an apensidered to be a metaplasia [2, 10, 18, 20], to be de-
crine morphology. Apocrine epithelium of the breagfenerate epithelium simulating the true apocrine epithe-
may be a normal process of differentiation rather thiom [5], or to belong to cutaneous apocrine glands that
metaplasia. We suggest the term “apocrine differenti@main entrapped in the breast during development. A
tion precursor cells” for GCDFP-15-positive breast effiarther hypothesis is that apocrine epithelium is a normal

froductlon

thelial cells with no apocrine morphology. constituent of the mammary gland.

The identification of apocrine cells or cells with apo-
Key words Breast - Fetal breast - Apocrine crine differentiation during breast development could be
differentiation - GCDFP-15 a useful approach to clarifying the histogenesis of this

type of cells. In this study the presence of cells with apo-
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ence of cells with apocrine differentiation was also ifFig. 2); the inner cells showed weakly eosinophilic cy-
vestigated in normal ducts and lobules of adult breaststoplasm and frequently irregular luminal cytoplasmic
projections (Fig. 2). In the late phases of pregnancy the
breasts appeared more enlarged and extended in the sub-
Materials and methods cutaneous tissue. The ducts were branched with round
end buds. The ducts were lined with two or three layers
]Iendbfe?c’)srtrsn ;\lliifea nodbt:riw?begdfdrgcrini;en;?fﬁifr?nfr?sa'vyae grgfaﬁ\tlse wereells with the same features described above. PAS-di-
;Il)r(r? selr(]:tions were cut from each blopck. Four fetuses v?/ere nonm %tase was negative.
erated spontaneous abortuses with gestational ages of 28, 29, 281 normal adult breasts we observed lobules com-
and 30 weeks. Chorioamnionitis and placental haemorrhga@sed of ductules and loose stroma. The ductules were
caused abortion in three of these cases, while no relevant caugmefd with luminal epithelial cells and outer myoepithe-

abortion was evidenced in the 28 weeks fetus. Six were newbﬁ ; ; ;
! . ¢ ﬁ! cells. Some ductules contained intraluminal amor-
babies who died soon after birth (death after between 7 and 48 us secretion. No apocrine cells were present. In all

The gestational age of the newborns was from 31 to 40 weeks: | _,
cases were 31 weeks, 1 was 32, 1 was 36, 1 was 37 and 1 wdd'@asts some lobules showed rare PAS-diastase-positive
weeks. Four cases had had pneumonia, one case, hyaline ng@tls. The intraluminal amorphous secretion was also
brane disease, and another, massive cerebral haemorrhage.p8.-diastase positive.

newborns presented no malformations. : :
Six breasts were collected in which the normal ducts and lob- In all the fetal breasts we observed scattered ep|theI|aI

ules could be identified. The tissues were obtained from nulligz€lls with cytoplasmic, diffuse positivity for GCDFP-15.
rous young women between 22 and 28 years of age during brddsese positive cells were localized in some ducts with no

reduction. An average of ten formalin-fixed paraf'fin-embeddégarticmar distribution pattern, and their number in-

blocks were obtained from each breast, and ten slides were c : : ;
pared from each block. feased with gestational age. A higher number of

Four-micrometre sections of fetal and adult breasts wdglCDFP-15-immunoreactive cells was observed in the
stained with haematoxylin-eosin and PAS-diastase. Additional lareast at 40 weeks of gestational age (Figs. 3, 4). Sweat
Hm TSﬁCﬁOHS were Ufsgdc E)[r:Iiaminsunohisto_ghemi%a:)study. | Iglands of the skin overlying the breasts showed numer-

e presence 0 -15 was evidenced by monoclonal 15 i ; )
tibody BRST-2 (D6 clone, Signet Laboratories, Mass., USA) HSPS GCDFP.lS |mmun0rea_lct|ve cells, while the squa
diluted 1:60 with incubation for 30 min at room temperature. R 10us epithelium was neg_atlve for GCDFP'15- .
actions were carried out using the ABC method (avidin-biotin Scattered GCDFP-15-immunoreactive cells with no
peroxidase complex by Vector Laboratories Burlingame, Califgpocrine feature were observed in some normal lobules
Peroxidase was developed with diaminobenzidine tetrahyd F‘(i]g. 5).

chloride and hydrogen peroxide. Sections were counterstaine
with hematoxylin, dehydrated in alcohols, cleared in xylene apd In the fetal breast at 40 weeks we observed well-de-

mounted. ined ducts with lumina. The lumina contained finely
A section of axillary skin with apocrine glands was included gganular electron-dense material and fragments of cyto-

positive control. Negative controls were carried out omitting thflasm, which detached from the epithelial cells. The

primary antibody. g#gs were lined with two or three cell layers (Fig. 6).

Three fetal breasts of 32, 36, and 40 weeks of gestational age . .. .
were processed for electron microscopy study. The specim inner cells showed roundish nuclei with finely gran-

were fixed at 4°C for 90 min in 2.5% glutaraldehyde in 0.1 M calar chromatin and distinct nucleoli. The cytoplasm
codylate buffer at pH 7.2, washed in several changes of the sghewed large mitochondria and moderately abundant
buffer at 4°C and post-fixed in Ogan 0.1 M cacodylate buffer 1\,q5se endoplasmatic reticulum with dilated cisternae.

pH 7.2 at 4°C for 60 min. The fragments were dehydrated with al- - - . L .
cohols, washed in propylene oxide, infiltrated with a mixture tracellular lumina with microvilli were sometimes ob-

Epon-Araldite and propylene oxide and embedded in Epon-Ar&erved. The outer cells were smaller and showed nuclei
dite. Semithin sections were cut and stained with methylene blvgh chromatin condensed in clusters. The cytoplasm
and toluidine blue (1:1), and observed with an optical microscopg,owed similar features to those of the inner cells. The

Breast gland was observed in a breast of 40 weeks of gestati ]
age, while only fibrous tissue was found in the other breasts. T S were connected by well-developed desmosomes.
0 apocrine cells were observed.

sections were cut from selected blocks with a LKB Ultrotome [}
placed on uncovered 200-mesh copper grids, stained with uranyl
acetate and lead citrate and observed with CM12 Philips electron
microscope at 80 kV. Discussion

The apocrine epithelium of the breast is considered to re-
Results flect a metaplastic alteration in epithelial structures of
the terminal duct-lobular units and has been intensely
The fetal breasts at gestational age between 28 andst@@lied for a possible relationship to cystic disease of the
weeks appeared at low magnification as a small, well direast and breast carcinoma. Apocrine cells are consid-
cumscribed nodule in the dermis. In the nodule we odred to be the progenitors of breast cystic disease [20].
served round-oval ducts with intraluminal amorphoudse apocrine epithelium associated with secretion accu-
material surrounded by cellular mesenchymal tissomilation may favour the progressive unfolding of lob-
(Fig. 1). The ducts were lined with a double coat of epiles, formation of microcysts and finally the appearance
thelial cells. The outer cells showed frequently indistinof macrocysts [20]. Another interesting point is the rela-
borders, clear cytoplasm, and roundish, vesicular nudienship between apocrine cystic changes and breast car-




Fig. 1 Fetal breast at 32 weeks of gestational age. Some roundish
mammary ducts surrounded by cellular connective tissue. Haema-
toxylin-eosin, x10/*

Fig. 2 Fetal breast at 32 weeks of gestational age. A mammary
duct lined with two layers of cells. Inner cells show weakly eosi-

nophilic cytoplasm; outer cells are with clear cytoplasm. Haema-
toxylin-eosin, x25*

Fig. 3 Fetal breast at 40 weeks of gestational age. Some mamma-
ry ducts with scattered GCDFP-15-positive cells. BRST-2 mono-
clonal antibody, x1C

Fig. 4 Fetal breast at 40 weeks of gestational age. A duct with
scattered GCDFP-15-immunoreactive cells; the positivity is intense
and diffusely cytoplasmic. BRST-2 monoclonal antibody >250

Fig. 5 Normal adult breast. Acini showing two luminal cells with
immunoreactivity for GCDFP-15. Myoepithelial cells are nega-
tive. BRST-2 monoclonal antibody, %2350

cinoma. Clinical follow-up studies of women with breasy for cancer. However, the data regarding the relation-
apocrine cystic disease evidenced an increased riskslup between apocrine epithelium, cysts and cancer are
subsequent breast carcinoma [19]. Cystic apocrine metaelear, and the stimuli regulating these processes are
plasia was more common in cancer-associated breastsnown. In any case, the apocrine epithelium is fre-
than in the normal breast and also the number of fociqufently observed in the breast tissue. In the histological
apocrine cysts was more numerous in breasts with carresrews of normal breasts, apocrine epithelium was
[19]. Some hypotheses regarding the relationship Weund in a higher percentage of women [4, 19] than was
tween apocrine epithelium and carcinoma have been grancer. Furthermore, apocrine cells are not always of
posed [7]. First, the apocrine epithelium may be a pitebular origin, as evidenced by their presence in gross
cursor of malignant trasformation; secondly, it may reuct papillomas [17].

flect a response to the same stimulus which promotesAll these features demonstrate that the apocrine epi-
carcinoma,; and thirdly the apocrine epithelium could ithelium of the breast is still an enigma. A variety of hy-
dicate an instability of the breast epithelium, which causetheses have been postulated to explain the presence of
es the development of alterations with a higher propersmpocrine epithelium in the breast: that it is a metaplastic
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Fig. 6 Fetal breast at 40 weeks
of gestational age (electron mi-
croscopy). A mammary duct
lined with three layers of cells,
with no apocrine feature.
x700C

phenomenon, [20]; that it is a degenerate epithelium sim-These data suggest that cells with functional features
ulating true apocrine epithelium [5], and that it derived apocrine differentiation are present during fetal breast
from apocrine glands entrapped in the breast during development and persist in adult normal breast paren-
velopment. A further hypothesis is that apocrine epithethyma. However, the presence of cells without apocrine
um is a normal constituent of the breast. morphology but with a molecular signal of apocrine dif-
We have examined apocrine differentiation durirfgrentiation has been highlighted by in situ hybridization
fetal breast development by immunohistochemistry. sdudies [11]. These GCDFP-15-positive cells are proba-
series of monoclonal antibodies against GCDFP-15 tidg the precursors of apocrine epithelium; unknown
been developed [16], and among these BRST-2 (B#imuli may cause them to mature, take on the complete
monoclonal antibody shows the highest capacity to stajpocrine morphology, and proliferate. Rare apocrine car-
GCDFP-15 in formalin-fixed, paraffin-embedded ap@inomas of the breast and GCDFP-15-positive breast
crine tissues [13]. BRST-2 also showed specificity fearcinomas without apocrine morphology [6, 11] might
apocrine tissues, in that non-apocrine normal tissugfginate from these cells. It may be that apocrine epi-
were BRST-2 negative except for serous cells of salivahelium of the breast is not a metaplastic event, but a
glands and serous cells of bronchial glands [13]. An imermal process of differentiation of the breast gland. We
munohistochemical study we performed on a broad gpeepose the term “apocrine differentiation precursor
ries of normal adult tissues using monoclonal antibodglls” for those GCDFP-15-positive cells with no apo-
BRST-2 (personal communication) has confirmed thatine morphology observed in fetal and adult normal
GCDFP-15 is only expressed in glandular structures ahtkasts.
in particular, it is associated with apocrine differentia-
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