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Abstract GCDFP-15, a glycoprotein identified in thqntroduction

cyst fluid of cystic breast disease, is considered to be a

marker of apocrine differentiation. Studies on GCDFRtuman cystic breast disease is a common benign condi-
15 localization in adult normal tissues are lacking, afign, which occurs most frequently before the meno-
no information on GCDFP-15 expression during fetal dgause. This condition is characterized by the production
velopment has been reported. We investigated GCDRfPthe cysts of a fluid secretion containing four major
15 expression in a large series of formalin-fixed, pargfrotein components named gross cystic disease fluid
fin-embedded normal human adult and fetal tissues usgigteins (GCDFPs), with molecular weights of 70, 44,
the monoclonal antibody BRST-2. In normal adult ti$4 and 15 kDa [7].

sues GCDFP-15 expression was found in all apocrine,The main characteristics of GCDFPs are that they are
lacrimal, ceruminous and Moll's glands and in numeroymunologically similar to albumen and that GCDFP-44
Ser_OLIS cells of the submandibular, sublingual and mlﬂ_@rimmunmogicauy identical to the plasma zinc alpha
salivary glands. The serous cells of nasal and bronchjglcoprotein [3], but is present at concentrations 5-30
glands were also positive; parotid and laryngeal glanglges that in plasma. This protein has been found by im-
showed rare immunoreactive cells. GCDFP-15-positidgunohistochemistry in apocrine cells of the breast and
cells were observed in all cutaneous eccrine glands frgrin, some cells of parotid glands, a few acinar and duc-
different body sites. In fetal tissues immunoreactivitg| epithelial cells of the normal breast and in some
was observed in numerous acinous cells of all trachagkast carcinomas [2]. GCDFP-24 is the major compo-
bronchial and submandibular salivary glands. GCDFP-ént protein of breast cystic fluid [7], and it has a normal
positivity was identified in numerous cells of all aXi”ar¥)|asma analogue identified as apoliprotein D [1]; this
sweat glands and in rare cells of some sweat glandg@ftein has been found by immunohistochemistry [11] in
the thorax, abdomen, back, leg and arm. In both apocriicrine cells, renal tubules, adrenal cortex and pituitary
and nonapocrine glands GCDFP-15 was always locgland. GCDFP-15 is a protein that is also present at a
ized in the secretory component. These data suggest y@a) low concentration in the plasma of normal women,
GCDFP-15 is a glandular differentiation marker assogjut its average concentration is 140,000 times as high in
ated with apocrine secretion; that it is expressed Hreast cyst fluid as in plasma [7].

glands that have phylogenetic origins in common with GCDFP-15 is the most widely studied component
apocrine glands (submandibular salivary and submucqs@jtein of the cystic fluid. The presence of GCDFP-15
bronchial glands); and that eccrine cutaneous glands lg%s been demonstrated by immunohistochemical [5, 10,
press GCDFP-15 and thus might be referred to as mixeyl 16, 23], ultrastructural [14] and in situ hybridization
apocrine-eccrine glands. GCDFP-15 is expressed deng] studies in normal apocrine glands, in apocrine epi-
fetal development and may represent a common margslium of the breast and in some breast carcinomas. De-

of embryologically linked glandular structures. tectable levels of GCDFP-15 are also present in salivary,
. . o lacrimal and bronchial glands [13]. Salivary gland tu-

Key words GCDFP-15 - Apocrine differentiation - mours [21] and sweat gland tumours of probable apo-

Apocrine glands - Human fetal tiss ‘es crine origin [9, 12] also show GCDFP-15 immunoreac-

tivity. The GCDFP-15 gene has recently been isolated and

, - its chromosomal localization determined [17]. GCDFP-15

B'e\ggr(i?nvéingf .Op;ic(gl'ogic CD?\;?;I%n g’f' I:E’;aettvf:lcﬁgg;,a production in the breast appears to be under hormonal
Via Roma 57, 1-56126 Pisa, Italy control [8]; furthermore, GCDFP-15 seems to exert a
Tel.: (+39) 50-992888-592982, Fax: (+39) 50-992 706 specific mitogenic activity on the breast cell lines [4].




256

On the basis of these data, GCDFP-15 could be con$iRBS, pH 7.4) and incubated in 10% normal horse serum for
ered to be a specific apocrine marker with a poten%arﬂ min. This was diluted in PBS together with the following anti-
0
0

: o : : -pody solutions. After each incubation, the slides were washed for
value in clarifying some features of apocrine differentian iy pBS and all steps were performed at room temperature.

tion in specific tissues and tumours, such as those of Higee successive incubations of 30 min each were performed us-
breast and skin. ing: (1) primary monoclonal antibody BRST-2 (2) biotinylated

In order to confirm the apocrine specificity ofecondary antimouse antibody (1:500 Vector Laboratories, Burlin-

GCDFP-15 we decided to evaluate the localization ?ﬁg‘e' Calif.) (3) avidin—biotin peroxidase complex (Vector Labo-

. - . ries). The reaction was developed for 1 min with 0.06% diami-
this molecule in a broad series of normal adult and fetghenzidine (DAB) and 0.02% .8, as substrate. Sections were

tissues, using immunohistochemistry. counterstained with haematoxylin, then dehydrated in alcohol,
cleared in xylene and mounted.

Negative controls were carried out by omitting the primary an-
tibody in the procedure. Positive controls were apocrine cysts of
the breast.

The localization of GCDFP-15 was detected by immunohisto-

chemistry in normal adult and fetal tissues.
Normal adult tissues were retrieved from the files of our InsResults

tute and collected from biopsy and autopsy material. Three differ-

wers iaken rom the reSpuatory System: nose. larymx. trachea (e, eults of GCDFEP-15 expression in normal adult and

topsy), bronchi, lung; thgcardigvgscular system: r¥1yocardium, gaﬁltal tissues are summarlzed in Ta_1b|e§ 1-4. .

docardium, pericardium and aorta; the digestive system: tongue,In normal adult tissues, examination of the skin re-

parotid gland, submandibular and sublingual salivary glands, realed that all acinous cells of axillary (Fig. 1) and peria-

nor salivary glands, oesophagus, stomach, duodenum, small inggg- apocrine glands showed intense, supranuclear or,

tine, appendix, large intestine, anal canal, liver, exocrine pancr : ; _ P
gallbladder, extrahepatic bile duct; the genitourinary system: k _%Jre rarely, diffuse cytoplasmic GCDFP-15 positivity.

ney, ureter, bladder, prostate, seminal vescicles, deferent ductsAsp2Xillary (Fig. 2) and perianal eccrine glands showed
ididimous, testis, ovary, salpinx, proliferative and secretive end®0% positive cells in the secretory coil. In other cutane-

metrium, myometrium, uterine cervix and vagina; the endocripgis sites all eccrine glands showed about 50% of

glands: thyroid, parathyroid, adrenal gland, endocrine pancreas; _ ; ; ; ;
hypophysis: the haemolymphatic tissues: lymph nodes, sple ’DFP 15 immunoreactive cells in the secretory coil

thymus, tonsil, bone marrow; the neuromuscular tissue: ceretifald- 3), while the ductal segments resulted negative. An
cortex, cerebellum, mesencephalon, pons, medulla oblongata, pgiense, cytoplasmic GCDFP-15 immunoreactivity was
nal cord (all autoptic tissues), peripheral nerve and skeletal mgbserved in all cells of the ceruminous glands. Other

cle; bone and cartilage; the eye and its appendages: retina, W structures, such as epidermis, sebaceous glands and
cornea, conjunctiva, lacrimal gland, eyelid; and skin from differept. . follicl ! ti !

sites: scalp, axilla, thorax, back, abdomen, perianal, leg, afitll TOllICIES, were negative.

retroauricular, sole of the foot, palm of the hand and external In the respiratory system a large number of GCDFP-

acoustic meatus with ceruminous glands. Finally, the placenta i&s immunoreactive serous cells was found in all glands
examined. of the nose, trachea and bronchi (Fig. 4). The mucous

Normal fetal tissues were taken from a series of 8 fetusesgg . L
gestational age from 28 to 40 weeks sent to our Institute with lls and ducts were negative. In the larynx the positive

topsy requests. Fetuses were products of spontaneous abortio®€8 were rare and localized in some glands. The other
newborns that had died soon after birth. They were not macerattictures of these organs were negative.

and had died from pneumonia, cerebral haemorrhage and hyaline

membrane disease. The specimens were taken from various sys-

tems: respiratory system: larynx, trachea, bronchi and lung; cféple 1 GCDFP-15 immunoreactivity in normal human adult =kin
diovascular system: heart and aorta; digestive system: parotid and

Materials and methods

submandibular salivary glands, oesophagus, stomach, small gfifictures Immunoreactive cells (%) Site of positivity
large intestine, appendix, liver, gallbladder, exocrine pancreas;
genitourinary system: kidney, ureter, bladder, prostate, testis, Bidermis 0 -
ry and uterus; endocrine system: thyroid, adrenal gland and engdgjr follicles 0 -
crine pancreas; lymphatic tissue: lymph nodes, spleen, and t§¥%p5ceous glands 0 -
mus; neuromuscular tissue: cerebral cortex, cerebellum, mesghamal cells 0 -
cephalon, pons, medulla oblongata and skeletal muscle; and $ldicrine glands
from the axilla, back, thorax, abdomen, leg, and arm. Axilla 100 Acini

The presence of GCDFP-15 was demonstrated by monoclonsdyianal 100 Acini
antibody BRST-2 at a dilution of 1:60. The preparation of BRSTy 01’5 glands 100 Acini
2 (D6 clone, Signet Laboratories, Mass.) has been described diaruminous glands 100 Acini
detail elsewhere [19]. Among a series of monoclonal antibodiegcrine glands
produced against GCDFP-15, BRST-2 showed the highest capagkiia 80 Secretory coil
ty to stain GCDFP-15 in formalin-fixed, paraffin-embedded apopgrianal 80 Secretory coil
crine tissues [15]. BRST-2 showed specificity for apocrine tissuegydomen 60 Secretory coil
in that all nonapocrine normal tissues were BRST-2 negative ejck 50 Secretory coil
cept for serous cells of bronchial glands and serous cells of safirgrax 50 Secretory coil
vary glands [15]. L . i Sole of the foot 40 Secretory coil

Sections of formalin-fixed, paraffin-embedded tissuesid Scalp 40 Secretory coil
thick were used. After deparaffinization in xylene, the sectionpgm of the hand 40 Secretory coil
were hydrated in graded alcohol and incubated for 15 min iEeg 40 Secretory coil
methanol with 1% BO, to eliminate endogenous peroxidase ac-arm 40 Secretory coil

tivity. The sections were then washed in phosphate-buffered saline




Fig. 1 Adult human skin, axilla. Apocrine gland lined with cells
with intense supranuclear immunoreactivity for GCDFP-15.
BRST2 monoclonal antibody, X2"0

Fig. 2 Adult human skin, axilla. Eccrine glands with numerous
cells showing diffuse cytoplasmic positivity for GCDFP-15.
BRST2 monoclonal antibody, X210

Fig. 3 Adult human skin, leg. Eccrine gland with some cells of
the secretory coil showing strong cytoplasmic GCDFP-15 immu-
noreactivity. BRST2 monoclonal antibody, X750

Fig. 4 Adult human bronchus. Submucosal glands with serous
cells showing a diffuse, moderately intense, GCDFP-15 positivity.
BRST2 monoclonal antibody, X310

Fig. 5 Adult human minor salivary gland. Two serous cells show
diffuse, intense, cytoplasmic immunoreactivity for GCDFP-15; all
mucous cells are negative. BRST2 monoclonal antibody, 300

Fig. 6 Human fetal trachea (32 weeks). Submucosal glands show
numerous cells with intense cytoplasmic immunoreactivity for
GCDFP-15. BRST2 monoclonal antibody, X300
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Table 2 GCDFP-15 immunoreactivity in normal human adulfable 4 GCDFP-15 immunoreactivity in normal human fetal

noncutaneous tisst .2s noncutaneous tissu:zs
Structures Immunoreactive cells (%) Site of positivityStructures Immunoreactive cells (%) Site of positivity
Epitheliun® 0 - Epitheliunt 0 -
Stromal cells 0 - Stromal cells 0 -
Glands Glands
Nose Serous cells (60) Acini Larynx 10 Acini
Larynx Serous cells (10) Acini Trachea 40 Acini
Trachea Serous cells (80) Acini Bronchi 30 Acini
Bronchi Serous cells (80) Acini Salivary glands
Salivary glands Submandibular 40 Acini
Submandibular ~ Serous cells (70) Acini Parotid 10 Acini
Sublingual Serous cells (70) Acini
Minor Serous cells (70) Acini aEpithelium of larynx, trachea and bronchi
Parotid Serous cells (10) Acini
Lacrimal Serous cells (100) Acini

the submandibular salivary gland, while the extra-alveo-
lar ducts were negative. Oesophagus, stomach, intestine,
) o ~gallbladder, appendix, liver and pancreas were negative.
Table 3 GCDFP-15 immunoreactivity in normal human fetal <kinThe endocrine glands, genitourinary organs, lymph

nodes, thymus, cardiovascular and neuromuscular tissue

aEpithelium of nose, larynx, trachea and broi:chi

Structures Immunoreactive cells (%) J .
and umbilical cord were negative.

Epidermis 0
Hair follicles 0
Sonh ¢

Axilla 40

Perianal 40 Apocrine cells derive their name from the way their secre-
Abdomen 10 tion appears on light microscopy, where the release of se-
.Eﬁﬁg';ax ig cretory 'products is associated with loss of the api_c_al cellu-
Leg 10 lar portion. The cells have a columnar eosinophilic cyto-
Arm 10 plasm containing PAS-positive diastase-resistant granules,

and ultrastructurally they display osmiophilic granules and
empty vesicles at the apical cellular pole [5].
These cells are a normal constituent of the apocrine
In the digestive system GCDFP-15 immunoreactiviglands of axillary and anogenital skin and are frequently
was identified in the serous cells of minor salivamybserved in the breast, where they may display an eosi-
glands (Fig. 5), sublingual and submandibular salivamgphilic granular or foamy cytoplasm [6]. The apocrine
glands. The parotid gland showed rare, weakly positieeast epithelium is considered to reflect a metaplastic
alveolar cells. In all salivary glands the extra-alveolafteration of the native epithelial cells. Recently Eusebi
ducts were negative. Oesophagus, stomach, intestine,dival. [6], in an extensive and detailed review of apocrine
er, gallbladder, extrahepatic bile duct and pancreas wer@ammary cells, have suggested that the apocrine epithe-
also negative. lium is a normal constituent of the breast, and they use
From the examination of the eye and its appendagiee term apocrine differentiation to define apocrine
lacrimal and Moll's glands showed that 100% of acinonsammary cells.
cells had diffuse cytoplasmic positivity for GCDFP-15. Apocrine cells express GCDFP-15, which is a glyco-
The other ocular structures were negative. All the genitwrotein identified in the cyst fluid aspirated from patients
urinary organs, endocrine glands, cardiovascular, haemith cystic breast disease [7]. An immunohistochemical
lymphatic and neuromuscular tissue, bone, cartilage adl in situ hybridization study [18] showed that GCDFP-
placenta, were negative. 15 was expressed in all apocrine cells and in serous cells
When normal fetal tissues were examined all axillaof normal salivary and bronchial glands, while it was ab-
sweat glands were found to have about 40% of GCDRent from other tissues. Some differences in the staining
15-positive cells in the secretory coil. In other cutaneopattern were observed with the two methods. In the apo-
sites GCDFP-15 was expressed in rare cells localizeccime cells immunohistochemistry identified diffuse cyto-
some of the sweat glands. In the respiratory systenplasmic GCDFP-15 positivity, although the stain pre-
large number of GCDFP-15-positive cells was observddminated in the apical portion where the granules are
in the acini of all tracheal (Fig. 6) and bronchial gland®calized. In contrast, in situ hybridization staining was
while rare immunoreactive cells were found in sonmredominantly around the nuclei, perhaps indicating that
glands of the larynx. The other structures of these orgéinis method is more closely related to genetic GCDFP-15
were negative. In the digestive system numerosgnthetic machinery. In the breast both methods identi-
GCDFP-15-positive cells were observed in the acini fikd GCDFP-15 expression in some acinar cells not
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showing structural apocrine features. These data suggestphology [9]. However, GCDFP-15 immunoreactivity
that GCDFP-15 may be regarded as a marker of apociimeccrine glands should be confirmed by the in situ hy-
cells. In particular, GCDFP-15 may make it possible bidization procedure in an attempt to confirm the pres-
identify those cells without apocrine morphology bunce of specific GCDFP-15 mRNA.
with apocrine genealogy or biochemical characteristics. GCDFP-15 is expressed during fetal development, as
These cells could be designated “cells with apocrine dsfiown by its presence in sweat, salivary, tracheal and bron-
ferentiation”. chial glands from at least 28 weeks of gestational age. The
A major problem regarding the specificity of GCDFPaumber of GCDFP-15-positive cells in sweat glands is
15 for apocrine tissues is that detailed studies lofver than in adults, and this could be due to the immatu-
GCDFP-15 localization in normal tissues are lacking arity of the apocrine compartment during fetal development.
that no information is provided regarding the expressionWe also evaluated GCDFP-15 expression during
of this marker during fetal development. breast development [22] in an attempt to explain the real
We carried out this study with the aim of confirmingature of breast apocrine epithelium. We found GCDFP-
the specificity of GCDFP-15 to apocrine tissues. In ndt5-immunoreactive cells without apocrine morphology
mal adult tissues GCDFP-15 positivity was found in afi fetal and adult mammary glands. These results seem
apocrine, lacrimal, ceruminous and Moll's glands and ta confirm the hypothesis of Eusebi et al. [6], according
numerous serous cells of submandibular, sublingual dadvhich development of the apocrine epithelium of the
minor salivary glands; serous cells of nasal and broncHia¢ast is a normal process of differentiation rather than a
glands were positive. Parotid and laryngeal glandgetaplasia. We suggest the term “apocrine differentia-
showed rare immunoreactive cells. In skin from differetion precursor cells” for GCDFP-15-positive breast epi-
body sites, different percentages of GCDFP-15-posititheelial cells with no apocrine morphology.
cells were observed in all eccrine glands. In apocrine and
non-apocrine glands GCDFP-15 positivity was restrictAgknowledgements This work was supported by A.L.R.C. (Ital-
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system was negative. In fetal tissues GCDFP-15 immihce.
noreactivity was observed in numerous acinous cells of
all tracheal, bronchial and submandibular salivary
glands. GCDFP-15 positivity in the skin was demonstr ‘-f
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; ; ; chemical study of the tissue distribution of the breast cyst fluid
pressed in all apocrine glands and in glands that haVeprotein, zinc alphaglycoprotein. Histopathology 11:603—-610

phylogenetic origins in common with apocrine glandsg Byrgi W, Schmidt K (1961) Preparation and properties of zn-
including submandibular salivary glands and bronchial a,-glycoprotein of normal human plasma. J Biol Chem 236:
glands [13]; alternatively, in these nonapocrine serous1066-1074 _ ) _
glands GCDFP-15 immunoreactivity could be the prod”—'- Cassoni P, Sapino A, Haagensen DE, Naldoni C, Bussolati G

. - . : (1995) Mitogenic effect of the 15-kDa gross cystic disease flu-
uct of a nonspecific reaction. Pagani et al. [18], using an i3 yrotein (GCDFP-15) on breast cancer cell lines and on im-

in situ hybridization procedure, showed that in these se-mortal mammary cells. Int J Cancer 60:216-220
rous cells there is a synthesis of GCDFP-15 and imm@- Eusebi V, Millis RR, Cattani MG, Bussolati G, Azzopardi JG
noreactivity therefore could not be the result of a cros%- (1986) Apocrine carcinoma of breast. Am J Pathol 123: 532-541

. . . . Eusebi V, Damiani S, Losi L, Millis RR (1997) Apocrine dif-
reaction of the antibody with other proteins. ferentiation in breast epithelium. Adv Anat Pathol 4:139-155

GCDFP-15 is also expressed in a variable percentageHaagensen DE, Mazoujian G, Dilley WG, Pedersen CE, Kis-
of cells in adult eccrine glands; this suggests that ters SJ, Wells SA (1979) Breast gross cystic disease fluid anal-
GCDFP-15 is not a specific apocrine marker. However, Ysis. |. Isolation and radioimmunoassay for a major compo-

s e : ; nent protein. J Natl Cancer Inst 62:239-247
G(I:IDPF. #Sb.po‘;'t've. C?”fs in the efccrme _glané:l_?f may.bg. Haagensen DE, Stewart P, Dilley WG, Wellis SA (1992) Se-
cells with biochemical features of apocrine differentia- cyetion of breast gross cystic disease fluid proteins by T47D

tion, and consequently the eccrine glands could be mixedbreast cancer cells in culture modulation by steroid hormones.
apocrine-eccrine glands; in fact in the axilla a distinct Br Cancer Res Treat 23:77-86

type of sweat gland with apocrine and eccrine featurés (qgsésé?bM$xLédN?5r¥wot|stf ;I;laemskisr; Xvnzﬁol\év;ba/l*‘;ﬁr’f‘n?guﬁg
(apo-eccrine glands) [20] has been described. Further'histochemical study. Am J Dermatopathol 11:413-428

more, a study on sweat gland tumours has shown #®tLosi L, Lorenzini R, Eusebi V, Bussolati G (1995) Apocrine
GCDFP-15 is localized in tumours of probable apocrine differentiation in invasive carcinoma of the breast. Comparison
origin, while tumours of eccrine origin are negative [12]. of monoclonal and polyclonal gross cystic disease fluid pro-

: : : tein-15 antibodies with prolactin-inducible protein mRNA
In sweat gland tumours of uncertain histogenesis, suchgene expression. Appl Immunohistochem 3:91-98

as _C_h(_)nd_mid Syringomfjl (mi_XGd tumOL_JrS), GCDFP-13%. Mazoujian G, Haagensen DE Jr (1990) The immunopathology of
positivity is always localized in areas with apocrine-like gross cystic disease fluid proteins. NY Acad Sci 586: 188-197




260

12. Mazoujian G, Margolis R (1988) Immunohistochemistry df8. Pagani A, Eusebi V, Bussolati G (1994) Detection of PIP/
gross cystic disease fluid protein (GCDFP-15) in 65 benign GCDFP-15 gene expression in apocrine epithelium of the
sweat gland tumors of the skin. Am J Dermatopathol 10:28-35 breast and salivary glands. Appl Immunohistochem 2:29-35

13. Mazoujian G, Pinkus GS, Davis S, Haagensen DE (1983) It®. Parish TH, Wu YJ, Rittenhaus C, Davis S, Haagensen D, Ip
munohistochemistry of a breast gross cystic disease fluid pro- SHC (1985) Generation of monoclonal antibodies reactive
tein (GCDFP-15): a marker of apocrine epithelium and breast with glycoprotein marker of apocrine epithelium and metastat-
carcinomas with apocrine features. Am J Pathol 110:105-112 ic breast carcinoma. In: Peeters H (ed) Protides of the biologi-

14. Mazoujian G, Wharol HJ, Haagensen DE (1984) The ultra- cal fluids. Pergamon Press, Oxford, pp 517-521
structural localization of gross cyst fluid protein (GCDFP-15)0. Sato K, Leidal R, Sato F (1987) Morphology and development
in breast epithelium. Am J Pathol 116:305-310 of an apoeccrine gland sweat gland in human axillae. Am J

15 Mazoujian G, Parish TH, Haagensen DE (1988) Immunoperoxi- Physiol 252: R166-180
dase localization of GCDFP-15 with mouse monoclonal antibctt. Swanson PE, Pettinato G, Lillemoe TJ, Wick MR (1991)
ies versus rabbit antiserum. J Histochem Cytochem 36: 377—382 Gross cystic disease fluid protein-15 in salivary gland tumors.

16. Mazoujian G, Pinkus GS, Davis S, Haagensen DE, Haagenserrch Pathol Lab Med 115:158-163
CD (1989) Expression of GCDFP-15 in breast carcinomas: réd@- Viacava P, Naccarato AG, Bevilacqua G (1997) Apocrine epi-
tionship to pathologic and clinical factors. Cancer 63: 2156-2161 thelium of the breast: does it result from metaplasia? Virchows

17. Myal Y, Gregory C, Wang H, Hamerton JL, Shiu RPC (1989) Arch (In Press)

The gene for prolactin inducible protein, uniquely expresseda8. Wick MR, Lillemoe TJ, Copeland GT, Swanson PE, Manivel
exocrine organs, maps to chromosom 7. Somat Cell Mol Gen JC, Kiang DT (1989) Gross cystic disease fluid protein-15 as a
15:265-270 marker for breast cancer. Hum Pathol 20:281-287



