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Summary 

Using immunocytochemistry, we report the 
occurrence of a 10.5-kDa inhibin in human breast 
tissue specimens obtained from normal, fibro- 
adenoma and adenocarcinoma cases. The im- 
munostaining for in hibin was confined to the 
cytoplasm of the epithelium and myoepithelium 
cells. Expression of inhibin increased in following 
order: normal (I+); adenocarcinoma and lobular 
carcinoma in situ (2+) and fibroadenoma (4+). 
Breast explants has the ability of denovo biosyn- 
thesis of inhibin in vitro. In view of the growth 
modulating regulatory properties of 10.5 kDa in- 
hibin, our findings are suggestive of the potential 
role of inhibin in breast pathology. 

Keywords: inhibin (10.5 kDa); human breast car- 
cinoma; fibroadenoma 

Introduction 

Breast cancer arises in 1 in 9 women in North 
America. Estrogen and progesterone are closely 
associated with breast epithelial proliferation, 
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tumorigenesis and malignant progression. Pro- 
longed exposure (latency period of 20 years or 
more) of breast gland to ovarian hormones is re- 
quired before the disease is manifested primarily in 
post menopausal women 111. While endocrine ster- 
oid hormones have been known for many years to 
regulate normal and malignant epithelium, recent 
studies have recognized the role of polypeptide 
growth factors as locally acting autocrine and 
paracrine effecters [2]. Defective or over-expressed 
growth regulatory genes (oncogenes) and locally 
acting polypeptide (growth factors) act as 
mediators and modulators of steroid action in 
breast cancer [3,4]. Mammary epithelial ceils are 
shown to synthesize/secrete transforming growth 
factors (TGFa and TGFP), epidermal growth fac- 
tor (EGF), insulin and mammary-derived growth 
factor (MDGF) family [5]. 

Inhibin is a ‘family’ of polypeptides involved in 
the feedback regulation of synthesis/release of 
FSH [6]. We have demonstrated the occurrence as 
well biosynthesis of inhibin (10.5 kDa) in prostate 
[7-lo] and uterine endometrium [ 10,111. Marked 
alteration in the concentrations of inhibin in 
benign prostatic hypertrophy and prostatic cancer 
have been reported by us [ 12,131. Inhibin, 10.5 
kDa has been known to act as a local growth 
regulatory factor and is involved in cellular 
growth, differentiation and function [ 14- 161. 
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In the present study we are reporting the immu- 
nocytochemical localization and in vitro biosyn- 
thesis of 10.5 kDa inhibin in human breast tissue 
specimens of normal, benign adenoma and breast 
adenocarcinoma. 

Materials and Methods 

Tissue specimens 
Formalin-fixed and paraffin-embedded tissues 

from 12 cases of fibroadenoma, 7 cases of car- 
cinoma in-situ and 9 cases of breast carcinoma 
were employed for the study. All these tissues were 
selected in a retrospective fashion from the Surgi- 
cal Pathology files at Tata Memorial Centre, Bom- 
bay. In addition, cases of non-breast carcinoma 
were also included to assess the tissue specificity of 
the inhibin (10.5 kDa) staining. These were 
kidney-renal cell carcinoma (2 cases); stomach- 
adenocarcinoma (3 cases); bladder-transient cell 
carcinoma (5 cases); liver-hepatocellular car- 
cinoma (2 cases); pancreas-adenocarcinoma (2 
cases); colon-adenocarcinoma (3 cases) and lung 
adenocarcinoma (3 cases). 

Reagents 
Inhibin 10.5 kDa protein consisting of 94 amino 

acid residues, was highly purified to homogenity 
from human seminal plasma [ 171. Procedure for 
purification of inhibin, generation of polyclonal 
antibodies in rabbits, the specificity of antibodies 
with various proteins/peptides has been described 
earlier [ 18,191. Avidin-Biotin staining kit and 
Diamino-benzidine tetrahydrochloride were pur- 
chased from Vector Laboratories, USA and 
Flucka Co., Denmark, respectively. 

Immunohistochemical staining technique 
Five pm thick sections of breast and other tissue 

specimens were incubated with 1:200 dilution of 
primary (inhibin) antibody overnight and on the 
following day, these were stained using the Avidin- 
Biotin ABC technique. The details of the staining 
procedure were as described earlier [20]. For nega- 
tive control, normal rabbit serum (NRS) was sub- 
stituted for the primary antiserum. Another 
control consisted of inhibin antiserum preadsorb- 
ed with excess of inhibin to check the non-specific 

reactions. The intensity was graded from l+ 
indicating weak cytoplasmic positivity to 4+ indi- 
cating strong staining. 

In vitro biosynthesis 
The breast carcinoma and adjoining uninvolved 

specimens were finely minced. Pieces weighing 50 
mg were precipitated in 2 ml of leucine-free MEM 
containing 1 &i of [3H]leucine at 37°C. Aliquots 
of each tissue were inactivated by heating in a boil- 
ing water bath for 30 min, and used as blanks to 
check for non-specific tissue adsorption of 
[3H]leucine. At the end of 18 h incubation at 37°C 
the medium was separated from the minced tissue 
by centrifugation at 1000 x g for 20 min at 4°C. 

Immunoprecipitation of inhibin from the medi- 
um was carried out using a double antibody tech- 
nique. A 200-~1 aliquot of the medium was 
incubated with 50 ~1 of 1: 1000 diluted antiserum to 
inhibin for 24 h at 4°C. One hundred ~1 of 1:25 
anti-rabbit gamma globulin was then added, and 
further incubation was carried out for 24 h at 
25°C. At the end of the incubation, 2 ml of cold 
PBS, pH 7.6 was added and the tubes were cen- 
trifuged at 10 000 x g for 20 min at 4°C. The 
supernatant was discarded and the pellet washed 
twice with cold PBS. The pellet was dissolved in 
0.5 ml of 1 N NaOH and transferred to a vial con- 
taining 10 ml of scintillation fluid (1: 1 methyl- 
cellosolve and toluene in 0.5% PPO) and the 
radioactivity was measured. The blank value 
obtained from the inactivated tissue was sub- 
tracted from the counts obtained on experimental 
tissue to correct for non-specific adsorption of 
[3H]leucine. Efficiency of counting was 70%. 

Observations 
A positive reaction indicating the presence of in- 

hibin was characterized by the presence of golden 
yellow or brown staining in the cytoplasm. The 
granules were usually coarse and discrete, but 
sometimes they coalased to form distinct globules. 
When inhibin was scarce, the coarse or fine gran- 
ules were sparse. Both the controls, NRS as well as 
preadsorbed serum did not exhibit any positivity 
for inhibin (Fig. 1.1). Furthermore, adenocar- 
cinemas of several non-breast tissue examined as 
mentioned in Materials and Methods showed a 
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Fig. 1. 1.1.. NRS contrcl showing negative reaction. (x 150); 1.2.. Normal breast duct&s showing positivity for inhibin. Positivity 

(+) but with variable staining intensity. Note the normal ducts lines by double layer of cells viz., the inner epithelial cuboidal cells 

lining the lumen and peripheral myoepithelial cells. Both cell types show the presence of inhibin in the cytoplasm and not in the nuclei. 

The stroma is negative. ( x 150); 1.3 and 1.4.. Fibroadenoma showing characteristic histology of dual cell population of ductal cells 

in a specialized loose myxoid stromal background. Note ductal epithelial cells showing positive staining. The stroma is negative, ( x 

75 and 150, respectively). (a) Ductal epithelial cells are of varying patterns viz., pericannalicular and inter cannalicular types. (b) Note 

the ductal epithelial cells showing cystic formation; 1.5.. The microphotograph highlights a focus of lobular carcinoma in situ. the 

intensity of staining is variable but is distinctly positive. (X 150): 1.6.. Infiltrating duct carcinoma grade III. Carcinoma cells show 

positivity for inhibin staining in cytoplasm, (X 150). Histology shows groups of cells invading the fat. 
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negative reaction establishing the specificity of the 
reaction. The positive staining for inhibin was 
observed in the cytoplasm of epithelial and myo- 
epithelial cells. The stromal cells as well as nuclei 

were negative. As seen in Fig. 1.2, normal breast 
ductules show mild positive reaction (l+) in the 
inner epithelial cuboidal cells lining the lumen and 
peripheral myoepithelial cells. 

Fibroadenoma specimens showed characteristic 
histology of ductal cells arranged in specialized 
loose myxoid stromal cells. Strong intense positivi- 
ty (4+) is seen in both epithelial and myoepithelial 

cells (Fig. 1.3) irrespective of pericannalicular or 
intercannalicular arrangement. Similar intensity of 
staining persisted even when there was cyst forma- 
tion (Fig. 1.4). 

Lobular carcinoma in situ showed a cluster of 
ductules filled with cells lacking cellular cohesion 
or orientation. Variability of inhibin immuno- 
staining was seen in cases of lobular carcinoma in 

situ (Fig. 1.5). Some ductules were stained 
moderately positive (2+) whereas, others were 
faintly positive (l+). 

Infiltrating carcinoma grade III is characterized 

by large malignant epithelial cells in cohesive 
sheets with abnormal looking nuclei (Fig. 1.6). 
Group of cells were seen invading the fat. The cells 
showed moderate positive (2+) reaction. Apo- 

crine-like alteration of breast epithelium is seen in 
some cases of tibroadenoma. The apical region of 
these cells has a rounded protrusion (apocrine 
snouts). This region was rich in inhibin staining 

(Fig. 2.1) indicative of its secretion into the lumen 
of ductules (Fig. 2.3). Although inhibin (Fig. 2.2) 
is generally present in both epithelial cells as well 
as myoepithelial cells, it is of interest to note the 

diversity in staining of these two cell types. As 
shown in Fig. 2.3, both cells are more or less 
stained similarly, whereas, in some ductules only 
epithelial cells are intensely stained and myoepi- 
thelial cells are positive for inhibin while epithelial 
cells were faint or negative. Interestingly, variabili- 
ty of reaction was seen within the ductule (Fig. 2.5) 
and between the ductule (Fig. 2.6). 

As depicted in the Table I, breast explants are 
capable of denovo biosynthesis of inhibin in vitro 
as shown by immunoprecipitation of incorporated 
labelled leucine into the moiety. The biosynthesis 

in the cancer area was greater than seen in the 
adjoining uninvolved breast tissue. 

Discussion 

Inhibins are a ‘family’ of FSH-suppressing pro- 
teins differing widely in their physicochemical and 
immunobiological properties [21]. Amongst 
several inhibin moieties, extensive studies have 

been reported for two inhibins, 10.5 kDa and 32 
kDa. Inhibin (10.5 kDa) is a non-glycosylated pro- 
tein consisting of 94 amino acid residues, whereas 
32 kDa inhibin is a disulfide-linked heterodimer, 

consisting of Q! chain (18 kDa peptide) and p chain 
(14 kDa peptide). Occurrence as well as biosyn- 
thesis of both inhibins in non-gonadal tissues such 
as prostate [7-lo], uterus [lO,l l] and placenta 
[22,23] have been previously reported. 

In the present study, using an immunocyto- 
chemical technique, we have localized 10.5 kDa in- 

hibin in the human breast tissue specimens 
obtained from normal, fibroadenoma and car- 
cinoma cases. Immunostaining for inhibin was 
confined to the cytoplasm of both inner epithelial 

and the outer myoepithelial cells. Stromal cells 
were completely negative for inhibin. In contrast 
to our studies, Alvarado et al. [24] have recently 
reported immunolocalization of 32 kDa inhibin in 
the mammary gland of rats. According to this 
study, the immunocytochemical reaction was 
essentially negative in the mammary epithelium 
lining both ducts and lobular structures of un- 
treated rats. Only the stroma exhibited a faint to 
moderate reaction, which was more prominent in 
the periductual connective tissue. In this context, 
it is of interest to note a similar situation in human 
uterine endometrium. We have reported the 
presence of 10.5 kDa inhibin in epithelial cells of 
human and baboon whereas 32 kDa inhibin was 
shown to be localized in stromal/decidual cells 

]251. 
Present investigations show that intensity of 

immunostaining for inhibin was maximal (4+) in 
fibroadenoma specimens, moderate (2+) in lobular 
carcinoma in-situ as well as infiltrating duct 
carcinoma, whereas positive (l+) in normal 
specimens. These alterations in the concentrations 
of inhibin in breast pathology resembles our stud- 
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Fig. 2. Figs. 2. I-2.4. Microphotographs of Fibroadenoma of breast showing ductule with various staining patterns of peripheral 

myoepithetial cells and inner epithelial cells; 2.l., Breast ductule showing apocrine snouts which stain positively for inhibin. (x 300); 

2.2.. Breast ductule showing inhibin positivity in the inner epithelial cells as well as in the myoepithelial cells. (x 300); 2.3.. Note 

the more intense staining of inhibin in the inner epithelial cells lining the lumen in contrast to faintly stained myoepithelial ceils 

situated on the outer side of the ductule. ( x 300); 2.4., In contrast to 2.3. myoepithelial cells show greater intensity of staining as 

compared to cuboidal epitbelial cells. ( x 300) DPMiml of medium 2.5.. Ductules showing variable intensity of staining amidst individ- 

ual cells. (x 300): 2.6.. Variable staining intensity between ducts. ( x 300). 
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Table I. Denovo biosynthesis of inhibin in vitro by breast 

cancer and adjoining uninvolved normal tissue explants. 

Case No. DPM/ml of medium 

Normal uninvolved Breast cancer 

breast 

2328 38 895 65 233 

25 526 41 985 67 378 

2863 18 419 63 430 

3553 43 068 58 136 

Control values (boiled tissue) were in the range of 2000-5000 

DPMiml of medium, which is subtracted from experimental 

value. 

ies with 10.5 kDa inhibin in human prostate 

pathology. 
We have reported high levels of inhibin in 

benign prostate hyperplasia, moderate in cancer as 

compared to that observed in epithelial cells of 
normal prostate gland [ 121. Based on these studies, 
we have proposed inhibin as a diagnostic tool of 
prostate pathology [26-281. Whether a similar test 
can be developed for breast tumors remains to be 
further investigated. 

The ability of the epithelium to secrete inhibin is 

shown by strong inhibin reactivity in apocrine 
snouts and the presence of positive staining in the 
lumen. Interestingly, a varied pattern of inhibin 
positivity was found in epithelial and myoepi- 

thelial cells. In certain glands, inhibin staining was 
of the same intensity in both epithelial/myoepi- 
thelial cells. Glands with only positive epithelial 
cells were also observed whereas others showed 

intense staining only for myoepithelium. The 
physiological significance of differential patterns 
of inhibin remains to be established. It is well 
known that these two cell types have distinct ultra- 
structural and immunohistochemical features. The 
most reliable markers for the epithelial cells are the 
cytokeratins 18 and 19 [29], EMA and related milk 
fat globule membrane antigen [30] and alpha- 
la&albumin [31]. The best markers for the 
myoepithelial cells are cytokeratin 14 and S-100 
proteins [32,33]. Pan-keratin antibodies react with 
both epithelial and myoepithelial cells. 

Physiological variability is characteristic of the 

breast. Apart from gland to gland variations in the 
intensity of inhibin immunostaining, we observed 
that within the same gland, all cells were not posi- 
tive for inhibin, reflecting the secretory state of the 
cell. Greenwalt et al. [30] have reported that EMA 
reacts strongly with the apical region of active se- 

cretory cells but may be faint or negative in other 
epithelial cells. 

Breast tissue is known to respond markedly to 
hormonal or other influences throughout the life 

span including changes depending on the time of 
the menstrual cycle. The hormones involved in the 
regulation of inhibin concentrations in breast are 
not yet ascertained. However, our immunocyto- 
chemical studies of human and baboon endomet- 
rium shows both estrogen and progesterone are 
linked to the intensity of inhibin immunostaining 
[ 11,161. Apart from steroid hormones, FSH/LH 
are also known to enhance inhibin levels. 
Alvarado et al. [24] have shown in rats hCG treat- 
ment induced the expression of 32 kDa inhibin in 

the cytoplasm of alveolar cells but not in ductual 
cells. The reaction for inhibin was of maximal in- 
tensity by day 15. Maximal positivity in stromal 
cells was seen on day 20. Occurrence of inhibin in 

breast tissue could be due to the presence of recep- 
tors and/or synthesis. The preliminary study 
reported herein has indicated that human breast 
explants have the capability for denovo biosynthe- 

sis of inhibin in vitro. This is also supported by de- 
tection of inhibin in spent media of MC breast 
carcinoma cell cultures (unpublished data). This 
observation is in agreement with the previous 

reports that biosynthesis of inhibin can occur in a 
number of non-gonadal tissues. 

It is now well recognized that inhibin has a 
growth regulatory role besides being involved in 
the feedback regulation of FSH. We have earlier 
reported that 10.5 kDa inhibin regulates protein 
translation/transcription [34], adenylcyclase activ- 
ity [35], ornithine decarboxylase activity [36] and 
Sa-reductase activity [37]. In view of these proper- 
ties, inhibin acts as a local growth regulatory 
factor affecting cellular growth differentiation and 
function. In fact, using the Dunning prostate ad- 
enocarcinoma model, we have shown that inhibin 
dramatically suppresses the growth of anaplastic 

prostatic tumors [38]. 



Inhibin, 32 kDa belongs to the same gene family 
as TGFP. Studies of IDaniel et al. [39] have provid- 
ed evidence that TGFP is a hormonally regulated 
negative growth factor in human breast cancer 
cells. In view of these findings, we believe that in- 
hibin can function as a new endocrine therapy for 
breast cancer, similar to that proposed by us, for 
prostatic cancer. 
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