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Accumulation of Active Androgens in Breast Cyst 
Fluids 

G. Secrete, C. Recchione, I’. Ballerini, L. Callegari, A. Cavalleri, A. Attili, 
G. Fariselli, D. Moglia and I. Del Prato 

80 breast cyst fluids (BCF) from 57 patients were divided by K ’ /Na + ratio: 56 with ratio over 1 (type I) and 
24 with ratio less than 1 (type II). Significantly higher amounts of testosterone, dihydrotestosterone and 
dehydroepiandrosterone sulphate (DHAS) were found in type I than in type II cysts. A positive relation was 
found between testosterone and dihydrotestosterone in both types. DHAS was significantly correlated with 
testosterone and dihydrotestosterone in type I cysts only. In 52 patients, blood was sampled after cyst evacuation. 
Testosterone was significantly higher in blood than in BCF while dihydrotestosterone and androstenedione were 
significantly higher in BCF. No relation was observed between circulating levels of androgens and their intracystic 
concentrations. Women bearing type I cysts may be at increased risk of developing cancer. These findings 
support the hypothesis that androgens play a role in the hormonal aetiology of breast cancer. 
EurJ Cancer, Vol. 27, No. 1, pp. 44-47, 1991. 

INTRODUCTION 
EXAMINATION OF human breas? cyst fluid (BCF) reveals two 
major subgroups of cyst: type I with a high K’INa + ratio, 
resembling the intracellular milieu, and large amounts of dehyd- 
roepiandrosterone sulphate (DHAS); and type II with low 
K + /Na+ ratio and lower amounts of DHAS. A third population 
with interniediate K + and Na ’ concentrations has also been 
reported [l-3]. Type I cysts are lined with apocrine epithelium 
[4, 51 and their ion and hormonal content reflects the activity of 
the lining cells. Type II cysts are lined with flattened epithelium 
[4], although a few, less active apocrine cells have been found in 
their fluids [S]. Apocrine epithelium is under the influence of 
androgens and is an active site for conversion of weak androgen 
precursors into more active substances [6, 71. Accordingly, an 
androgenic milieu may exist inside breast tissue bearing type I 
cysts. 
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Apocrine metaplasia of breast epithelium is frequently present 
in breast cancer [8, 91 and in populations at increased risk of 
breast cancer [ 10-121. Dixon et al. [ 121 reported the appearance 
of cancer in 11 out of 80 patients who had apocrine cysts vs. 1 of 
30 who had flattened cysts. These findings fit the original 
hypothesis from our laboratory pointing to increased androgenic 
activity in the hormonal aetiology of breast cancer [ 131. 

In this study we have explored the relation between ion and 
androgen concentrations in BCF. We also correlated BCF 
contents with circulating levels of testosterone, dihydrotestos- 
terone and androstenedione. 

MATERIAL AND METHODS 
Biochemical and hormonal examinations were done in 80 BCF 

specimens drawn by needle aspiration from 57 women with 
gross cystic breast disease. Simulataneous evacuation of multiple 
cysts was achieved in 14 patients: 8 with two cysts, 4 with three 
cysts, 1 with four and 1 with five cysts. The patients were aged 
24 to 55 (mean 45.9 [S.D. 5.61). 

49 patients were still menstruating. 5 had their last menstrual 
cycle 3-9 months before entering the study. The other 3 had 
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had hysterectomy without oophorectomy; they were aged 50 or 
under and were considered to be premenopausal. None of the 
57 patients had been taking any hormonal drug for at least 6 
months. For patients still menstruating the day of the cycle was 
not taken into account. In 52 patients, 10 ml venous blood was 
drawn after evacuation of their cysts. Cyst fluids and sera were 
stored at - 30°C. 

K 1 , Na ’ and Ca2 ’ were measured in intracystic fluid by 
flame photometer. DHAS was measured by radioimmunoassay 
(Sclavo kits)in BCF diluted from 1: 11 to 1:s 1. Testosterone, 
dihydrotestosterone and androstenedione were measured in 
BCF and in sera after extraction followed by partition chroma- 
tography on a Celite column [13]. Commerical kits were pur- 
chased from Biomerieux (Charbonnier les Bains). Hormonal 
measurements in BCF were validated by serial dilution and 
recovery studies. 

Statistical comparisons were done with non-parametric tests 
(Mann-Whitney U or Wilcoxon matched-pairs signed-ranks 
tests) because of the non-homogeneity of variances. The Spear- 
man coefficient of correlation was used to analyse associations 
between pairs of variables. 

RESULTS 
BCFs were divided into subgroups according to their K ’ /Na ’ 

ratio: 56 cysts (70%) with K ’ /Na ’ higher than 1 (type I) and 24 
cysts (30%) with K ’ /Na ’ lower than 1 (type II). The age of the 
patients did not differ between the two subgroups (45.84 [6. l] 
and 45.96 [4.4] in types I and II, respectively). 

Table 1. Intracystic concentrations of testosterone, dihydrotesto- 
sterone, androstenedione, DHAS and calcium in breast cyst fluids as 

function of the K’ INa + ratio 

Type I cysts Type II cysts 
(K ’ /Na ’ > 1) (K’/Na’<l) P 

Testosterone (ng/ml) 
No. of cysts 56 23 0.0001 
Mean (S.D.1 0.190 (0.113) 0.088 (0.056) 
Median 0.170 0.068 
Range 0.047-0.476 0.031-0.200 

Dihydrotestosterone (ngiml) 
No. of cysts 55 24 0.0001 
Mean(S.D.) 0.429 (0.359) 0.108 (0.069) 
Median 0.389 0.112 
Range 0.035-1.570 0.023-0.289 

Androstenedione (ng/ml) 
No. of cysts 56 24 0.0693 
Mean (S.D.) 2.081 (1.385) 1.452 (0.800) 
Median 1.639 1.203 
Range 0.500-6.295 0.120-3.131 

DHAS (FmoUl) 
No. of cysts 52 20 0.0001 
Mean (S.D.) 186.7 (118.1) 37.23 (23.05) 
Median 183.5 23.05 
Range 11.2-455.9 3.26-117.7 

Calcium (m eqil) 
No. of cysts 51 22 0.8853 
Mean (S.D.) 8.717 (3.584) 8.032 (2.160) 
Median 8.000 7.950 
Range 4.000-19.40 3.300-13.40 

Table 2. Relation between testosterone, dihydrotestosterone, andros- 
tenedione and DHAS in breast cyst fluids 

All cysts Type I cysts Type II cysts 

Correlations No. I P No. I I’ No. r P 

‘restosterone vs.: 
Dihydrotestosterone 78 0.87 0.000 55 0.86 0.000 23 0.76 0.000 
Androstenedione 79 0.23 0.040 56 0.09 0.526 23 0.50 0.015 
DHAS 72 0.67 0.000 S2 0.62 0.000 20 0.06 0.802 

Dihydrotestosterone vs.: 
Androstenedione 79 0.07 0.538 55 0.13 0.354 24 0.38 0.063 
DHAS 71 0.69 0.000 51 0.60 0.000 20 0.21 0.383 

Androstenedione vs.: 
DHAS 72 0.48 0.000 52 0.49 0.000 20 0.51 0.021 

Calcium 
Calcium concentrations were similar in the two subgroups of 

cysts (Table 1). No significant correlation was found between 
calcium and K + /Na ’ ratio, age or any of the measured hormones. 

Androgens in BCF 
DHAS, testosterone and dihydrostestosterone concentrations 

were significantly higher in type I than in type II cysts. Andros- 
tenedione levels were higher, although not statistically different, 
in a type I than in type II cysts (Table 1). 

Overall, a strong positive correlation was found between 
testosterone and dihydrotestosterone. DHAS was correlated 
with testosterone, dihydrotestosterone and androstenedione 
while a weak or no correlation was found between androstene- 
dione and testosterone or dihydrotestosterone, respectively 
(Table 2). The K’iNa’ ratio significantly related to DHAS 
(r = 0.70, P = 0.0003), testosterone (r = 0.56, P = 0.0001) 
and dihydrotestosterone (r = 0.61, P = 0.0001). The strong 
positive correlation between testosterone and dihydrotestos- 
terone was confirmed both in type I and type II cysts, whereas 
the relation between DHAS and testosterone and between 
DHAS and dihydrotestosterone was present only in type I 
cysts. In both types of cyst androstenedione and DHAS were 
significantly correlated (Table 2). 

Androgens in blood 
Androgens were measured in the blood of 52 patients. The 

circulating levels of testosterone, dihydrotestosterone and andro- 
stenedione were compared with their intracystic concentrations. 
In patients with multiple cysts, the average value of each 
androgen in intra-patient cysts was used for comparison. Testos- 
terone levels were significantly higher in blood than in BCF 
(P = 0.0001) while dihydrotestosterone and androstenedione 
levels were significantly higher in BCF (P = 0.013 and 
P = 0.0001, respectively) (Table 3). For the K ‘iNa’ ratio, 
circulating androgens did not reflect the differences already 
observed in type I and type II cysts (Table 4). No direct 
relation was found between the circulating levels of testosterone, 
dihydrotestosterone, androstenedione and their intracystic con- 
centrations or the intracystic levels of DHAS. Contrary to 
what was observed in BCF, androstenedione in the blood 
was correlated with testosterone (r = 0.76, P = 0.0001) and 
dihydrotestosterone (r = 0.62, P = 0.0001). Testosterone and 
dihydrotestosterone were also related with each other (r = 0.54, 
P = 0.0001). A negative correlation was found between age 
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Table 3. Circulating levels and intracystic concentrations of testo- 
sterone, dihydrotestosterone and androstenedione 

Blood Cysts P 

Testosterone (ng/ml) 
No. of cases 51 51 0.0001 
Mean (S.D.) 0.317 (0.101 0.156 (0.096) 
Median 0.307 0.132 
Range 0.117-0.579 0.033-0.476 

Dihydrotestosterone (ng/ml) 
No. of cases 52 52 0.0130 
Mean (S.D.) 0.167 (0.057) 0.314 (0.322) 
Median 0.160 0.155 
Range 0.074-0.331 0.023-1.570 

Androstenedione (ng/ml) 
No. of cases 52 52 0.0002 
Mean (S.D.) 1.372 (0.522) 2.087 (1.389) 
Median 1.257 1.558 
Range 0.442-2.721 0.120-6.295 

Wilcoxon matched-pairs signed-ranks test. 

and testosterone (r = -0.49, P = O.OOOl), dihydrotestosterone 
(r = -0.52, P = 0.0001) and androstenedione (r = -0.55, 
P = 0.0001). 

Androgens in multiple cysts 
14 of the 57 women had undergone simultaneous aspiration 

of multiple cysts. Similar values of the K+/Na+ ratio were found 
in most of the co-existing cysts. The same type of cyst (ratio 
above or below 1) was found in 9 patients (64%). Similar 
concentrations of testosterone (Fig. l), dihydrotestosterone 
(Fig. 2) and androstenedione were observed in most of the 
multiple cysts of each woman, while DHAS showed more 
scattered values. In type II cysts (open circles in figures) 

Table 4. Circulating levels of testosterone, dihydrotestosterone and 
androstenedione in patients with mammary cysts as function of cyst 

K+INa+ ratio* 

Type I cysts Type II cysts P 

Testosterone (ng/ml) 
No. of cases 
Mean (S.D.) 
Median 
Range 

Dihydrotestosterone (ngiml) 
No. of cases 
Mean (S.D.) 
Median 
Range 

Androstenedione (ng/ml) 
No. of cases 
Mean (S.D.) 
Median 
Range 

35 16 0.07 
0.301 (0.103) 0.351 (0.087) 

0.288 0.362 
0.117-0.579 0.168-0.486 

36 16 0.56 
0.164 (0.051) 0.176 (0.069) 

0.160 0.169 
0.086-0.309 0.0740.331 

36 16 0.47 
1.339 (0.528) 1.446 (0.516) 

1.233 1.469 
0.5242.472 0.442-2.721 

*Patients bearing multiple cysts were assigned to type I or II group if 
average intra-patient value of K*/Na+ was higher or lower than 1, 
respectively. 
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Fig. 1. Levels of testosterone in multiple cysts. In patient 62 testos- 
terone was measured only in 2 of 3 cysts. FulI circles = type I cysts 
(K+/Na+ over 1) and open circles = type II cysts (K+/Na+ under 1). 

concentrations of both androgens were in the low range of their 
circulating levels, not exceeding the median value in blood. The 
highest values of these hormones were found in type I cysts 
(closed circles in figures). In most of these cysts, concentrations 
of dihydrostestosterone surpassed the highest value measured 
in blood. 

DISCUSSION 
Mammary cysts develop in the terminal-ductal-lobular-unit 

(TDLU) of the breast and the metabolic products of the cells 
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Fig. 2. Levels of dihydrotestosterone in multiple cysts. In patient 55 
dihydrotestosterone was measured only in 1 of 2 cysts. In patient 82 
same value of 1.090 &ml was measured in the 2 cysts. Full cicles = 

type 1 and open circles = type II cysts. 
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lining the cysts accumulate in the cystic fluid. Thus, BCF 
composition is thought to reflect, in a magnified manner, the 
activity of TDLU epithelium. TDLU is also the site where 
breast cancer originates. Although mammary cysts cannot be 
considered precancerous lesions per se, an increased risk of 
developing a cancer later has been reported in women with gross 
cystic breast disease, thus indicating that the same endogenous 
milieu in which breast cysts grow also favours cancer develop- 
ment. The greatest interest in the study of BCF composition 
lies, therefore, in the opportunity of acquiring a new insight 
into the environment where breast cancer arises. 
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The existence of apocrine epithelium lining the cyst walls [4] 
together with large amounts of DHAS in BCF [2, 31 are well 
documented and point to the presence of an androgenic milieu 
inside breast-bearing cysts, at least those of type I. 

Our data confirm DHAS accumulation in BCF and show 
significantly higher amounts of the active androgens dihydrotes- 
tosterone and androstenedione BCF than in blood. In a compari- 
son of the two subgroups of cysts, testosterone, dihydrotestos- 
terone and DHAS were significantly higher in type I than in 
type II cysts. Differences between the two subgroups are 
possibly due to the different activity of the lining epithelia. 
Correlation analyses of androgens in BCF further suggested that 
different metabolic pathways are being followed in type I and in 
type II cysts. 
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Belanger et al. [14] have reported the intracystic concen- 
trations of 18 non-conjugated and conjugated steroids, including 
those measured in our study. As far as testosterone, dihydrotes- 
tosterone, androstenedione and DHAS are concerned, our find- 
ings fit with theirs. Belanger et al. suggested that DHAS is 
converted into potent androgens by the breast tissue of patients 
with type I cysts; this implies an hyperandrogenic milieu in 
these patients’ breasts. Women with type I cysts are at increased 
risk of breast cancer [8-121 and our data and those of Belanger 
et al. indicate that androgens play a role in the neoplastic change 
of breast epithelium. Other studies support this view since, in 
breast fluids obtained by nipple aspiration, testosterone levels 
were significantly higher in breast cancer patients than in healthy 
controls [ 151. 
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The mechanisms by which androgens may influence neoplas- 
tic growth are unknown. These steroids could act directly 
through binding to androgen receptors or indirectly after conver- 
sion into oestrogens. Reports of large amounts of epidermal 
growth factor (EGF) in BCFs, mainly in those from type I cysts 
[l&18] offer a new interpretation of the possible relation 
between occurrence of apocrine cysts, androgens and risk of 
subsequent breast cancer. Growth factors are believed to have 
an important role in the autocrine or paracrine control of breast 
carcinogenesis [ 191. Evidence that androgens stimulate EGF 
synthesis has been found in the submaxillary salivary glands of 
rats [20, 211 and it has been suggested that EGF measured in 
human BCF is produced under androgen modulation inside the 
apocrine cells lining the cyst wall [6, 22, 231. 
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