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Lymphocytes infiltrating tumor tissue are capable of androstenedione conversion, which
was assessed from *H,O release from tritium-labeled androgen precursor of estrogens 1p-
androstenedione. This capacity is higher in menopausal patients than in patients of
reproductive age. A tendency to a positive correlation between the intensity of andro-
stenedione conversion in lymphocytes and aromatase activity in tumor tissue is revealed.
No relationship between androstenedione conversion in lymphocytes and contamination
of the isolated cell suspension with tumor cells is detected.
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Estrogens belong to hormones affecting the develop-
ment and progress of breast cancer [10]. Breast tumors
consist of epithelial malignant cells, stromal cells of
fibroblast origin, and mononuclears, mainly lympho-
cytes and macrophages. Recent immunocytochemical
studies detected the enzyme promoting estrogen forma-
tion from androgens (aromatase) in the epithelial and
stromal cells of the tumor, but not in the lympho-
cytic infiltrate cells, where its presence could not be
proven or was rejected for technological reasons
[6,12].

The lymphocyte content in breast tumors varies
from 1 to 44%, and together with macrophages can
be as high as 50% of the total number of tumor cells
[4]. Some time ago, the degree of tumor tissue in-
filtration with mononuclears was regarded as a mani-
festation of the efficacy of immunological reactions
preventing tumor growth. Later studies revealed a U-
shaped relationship between the intensity of lympho-
cyte infiltration of the tumor and survival of patients
with breast cancer [4,14]. Unfavorable prognosis and
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the results of treatment of patients with strong lympho-
cyte infiltration of tumor tissue can be explained by
the fact that these cells are not only immunocytes,
but hormonocytes as well, i.e., they participate in the
hormone secretion and/or metabolism [9]. Based on
the above information and our previous data on the
conversion of the androgen precursor androstenc-
dione in blood lymphocytes [1], we propose a three-
component model of formation and regulation of
estrogen pool in breast tumor tissue. According to this
model, the lymphocytic infiltrate cells are one of the
cellular components participating in the paracrine
estrogen stimulation of epithelial malignant cells |7].
Our goal was to assess the capacity of lympho-
cytes isolated from tumor tissue to conversion of
androstenedione and compare it with the activity of
aromatase (estrogen synthetase) in the tumor.

MATERIALS AND METHODS

Tumor tissue from 32 patients with breast cancer was
rapidly transported on the cold to the laboratory. If
the volume of the specimen allowed, part of the
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material was immediately frozen in liquid nitrogen
for further measurement of aromatase activity, and
lymphocytes were isolated from the other part ac-
cording to the method described previously [5] with
slight modifications. The procedure was as follows.
After tumor tissue had been freed from fat, it was
rapidly and thoroughly cut with scissors on the cold
and incubated for 2 h at 37°C in RPMI-1640 me-
dium containing collagenase (Sigma, type 1V, 1 mg/ml),
hyaluronidase (Sigma, type V, 0.02 mg/mi), and
deoxyribonuclease (Sigma, type IV, 0.02 mg/ml).
After incubation, the material was filtered through
capron, cell suspension was 1-2 times washed in
RPMI-1640, layered onto 3 ml of Ficoll-Verograffin
mixture (d=1.077), and centrifuged for 30 min at
1400 rpm. The lymphocyte-containing layer was
washed three times with phosphate-buffered saline,
the cells were counted, assessed, resuspended in
hypotonic (0.005 M) Tris-HCI, and left for 15-20
min at 4°C, after which the suspension was stored in
liquid nitrogen. Androstenedione conversion in iso-
lated lymphocytes and aromatase activity in tumor
tissue were assessed by *H,O release from *H-1B-
androstenedione (New England Nuclear, specific
activity 25.4 Ci/mmol) as described previously [1,2].
In some samples few lymphocytes could be isolated
from tumor tissues, therefore cells from 2-3 patients
were pooled. We analyzed a total of 18 lymphocyte
samples (5 from patients aged under 48 with intact
cycle and 13 from patients aged over 51 years with
menopause of at least 1 year); in 7 cases androstene-
dione conversion in lymphocytes could be correlated
to aromatase activity in the tumor. The results were
statistically processed by the parametrical method
using Student’s # and P tests; in some cases ranked
Spearman correlation coefficients were calculated.
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RESULTS

The studied parameters are listed in Table I. The
number of lymphocytes isolated from tumor tissue
of patients with intact cycle was higher than that
from menopausal patients. Histological examination
of breast tumors revealed no differences in the degrec
of lymphocytic infiltration of tumors in women of
the reproductive and menopausal age |3], and the
observed difference could be explained by greater or
lesser looseness/compactness of the tumor and its
individual sensitivity to collagenase and other cn-
zymes used in this study. The differences in con-
tamination of lymphocytes with tumor cells, the pro-
portion of which in general corresponded to the
levels reported elsewhere [5], can be also due to this.

Androstenedione conversion in tumor lympho-
cytes, calculated per mg protein or per 10° cells, had
a tendency to higher values in menopausal patients
(Table 1). This result differs from the characteristics
of lymphocytes in women of different ages [1] but is
in line with the general tendency to a higher intensity
of extragonadal production of estrogens with aging
[13] and an increase (shown immunocytochemically)
in aromatase activity in breast tumors from women
of the menopausal age [6]. In the samples we com-
pared the degree of androstencdione conversion in
the lymphocytes infiltrating tumor tissue was 1.8-15.1
times lower than the activity of aromatase in tumor
tissue. These parameters positively correlated with the
intensity of androstenedione conversion in lympho-
cytes calculated both per mg protein and per (0°
lymphocytes, although in none of the cases the cor-
relation coefficients (0.46 and 0.32, respectively)
were statistically insignificant. On the other hand,
there was virtually no relationship between the level

TABLE 1. Characteristics of the Material and Androstenedione Conversion in Lymphocytes Infiltrating Breast Tumor Tissue (Mtm)

Group of patients

Parameter total reproductive period | menopausal period
(n=18) (n=5) (n=13)

Age, years 60+2 4214 64+1
Tumor weight, g 1.361£0.12 1.71£0.69 1.26£0.12
Number of lymphocytes, x10° 0.510+0.092 0.944+0.380 0.376+0.073
Nurmber of tumor cells, X108 0.115+0.041 0.228+0.180 0.082+0.030
Total number of cells, x10° 0.625+0.095 1.170+0.405 0.428+0.103
% of tumor cells 11.3¢1.9 17.149.3 9.5+1.8
Androstenedione conversion in lymphocytes

fmol/mg protein 10.441.3 6.8+3.7 11.8+1.8

fmol/10% cells 1.22540.423 0.639+0.310 1.450+0.551
Aromatase activity in tumor, fmol/mg protein 80.9+44.8 (n=7) — —
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of androstenedione conversion in lymphocytes (per
mg protein and per 10° lymphocytes) and the per-
centage of tumor cells in the enzyme-treated and
centrifuged in Ficoll-Verograffin density gradient
suspension (-0.11 and -0.14, respectively).

Thus, the capacity of lymphocytes infiltrating
breast tumor tissue to conversion of androstenedione
is demonstrated for the first time. The intensity of
androstenedione conversion in lymphocytes and aro-
matase activity in tumor tissue were assessed by the
method based on heavy water release from tritium-
labeled androstenedione in the 1p-position. However,
the adequacy of this method for measuring aromatase
activity in breast cancer tissue has been many times
proven by comparison with the results of the direct
product isolation [2,12], whereas no data are avail-
able for intact blood lymphocytes [8] or cells from
lymphocytic tumor infiltrate. One more approach to
direct confirmation of aromatase presence in the
fymphocytes infiltrating tumor tissue and of the ad-
equacy of the above three-component model [7] is
application of the polymerase chain reaction with
primers to aromatase gene, which is the task of our
further investigation. On the other hand, a correla-
tion between androstenedione conversion in lympho-
cytes and aromatase activity in breast tumors and,
vice versa, no correlation between the former para-
meter and the percentage of tumor cells contami-
nating the isolated cell suspension may argue the de-
cisive role of contamination of samples with tumor
cells as the main cause of our results (although the
problem of lymphocyte purification from tumor cells
is to be solved [5}).

The previous model of formation and regulation
of intratumor pool of estrogens was based, among
other things, on our notjons of the capacity of factors
secreted by the tumor to induce the aromatase gene
expression in lymphocytes infiltrating the tumor [7].
Other explanations of lymphocyte participation in
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this process are possible, for example, via cytokines
produced by them, which (interleukin-1p) can induce
the aromatase gene in epithelial and stromal cells
[11]. We hope that further studies will clear out the
nature of the autocrine-paracrine relationships in the
regulation of estrogen production in breast cancer
tissue and will help us understand some aspects of
the pathogenesis of this disease and develop ap-
proaches to its therapy.

The authors are thankful to Prof. R. Santen
(Charlottesville, VA, USA) and Prof. K. M. Pozha-
risskii and V. F. Semiglazov for useful discussion of
the results.
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