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SHORT COMMUNICATIONS

EFFECT OF PROGESTERONE AND 17B3-ESTRADIOL ON THE
CYTOTOXICITY MEDIATED BY TUMOR NECROSIS FACTOR
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Institute of Pediatrics, Obstetrics and Gynecology, Academy of Medical Sciences of Ukraine, Kyiv
04050, Ukraine

BJIMAHUE NPOIrECTEPOHA U 173-3CTPAAUNOJIA
HA LUTOTOKCNYHOCTb, ONOCPEOBAHHYIO ®AKTOPOM
HEKPO3A OINYXOJIEU

C.II. Ipexosa*, M.A. Booanux, B.Il. Yepnviuoe
Hnemumym neduampuu, axywepcmea u zunexonoeuu AMH Ykpaunvt, Kuee, Ykpauna

The female steroid hormones are known to modulate release and activity of cytokines. The goal of this study was
to investigate the effect of progesterone and 17B-estradiol on the TNF-mediated cytotoxic activity in 1929 cells.
Our data have indicated that progesterone and 17B-estradiol protected 1929 cells from TNF-mediated cytotoxicity
independently from receptor-mediated mechanism and in dose-dependent manner. Irrespective to the duration of
treatment progesterone had stronger protective effect compared to 17B-estradiol. Also, it was shown that proges-
terone or 17B-estradiol inhibited the survival of 1929 cells.
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HNssecrHo, uyto nporecrepoH u 17B-3cTpagnon MOryT MOAYJIMPOBATH MPOAYKIHUIO M AKTHBHOCTb IMTOKMHOB. Hamu Gbu10
M3YYeHO BJMsHHE Nporecrepona u 17fB-scTpaguosnia Ha HUTOTOKCHYECKYIO aKTHBHOCTh (pakTopa HeKpo3a omyxoJjei
(®PHO) nporus kirerok 1929. IlokaszaHo, YTO yKa3aHHbIE CTEPOU/IHbIE TOPMOHBI B [0303aBHCHMOM PEKMME HHIHOUPOBAIIH
HUTOTOKCHYECKYI0 akTuBHOCTD DWHO); npu 3T0M NpOrecTepoH OKa3biBai OoJiee CUIbHBII HHrHOMpYoHii a3 dexT, yem

17B-acrpagunon. B To ke Bpems nporectepon u 17B-acTpaauon cHuzkam skusHecnocooHocts L929 kierok.
Kanroueevie cnosa: hbaktop Hekpo3a omyxoJieil, IUTOTOKCHYHOCTD, porectepoH, 17B-acrpaauosn, kiaerku 1.929.

TNF-a is a multifunctional cytokine that has been
implicated in diverse physiologic and pathophysiologic
events including inflammation, cellular survival, growth,
differentiation, induction of apoptosis and necrosis of
multiple cell lines and tumor types [1, 7, 11]. It has been
shown that TNF may have both tumor—necrotic and tu-
mor—promoting activity [10]. This cytokine have been
implicated in the growth and survival of certain tumors
such as myeloma, B—cell lymphomas, cutaneous T-
cell lymphomas [5], glioblastoma, ovarian sarcoma,
melanoma, breast carcinoma, B—cell chronic lympho-
cytic leukemia [1] and other.

Both female sex steroids, progesterone and estro—
gen, are known to be involved in the ploliferative chang—
es in the reproductive organs that occur during the men-—
strual cycle, pregnancy and lactation. Many studies
have shown direct effects of these hormones on the
growth and metastasis of breast cancer and endometri—
um/miometrium tumors. Progesterone has suppressive
effects on the proliferation and development of hor-
mone-dependent tumors, while 17p-estradiol stimu-
lated growth of the same tumors [2, 8, 13].
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It is known that progesterone and 17(3—estradiol can
modulate activity of immune cells, including production of
cytokines. Sex steroid hormones dose—dependently modu-—
lated release of TNF from LPS—treated macrophages [3,
9, 14], and influenced the function of these cells [4, 6].

The aim of this study was to investigate effect of
progesterone and 17p-estradiol on the TNF-media-
ted cytotoxic activity in vitro.

The mouse fibroblast cell line L929 was obtained
from cell culture collection of Institute of Cytology, Acad—
emy of Sciences of Russian Federation (St.—Peterburg,
Russia). The cells were grown in phenol red free RPMI
1640 medium (Sigma, USA) supplemented with 5%
dialyzed fetal bovine serum (BioMark Inc, Ukraine) (le—
vels of progesterone and estrogen were < 1 ng/ml) and
40 pg/ml gentamycine at 37 °C under a humidified 5%
CO,/95% air atmosphere. The cells were maintained
in the log phase by routine passaging every 3—4 days.

TNF cytotoxic activity was quantified using a colo-
rimetric microassay for L929 cell.

L929 cells at a density 25 - 10° cells/well were incubat—
ed in 96—-well microculture plates (Falcon, BD Labware,
USA) for 24 h in the absence or presence of water soluble
progesterone (20 pg/ml) or 17B—estradiol (2 pg/ml) (Sigma,
USA). Then known amounts of recombinant TNF (“Vector”,
Russia) in the presence of 25 pg/ml cycloheximide (Sig—
ma, USA) were added and cells were incubated for 18 h at
37 °C under a humidified 5% CO,/95% air atmosphere.
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In other variant of test L929 cells at a density 5 - 10°
cells/well were seeded in 96—well plates. Different doses
of progesterone, 17p-estradiol, their combination and
recombinant TNF without cycloxehimide were added
simultaneously. Cells were incubated for 72 h at 37 °C
under a humidified 5% CO,/95% air atmosphere.

After incubation viable adherent cells were stained with
0.2% crystal violet in 20% methanol for 30 min at room
temperature. Excess crystal violet was removed by wa—
shing with phosphate—buffered saline. Crystal violet was
dissolved in 1 M acetic acid for 10 min and the absorbance
was determined using a Microplate reader MCC/340 (Lab-
system Oy, Finland) at a wavelength of 540 nm (OD sam—
ple). L929 cells cultured in the absence of TNF standard
were used to obtain baseline absorbance (OD 0) and cells
cultured in the presence of 25 ng/ml TNF were used to
determine absorbance at 100% cytotoxicity (OD 100). Per—
cent of cytotoxicity was calculated as follows:

% cytotoxicity = (1 —[OD sample —OD 100]/[OD 0 —
OD 100]) - 100.

To investigate rapid (within 24 h) effect of female
steroid hormones on L929 cells survival an assay in
presence of cycloheximide was conducted. Thus, the
specific receptor-mediated mechanism of steroid hor-
mones activity was blocked. Progesterone and 17p3-
estradiol inhibited L929 cells viability by 25% (p < 0.05)
and 6% (p > 0.05), respectively. The pretreatment with
progesterone and 17(3-estradiol had protective effect
on the L929 cells survival under influence of TNF.
Treatment of 20 pg/ml of progesterone and 2 pg/mi of
17B-estradiol led to an increase in the number of via—
ble cells at the doses of TNF 12.5—-100 pg/ml. Proges—
terone had stronger protective effect in comparison with
17(B-estradiol. Half-maximum inhibitory concentration
(IC50) for TNF was 6.2 pg/ml, for TNF in presence of
20 pg/ml progesterone was 23.5 pg/ml, for TNF in pre—
sence of 2 ug/ml 17p—estradiol was 8.2 pg/ml. These
results suggest that the female steroid hormones can
upregulate survival of L929 cells and modulate the re—
sponse of these cells to TNF (Fig. 1).
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Fig. 1. Influence of female steroid hormones (preincubation for
24 h) on TNF-mediated cytotoxicity toward L929 cells in the pre—
sence of cycloheximide. 1 — TNF-mediated cytotoxicity, con—
trol; 2 — in presence of 17B-estradiol (2 pg/ml); 3 —in presence
of progesterone (20 pg/ml).

The results present the mean obtained in 4 independently performed
experiments. Student’s t-test was performed to evaluate the statis—
tical significance of differences between experimental groups. Sta—
tistical significance was assigned to the level of P < 0.05.

*P < 0.05 Student’s t—test as compared with control

To confirm that female steroid hormones had pro-
longed mechanism of influence on the TNF-mediated
cytotoxicity toward L929 cells a cytotoxic assay without
cycloheximide was performed. Hormones and TNF were
added to the cultured cells simultaneously. All concen-
trations of female steroid hormones decreased survival
of L929 cells after 72 h incubation, but only two points
were statistically significant. Progesterone inhibited cell
survival by 14% in the dose 2 pg/ml, and combination of
progesterone (2 pg/ml) and 17p-estradiol (0.2 pg/ml) in—
hibited cell survival by 11% (Fig. 2). Progesterone, 1703—
estradiol and their combinations had protective dose—de-
pendent effects on the L929 cells under influence of TNF
(Table) but for progesterone it was the most pronounced.
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Fig. 2. L929 cell survival upon 72 h incubation with female ste—
roid hormones: 1 — without hormones, control; 2 — progeste—
rone, 2 ug/ml; 3 — progesterone, 20 ng/ml; 4 — 17B-estradiol,
0.2 pg/ml; 5 — 17p-estradiol, 2 ng/ml; 6 — progesterone, 2 pg/
ml + 17B-estradiol, 0.2 pg/ml; 7 — progesterone, 20 ng/ml +
17B-estradiol, 2 ng/ml.

The results present the mean obtained in 3 independently per—
formed experiments. Student’s t-test was performed to evaluate
the statistical significance of differences between experimental
groups. Statistical significance was assigned to the level of P <
0.05. *P < 0.05 — Student’s t-test as compared with control

Table. Effect of female steroid hormones on the TNF-mediated cytotoxicity

Hormones TNF-mediated cytotoxicity, (%)  1C50,
TNF,50 TNF,100 TNF, 200 pg/mi
pg/ml pg/ml pg/ml

Control, without hormones 48.48 70.64 75.59 51.6

Progesterone, 2 pg/ml 3268  38.70* 4715  267.0

Progesterone, 20 ng/ml 12.30*  36.67* 58.49* 143.4

173-estradiol, 0.2 pg/ml 18.00*  43.00*  61.39* 122.9

17-estradiol, 2 ng/ml 19.51*  44.56*  64.01* 116.6

Progesterone, 2 pg/ml + 14.44> 3364 50.91* 190.3
17B-estradiol, 0.2 pg/ml

Progesterone, 20 ng/ml + 8.28™ 41.51*  56.58* 126.0

173-estradiol, 2 ng/ml

The results present the mean obtained in 3 independently performed ex-
periments. Student’s t-test was performed to evaluate the statistical sig-
nificance of differences between experimental groups. Statistical signifi-
cance was assigned to the level of P < 0.05.

*P < 0.05 Student’s t-test as compared with control.

These data indicate that progesterone and 173—estra—
diol protected L929 cells from TNF-mediated cytotoxicity
independently from receptor-mediated mechanism. Both
hormones inhibited TNF-mediated cytotoxic activity to—
wards L929 cells in dose—dependent manner.

In conclusion, we demonstrated that sex steroid hor—
mones played protective role in the manifestation of cy—
tokine—mediated cytotoxicity. Our results correspond with
the data that demonstrated receptor-mediated protec—
tion of TNF-treated premonocytic U937 cells by physio—
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logical concentration of progesterone and estrogen [11].
However, it was shown that those hormones didn’t in—
fluence cell survival rate [12]. Present experiments clearly
show that progesterone and 17p-estradiol have inhibi—
tory effect on the survival of L929 cells.
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