Estrogen enhances immunoglobulin
production by human PBMCs
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Background: It has been suggested that estrogen may enhance .

humoral immune responses and may be involved in the patho- Abbreviations used ‘

genesis of autoimmune diseases. Ey: 17B-estrafhc.)l

Objective: We studied the in vitro effects of 1B-estradiol (E,) [*HI-TdR:  [*H]-thymidine

on spontaneous immunoglobulin production by human SLE: Systemic lupus erythematosus
PBMCs.

Methods: PBMCs from healthy human volunteers were cul-
tured with E,. Levels of IgG and IgM and cytokine activity

were measured by ELISA. Proliferation was determined by ty.6.7 This hypothesis is supported by the female prepon-
[*H]-thymidine uptake. The cell viability was assessed by atry-  derance of SLE.7 It has been reported that humoral
pan blue exclusion test. immune responses are enhanced in pregnant women

fReSUlts; & ezhamed 'GGha”d 'QIIM _pmd”ﬁti(_’”bf’lf PBMdCS bﬁth whose serum estrogen level is highly incredstahd the

rom men and women without altering cell viability and prolif- o get and exacerbation of SLE take place more often dur-
eration. The stimulatory effect of E was revealed at 1610 in egnancy.” In addition, symptoms of SLE have bee
mol/L, increased in a dose-dependent fashion, and was maxi- Ing pregn ! . 1 N Symp . S av . n
mized at 168 mol/L. 1gG production of PBMCs in the pres- reported to develop in patients taking estrogen-containing
ence of B (108 mol/L) was 220% of control cells, and that of oral contraceptive$.Several studies also reported that

IgM was 211%. Immunoglobulin production of Ey-treated B estrogen treatment exacerbated the course of autoimmune
cells was slightly higher than that of control cells; IgG produc-  diseases in mick?10-13Carlsten et &lshowed that estro-

tion was 161% of control cells, and that of IgM was 157%. gen administration in vivo increased the immunoglobulin
Anti-IL-10 antibody partially blocked the E , effect on production of SLE-prone mice. However, the cellular
immunoglopulin. production of PBMCs; anti-IL-10 reduced mechanisms for those estrogen effects have not been pre-
I9G production in the presence of & from 206% to 154% of cisely defined. Most of these studies used animal immune

control cells, and that of IgM from 206% to 152%. E

increased IL-10 production of monocytes up to 250% of con-
trol level, but it did not affect that of T cells or B cells. Exoge-
nous IL-10 (1 U/mL) further enhanced E-induced increase of

systems, and there are few studies showing in vitro effects
of estrogen on human humoral immune respokss.
In this study we examined in vitro effects of estrogen

immunoglobulin production by B cells, although this level of on spontaneous immunoglobulin production by human
IL-10 alone was ineffective for B cells. PBMCs to examine its regulatory role in human humoral
Conclusion: These results suggest thatBEnay increase immunity.

immunoglobulin production of human PBMCs mainly by

increasing IL-10 production of monocytes. The results also METHODS

support that E, may act as an important stimulator for human
humoral immunity. (J Allergy Clin Immunol 1999;103:282-8.) Reagents

Endotoxin-free, tissue culture—gradefi&stradiol (B); 17a-
estradiol; estrone; and estriol were purchased from Sigma Chemi-
cal Co (St Louis, Mo). Monoclonal mouse IgG anti-human IL-2,

IL-4, and IL-6 antibodies were purchased from Boehringer
It has been reported that estrogen enhances humorMannheim Corp (Indianapolis, Ind). Monoclonal mouse IgG anti-

immune reSpo_nSéSE? It _iS thus SUggeSteq that thi$ hor- human IL-Ir and IL-18 antibodies were from Immunotech Inc
mone may be involved in the pathogenesis of autoimmun(westbrook, Me). Monoclonal mouse IgG anti-human IL-10 anti-
diseases, such as systemic lupus erythematosus (SLEbody and recombinant human IL-10 were from R&D Systems, Inc

characterized by abnormally enhanced humoral immuni(Minneapolis, Minn). Monoclonal mouse IgG antiestradiol anti-
body 2F9 was purchased from Cymbus Biotechnology, Ltd
(Southampton, UK). Control mouse 1gG was purchased from

From the Department of Dermatology, Faculty of Medicine, University of DAKO Corp (Carpinteria, Calif).
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traceptives or other hormonal drugs. All women were pre- kits (Endogen Inc, Cambridge, Mass) according to the manufactur-
menopausal and not pregnant, and blood was taken during the foer’s instructions. The detection limit for ILlal IL-1(3, IL-2, IL-4,
licular phase of their menstrual cycles. Their seryntdhcentra- IL-6, and IL-10 were 2, 1, 6, 2, 1, and 3 pg/mL, respectively.

tion was measured by using a radioimmunoassay kit J¢rCN Lo

Biomedicals, Irvine, Calif) and was 4.0 + 2210-10mol/L (mean  Statistical analyses

+ SD), which was the normal level of that phase. The serucoi The data in Figs 1 and 4 were analyzed by 1-way ANOVA with
centration of the men was 1.1 + &5.0-19mol/L, which was the  Dunnet’s multiple comparison test. The data in Figs 2 and 3 and
normal male level. PBMCs were allowed to adhere to plastic dish-Tables | and Il were analyzed by 1-way ANOVA with Scheffe’s
es. From the dish-adherent cells, the E@D 19, and CD56 cells multiple comparison test. R value of less than .05 was considered
were isolated by negative selection with immunomagnetic beadssignificant.

(Dynal, Great Neck, NY) as descridécand were used as mono-

cytes. This monocyte population was greater than 97% CRhd RESULTS

the contamina_tion of CD3CD19, or CD56 cells was less than Stimulatory effect of E2 on immunoglobulin

1% as determined by flow cytometry. From the nonadherent cells .

CD56 cells were isolated by immunomagnetic negative selectionprc'duct'c'n by human PBMCs

and were incubated with neuraminidase-treated sheep erythrocyte  Ejrst E, was used at various concentrations. and its

ibed? . i - . .
as described? From the rosette-forming cells, the CDldnd effect was examined on spontaneous immunoglobulin

(_3D19— cells were isolated by the |mmun0magnetlc _negatlve Selec-prOdUCtion by human PBMCszEnhanced both IgG and
tion and were used as T cells. This T-cell population was greate

than 98% CDS3, and the contamination of CD14CD19", or IgM production (Fig 1). The_St'mUIatorY effect of was
CD56" cells was less than 2%. From the nonrosette-forming cells /évealed at T89mol/L and increased in a dose-depen-
the CD3 and CD14 cells were isolated by the immunomagnetic dent fashion. It then reached a plateau a® fbl/L in
negative selection and were used as B cells. This B-cell populatioboth IgG and IgM production by PBMCs from one man.
was greater than 97% CD#%%nd the contamination of CB3  In contrast, 1@-estradiol and other estrogenic hormones,

CD14, or CD56 cells was less than 1%. estrone and estriol, did not affect immunoglobulin pro-
. . . duction at any concentration examined, indicating the
Production of immunoglobulins specificity of the B effects. PBMCs from one woman

PBMCs or B cells (X 10° cells/well) were cultured in triplicate  also showed similar dose-response curves (data not
in round-bottom, 96-well, tissue-culture plates with or withoyhE shown). Because 1® mol/L seemed optimal for the
indicated doses in 200L of mycoplasma, endotoxin, and phenol gtjm|atory effect of k this concentration is used in the
red—free Hymedium 910 (Kohjin Bio Inc, Tokyo, Japan) at 37°C in following experiments

0 ; . . _
an atmosphere of 5% Gan air for 7 days. This culture medium 40 oyt experiment gt 10 mol/L was added to
was serum-free, containing human albumin and transferrin. The

concentration of Eand the other steroid hormones was lower than the PBMC culture from 13 healthy donors, and its effect

the detectable level as determined by radioimmunoassay. The cuVas examined. 19G production bXQ.'Eeated PBM.CS
ture supernatants were harvested and stored at —70°C until use. TWas 220% of control on average (FigA},and was sig-
amounts of total IgG and IgM in the supernatants were measured bnificantly higher than that of controP(< .05 in menP
ELISA as described In parallel experiments, tizestradiol, the < .05 in womenp < .01 in both sexes combined). IgM
nonactive metabolite of fEwas used as a negative control for B production by B-treated PBMCs was 211% of control
e_ach experiment hifestradiol was added iqstead of d the iden- on average (Fig B) and was also significantly higher
tical dose, and the res_ult was compared VYIth that of the culture wittthan control P < .05 in menP < .05 in womenP < .01

E_2. E, and 1@-estradiol were dlssolyed in absolutg eth_anol a_nd in both sexes combined). In both IgG and IgM produc-
dllutgd at least 1000-fold to the required concentrfatlons in _the fmaltion, no significant difference of thezt'effect between
medium. Control cultures without,Eor 17a-estradiol contained

ethanol at the highest concentration used in the experimental cumen and women was observed. In parallel experiments

tures, and this level of ethanol was not toxic to PBMCs. 17a-estradiol at the same concentration did not affect
immunoglobulin production by PBMCs from the identi-
Cell viability cal donors (data not shown).
PBMCs or B cells (x 105 cells/200pL/well) were cultured in The viability of PBMCs after culture was not changed

triplicate for 7 days with medium alone, withc-Bstradiol, or with by Ey; viability was 90-4% +4.1% (mean + SD, n = 13)
E, at indicated doses. The viability of these cells was assessed bOf that before culture in Etreated PBMCs compared

the trypan blue exclusion test as described. with 89.3% + 3.9% in control and 90.1% * 4.8% iro17
Proliferati estradiol-treated PBMCs. The proliferative response of
roliterative responses PBMCs was not altered by, EBH-TdR uptake was 2090

PBMCs or B cells were cultured as above for 4 days (unless oth+ 445 cpm (mean + SD, n = 13) infreated PBMCs
erwise indicated) and were pulsed withu@i of [3H]-thymidine compared with 2088 + 441 cpm in control and 2106 +
3H- i : .

(T:RTdFi) &or 16 hours'tTge C‘Z”S W‘%Z(;hen harvested, andeir 461 cpm in 1@-estradiol-treated PBMCs. The results
uplaie was counied as descrived. were similar when E concentration was variously
Production of cytokines changed from 12to 106 mol/L or the culture period

PBMCs, monocytes, T cells, or B cells € 105 cells/200 with E, was changed from 1 to 7 days (data not S.hOWII’I).
uL/well) were cultured in triplicate for 24 hours with medium FlOW cytometry revealed that the B-cell proportion in
alone, with 1@-estradiol, or with Eat indicated doses. The activi- PBMCs was not altered by,ECD19" cells in PBMCs
ty of cytokines in the culture supernatants was measured by ELISAvere 10.1% + 1.1% in Etreated PBMCs compared with
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FIG 1. Dose dependency of the stimulatory effect of E, on sponta-
neous immunoglobulin production by human PBMCs. PBMCs (2
% 105 cells/200 pL/well) were cultured in triplicate for 7 days in the
presence or absence of indicated doses of E,, 17a-estradiol,
estrone, or estriol. Culture supernatants were analyzed for IgG (A)
and IgM (B) by ELISA. Data are means + SD of triplicate cultures
of PBMCs from one man and represent 6 separate experiments
with PBMCs from 6 different donors (3 men and 3 women). *P <
.01 versus control cultures.

10.2% + 1.1% in control and 10.0% * 1.5% iro&stra-
diol-treated PBMCs.

Effect of E, on immunoglobulin production
by B cells
To examine the direct stimulatory effect of Bn
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FIG 2. Effect of E, on spontaneous IgG (A) and IgM (B) production
by human PBMCs. PBMCs (2 x 105 cells/200 pL/well) from 6 men
and 7 women were cultured for 7 days with medium alone, with
17a-estradiol, or with E, (each 10-8 mol/L). Each point (open cir-
cles) represents mean of immunoglobulin amounts produced in
triplicate cultures from individual donors. SDs of triplicate cul-
tures were less than 10% of means. Corresponding values for
each donor are connected by a solid line. Group means are also
displayed (filled circles), and corresponding values are connected
by a broken line.

er than controls and the amounts irid&stradiol-treat-
ed B cells (289 £ 70 ng/mL IgG and 71 £ 29 ng/mL IgM)
(all P < .01 by 1-way ANOVA with Scheffe’'s multiple
comparison test). However, the differences from control
cells were only marginal. B-cell viability was not
changed by E the viability was 63.2% * 3.2% (mean *

immunoglobulin production by B cells, B cells isolated SD, n = 13) of that before culture in-Eeated B cells
from PBMCs were used. Because it was anticipated thecompared with 63.5% + 2.8% in control and 63.6% *
normal B cells in the absence of stimuli may produce3.1% in 1d-estradiol-treated B cells. The proliferation
very low amounts of immunoglobulins without the help of B cells was not changed by,;BH-TdR uptake was

of accessory cells, absolute B-cell number was highly1227 + 235 cpm (mean + SD, n = 13) ip-tteated B
elevated. B cells (X 105/mL) produced 294 + 62 ng/mL cells compared with 1228 + 270 cpm in controls and
IgG and 70 + 28 ng/mL IgM (mean £ SD, n = 13). These1232 + 273 cpm in ld¥-estradiol-treated B cells. Thus
amounts were measurable, although they were still loweimmunoglobulin production of B cells seemed to be
than those by the same number of PBMCs, includincincreased by Ewithout altering the cell number. How-
approximately one tenth the number of B cells (839 zever, the stimulatory effect on B cells was much weaker
368 ng/mL 1gG and 202 + 54 ng/mL IgM). B cells treat- than that on PBMCs (Fig 2). This indicates thatniay

ed with & (10-8 mol/L) produced 472 + 94 ng/mL IgG mainly act on non-B cells, such as monocytes or T cells,
and 106 + 41 ng/mL IgM, which were 161% and 157%and enhance their function to help immunoglobulin pro-
of control cells, respectively, and were significantly high- duction of B cells through releasing cytokines.
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FIG 3. Inhibition by anticytokine antibodies of E, induced increase in immunoglobulin production by human
PBMCs. PBMCs (2 x 105 cells/200 pL/well) were cultured in triplicate for 7 days with medium alone, with 17a-
estradiol, or with E, (each 10-8 mol/L) in the presence or absence of various antibodies (each 10 pg/mL). IgG
(A) and IgM (B) production were measured in each culture as described in the legend for Fig 1. Concentration
of antibodies was determined as recommended by the manufacturers. Data are means = SD (n = 13, 6 men
and 7 women). SDs of triplicate cultures from individual donors were less than 10% of the means. *P < .0001
versus control cultures with medium alone. TP <.0001 versus cultures with E, alone.

Inhibition by anticytokine antibodies of the Effect of E, on cytokine production by
E, effect on human PBMCs human PBMCs

To examine the involvement of cytokines in the stim-  To examine the effect of,Ebn cytokine production by
ulatory effect of i, antibodies against cytokines, which  PBMCs, the supernatants of culture with or withoyt E
seemed relevant to immunoglobulin production, werewere assayed for the activity of various cytokines. E
added to the PBMC culture together with, &nd their  treatment significantly increased IL-10 production by
influence was tested on thg &fect. As shown in Fig 3, PBMCs (Table I). On the other hand, the production of
these antibodies were used atyfmL, which did not  IL-1a, IL-1fB, IL-2, IL-4, and IL-6 was not significantly
influence the immunoglobulin production withouy.E  changed by E PBMCs were then subfractionated into
E,-induced enhancement of IgG and IgM production monocytes, T cells, and B cells, and éfects on IL-10
was completely blocked by monoclonal antiestradiol production by each fraction was further examined.
antibody 2F9, indicating the specificity of the &fect. Among 3 fractions, Edose dependently increased IL-10
Among various anticytokine antibodies, only anti-IL-10 production of monocytes; however, it did not affect that
antibody reduced fEinduced increase in both 1IgG and of T cells or B cells (Fig 4). IL-10 production by mono-
IgM production by PBMCs; anti-IL-10 reduced IgG pro- cytes in the presence of EO-8 mol/L was 250% of con-
duction in the presence of,Erom 206% to 154% of trol. The dose-response curve for theefifect on IL-10
control and that of IgM from 206% to 152% of control, production by monocytes was parallel to that for its
respectively. The results were similar when the concen-effect revealed on immunoglobulin production (Fig 1).
tration of each antibody was elevated up tqug0mL or Similarly to whole PBMCs, Edid not affect the produc-
the antibodies from another source (Endogen, Inc, Camtion of IL-1a, IL-1[3, IL-2, IL-4, and IL-6 by any fraction
bridge, Mass) were used (data not shown). These resuli(data not shown). These results suggest tham&y
suggest that IL-10 may be involved in the stimulatory specifically increase IL-10 production of monocytes, and
effect of & on immunoglobulin production by PBMCs. the increase of the endogenous IL-10 may enhance the
It is also indicated that-Bmay increase IL-10 produc- immunoglobulin production of B cells.
tion of PBMCs. However, the inhibition by anti-IL-10 . . .
antibody of the Eeffect was incomplete. This indicates Efféct of IL-10 on immunoglobulin production
the variability of the assay and/or the possibility that ©f B cells treated with E,
another mechanism without involving IL-10 may func-  We finally examined whether the addition of IL-10
tion in the B effect. augments immunoglobulin production of B cells treated
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TABLE I. Effect of E, on cytokine production by PBMCs

Cytokine production (pg/mL)

Conditions IL-1a IL-1B IL-2 -4 IL-6 1L-10

Control 23+10 22 +13 20+12 15+10 112 + 29 193 + 35
17a-estradiol 22+12 20+ 14 22 £12 13+12 114 £31 191 + 36
E, 25+11 22 +13 20+13 15+11 113 +30 283 +44*

PBMCs (2x 1P cells/200uL/well) were cultured with medium alone, withd-2stradiol, or with & (each 168 mol/L) for 24 hours, and the culture super-
natants were analyzed for cytokines by ELISA. Values are means + SD (n = 13, 6 men and 7 women). SDs of triplicate cuitshesifrandonors were
less than 10% of the mean® € .01 versus control cultures.

TABLE II. Effect of IL-10 on E,-induced increase in immunoglobulin production by B cells

Immunoglobulin production (ng/mL)

Culture conditions 19G Igi

Control 296 + 10 79+5
17a-estradiol (168 mol/L) 293 + 12 (99) 78 + 6 (99)

E, (10-8 mol/L) 480 + 19 (162)* 121 +£7 (153)*
IL-10 (1 U/mL) 302 £11 (102) 82 + 6 (103)

E, + IL-10 641 + 27 (217)*t 162 + 10 (205)*t

B cells (2x 105 cells/200uL/well) were cultured in triplicate under the indicated conditions for 7 days. Culture supernatants were analyzed for ifmmunoglo
lins by ELISA. Data are means = SD (n = 13, 6 men and 7 women). Values in parentheses are percentage of immunoglobulimgracenhisitocontrol
cultures. P < .0001 versus control cultured? ¥ .0001 versus cultures with, Blone.

with E,. Although a low concentration of IL-10 (1 U/mL) the increase of immunoglobulin production of the B-cell
alone was ineffective for B cells in the absence HfitE  population. The monocyte contamination was less than
enhanced the immunoglobulin production of B cells1% as determined by flow cytometry, and thus the E
treated with & (Table II); IgG production by Eplus IL- induced IL-10 increase of the B-cell population was less
10-treated B cells was 217% of control and that of IgMthan the level detectable by ELISA (Fig 4). However,
was 205% of control. Thus the magnitude ¢fplis IL-  even such a small number of monocytes may be suffi-
10-induced effect on B cells was comparable to that ocient for the significant stimulatory effect on immun-
the E effect on PBMCs (Fig 2). These results with oglobulin production of the B-cell population. The B-cell
exogenous IL-10 suggest that monocyte-derived IL-10population treated with Eshowed increased responsive-
which is induced by E may also enhance immunoglob- ness to exogenous IL-10 (Table II). This may be because
ulin production of B cells in whole PBMCs. the contaminated monocyte-derived IL-10, which was
B-cell viability was not significantly increased by the induced by B, bound to IL-10 receptors on B cells and
treatment with Eplus IL-10; the viability was 63.4% + further activated the receptors, thereby increasing their
2.8% (mean = SD, n = 13) of that before culture in E responsiveness. Becauseg eceptors have not been
plus IL-10-treated B cells compared with 63.5% + 2.8%definitively identified in normal peripheral blood B cells,
in control. The proliferation of B cells was not altered by E, may not act on B cells but may interact with other sub-
E, plus IL-10;3H-TdR uptake was 1241 + 230 cpm populations of PBMCs. Because thg [us exogenous
(mean * SD, n = 13) in Eplus IL-10-treated B cells IL-10-induced effect on B cells was comparable with

compared with 1227 + 270 cpm in control. that of E, alone on PBMCs, the possibility of an indirect
mechanism mediated by other cytokines may be unlikely
DISCUSSION but should be investigated. To date, several studies have

reported varying effects of,n IL-1, TNF-a, and/or IL-

In this study we demonstrated thgtdhhanced spon- 6 production. Eenhanced IL-1, IL-6, and TNE-produc-
taneous immunoglobulin production by human PBMCstion in murine uterus in vive? whereas Einhibited 1L-6
in vitro. The stimulatory effect of fvas mediated main- production of murine bone marrow—derived stromal cells
ly by upregulating the production of IL-10, a B-cell dif- and osteoblastéand human endometrial stromal cells in
ferentiation facto??2 in monocytes. Although the vitro.2> Another study showed that, Bt low concentra-
immunoglobulin production of B cells seemed to betions (1619to 10-2mol/L) enhanced in vitro IL-1 produc-
increased by E the increase was only marginal. It is tion of human monocytes, whereas at higher concentra-
possible that the observed Effect on B cells may be tions &10-7 mol/L) it inhibited the IL-1 productioA$
mediated by the slightly contaminated monocytes in theThus the effects of fon the cytokine production may vary
B-cell population we used;,Enay increase IL-10 pro- with the target cells, species, and/grdéncentrations. In
duction of contaminated monocytes, which may result irthis study & did not affect the in vitro production of these
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FIG 4. Effect of E; on IL-10 production by human monocytes, T
cells, and B cells. Monocytes, T cells, and B cells (2 x 105 cells/200
pL/well) were cultured in triplicate for 24 hours in the presence or
absence of indicated doses of E, or 17a-estradiol, and the culture
supernatants were analyzed for IL-10 by ELISA. Data are means +
SD of triplicate cultures of PBMC fractions from one man and rep-
resent 4 separate experiments with PBMC fractions from 4 different
donors (2 men and 2 women). *P < .001 versus control cultures.

cytokines, including TNF (data not shown), by human
PBMCs.
IL-10 also acts as a B-cell growth fact8itHowever,
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that immunoglobulin production in vivo may be sus-
tained by E in both genders. Especially in gynecologic
organs, such as the ovary or uterus, the serulevEl of
which is 20 to 30 times that in peripheral blGddipcal
immunoglobulin production may be increased. Serym E
level in pregnant women (1.8 10-10to 1.47x 10-7
mol/L)35 often reaches 100 to 1000 times that in non-
pregnant women and exceeds its optimal in vitro concen-
tration (168 mol/L), which produced about 2-fold
increase of immunoglobulin production in this study.
This suggests that immunoglobulin production in vivo
may be further enhanced by @uring pregnancy. On the
other hand, testosterone has been reported to suppress
humoral immune respons&8.15.36\We also found that
testosterone decreased spontaneous immunoglobulin
production by human PBMCs in vitro at doses similar to
its serum leved’ indicating that testosterone may reverse
the immunostimulatory effect of ECollectively, it is
suggested that human humoral immune responses in vivo
may be controlled by the balance of female and male hor-
mone levels. If either hormone level is abnormally
increased, humoral immune responses may be aberrantly
increased or decreased. This possibility should be inves-
tigated further. Furthermore, it is possible thatngay

not only enhance the production of polyclonal im-
munoglobulins but also of autoantibodies relevant to
autoimmune diseases. Studies are underway to determine
the B effects on anti-DNA antibody production by

the concentration of endogenously produced IL-10 in thePBMCs from patients with SLE.

presence of Eseems insufficient for growth-promoting
effect. Previous studies showed that less than 500 pg/m
of IL-10 did not enhance the proliferation of anti-
CD40-activated B cell&2.27 This study also revealed
that 1 U/mL of IL-10, approximately 200 pg/mL, did not
affect B-cell proliferation even in the presence of E
Several reports support the involvement ofrEIL-10
production; a large amount of IL-10 is produced by the
placent& which contains a high level of,0.66 to 3.67
x 10-7 mol/kg wet weight tissue?? IL-10 production is
highly increased during pregnancy when seruyntefzel
is elevated®However, & effects on IL-10 production of
monocytes were not examined in these studies. It is als
unknown how B may augment IL-10 production of
monocytes. It is hypothesized thay/E-receptor com-

plexes may enhance the transcription of IL-10 genes by

binding to estrogen-responsive elemé&htiose to IL-10
promoters or by binding to some transcription factors
that directly bind those elemer#lt is also possible that
E, may promote the expression of genes for such tran

scription factors. Steroid hormones are reported to regu s.
late the expression of several cytokine genes by thes

mechanism§1.32 Alternatively, & may enhance the
secretion of IL-10 proteins constitutively synthesized in

monocytes. These possibilities should further be investi-

gated.

In this study the Eeffect in vitro was revealed at-10
mol/L (normal serum level of men, 0.7 tox210-10
mol/L; nonpregnant women, 0.3 to ¥410-10 mol/L33)

and increased in a dose-dependent fashion. This sugges
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