J. Steroid Biochem. Molec. Biol. Vol. 38, No. 6, pp. §95-701, 1991
Printed in Great Britain. All rights reserved

178 ESTRADIOL AFFECTS THE EXPRESSION OF GUINEA
: PIG BLOOD LEUKOCYTE MHC ANTIGENS
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Summary—Sex hormones have an effect on various immune responses but the mechanisms of
action are unknown. One of these mechanisms might be a modification of expression of major
histocompatibility complex (MHC) antigens in blood leucocytes. Estradiol-induced variations
of the expression of guinea pig blood leukocytes MHC antigens (GPL-A) was studied. Class
I and class II MHC antigens were detected by a sensitive rosetting method using specific
alloimmune sera (AIS) and staphylococcal protein A-coated sheep red blood cells (SPA-
SRBC) and evaluated by counting the number of bound SPA-SRBC per 100 cells. MHC
antigens decreased after estrogen treatment. Estradiol modifies the expression of GPL-A
antigens on the mononuclear cells including the Kurloff cells, which are involved in immunity
or in a natural killer effect, but did not affect the expression of polymorphonuclear cells, ones
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which are not involved in immunity.

iNT RODUCTION

Sex hormones control the regulation of different
immune responses[1, 2] by interacting in vivo
with a variety of cells. These hormones and, in
particular estrogens, have been clearly shown
to influence the major histocompatibility com-
plex (MHC) on cells of the genital tract [3-7]
and embryonic tissues [§] though no sex hor-
mone-MHC antigen interactions have yet been
demonstrated with blood leukocytes.

The guinea pig MHC or guinea pig leucocyte
antigen complex (GPL-A) has been well docu-
mented since 1973 [9] and two classes of anti-
gens have been described [10]: class I antigens
(B1, B2, B3 or B4, S1)—these ubiquitous anti-
gens correspond to mouse H2-D and H2-K
antigens or to human HLA-A or HLA-B anti-
gens; and class II antigens or immune associ-
ated antigens (Ia)}—seven specificities have cur-
rently been defined (1, 2, 3, 4, 5, 6 and 7) and
are present on immunocompetent cells (mono-

*To whom correspondence should be addressed.

Abbreviations: MHC, major histocompatibility complex;
GPL-A, guinea pig lencocyte antigen complex; AIS,
alloimmune serum; SPA-SRBC, staphylococcal pro-
tein A-coated sheep red blood cells; PBL, peripheral
blood leukocytes; PMN, polymorphonuclear cells; MN,
mononuclear cells.
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cytes, macrophages, Langerhans cells, B- and
activated T-lymphocytes). Class I and class II
antigens are also present on some tumor cells
including the L2C-N Leukemia [11]. It was re-
ported that, unlike in mice or humans, most
normal resting guinea pig T-cells and most
thymocytes express Ia antigens[12]. Class II
antigens were also described on several glan-
dular ecpithelial cells including guinea pig
mammary gland cells [13].

Guinea pig leukocytes include a specific and
hormone-sensitive cell [14], the Kurloff cell.
Repeated in vivo injections of estradiol induce a
considerable increase in the number of Kurloff
cells in the spleen, thymus and blood [15, 16].
This mononuclear cell (MN) is characterized
by the presence of a unique intracytoplasmic
inclusion rich in proteoglycans [17] and lysoso-
mal enzymes[18]. It develops a natural killer
activity [19].

This report demonstrates the hormonal
modulation of GPL-A antigen expression on
different blood leukocytes including Kurloff
cells.

We characterized class I and class II anti-
gens using a rosetting assay with allo-
immune sera (AIS) and staphylococcal protein
A-coated sheep red blood cells (SPA-SRBC)
to detect GPL-A antigens [20], and compared
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their expression on peripheral blood leukocytes
(PBL) from normal and estrogenized females.
Hormone effect does not concern the polymor-
phonuclear cells (PMN) but concerns MN.
This hormone effect might be a mechanism of
action of sex hormones on various hetero- or
auto-immune responses [21].

MATERIALS AND METHODS

Animals

Inbred female guinea pigs from 3 different
strains were used: strain 2 (S.2) (GPL-A: B1, S1,
Ia 2, 4, 5, 6) and strain 13 (S.13) (GPL-A: BI,
S1, Ia 1, 3, 5, 6, 7) supplied by the Medical
Research Council (London), and strain BIO-
AD (BIO-AD) (GPL-A: B3, 1a 1, 3, 5,6, 7)
kindly donated by Professor A. L. De Weck
(Bern, Switzerland). All were maintained in one
of our departments. The animals were divided
into two groups: normal and estrogenized
animals (18 and 1§, respectively).

AIS

AIS, containing IgG1 and IgG2 antibodies,
were obtained as previously described {22] by
cross-hyperimmunization with spleen cell mem-
branes of S.2 and S.13 for class II antigens
(anti-Ia 1, 3, 7 and anti-Ia 2, 4) and by cross-
hyperimmunization of BIO-AD and S.13 for
class I antigens (anti-B1, S1 and anti-B3). The
high specificity of these AIS was previously
demonstrated by in vivo and in vitro tests[20].

These 4 AIS were studied for each guinea pig
strain; thus according to the corresponding
target they were either specific (anti-B1 S1 on
$.2 and S.13, anti-B3 on BIO-AD, anti-Ia 2, 4
on S.2, anti-Ia 1, 3, 7 on S.13 and BIO-AD) or
non-specific with reverse combinations. As
results were homogeneous and reproducible
we could pool them in order to discriminate
between specific or non-specific class I or class
IT AIS.

Estrogen treatment

Guinea pigs were treated with estradiol ben-
zoate (Roussel, France): 1 mg was dissolved in
0.2 ml of sterile arachis oil and injected s.c. into
each animal once a week. Blood was collected 7
days after the last injection of a course of three.

Cell preparations

PBL were obtained from the retro-orbital
sinus blood or by cardiac puncture and collected
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on 10% EDTA (1:2 v/v blood). After sedimen-
tation with 3% Dextran (T500-Pharmacia) at
1 g for 30 min, PBL were washed 3 times with
phosphate buffered saline (PBS), 0.02 M sodium
azide (NaN3) and adjusted to 2.5 x 10¢ cells/ml
in PBS, NaN3 supplemented with 0.5% bovine
serum albumin (BSA).

The cellular composition was determined
after staining with May-Griinwald—Giemsa
stain; 43% PMN, 53% MN and 4% Kurloff
cells [23]. After estradiol treatment the percent-
age of Kurloff cells reached 13% and the MN
percentage decreased to 43%.

SPA-SRBC

All reagents were prepared in 0.15M NaCl.
50 ul of SPA (2 mg/ml) and 1 ml of 3 x washed
SRBC (6.25%) were mixed with the appropriate
amount of 0.1% chromium chloride, pH 5,
for 5 min. Conjugation was stopped by adding
9ml of PBS. After several washings, a 1%
SPA-SRBC suspension was prepared in
PBS-BSA-NaN3 for use in further steps.
According to our previous experience, we
only used SPA-SRBC preparations giving at
least 90% of rosetting cells with a 1/10,000
dilution of anti-class I serum and appropriate
target cells.

SPA-SRBC rosette assay

PBL GPL-A antigens were identified by the
SPA rosetting method [22] first described by
Ghetie et al. and modified by Sandrin et al. [24).
Briefly 25 ul of PBL were incubated for 30 min
at 4°C with appropriate dilutions of the 4 AIS.
After 3 washings with PBS-NaN3, cells were
suspended in 25ul of a PBS-BSA-NaN3
mixture. They were mixed with 25 ul of 1%
SPA-SRBC in PBS-BSA-NaN3 and cen-
trifuged for 5 min at 200 g to promote rosette
formation. The next day, PBL were stained with
methylviolet and the percentage of rosetting
cells (cells binding at least 3 SPA-SRBC) was
scored in a hematocytometer. The counts
constituted the results for whole fresh PBL
suspensions.

Identification of the rosetting cells

The pattern of the rosetting cells: Kurloff,
MN and PMN was determined from cyto-
centrifuged cellular suspensions stained with
May-Griinwald—Giemsa or by color rapid
reagent (Scientec, France). MN corresponded
to the total MN minus Kurloff cells. The
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percentage of rosetting cells of each type
was established after enumerating all the cells
present on the smear, and the number of bound
SPA-SRBC on 100 cells was determined for
each cell type (a total of 2445 rosetted MN, 2633
rosetted Kurloff cells and 2374 rosetted PMN
were examined in normal, and estrogen-treated
animals). Complete rosettes were leukocytes
completely surrounded by coated SPA-SRBC
and incomplete rosettes were cells only partially
surrounded by SPA-SRBC.

Statistics

Obtained data were statistically analyzed by
comparison of fresh rosetting PBL percentages
and by comparison of the means of SPA-SRBC
rosetted per 100 cells, with Student’s z-test.

RESULTS

Similar results were obtained for all guinea
pig strains used.

Whole fresh PBL suspensions

Figure 1 shows the results obtained with
whole fresh PBL suspensions. The percentages
of rosetting PBL for class I antigens were
about 80-90% for normal guinea pig cells
incubated with all dilutions of anti-class I
specific AIS, ranging from 1/10 to 1/40,000. For
estrogenized guinea pigs these percentages
decreased and we observed a zone effect: only
65% of PBL formed rosettes at the 1/10 di-
lution, 75% with the 1/100-1/20,000 dilutions
and 68% with the 1/40,000 dilution (Fig. 1A);
these decreasing percentages were statistically
significant in comparison with the normal
group (P <001 and P <0.05). Moreover,
rosettes from normal guinea pigs were com-
plete whereas those from the estrogenized
group were incomplete. With class II specific
AIS diluted at 1/5 and 1/20, only a small
percentage of PBL were Ia positive: 30% in the
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Fig. 1. Class I (A) and class II (B) MHC antigens expressed
as a percentage of rosetting leukocytes. Whole fresh prep-
arations of PBL. Normal (») and estrogenized (») guinea
pigs (18 and 15 animals, respectively). Results are expressed
as mean + SD (1P <0.01, $P < 0.05). Bottom: non-specific
reaction with reverse combinations of AIS.

normal group and 15% in the estrogenized
group (P < 0.01) (Fig. 1B).

Smears

Table 1 shows the percentage of Kurloff,
MN and PMN rosetted cells established after
enumerating all the cells present on a smear.

Table i. Percentage of rosetting Kurloff, MN and PMN cells, determined from enumerating rosettes on cytocentrifuged smears

Alloimmune Specific class T Non-specific Specific Non-specific
sera class I class I class II Cell alone
(1/100) (1/40,000) (1/100) /8 (1/5) (control)
Kurloff cells
Normal 93 100 0 38.7 0 0
Estrogenized 733 72 54 17 0 2
MN
Normal 879 88 144 73.8 16 25
Estrogenized 4.8 34.2 13.1 42,5 ] 54
PMN
Normal 91 8.5 6 0 0 0
Estrogenized 87 74.7 4.8 0 0 0
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Fig. 2. Number of bound SPA-SRBC to 100 cells, incubated with specific (I) or non-specific (1) 1/100

diluted anti-class 1 AIS, with specific (IIT) or non-specific IV} 1/5 diluted anti-class II AIS, or without

serum (V). Normal or estrogenized [] guinea pigs. (Bars = SD). Significance of estrogenized data vs
normal data: *P < 0.001, **P < 0.05, ns = non-significant.
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Comparatively Fig. 2 shows the number of constitutive of each rosette. These values were
bound SPA-SRBC per 100 cells of each cell established for samples incubated either with
type after enumeration of every SPA-SRBC the different AIS or without serum.

@

Fig. 3. SPA-SRBC rosetted PBL incubated with 1/100 diluted anti-class 1 AIS. Kurloff (1), MN (2) and
PMN (3) rosetted cells in normal (a) and estrogenized (b) guinea pigs (x 1500).
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Kurloff and PMN cells from normal and
estrogenized groups did not spontaneously
bind SPA-SRBC though some MN cells did.

With class I-specific AIS, the percentage of
rosetting Kurloff MN and PMN cells was
between 85 and 100% in normal guinea pigs.

In the estrogen-treated group, a marked
decrease of 30 and 50% in the number of
rosetting cells was scored for Kurloff and MN
cells, respectively. There was no significative
difference for PMN in any group.

With class Il-specific AIS, the rosetting
Kurloff and MN cells was about 50% lower in
the estrogenized group than in the normal
group. PMN did not bind class Il-specific
AlS.

For the normal group, almost all rosettes
were complete (i.e. SRBC bound all around the
cell, even on more than one row); in contrast,
in the estrogenized group, rosettes were incom-
plete as cells were only partially surrounded by
SPA-SRBC (Fig. 3).

DISCUSSION

The main finding of this study was that
estradiol modifies the expression of GPL-A
antigens on PBL, but not on PMN cells.

It was possible to obtain these results as the
rosetting method is highly sensitive [20] pro-
vided that the conjugation of SPA is well con-
trolled (see Materials and Methods section).
This method was recently used to detect T-cell
activation antigen (Tac) positive cells in the
tonsillar T-cell fraction as conventional immu-
nofluorescence assays were not sufficiently sensi-
tive to detect IL2 receptors on lymphocytes
activated in vivo [25]. The rosetting and flow
cytofluorometry methods were compared for
the expression of Tac and Ia antigen, on
circulating human T-cells [26] and of 25 cell
surface alloantigens on mouse lymphocytes
and neutrophils [27]. There was no discrepancy
between the two techniques except for mouse Ly
25-1+ lymphocytes which were only detected
by the rosetting method: the disparity between
rosetting (80%) and cytofluorometric (12%)
techniques was interpreted to be due to the very
low Ly 25-1 density on lymphocytes. By using
the rosetting method and by counting the num-
ber of bound SPA-SRBC per 100 cells, we could
approximately evaluate the density of cell sur-
face GPL-A antigens: in previous experiments
(data not shown) we followed the expression
of GPL-A antigens on spleen cells during solu-
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bilization with octyl-g-D glucopyranoside, a
non-cytolytic detergent and we observed a cor-
relation between the increase in the amount
of solubilized antigens in the incubation
medium (immunodot blotting procedure) and
the decrease in the number of bound SPA-
SRBC on splenic cells (rosetting method); com-
plete rosettes became incomplete and then
gradually disappeared. These independent
measures suggested that the number of bound
SPA-SRBC provides a quantitative index of the
expression of cell surface antigens.

As expected, class I antigens were better
represented on normal PBL than class II anti-
gens: almost all cells were positive for class I
GPL-A antigens up to the 1/40,000 dilution of
AIS, whereas a 1/5 dilution of class II-specific
AIS gave only 30% positive cells with a fresh
suspension. On whole fresh cell suspensions, the
same anti-class II-specific AIS diluted to 1/20
could detect GPL-A antigens on 80% of L2C-N
leukemia cells and 80% of lymph node cells
obtained from guinea pigs treated with complete
Freund’s adjuvant 3 weeks before.

The percentage of rosetting cells was 30% for
whole fresh cell suspensions and 75% for MN
cytocentrifuged cells as PMN were class II
negative. Kurloff and PMN cells had no sur-
face IgG, as demonstrated by the lack of
spontaneous binding of SPA-SRBC to cells
incubated alone without serum. We also found
that Kurloff cells are IgM negative as no anti-
body binding was observed either by the roset-
ting method or a peroxidase—antiperoxidase
immunostaining technique, after incubation
with rabbit anti-guinea pig IgM (unpublished
results).

Incubation of PBL from normal and estroge-
nized guinea pigs with AIS directed against
GPL-A antigens not borne by the target ceils
(non-specific anti-GPL-A AIS) did not induce
any rosetting cells. This demonstrated that,
under our experimental conditions, we could
not detect any Fc receptors for IgG on these
cells.

In this paper we described the modulation of
MHC antigen expression by supraphysiological
doses of estradiol on different families of guinea
pig blood leukocytes. MHC antigens present on
PMN, which are not involved in immunity,
showed no variation of their expression; the
expression of those from MN, including Kurloff
cells, which are involved in immunity or in
natural killer effect, decreased after experimen-
tal estrogen treatment: indeed supraphysiologi-
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cal doses of estradiol are known to decrease the
cell mediated immunity responses [28, 29].

As far as the mechanism of this modulation
is concerned, the first hypothesis is a binding of
estrogen with specific receptors of lymphoid
cells and then a modification of DNA tran-
scription and of antigen synthesis. How-
ever, estradiol receptors are present mainly
on reticulo-epithelial components of lymphoid
organs and not on lymphoid cells {30); as an
exception, estradiol receptors are characterized
only on OKT8-positive cells in man [31]. In the
guinea pig Kurloff cells, only the presence of
some low affinity estrogen binding sites of type
IT was detected, but the typical type I estrogen
receptor is actually absent[32)]; therefore the
binding of steroid hormones with cell receptors
is not possible for all the lymphoid cells. But the
fact that Kurloff cells do not possess any typical
type I estrogen receptor is not incompatible with
estrogenic modulation of these cells. Many
authors showed that gonadal steroid could act
through a non-genomic mechanism by directly
binding to specific membrane receptors[33].
Moreover, we cannot exclude any indirect effect
of estradiol on lymphoid cells since our exper-
iments were done in vivo and not directly
in vitro.

The medical interest of this modulation is
obvious. In rodents and in man it is well
known [21] that hormonal immunity, cell medi-
ated immunity, allergy, autoimmunity and
natural killer activity are more or less marked
in males and in females, and for the females
according to the estrous cycle (e.g. high
immunoglobulin levels in infectious diseases,
allergic predispositions and systemic lupus ery-
thematosus, are more frequent in women, and
so on). Although this paper is only devoted to
estrogen action, it shows a direct influence of
the hormonal impregnation on cells interfering
with immunity or natural killer activity.

Acknowledgements—This work has been partly supported
by Grant No. 6765 from I'Association pour la Recherche sur
le Cancer, Villejuif, France.

We are grateful to M. Quillec for technical assistance,
Dr R. Kinsky for reviewing the manuscript and J. Hamelin
for typing. The authors thank L. Garry, P. Casanova
and G. Drevet, working under the direction of H. Maurin-
Blanchet, for the animal husbandry.

REFERENCES

1. Ansar Ahmed S., Penhale W. J. and Talal N.:
Sex hormones, immune responses, and autoimmune
diseases. Mechanisms of sex hormone action. Am. J.
Physiol. 121 (1985) 531-551.

2,

12.

20.

CLAIRE DEBOUT et al.

Sthoeger Z. M., Chiorazzi N. and Lahita R. G.: Regu-
lation of the immune response by sex hormones. 1.
In vitro effect of oestradiol and testosterone on poke-
weed mitogen-induced human B cell differentiation.
J. Immun. 141 (1988) 91-98.

. Head J. R. and Gaede S. D.: Ia antigen expression in

the rat uterus. J. Reprod. Immun. 9 (1986) 137-153.

. Johnson P. M. and Bulmer J. N.. Uterine gland

epithelium in human pregnancy often lacks detect-
able maternal MHC antigens but does express
fetal trophoblast antigens. J. Jmmun. 132 (1984)
1608~1610.

. Klareskog L., Forsum U. and Peterson P. A.: Hor-

monal regulation of the expression of Ia antigens on
gland epithelium. Eur. J. Immun. 10 (1980)
958-963.

. Presl J. and Bukowsky A.. Role of Thy-1+ and

Ia+ cells in ovarian function. Biol. Reprod. 34
(1986) 159-169.

. Zheng Y., Zhou Z. Z,, Lyttle C. R. and Teuscher C.:

Immunohistochemical characterization of the estrogen-
stimulated leukocyte influx in the immature rat uterus.
J. Leukocyte Biol. 44 (1983) 27-32.

. Hakansson S., Heyner S., Sundqvist K. G. and

Bergstrom S.: The presence of paternal H-2 antigens on
hybrid mouse blastocytes during experimental delay of
implantation and the disappearance of these antigens
after onset of implantation. /nt. J. Fert. 20 (1975)
137-140.

. Shevach E. M., Rosenstreich D. L. and Green I.: The

distribution of histocompatibility antigens on T and B
cells in the guinea pig. Transplantation 16 (1973)
126-133.

. Geczy A. F., De Weck A. L., Schwartz B. D. and

Shevach E. M.: The major histocompatibility com-
plex of the guinea pig. I. Serologic and genetic studies.
J. Immun. 115 (1975) 1704-1710.

. Green L., Forni G., Konen T., Cheng-Po H., Schwertz

B. D, Kask A. and Shevach E. M.: Immunological
study of the guinea pig L2C leukemia. Fedn Proc. 36
(1977) 2264-2267.

Burger R., Scher 1., Sharrow S. O. and Shevach E. M.:
Non-activated guinea pig T cells and thymocytes
express Ia antigens: FACS analysis with alloantibodies
and monoclonal antibodies. Immunology 51 (1984)
93-102.

. Wiman K., Curman B., Forsum U., Klareskog L.,

Malmnas-Tjernlund U., Rask L., Tragardh L. and
Peterson P. A.: Occurrence of Ta antigens on tissues of
non-lymphoid origin. Neture 276 (1978) 711-713.

. Ledingham J. C. C.: Sex hormones and the Fod-Kurloff

cell. J. Path. 50 (1940) 201-219.

. Debout C., Edery M., Quillec M., Drosdowsky M. and

Tzard J.: Augmentation du nombre des cellules de
Kurloff aprés stimulation oestrogénique chez le cobaye:
mise en évidence d'un temps de latence. Bull. Ass. Anat.
67 (1983) 181-191.

. Revell P. A.: The Kurloff cell. Inz. Rev. Cytol. 81 (1977)

275-314.

. Landemore G., Letaief S. E., Bocquet J. and Izard J.:

Kurloff cell proteoglycans. Evidence for de nove syn-
thesis of chondroitin sulfate proteoglycans by purified
Kurloff cells. FEBS Letr. 209 (1987) 299-304.

. Landemore G., Buat M. L. and Izard J.: Zymograms of

Kurloff cell acid phosphatases; thin layer isoelectric
focusing and native polyacrylamide 4-15% gradient gel
electrophoresis. Biol. Cell 59 (1987) 97-100.

. Debout C., Quillec M. and Izard J.: Natural killer

activity of Kurloff cells: a direct demonstration on
purified Kurloff cell suspensions. Cell. Immun. 87 (1984)
674-677.

Neveu T., Lefroit-Joliy M. and Voisin G. A.: A rapid
and reliable i vive method for anti-GPL-A (class I and



21,

22

23,

24,

25.

26.

27.

Estradiol and leukocyte MHC antigens expression

class II antigens) antibody titration and GPL-A typing.
J. Immun. Meth. 59 (1983) 205-215.

Schuurs A. H. W. M. and Verheul H. A. M.: Effects
of gender and sex steroids on the immune response.
J. Steroid Biochem. 38 (1990) 157-172.

Ghetie V., Nilsson K. and Sjoquist J.: Detection
and quantitation of IgG on the surface of human
lymphoid cells by rosette formation with protein A-
coated sheep red blood cells. Eur. J. Immun. 4 (1974)
500-505.

Quillec M., Debout C. and Izard J.: Red cell and white
cell counts in adult female guinea pigs. Path. Biol. 25
(1977) 443-446.

Sandrin M. S., Potter T. A., Morgan G. M. and
McKenzie . F. C.: Detection of mouse alloantibodies
by rosetting with protein A-coated sheep red blood cells.
Transplantation 26 (1978) 126-130.

Plum J., Van Cauwenberg P. and De Smedt M.:
Detection of IL2 receptor positive tonsillar lympho-
cytes by monoclonal antibody and protein A-coated
erythrocytes. Jmmun. Lett. 17 (1988) 35-39.

Yachie A., Miyawaki T., Uwadana N. Ohzeki S.
and Taniguchi N.: Sequential expression of T cell
activation (Tac) antigen and Ia determinants on circu-
lating human T cells after immunization with tetanus
toxoid. J. Immun. 131 (1983) 731-735.

Hibbs M. L., Hogarth P. M., Collins P. R. and
McKenzie 1. F. C.: The cell surface phenotype of

28.

29.

30.

3L

32

33.

701

mouse neutrophils.
247-257.

Knobil E.: The neuroendocrine control of the menstrual
cycle. In Recent Progress in Hormone Research (Edited
by R. O. Greep). Academic Press, New York (1980)
pp. 53-58.

Kuhl H., Gross M., Schneider M., Weber W., Mehlis
W., Stegmuller M. and Tauber H. D.: The effect of sex
steroids and hormonal contraceptives upon thymus and
spleen of intact female rats. Contraception 28 (1983)
587-601.

Homo-Delarche F. and Bach J. F.: Stéroides sexuels
et réponse immunitaire. In Immimologie de la Repro-
duction (Edited by G. A. Voisin, P. Edelman, N.
Genetet, J. F. Bach and C. Sureau). Médecine-Sciences
Flammarion, Paris (1990) pp. 91-103.

Cohen J. H. M., Danel L., Cordier G., Saez S. and
Revillard J. P.: Sex steroid receptors in peripheral T
cells: absence of androgen receptors and restriction of
estrogen receptors to OKT8-positive cells. J. Immun.
131 (1983) 2767-2771.

Landemore G., Darbon J. M., Izard J., Bayard F. and
Faye J. C.: Presence of low affinity estrogen binding
sites in guinea-pig Kurloff cells. J. Steroid Biochem. 31
(1988) 57-60.

Schumacher M.: Rapid membrane effects of steroid
hormones: an emerging concept in neuroendocrinology.
Trends Neurosci. 13 (1990) 359-362.

J.  Immunmogener. 12 (1985)



