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Seminary--Sex hormones have an effect on various immune responses but the m~hanisms & 
act~n are unknown. One of ~ e ~  m~ha~sms might be a mo~fi~fion of exp~s~on of m~or 
Ms~compafibili~ complex (MHC) antigens ~ blood leucocytes. Estra~ol-indu~d variations 
of ~e  expression of guinea pig blood Mukoeyt~ MHC antigens (GPL-A) was guyed. O ~ s  
I and class II MHC anfi~ns we~ dc~ctcd by a ~n~five r o ~ n g  me~od ~ing specific 
Mloimmune sera (AIS) and g a p h ~ o c e M  p r ~ n  A-coated sh~p red bMod ~ s  ~PA- 
SRBC) and evaluatexl by counting the number of bound SPA-SRBC ~ r  100 ~Rg MHC 
anfi~ns d~ma~d afmr cgro~n ~eatrnenL E~ra~M modifies ~e  expr~sion of GPL-A 
anfi~ns on the mononucl~r ~ lh  incM~ng the Kurloff ~11~ w~ch are inv~ved ~ immuni~ 
or ~ a natural ~llcr effect, but dM n~  aff~t ~e  expms~on of polymo~honuclear ~11~ ones 
wMch a~ not ~v~ved ~ immunit~ 

INTRODUCTION 

Sex hormones control the regulation of  different 
immune responses [1, ~ by in~racting ~ v~o  
with a variety of  ce~g These hormones an~ in 
particular estrogen~ have been clear~ shown 
to influence the m~or  hhtocompatibifity com- 
p~x (MHC) on cells of the genit~ ~act [3-~ 
and embryonic tissues [8] though no sex hor- 
mone-MHC antigen interactions have yet been 
demons~ated with blood ~ukocytes. 

The guinea pig MHC or guinea pig ~ucocy~ 
antigen complex (GPL-A) has been wcH docu- 
mented ~nce 1973 [9] and two classes of anti- 
gens have been described ~ :  chss I antigens 
(BI, BL B3 or B~ S1)~these ubiquitous anti- 
gens correspond to mouse H2-D and H2-K 
ant~ens or to human HLA-A or HLA-B anti- 
gcn~ and ~ass II antigens or immune a~o~-  
ated antigens (Ia)--sevcn specificities have cur- 
rent~ been defined (1, L 3, ~ ~ 6 and 7) and 
are present on immunocompetent cells (mono- 

*To whom corresponden~ ~o~d be addres~ 
Abbrev~ffo~: MH~ m~or histocompafibifi~ complex; 

GP~A, guin~ #g ~uc~y~ anfi~n comple~ AI~ 
~loimmune ~rum; SPA~RB~ s~ph~ococcal pro- 
rein A-coated sheep red ~ood ~1~ PB~ peripheral 
~ood leukocyte~ PMN, polymo~honucl~r ~1~ MN, 
mononuclear ~lls, 

eyes, macm~ages, ~n~am ~ B- and 
actvamd T-l~y~). Oass I and chss II 
anfi~ns ~ M~ p ~  on some t~or ~ 
inclu~ ~c L2C-N ~e~a [lq. It was m- 
port~ ~ ~kc ~ ~ or h~ans, most 
norm resting ~n~ ~g T-~ and most 
• ~ocytes expm~ Ia anti~ns[l~. Class II 
a~g~s were ~so des~ on ~v~ Oan- 
d~ar  e ~ h ~  ~ s  includ~g ~ n e a  ~ g  
m a ~  ~ ~ h  O ~  

G ~ n ~  p~  l e u k o c ~ s  inc l~e  a s ~  and 
~ m o n ~ e  ~ I D ~  t ~  Kudoff ~fi. 
~ a t ~  ~ v~o  ~ t i o n s  ~ e s t r a ~  indu~ a 
c e n s u r a b l e  ~ e a s e  ~ t ~  n ~ r  ~ Kurloff 
~fis ~ the ~ ~ u s  and ~ o ~  [15, 1~. 
~ s  mononuclear ~ ~ ~ ch~ac~rized 
~ the p ~ n ~  of a u~que  ~racy top lasm~ 
~ c l ~ n  rich ~ ~ o m o ~ a n s  [1~ and ~ s o ~ -  
m ~  ~ m e s [ l ~ .  It dev~ops a ~ t ~  ~ r  
ac f i~y  [1~. 

~ s  repo~ d~ons t ra tes  the ~ o n M  
m e d i a t i o n  of GPL-A anf i~n expression on 
• ~ n t  ~ o o d  l e n ~ e s  ~ c ~ n g  K ~ b f f  
~Hs. 

We c h ~ a c t e f i ~  class I a ~  c~ss II ~ t i -  
~ n s  u~ng a ros~fing assay ~ t h  ~ o -  
immune ~ ra  ~ I ~  a ~  s ~ p h ~ o c o ~  p r ~ n  
A-coa t~  s b e ~  r ~  ~ o ~  ~ s  ( ~ S R B ~  
to detect GPL-A anfi~ns [20], and compar~  
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thor expression on peripheral Mood leukoeytes 
(PBL) from normM and es~ogenized ~mM~. 
Hormone effect does not concern the pdymov 
phonuclear cel~ (PMN) but concerns MN. 
This hormone effect might be a mechanism of 
action of sex hormones on various he~ro- or 
auto-immune responds ~ 1]. 

~_ATERIALS AND NIETHOD~ 

Anima~ 

Inbred ~ma~ guinea pigs ~om 3 different 
~rfins were use& str~n 2 (S.2) (GPL-A: B1, S1, 
Ia L • 5, 6) and strain 13 (S.13) (GPL-A: B1, 
S1, Ia 1, 3, 5, 6, 7) supplied by the Medic~ 
Research Coun~l (London), and strain BIO- 
AD (BIO-AD) (GPL-A: B3, Ia 1, 3, 5, ~ 7) 
kindly donated by ProCtor A. L. De Week 
(Bern, Switzerland~ All were maint~ned in one 
of our departments. The anima~ were di~ded 
into two group~ norm~ and es~ogenized 
animus (18 and 15, respectively). 

A1S 

AIR contai~ng IgGl and IgG2 anfibodie~ 
were obt~ned as pre~oufly described ~ by 
cross-hypefimmunization with spleen cell mem- 
branes of S.2 and S.13 for class II antigens 
(anti~a 1, 3, 7 and anti-Ia ~ 4) and by cross- 
hyperimmunization of BIO-AD and S.13 for 
class I antigens (anti-Bl, SI and anti-B~. The 
high specifi~ty of these AIS was previously 
demonstrated by ~ vivo and ~ v~ro ~sts [20]. 

These 4 AIS wore studied for each guinea pig 
~ r ~  thus according to the corresponding 
target they were ~ther specific (anti-Bl S1 on 
~2 and S.13, anti-B3 on BIO-AD, anti-Ia ~ 4 
on S.~ anti-Ia 1, 3, 7 on S.13 and BIO-AD) or 
non-specific with reverse combination~ As 
results were homogeneous and reproducible 
we could pool them in order to discrimina~ 
between spedfic or non-specific c~ss I or da~  
II AIS. 

Estrogen treatment 

Guinea pigs were treated with estradiol ben- 
zoate (Round, France): 1 mg was disso~ed in 
0.2 ml of smrile arachis off and injected s.c. into 
each animM once a week. Blood was co~ec~d 7 
days after the ~ injection of a course of thre~ 

Cell preparations 

PBL were obtained from the reWo-orbitai 
finus blood or by cardiac puncture and collected 

on 10% EDTA (1:2 ~v Mood). After sedimen- 
tation with 3% Dextran (TS00-Pharma~a) at 
1 g for 30 mi~ PBL were washed 3 times wRh 
phosphate buffered saline (PBS), 0.02 M sodium 
azide (NaN~ and adjusted to ~5 x l0 s cel~/ml 
in PB~ NaN3 supplemented with ~5% bo~ne 
serum ~bumin (BSA). 

The cell~ar compofition was determined 
after ~ n g  with May-Griinwfld-Criemsa 
~fin; 43% PMN, 53% MN and 4% Kurloff 
cel~ ~ .  After e s U a ~  t~atment the percent- 
age of Kufloff ce~s ~ached 13% and the MN 
percentage decreased to 43%. 

SPA -SRBC 

All ~agen~ were prepared in ~15 M NaC1. 
50 #1 of SPA ~ m~m~ and 1 ml of 3 x washed 
SRBC (6~5%) wore mixed with the appropriate 
amount of 0.1% chromium chloride, pH 5, 
for 5 mira Co~ugation was ~opped by adding 
9ml of PBS. A~or severfl washing~ a 1% 
SPA-SRBC suspenfion was prepared in 
PBS-BSA-NaN3 for use in fu~hor stops. 
According to our p ~ o u s  experience, we 
oily used SPA-SRBC p r e p a r ~ n s  ~ n g  at 
~ast 90% of ros~ting ce~s with a 1/1~000 
dilution of anti-class I ~rum and appropfia~ 
target cells. 

SPA-SRBC rosette assay 

PBL GPL-A antigens were identified by the 
SPA rosetting method ~ first described by 
Ghefie et a£ and mottled by Sandrin ~ al. ~ .  
Briefly 25 #1 of PBL were incubated for 30 min 
at 4°C with appropriate dilutions of the 4 AIS. 
A~er 3 was~ngs with PBS-NaN3, c¢~s were 
suspended ~ 25gl of a PBS-BSA-NaN3 
mixture. They were mixed with 25#1 of 1% 
SPA-SRBC in PBS-BSA-NaN3 and cen- 
trifuged for 5 rain at 200g to promo~ rosette 
formation. The next day, PBL we~ ~ n e d  with 
m ~ h ~ o ~ t  and the percentage of rosetting 
ce~s (ce~s ~nding at ~ast 3 SPA-SRBC) was 
scored ~ a hematocytome~ The counts 
eonsfitu~d the ~ s ~  for who~ fresh PBL 
suspenfions. 

Ident~cation of the rosetting celb 

The pattern of the rosetting ce~s: Kufloff, 
MN and PMN was de~rmined from cyto- 
centrifuged cdl~ar suspendons stoned with 
May-Griinwald-Giemsa or by c~or ra~d 
reagent (Seientec, France). MN corresponded 
to the to~l MN minus Kufloff cells. The 
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percentage of rosetting ceils of each type 
was established after enumerating all the celh 
present on the smear, and the number of bound 
SPA-SRBC on 100 c d h  was determined for 
each cell type (a total of 2445 rosetted MN, 2633 
rosetted Kufloff cells and 2374 rosetted PMN 
were examined in normal, and estrogen-treated 
animal~. Complete rosettes were ~ukocytes 
completely surrounded by coated SPA-SRBC 
and incomplete rosettes were cel~ only partially 
surrounded by SPA-SRBC. 

Statistics 

Obtained data were ~atistically analyzed by 
comparison of fresh rosetfing PBL percentages 
and by comparison of the means of SPA-SRBC 
rosetted per 100 cells, with Student's t-test. 

~ U L ~  

~ r  ~ s ~  were obtMned ~ r  ~ g~nea 
# g  strains used. 

Who~ fresh PBL suspensions 

~ g ~ e  1 shows the ~sults ~ n e d  ~ t h  
whom ~ s h  PBL suspen~ons. ~ e  percemages 
of rose t t i~  PBL ~ r  d a ~  I a ~ n s  w~e  
about 8 ~ %  ~ r  n o d a l  ~ n ~  p ~  ceRs 
i n c l i n e d  ~ t h  a~ ~ o n s  of a n ~ s  I 
s ~ f i c  A I g  r a ~  from 1/10 to 1 ~ , ~ .  For 
~ o ~ d  ~ n e a  #gs  ~ese  ~ r c e n t a ~ s  
d~reased and we obse~ed a zone e f f ~  on~  
65% of PBL ~ e d  r o ~ t ~ s  at ~ e  1/10 ~ -  
~ f i o ~  75% ~ t h  t ~  1 / 1 0 ~ ! ~ 0 ~  ~ u f i o n s  
and 68% ~ t h  t ~  1 ~ 0  ~ u f i o n  ~ 1 ~  
these d ~ r e a ~ g  percenta~s were s ta t is t i~l~ 
f i g ~ f i ~ m  h comparison ~ t h  the n o ~  
g r o ~  ~ < 0 ~ 1  and P < 0 ~ .  Mo~ove~ 
r o ~ t t ~  ~om n o d a l  g~nea ~ were ~ m -  
~ e  whereas those ~om the e ~ r o ~ d  
group were incomp~e.  With class II s ~ i f i c  
AIS ~ u t e d  at 1~ a ~  1 ~  o~y  a s m ~  
~ r c e m a ~  of PBL were Ia pofifive: 30% ~ the 
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S~KUM DILUTION 

~& 1. Cl~s I (A) and class H (B) MHC antigens expressed 
~ a percen~ of ro~tfing lcukoc~. Whole fresh p ~  
~afio~ of PBL Norm~ (,) and ~trogenized (*) guinea 
pi~ (18 and 15 animals, respecfi~ly). R~ults are expressed 
~ mean ± SD (~P < 0~1, ~P < 0.0~. ~otmm: non-specific 

~action wi~ ~ r s e  combinations of AI~ 

norm~ group and 15% in the estrogenized 
group (P < ~01) (Fig IB). 

Smea~ 

Table I shows the percentage of Kudoff, 
MN and PMN rose~ed ce~s established after 
enumerating all the ceRs present on a smea~ 

Tabk 1. P e r ~  of ro~tfi~ K~oE ~ a~ PMN ~ 
~ m m ~ e  S ~  ~ s  I N o n - s ~  

~ra d a ~  I 
O/~) 0 ~ , ~ )  (1 /~  

Kufloff ~ 
N o ~  93 1~ 0 
E s t r o s ~  73.3 72 5A 

MN 
N o ~  8%9 88 1~4 
~tr~eni~d ~. 8 M~ 1 ~ 1 

PMN 
N o ~  91 78.5 6 
Estrog~i~ 87 ~.7 ~8 

determined from enumexafing rosettes on cytocentrifused smears 
Sl~c~flc Non-specific 
class II das~ I| ~cll ~onc 
(1/5) (I/5) (controt) 

38.7 0 0 
17 0 2 

73~ 16 22.5 
42.5 0 5A 

o 0 o 
o 0 o 
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K U R L O F F  CELLS 
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~g. ~ Number of bound SPA-SRBC ~ 100 ~ ,  ~cuba~d ~ spocific 0) or non-specific ~I) 1/100 
diluted anti.lass I .MS, wi~ specific OID or non-specific ~V) !~  diluted anti.Ires H AIS, or witho~ 
~rum (V). Normal [] or ~troge~zed [] guinea pigs. ~a~  = SD). ~gnifican~ of e~rogonizcd da~ vs 

normal da~: *P < ~001, **P < 0.0~ ns = non-signifi~nt. 

Comparatively Fig. 2 shows the number of  
bound SPA-SRBC per 100 ~ l l s  of  each ~ f l  
type after enum~a t ion  of  every SPA-SRBC 

constitutive of  each rosette. These values were 
established for samples incubated either with 
the different AIS or  without serum. 

Fig. 3. SPA-SRBC ro~tted PBL ~cubated ~ I/1~ ~lut~ antilles 1 AIS. K~loff (1), MN (2) and 
PMN (3) rosetted cells ~ norm~ (a) and ~ o g e ~ d  ~) guin~ pigs (x 1500). 
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Kufloff and PMN ~ ~om n o ~ a l  and 
e s t roge~d  ~ o ~ s  did not ~onmncous~ 
~nd SPA~RBC though some MN cells did. 

With class L s p ~  ~ t ~  ~rcen~ge of 
rosetti~ Kufloff MN and PMN cells was 
~ t w ~ n  85 ~ d  1~% ~ n o ~  ~ n ~  Ogs. 

In the ~ffogen-U~ted group, a marked 
decrea~ of 30 ~ d  50% ~ the n ~  of 
ros~ting ce~ was ~ o ~ d  ~ r  Ku~off and MN 
~ r e s ~ v e l y .  There was no ~ f i ~ t i v e  
diff~ence ~ r  PMN ~ any group. 

W~h ~ass ~ s ~  AIS, the rosetti~ 
Kufloff ~ d  MN ceils was about 50% lower ~ 
the ~ o g e ~ z e d  g r o ~  t h ~  ~ the n o ~  
group. PMN d~ not ~ ~ass H - s ~ c  
AIS. 

For the n o ~  ~ o ~ ,  ~most ~ roset~s 
we~ com~e~ ~ SRBC ~ u ~  ~ around the 
~ L  even on more than one r o ~  ~ co~ra~  
~ the e ~ r o g e ~ d  g m ~ ,  rosettes were incom- 
~ e  as ~ were o~y p a ~ y  surroun~d by 
SPA-SRBC ( ~  ~. 

D~CU~ION 

The m~n finding of this gudy was that 
estradiol modifies the expression of GPL-A 
antigens on PBL, but not on PMN ceRs. 

It was pos~ble to obt~n these results as the 
resetting method h h~hly sensitive [20] pro- 
~ded that the conjugation of SPA ~ well con- 
trolled ~ee Ma~fi~s and Methods section). 
Thh method was recently used to detect T-cell 
activation antigen (Ta~ pofitiv¢ ce~s in the 
tonfiRar T-ce~ ~action as convention~ immu- 
nofluorescence assays were not sufficiently sensi- 
tive to detect IL2 recepto~ on ~mphocytes 
activa~d ~ v~o ~ .  The resetting and flow 
cytofluorom~ry m~hods were compared for 
the expression of Tac and Ia antigen, on 
drculating human T-celh ~ and of 25 cell 
surface alloantigens on mouse ~mphocytes 
and neutrophi~ ~ .  There was no discrepancy 
between the two techniques except for mouse Ly 
25-1 + ~mphocytes which were only detected 
by the ros~ting m~hod: the disparity between 
ros~ting (80%) and cytofluorometric (12%) 
techniques was in~rpreted to be due to the very 
low Ly 25-1 den~ty on ~mphocytes. By u~ng 
the ros~ting method and by counting the num- 
ber of bound SPA-SRBC per 100 cells, we could 
appro~mately ev~uate the den~ty of cell sur- 
face GPL-A anfigen~ ~ pre~ous expe~ments 
(data not shown) we followed the expression 
of GPL-A antigens on spleen ce~s during solu- 

~MB 3~/6==C 

MHC ~ s  ~ n  ~ 

~ ~ t h  ~ f l ~  ~ ~  a 
n o n - ~ y t i c  ~ r g ~ t  a ~  we o b ~  a cor- 
Y d o n  ~ t w ~ n  ~e increa~ ~ t ~  ~ o ~ t  
of ~ d  a ~ n s  ~ t ~  i n ~ b ~ o n  
m ~ i ~  O ~ u n o d o t  b~ t ing  p r o ~ u r ~  and 
t ~  d ~ e  ~ ~e  n ~ r  ~ bound SPA- 
SRBC on ~ len~ cd~ ~ n g  m ~ h ~  ~ m -  
~e~  rosettes ~ e  in~mplete and t ~ n  
~ 1 ~  d i s ~ e ~  ~ e ~  ~ d ~ e ~ e ~  
measles su~eswd that the n u m ~  of b o ~ d  
SPA~RBC provid~ a q~nti~tive index ~ the 
exp~ssion ~ ~ 1  s ~  ~tigens. 

As e x ~ t ~ ,  ~a~  I ant~ens we~ ~t ter  
represent~ on n o ~  PBL than ~ass II anti- 
~ns: ~most aH ~ s  were positive ~ r  ~ass [ 
GPL-A anti~ns up to t ~  l ~  ~u t ion  of 
AI~ whereas a 1~ ~ n  of ~ass ~ s ~  
~ S  ~ve  o~y 30% po~tive c~s ~ t h  a ~ s h  
s u s ~ n ~ m  On wh~e f ~ h  ~11 sus~nsions, the 
same ant i .ass  I b s ~ i ~  MS ~ m e d  to 1~0 
~ d  d ~ t  G P L ~  an~ens  on ~ %  ~ L2~N 
leuke~a ~fls a ~  80% of l ~ p h  node ~ s  
obt~ned from g~nea ~ s  t~ated ~ c o m p ~  
Freund~ ~ u v a m  3 w~ks ~ .  

~ e  ~ rcenm~ of r o s e ~  ~fls was ~ %  ~ r  
wh~e ~ s h  ~ sus~nfions a ~  75% ~ r  MN 
~ o ~ m d ~  ~ as PMN we~ class II 
negative. Kudoff and PMN ~fls had no su~ 
~ I ~ ,  as demon~ra~d by the ~ck of 
spontaneous ~n~ng  of SPA~RBC m ~ s  
~cub~ed ~one ~ o u t  ~ .  We ~ o  ~und 
that Kudoff ~ a~  IgM ne~five as no anti- 
body ~n~ng  was o ~ e ~  ~ e r  by t ~  ro~t- 
ting m~hod or a ~ r o ~ d a s ~ a ~ r o ~ d a s e  
~ m u n o ~ n ~ g  t ~ h ~ u e ,  ~ e r  incubation 
~ t h  mb~t  an t i -~nea  ~g ~M ~ p u b l i s h ~  
r ~ u ~ .  

I n c ~ o n  of PBL from n o ~  and ~ o ~ -  
~ z ~  ~ n e a  ~ ~ t h  AIS ~ t e d  ag~n~ 
G P ~ A  a ~ n s  not borne by the mr~t  ~ s  
~ n - s ~ i f i c  ~ t i - G P ~ A  AI~  ~d  not ~duce 
any ros~fing c~s. T~s demons~ated ~ 
under our e x p ~ m e n ~  con~fion~ we ~ d  
not ~ t ~ t  any Fc ~ o r s  ~ r  ~ G  on the~ 
~ s .  

~ ~ s  ~ r  we ~ s c d ~  the m o d ~ o n  of 
MHC a ~  exp~sfion ~ s ~ r a ~ o ~ l  
doses ~ ~ a ~  on ~ r e m  ~ s  ~ g ~ n ~  
~ blood leuko~tes. MHC anti~ns presem on 
PMN, wh~h a~  not inv~ved in i ~ u n i t %  
showed no variation of thor exp~s~on; the 
e x p r ~ n  ~ ~ose from M ~  i n c l u ~  Kudoff 
~1~  whi~ are ~ v ~ v ~  ~ ~munity  or ~ 
n~ur~  ~ r  eff~g ~ c ~ a s ~  ~ter ex~dmen- 
t~ ~ e n  treatment: ~ d ~ d  suprap~siolo~ 
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cal doses of estradiol are known to decrease the 
ce~ mediated immunity responses [2~ 2~. 

As far as the mechanism of this moduia~on 
~ concerned,  the ftr~ hypothe~s ~ a binding of 
eswogen with specific receptors of lymphoid 
ce~s and then a modification of DNA tran- 
sc~ption and of antigen synthe~s. How- 
eveL es~adiol receptors are present mainly 
on reficulo-epithe~al components of lymphoid 
organs and not on lymphoid cells ~0]; as an 
exception, cs~adiol receptors are characte~zcd 
only on OKTS-positive cegs in man [31~ In the 

guinea pig Kudoff cells, only the presence of 
some low affinity estrogen binding ~tes of type 

II was detected, but the typical type I estrogen 
receptor ~ actuagy absent ~; therefore the 
binding of steroid hormones with ceg receptors 
~ not pos~ble for all the lymphoid cegs. But the 
fact that Kurloff cells do not possess any typical 
type I estrogen receptor ~ not incompatible with 

e~rogcnic modula~on of these cegs. Many 
authors showed that gonadal steroid could act 
through a non-gcnomic mechan~m by directly 
binding to specific membrane reccptors~3]. 
Moreover, we cannot exclude any indirect effect 
of cstradiol on lymphoid cells ~nce our exper- 
iments wcrc done ~ v~o and not direc~y 
in vitro. 

The  medical  in t e re~  o f  t h ~  m o d u l a ~ o n  ~ 
o b ~ o u s .  In  rodents  and  in m a n  R ~ well 
known [21] tha t  h o r m o n a l  immuni ty ,  ceil m e d b  
ated immuni ty ,  a l lerg~ a u t o i m m u n i t y  and  
na tura l  k i l~r  activity arc more  or  ~ s s  marked  
in males  and  in femalc~ and  for the  females 
according to the  cs t rous  cycle (e.g. high 
immunog lobu l i n  ~ v d s  in infectious diseasc~ 
allergic p rcd ispo~f ions  and  systemic lupus  ery- 
thematosus ,  are more  f requent  in women ,  and  
so on). A l t h o u g h  t h~  paper  ~ only devoted to 
c s ~ o g e n  action,  R shows a direct influence o f  
the  h o r m o n a l  impregna t ion  on  ceils interfering 
with immun i ty  o r  na tura l  k i l~r  activity. 
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