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A utoimmune diseases-such as mul- 
tiple sclerosis, rheumatoid arthri- 
tis, systemic lupus erythematosus, 

and thyroiditis-affect over 8.5 million 
people in the United States. Of these, a 
disproportionate number (about 6.7 mil- 
lion) are women (1). In multiple sclerosis 
and rheumatoid arthritis, the female to 
male ratio is between 2: 1 and 3: 1, where- 
as in lupus the distribution 
is more skewed. with nine 
times as many women af- 
fected as men (2). The pre- 
cise reasons for this gender 
bias are unclear. 

To promote further under- 
standing of the basis for gen- 
der differences in autoim- 
mune disease, a task force of 
clinical and basic scientists 
was convened by the U.S. 
National Multiple Sclerosis 
Society. The task force sum- 

compass all phases of iymphocyte develop- 
lymphotoxin, establishing a proinflamma- ment, including early differentiation, toler- 
tory environment, whereas TH2 lympho- ance, and senescence. Although such stud- 
cytes secrete IL-4, IL-5, IL-6, IL-10, and ies are feasible in animals, direct compar- 
transforming growth factor-P (TGF-P), isons in humans pose unique problems- 
which promote ant~body production (see for example, obtaining sufficient enroll- 
the figure). Both sets of lymphocytes exert ment of males with lupus. To carry out 
cross-regulatory influences on each other. such studies, large-scale international co- 
Females are more likely to develop a TH1 operation between urban medical centers 
response after challenge with an infectious will be necessary. 

-- - The predominance 
Immune response of autoimmune dis- 

ease among women 
suggests that sex hor- 
mones may modulate 
susceptibility. Most 
attention has been di- 
rected toward the sex 
steroids-estrogens, 
progesterone, and 
testosterone-that are 
produced in the ovary 
and testis. Estrogen's 
effects on normal im- 

marized what is currently p- - mune responses and 
known about sex differences Hormonal influences. T helper 1 (TH1) cells secrete proinflammatory cytokines and in autoh-~mune disease 
in autoimmunity and devel- promote cell-mediated immune responses, whereas T,2 cells trigger antibody produc- appeared to be contra- 
oped a research agenda, rank- tion. In multiple sclerosis (MS) and rheumatoid arthritis (RA), there are features char- dictory, until it was re- 
ing five areas as priorities for acteristic of a TH1 immune response directed against autoantigens in the central ner- alized that this hor- 
future investigation. In addi- vous system and joints, respectively. Pregnancy and systemic lupus erythematosus mone has biphasic 
tion, they formulated a policy (SLE) favor a TH2 environment. Sex hormones (such as progesterone) that promote the dose effects, with low- 
to encourage collection and development of a TH2 response antagonize the emergence of TH1 cells. This may ex- er  levels enhancing 
examination of data in a gen- plain why in multiple sclerosis and rheumatoid arthritis disease symptoms improve and higher levels (such 
der-stratified manner [see (3) during pregnancy, whereas in lupus, they do not. as those in pregnancy) 
for full report]. inhibiting specific im- 

Distinct immune environments in males agent or antigen, except during pregnancy mune activities. The recent identification 
and females underlie many of the sex dif- when a TH2 environment prevails. This is of a second estrogen receptor has prompt- 
ferences in autoimmunity. These environ- evident in experimental infections of ani- ed new areas of investigation. For exam- 
ments are established by the cytokines re- mals where viruses such as vesicular stom- ple, which estrogen receptor is expressed 
leased by immune cells, particularly T atitis virus or herpesvirus, which require by different immune cells? What do the 
helper (TH) lymphocytes. These cells re- an inflammatory response for resolution, two receptors do, and are there gender dif- 
spond to an immune challenge in one of cause milder disease in females. However, ferences? How is receptor expression regu- 
two ways: TH1 lymphocytes secrete inter- lymphocytic choriomeningitis virus, which lated? Progesterone promotes the develop- 
leukin-2 (IL-2), interferon-y (IFN-y), and invades the central nervous system and ment of human TH2 cells and so antago- 

elicits a TH1 response, causes more neu- nizes the emergence of the TH1 response 
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and secretion of immunomodulatory me- recovery and repair of injured neural tis- 
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sue. These hormones may act directly on 
iminune cells through interactions with 
specific cell-surface hormone receptors. 
Alternatively, they may mediate their ef- 
fects through modulation of the hypothala- 
mic-pituitary-adrenallgonadal axes. It a i l l  

but do not protect against lupus. Large 
multicenter clinical trials to test oral con- 
traceptives in premenopausal women and 
estrogen replacement therapy in post- 
menopausal women with lupus are under 
way. The data from these trials should 

inore progressive and severe disease course. 
In lupus, woinen first show disease symp- 
toms during childbearing years, whereas 
men tend to show disease later in life. Dif- 
ferences in the rate of disease progression 
and presentation have been ascribed to 

be necessary to determine whether there 
are gender differences in neuroendocrine 

help to direct future research. 
Fetal cells persist in the maternal circu- 

sex-linked genetic f a c t ~ r s  and to the ef- 
fects of sex hormones on injury and repair 
mechanisms. Carefully controlled studies 
in animals and humans are needed to as- 

function that contribute to autoimmune 
disease. 

lation for years after birth, a state known 
as microchimerism. It has recently been 

There are several possible ways in 
which sex hormones could affect the im- 

proposed that these cells are involved in 
the initiation and postpartum flares of au- 

certain the precise molecular basis for 
gender differences in the course and sever- 

mune system. They may modulate T cell 
receptor signaling. expression of activation 

toiinmune disease, but exactly how mi- 
crochimerism is involved in susceptibility 
to autoimmune disease, its initiation, and 
severity is not known. Moreover, it a i l l  be 
important to determine whether the con- 
tinued presence of fetal cells in the mater- 
nal circulation affects postpartum immune 
responsiveness. 

Genetics clearly influences autoimmu- 
nity, as indicated by disease clustering in 
families and a higher concordance rate in 
inonozygotic compared with dizygotic 
twin pairs. Identification of specific sus- 
ceptibility genes has been particularly 
difficult because of the multifactorial na- 

ity of autoimmune diseases. and in their 
characteristics at onset. 

Gender differences in the course of au- 
toimmune disease have implications for 
t reatment .  For example.  when should 
therapy be initiated in men and women? 
There may be gender-specific effects in 
response to therapy as well as disease. A 
crucial question is whether sex hormones 
can be used therapeutically to treat au- 
toimmune disease. Thus far, trials of an- 
drogens such as Danazol. Cyproterone, 
testosterone, 19-nortestosterone, and 0th- 
ers have been conducted in lupus patients. 
but side effects have precluded a i d e -  

molecules o p T  lymphocytes and antigen- 
presenting cells, transcription or transla- 
tion of cytokine genes, or lymphocyte 
homing. Elucidation of the precise cellular 
and molecular mechanisms by which sex 
hormones alter immune function, as well 
as the signal transduction pathways in- 
volved, is vital to understanding gender 
differences in autoimmunity. 

There are natural fluctuations in the 
levels of sex hormones during the men- 
strual cycle and pregnancy. These fluctua- 
tions can be induced by oral contracep- 
tives, and by estrogen replacenlent therapy 
after menopause. In multiple sclerosis and 

ture of autoimmune disease etiology, the 
influence of environmental factors, the 

spread use. The exception is dehydro- 
epiandrosterone (DHEA). which is cur- 

rheumatoid arthritis, disease symptoms 
may worsen before the onset of menses. 

heterogeneity of patient populations. and 
a wide spectrum in time of onset and dis- 

rently being tested in men and women 
with lupus in a large multicenter trial. 
Data available thus far indicate that side 
effects are few and acceptable. 

Fuh~re studies will need to determine how 
normal immune and autoimmune respons- 

ease severity. A recent series of genome 
exclusion mapping studies in  defined 

es change longitudinally during the men- 
strual cycle: correlating the levels of sex 

multiple sclerosis patient populations re- 
ported differing results (4). However, they 
did identify a possible genetic linkage at 
chromosome 6p21-close to the major 
histocompatibility complex (MHC)-and 
hinted at possible linkages on chroino- 
somes 5 and 19. The MHC has been im- 
plicated in experimental autoimmune en- 
cephalomyelitis (the animal model of  
nlultiple sclerosis), in human and animal 
studies of type I diabetes, in rheumatoid 
arthritis. and in most other autoimmune 

Although gender differences in autoiin- 
mune disease are well recognized sexual 
dimorphism in the iin~nune response and 
the importance of sex hormones in pro- 
inoting differences between men and woin- 
en need further study. Data gathered in on- 
going and future analyses should be strati- 
fied on the basis of sex. In the past decade, 
there has been an explosion of information 
on immune mechanisms important in the 
pathogenesis of autoimmunity. In vitro ex- 
amination of the effects of sex steroids on 

steroids and cytokines with disease severi- 
ty will also be important. 

During pregnancy (as well as before 
and after birth', there are differences be- 
tween the diseases. In multiple sclerosis 
and rheumatoid arthritis, there is a decrease 
in disease severity during the 9 nlonths of 
gestation, with a return to prepregnancy 
levels after birth. This is in contrast to lu- 
pus where some studies show that the dis- 

diseases. These findings have prompted 
the suggestion that there may be MHC- 
and non-MHC-linked candidate genes 
that are the same for different autoim- 

these pathways, and investigation in exper- 
imental animal models and in human clini- 
cal trials should help to clarify important 
gender- and sex hormone-related issues in 
autoimmune pathogenesis. Such clarifica- 
tions may ultimately lead to improved 
therapies for autoimmune disease. 

ease worsens during pregnancy. whereas 
others show no change. Thus, the particu- 
lar hormone environment during pregnan- 
cy favors a TH2 response, which halts the 

mune diseases, as well as genes unique to 
a given disease, that determine the sus- 
ceptibility of the target organ. 

It is not known whether there is a ge- 
netic basis for gender differences in au- 
toimmunity. If there is, then this will be 
the focus of much future research. Howev- 
er. the notion that genes conferring sus- 
ceptibility to autoimmune disease may 
themselves be regulated by sex hormones 
also needs to be seriously considered. 

Many autoimmune diseases differ in 
their clinical presentation between women 
and men. In multiple sclerosis, onset of 
symptoms in women appears to be earlier 
than in men, but men tend to exhibit a 

progression of the TH1 immune response 
associated with inultiole sclerosis and 
rheumatoid arthritis. In lupus. pregnancy 
further enhances the ongoing TH2 (anti- 
body-promoting) response. High-priority 
areas for future investigation include de- 
termining the effect of pregnancy on spe- 
cific immune responses and identifying 
which particular elements of the immune 
response change postpartum. Highest pri- 
ority should be given to identifying the 
events responsible for postpartum flares in 
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