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‘Anyone who has seen half a dozen ex-
amples of common lupus (cutaneous tu-
berculosis) and of lupus erythematosus
is capable with ease to distinguish the
one from the other …. but let him wait
awhile and see more, and he will find
before long that there are examples of
mixed forms of disease which it is im-
possible to denote correctly without em-
ploying hybrid names or qualifying ad-
jectives. The reason of this is .... that lu-
pus is not produced by one cause, but is
the result of various modifications of vi-
tal endowment existing in its subjects.’

Hutchinson, 1880

Introduction
Although the discovery by Hargraves (1)
of the ‘LE cells’ in 1948 has helped cli-
nicians to identify the group of condi-
tions we now call systemic lupus ery-
thematosus (SLE), defining the disease
continues to be a problem. Both consti-
tutive and environmental factors are
thought to be important in determining
the protean manifestation of SLE.
The striking predominance of women
with lupus was noted more than a hun-
dred years ago by Erasmus Wilson (1809
- 1884), with the female:male ratio now
estimated to be between 9-15: 1 (2). The
peak incidence of lupus occurs in the 15-
to 45-year old age group (3), during the
time in life when estrogen levels are
highest in women. In many genetic based
murine models of lupus, including the
NZB/NZW F1 and MRL/lpr/lpr mice,
the females also develop more severe
disease and higher titer of autoantibodies
at an earlier age (4, 5).
While the precise factors responsible for
this gender difference remain elusive, it
is known that normal females are more
immunoreactive than males (6, 7). For
example, women have higher baseline
immunoglobulin levels and produce
greater and more prolonged antibody
responses following immunization (7, 8).
Gender differences in cell-mediated re-
sponses, including accelerated allograft
rejection, greater proliferative responses
and relative resistance to immunotoler-
ance in females, have all been document-
ed (8, 9). It is likely that both hormonal
and non-hormonal gender-related factors
contribute to the abnormal immune re-
sponses seen in lupus patients. In this re-

view, we will examine the evidence for
the role of estrogens in the pathogenesis
of lupus.
Sex hormones are the obvious candi-
dates to explain the sexual dimorphism
in SLE. Although female lupus patients
have normal estradiol levels, decreased
testosterone metabolism and increased
levels of estrogenic metabolites have
been noted in male and female lupus
patients. For example, plasma levels of
16α-hydroxyesterone and estrone are el-
evated in both males and females, and
estriol levels are elevated in females with
lupus (10-12). It is worth pointing out
that gonadal and non-gonadal andro-
genic hormones, which may possess
‘anti-estrogen’ properties, also have im-
portant effects on the immune system
(reviewed in 7-9, 13, 14). Lower plasma
androgens, including testosterone, di-
hydrotestosterone, dehydroepiandroster-
one (DHEA) and dehydroepiandroster-
one sulfate (DHEAS), have been report-
ed in active and inactive lupus (15).
Dehydroepiandrosterone has also been
shown to enhance IL-2 production by
murine (16) and human (17) T cells.
Decreased anti-DNA antibody formation
and prolonged survival in NZB/NZW
mice (18), as well as an improved clini-
cal status in some lupus patients (19-21),
have also been associated with DHEA
supplementation.
Pregnant lupus patients may also have
lower plasma level of testosterone and
estradiol than non-lupus pregnant pa-
tients and patients with rheumatoid ar-
thritis (22). However, the question of
whether pregnancy induces lupus flare,
especially when the disease is quiescent
at the beginning of the pregnancy, has
not been fully answered. Some studies
have found increased exacerbations dur-
ing pregnancy and in the postpartum
period (23, 24), while others have found
a similar risk regardless of the patients’
pregnancy status (25, 26).

Estrogens in murine lupus
The importance of sex hormones in ani-
mal models of lupus has been most clear-
ly established in the autoimmune NZB/
NZW F1 mouse. Female NZB/NZW F1
mice develop more severe renal disease
and die earlier than male mice (4, 5, 27).
Although elevated estrogen 2-hydroxy-
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lase activity was found, unlike human
lupus patients, abnormal formation of 2-
hydroxylated and 16α-hydroxylated pro-
ducts have not been demonstrated in
these animals (28). In female NZB/NZW
F1 mice estrogen supplementation is as-
sociated with worsening disease and ac-
celerated mortality. Castration or supple-
mentation with the male sex hormone
5α-dehydrotestosterone has the opposite
effects, and causes delayed onset of lu-
pus and prolong survival in these mice
(29, 30). Similarly, administration of 19-
nortestosterone, which has minimal vi-
rilizing effects, decreases anti-DNA an-
tibody production and improves longev-
ity in NZB/NZW/ F1 mice (31). Lastly,
male sex hormones have been shown to
retard autoimmune processes in a num-
ber of hybrid mice with the NZB back-
ground (32, 33).
The effect of estrogens is not as strong
in other autoimmune mouse strains. The
MRL/lpr/lpr mouse with a defective Fas
molecule develops massive lympho-
proliferation and late-life lupus. Com-
pared with NZB/NZW F1 mice, gender
has a smaller effect on longevity in MRL/
lpr/lpr mice (27). However, castrated
male mice supplemented with estradiol
developed more severe lymphadenopa-
thy, worse renal disease and increased
mortality (34). BXSB mice are unique
in that males have more severe autoim-
mune disease and a much shorter life
span than females. The gene responsi-
ble for this difference, Yaa (Y chromo-
some autoimmunity accelerator), is lo-
cated on the Y chromosome. Female
BXSB mice develop late-life lupus, sug-
gesting that additional unidentified genes
also contribute to disease development.
Sex hormones do not appear to be as
important in BXSB mice, since neither
castration nor testosterone supplemen-
tation affect the disease outcome (35).

Effects of estrogens on immune cells
The effect of estrogens on T and B cells
is complicated and incompletely under-
stood. Earlier studies demonstrated
thymic sensitivity to gonadal hormones,
with thymic atrophy and lymphocyte
depletion in the thymic cortex follow-
ing estrogen treatment in rodents (36).
Thymic CD8+ cells may be preferen-
tially affected by estrogen in both nor-

mal and autoimmune prone mice (37). T
cell-dependent immune functions such
as cutaneous delayed-type hypersensitiv-
ity and lymphocyte proliferative respon-
ses to concanavalin A in MRL/lpr/lpr
mice are depressed following exposure
to estrogen (34). Estrogen supplementa-
tion is associated with decreased natural
killer (NK) cell cytotoxicity in both non-
lupus prone and lupus prone mice. On
the other hand, similar hormonal treat-
ments have been reported to cause en-
hanced polyclonal B cell immunoglobu-
lin (38) and anti-DNA antibody (34) pro-
duction. In vitro  suppression of T cell
function and exaggerated B cell antibody
production following estrogen treatment
have been observed in normal (39) and
lupus patients (40).
Implanted estradiol also has a stimula-
tory effect on antibody production
against both thymic-dependent and
thymic independent antigens in NZB/
NZW F1 mice (41). B cells with the CD5
marker spontaneously produce IgM an-
tibodies of low affinity and high cross-
reactivity (42, 43). These cells have been
implicated in lupus, and are found in
higher numbers in NZB mice (44) and
lupus patients (45).
Estrogen supplementation has been
shown to increase CD5+ B cells in
orchidectomized normal (46) and NZB/
NZW male mice (47). The precise man-
ner by which estrogen affects T and B
cell functions is unclear. Expression of
estrogen receptor (ER-α) has recently
been demonstrated in T (48-51) and B
cells (51). This opens up the possibility
that estrogens may have a direct effect
on the immune cells. A second estrogen
receptor, termed ER-β, has recently been
identified (52). Understanding the re-
spective roles of the two receptors in lu-
pus may prove to be important.
Multiple cytokine abnormalities have
been described in human and murine lu-
pus. Estrogens may modulate lupus by
affecting immune cell cytokine produc-
tion and function. High levels of serum
estrogen have been associated with de-
pressed IL-2 production in NZB/NZW
mice (53). Conversely, DHEA may en-
hance human T cell IL-2 production (17).
Estrogen may also be a regulator of a
number of inflammatory cytokines im-
plicated in the pathogenesis of lupus.

Estradiol treatment was shown to result
in increased serum TNF-α and IL-6 lev-
els following LPS challenge in normal
and MRL/lpr/lpr mice. These changes
are blocked by the anti-estrogen tamox-
ifen (54). The estrogen effect on IL-1
production is unclear, with reports of
both reduced and increased levels fol-
lowing estrogen treatment (55-57). En-
hancement of antigen-stimulated T cell
IL-10, TNF-α and β, and IFN-γ produc-
tion have also been described (58).

Estrogens and drug-induced lupus
One human ‘model’ of lupus is drug-
induced lupus (DIL). Unlike idiopathic
lupus, the precise etiological factor in-
citing the disease is known. Although
procainamide and hydralazine are the
best known examples, more than 70
agents have been shown to be capable
of inducing a lupus-like disease in hu-
mans (59).
There are some obvious clinical differ-
ences between the idiopathic and the
drug-induced forms of the disease. With
the exception of anticonvulsant-induced
lupus in children, the age of DIL patients
is greater than that of idiopathic lupus
patients. For example, the average age
of onset for procainamide-induced lupus
(PIL) is 59 to 68 years, with 35% to 58%
being female (59). Hydralazine-induced
lupus (HIL) tends to develop in patients
younger than those with PIL, presum-
ably because the drug is prescribed to a
younger age group. Interestingly, the risk
for women of developing HIL is much
higher than that of men receiving hydra-
lazine (59). In general, patients with DIL
produce fewer anti-DNA antibodies and
have less renal and central nervous sys-
tem involvement (59).
The clinical features of DIL caused by
different drugs may also vary. For ex-
ample, patients with HIL are much more
likely to develop renal disease than pa-
tients with PIL (59). Sex hormones may
play a role in determining the clinical
manifestations in some cases of DIL. The
milder disease in older men and post-
menopausal women with DIL may in
part be due to the lower endogenous sex
hormone levels in these populations. In
support of this, cases of DIL occurring
in younger patients, such as that induced
by sulfasalazine (59-61) and interferon
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(59,62), have a higher incidence of re-
nal disease and are more likely to de-
velop anti-DNA antibodies.
Unfortunately, the rarity and transient
nature of DIL make it a difficult disease
to study systematically in humans. Ge-
netic factors related to drug metabolism
have been shown to be important in some
cases. However, the constitutive factor(s)
determining which individual will de-
velop DIL is poorly understood. We re-
cently showed that certain lupus-induc-
ing drugs may change T cell gene expres-
sion via their effects on DNA methyl-
transferase (63, 64), the enzyme involved
in epigenetic modification of unmethyl-
ated DNA sequences. Interestingly, idi-
opathic lupus patients also have T cell
DNA hypomethylation (65, 66), thus
suggesting a common mechanism be-
tween the two forms of the disease.
Our laboratory recently established an in
vitro and in vivo murine model to study
DIL. We found that the adoptive trans-
fer of syngeneic CD4+ T cells which had
been made autoreactive by treatment
with DNA hypomethylating drugs, such
as procainamide or hydralazine, was suf-
ficient to induce a lupus-like disease in
AKR and DBA/2 mice (67-70). Similar
to the NZB/NZW and MRL/lpr/lpr mod-
els, the female mice developed a more
severe disease than males, and the cas-
tration of female mice resulted in milder
autoimmune disease (71). What is sur-
prising, though, is the finding that the in
vivo homing pattern of normal and auto-
reactive T cells was gender-dependent,
with an approximately 7-fold increase in
splenic homing in female mice compared
with male mice. The effect of male and
female castration on splenic homing was
also examined. Castration produced a
small, but statistically insignificant, in-
crease in male splenic homing. However,
splenic homing in oophorectomized fe-
males was significantly (P < 0.001) less
than that in males, suggesting that female
gonadal hormones may influence T cell
splenic homing. Significantly, splenect-
omized female mice receiving autore-
active T cells did not develop the ex-
pected features of autoimmunity (71).
The results of these experiments suggest
that gender-specific T cell trafficking dif-
ferences may contribute to the patho-
genesis of lupus disease.

Estrogen, adhesion molecules and
inflammation
How then can estrogens affect lym-
phocyte homing and the development of
lupus ? Leukocyte trafficking is deter-
mined by the expression and interaction
of adhesion molecules on leukocytes and
vascular endothelial cells. This is an im-
portant initial step in both immune and
inflammatory responses. However, the
effect of estrogen on vascular endothe-
lial cell adhesion molecule expression is
unclear.
One group of researchers reported that
17β-estradiol increased the surface ex-
pression of E-selectin and VCAM-1, and
increased the mRNA expression of E-
selectin, VCAM-1 and ICAM-1 on TNF-
α stimulated human umbilical vein en-
dothelial cells (HUVECs) (72). 17β-
estradiol treatment also enhanced neu-
trophil binding to TNF-α stimulated
HUVECs. Conversely, estrogen increas-
ed the lymphocyte binding to IFN-γ and
PMA-activated, but not TNF-α, IL-1 or
IL-4-activated HUVECs. Another group
of researchers reported that 17β-estradiol
increased the expression of ICAM-1 on
HUVECs stimulated with IL-1 or TNF-
α. Increased E-selectin was also dem-
onstrated on TNF-α stimulated HU-
VECs (73). Caulin-Glaser et al., on the
other hand, found that high-dose 17β-
estradiol decreased the IL-1-induced E-
selectin, VCAM-1 and ICAM-1 expres-
sion on HUVECs (74).
The reason for the different results re-
ported in the literature may in part be
due to the characteristics of the endo-
thelial cells used, and to the different lev-
els of estrogens to which the cells were
exposed in the experiments. HUVECs
are easy to grow but are difficult to stand-
ardize. There is evidence that vascular
endothelial cells from different sources
may be physiologically different (75).
When we standardized our experiment
by using primary microvascular endothe-
lial cells isolated from 4 weeks old fe-
male AKR mice, we found that exposure
to physiologic doses of 17β-estradiol in-
creased VCAM-1 and ICAM-1, but not
E-selectin, expression on TNF-α stimu-
lated endothelial cells.
Interestingly, the effects of 17β-estradiol
on endothelial cell adhesion molecule
expression may be biphasic. Treatment

with high (supraphysiological) levels of
17β-estradiol result in decreased en-
dothelial cell VCAM-1 and I-CAM-1
expression (76). This may in part explain
the cardiovascular protective effect of
post-menopausal estrogen supplementa-
tion and the paradoxical deleterious ef-
fects of endogenous estrogen in young
lupus patients.

Exogenous estrogens:
Hormone replacement therapy,
oral contraceptives and lupus
The role of exogenous estrogen supple-
mentation in postmenopausal lupus pa-
tient remains controversial. One prospec-
tive study of 34 postmenopausal lupus
patients found hormone replacement
therapy (HRT) to be safe and well toler-
ated over a median follow-up period of
35 months (77). A case-control study
from Canada failed to find any differ-
ence in the rate of disease flares over 12
months of HRT use (78). However, an-
other study from Boston suggested that
long term estrogen use without proges-
terone is associated with a small increase
in the risk of developing lupus (79). One
large prospective study, the Nurses’
Health Study, found that postmenopau-
sal estrogen replacement therapy may
increase the risk of developing lupus
(80).
Whether patients with lupus should take
HRT, given the known beneficial effects
of such therapy in coronary artery dis-
ease and osteoporosis, remains unclear.
The effects of another form of estrogen
supplementation, oral contraceptives, in
lupus are also unclear (81). The use of
oral contraceptive therapy has been link-
ed to the development of ANA (82) and
clinical lupus (83-85). One large pro-
spective study found the past use of oral
contraceptives to be associated with a
slightly increased risk of developing SLE
(86). One retrospective study indicated
that even low dose oral contraceptives
may be associated with an exacerbation
of lupus activity (87). Other investiga-
tors, however, failed to find any signifi-
cant difference in the rate of flares in
lupus patients on oral contraceptive pills
(88, 89).
Definitive recommendations for estro-
gen use in female lupus patients may not
be possible until the results of large



274

EDITORIAL The role of estrogens in lupus / R.L. Yung

multi-center placebo-controlled studies,
such as the Safety of Estrogen in Lupus
Erythematosus-National Assessment
(SELENA) trial, become available.

Conclusions
Sex hormones are probably the most
important identifiable constitutive fac-
tors in the development of lupus. Estro-
gens have been shown to affect multiple
components of the immune system. Phy-
siological and pharmacological (supra-
physiological) levels of estrogen may
have different effects on the immune sys-
tem. Male sex hormones and other hor-
mones of the hypothalamic-pituitary-
gonadol axis are also likely to be impor-
tant in the pathogenesis of SLE. An im-
proved understanding of their individual
and cooperative roles in immune and in-
flammatory responses will bring impor-
tant new insights into the pathogenesis
of the many autoimmune diseases that
preferentially affect women.

Acknowledgement
The author wishes to thank Dr. Bruce
Richardson for his critical reading of the
manuscript.

References
1. HARGRAVES MD, RICHMOND H,  MORTON

R: Presentation of two bone marrow ele-
ments;”tart” cell and “L.E.” cell. Proc Staff
Meet Mayo Clin 1948; 23: 25-8.

2. LAHITA RG: Gender and age in lupus. In: Sys-
temic Lupus Erythematosus, 3rd ed., Aca-
demic Press, 1999: P129-143.

3. SIEGEL M, LEE SL: The epidemiology of sys-
temic lupus erythematosus. Semin Arthritis
Rheum 1973; 3: 1-54.

4. HOWIE JB, HELYER BJ: The immunology and
immunopathology of NZB mice. Adv Im-
munol 1968; 9: 215-66.

5. HOWIE  JB, HELYER  BJ: Autoimmune diseas-
es in mice. Ann NY Acad Sci 1965; 124: 167.

6. CHROUSOS GP: The hypothalamic-pituitary-
adrenal axis and immune mediated inflamma-
tion. N Engl J Med 1995; 332: 1351-62.

7. WILDER RL: Neuroendocrine-immune system
interactions and autoimmunity. Annu Rev
Immunol 1995; 13: 307-38.

8. DASILVA J: Sex hormones, glucocorticoids
and autoimmunity: Facts and hypotheses. Ann
Rheum Dis 1995; 54: 6-16.

9. AHMED S, PENHALE W, TALAL N: Sex hor-
mones, immune responses, and autoimmune
diseases. Am J Pathol 1985; 531-51.

10. LAHITA RG, BRADLOW HL, KUNKEL HG,
FISHMAN J: Alterations of estrogen metabo-
lism in systemic lupus erythematosus. Arthri-
tis Rheum 1979;22:1195-8.

11. LAHITA RG, BRADLOW HL, KUNKEL HG,
FISHMAN J: Increased 16α-hydroxylation of

estradiol in systemic lupus erythematosus. J
Clin Endocrinol Metabol 1981; 53: 174-8.

12. LAVALLE C, LOYO E, PANIAGUA R et al.:
Correlation study between prolactin and an-
drogens in male patients with systemic lupus
erythematosus. J Rheumatol 1987; 14: 268-
72.

13. CUTOLO M: The role of steroid hormones in
arthritis. Br J Rheumatol 1998; 37: 597-601.

14. CUTOLO M: The role of the hypothalamus-
pituitary-adrenocortical and -gonadol axis in
rheumatoid arthritis. Clin Exp Rheumatol
1998; 16: 3-6.

15. LAHITA RG, BRADLOW HL, GINZLER E,
PANG S, NEW M: Low plasma androgens in
women with systemic lupus erythematosus.
Arthritis Rheum 1987; 30: 241-8.

16. DAYNES RA, DUDLEY DJ, ARANEO BA: Re-
gulation of murine lymphokine production in
vivo. II. Dehydroepiandrosterone is a natural
enhancer of interleukine 2 synthesis by helper
T cells. Eur J Immunol 1990; 20: 793-9.

17. SUZUKI T, SUZUKI N, DAYNES RA, ENGLE-
MAN EG: Dehydroepiandrosterone enhances
IL2 production and cytotoxic effector func-
tion of human T cells. Clin Immunol Immuno-
pathol 1991; 61: 202-11.

18. LUCUS JA, AHMED AA, CASEY ML, MAC-

DONALD PC: Prevention of autoantibody  for-
mation and survival in New Zealand black/
New Zealand white F1 mice fed dehydroiso-
androsterone. J Clin Invest 1985; 75: 2091-3.

19. VAN VOLLENHOVEN RF, ENGLEMAN EG,
MCGUIRE JL: An open study of dehydroepi-
androsterone in systemic lupus erythemato-
sus. Arthritis Rheum 1994; 37: 1305-10.

20. VAN VOLLENHOVEN RF, ENGLEMAN EG,
MCGUIRE JL : Dehydroepiandrosterone
(DHEA) in systemic lupus erythematosus:
Results of a double-blinded, placebo-control-
led randomized clinical trial. Arthritis Rheum
1995; 38: 1826-31.

21. VAN VOLLENHOVEN RF, MORABITO LM,
ENGLEMAN EG, M CGUIRE JL: Treatment of
systemic lupus erythematosus with dehydro-
epiandrosterone: 50 patients treated for up to
12 months. J Rheumatol 1998; 25: 285-9.

22. JARA-QUEZADA L, GRAEF A, LAVALLE C:
Prolactin and gonadal hormones during preg-
nancy in systemic lupus erythematosus. J
Rheumatol 1991; 18: 349-53.

23. GARSENSTEIN M, POLLACK VE, KARK RM:
Systemic lupus erythematosus and pregnan-
cy. N Engl J Med 1962; 83: 1461-73.

24. ZULMAN JI, TALAL N, HOFFMAN GS,
EPSTEIN WV: Problems associated with the
management of pregnancies in patients with
systemic lupus erythematosus. J Rheumatol
1980; 7: 37-49.

25. MINTZ G, NIZ J, GUTIERREZ G, GARCIA-
ALONSO A, KARCHMER S: Prospective stu-
dy of pregnancy in systemic lupus erythema-
tosus. Results of a multidisciplinary approach.
J Rheumatol 1986; 13: 732-9.

26. LOCKSHIN MD, REINITZ E, DRUZIN ML,
MURRMAN M, ESTES D: Lupus pregnancy.
Case-control prospective study demonstrat-
ing absence of lupus exacerbation during or
after pregnancy. Am J Med 1984; 77: 893-8.

27. ANDREW BS, EISENBERG RA, THEOFILO-
POULOS AN et al. : Spontaneous murine lu-
pus-like syndromes. Clinical and immuno-

pathological manifestations in several strains.
J Exp Med 1978; 148: 1198-215.

28. BAER AN, GREEN FA : Estrogen metabolism
in the (New Zealand black x New Zealand
white) F1 murine model of systemic lupus
erythematosus. Arthritis Rheum 1990; 33:
107-12.

29. ROUBINIAN JR, TALAL N. GREENSPAN JS,
GOODMAN JR, SIITERI PK: Delayed andro-
gen treatment prolongs survival in murine
lupus. J Clin Invest 1979; 63: 902-11.

30. ROUBINIAN JR, TALAL N. GREENSPAN JS,
GOODMAN JR, SIITERI PK: Effect of castra-
tion and sex hormone treatment on survival,
anti-nucleic acid antibodies, and glomerulone-
phritis in NZB/NZW F1 mice. J Exp Med
1978; 147: 1568-83.

31. VERHEUL HAM, STIMSON WH, DEN HOL-
LANDER FC, SCHUURS AHWN: Effects of
nandrolone, testosterone,and their decanoate
esters on murine lupus. Clin Exp Immunol
1981; 44: 11-17.

32. STEINBERG AD, MELEZ KA, RAVECHE ES:
Approach to the study of the role of sex hor-
mones in autoimmunity. Arthritis Rheum
1979; 22: 1170-76.

33. RAVECHE ES, TIJO JH, STEINBERG AD: Ge-
netic studies in NZB mice. IV. The effect of
sex hormones on spontaneous anti-T cell an-
tibodies. Arthritis Rheum 1980; 23: 48-56.

34. CARLSTEN H, TARKOWSKI A, HOLMDAHL
R, NILSSON LA:  Oestrogen is a potent di-
sease accelerator in SLE-prone MRL lpr/lpr
mice. Clin Exp Immunol 1990;80:467-73.

35. EISENBERG RA, DIXON FJ: Effect of castra-
tion on male-determined acceleration of au-
toimmune disease in BXSB mice. J Immunol
1980; 125: 1959-61.

36. SOBHON P, JIRASATTHAM C: Effect of sex
hormones on the thymus and lymphoid tis-
sue of ovariectomized rats. Acta Anat 1974;
89: 211-55.

37. ANSAR AHMED S, DAUPHINEE MJ, TALAL
N: Effects of short-term administration of sex
hormones on normal and autoimmune mice.
J Immunol 1985; 134: 204-10.

38. NILSSON N, CARLSTEN H: Estrogen induces
suppression of natural killer cell cytotoxocity
and augmentation of polyclonal B cell activa-
tion. Cell Immunol 1994; 158: 131-9.

39. STHOEGER ZM, CHIORAZZI N, LAHITA RG:
Regulation of the immune response by sex
hormones. I. In vitro effects of estradiol and
testosterone on pokeweed mitogen-induced
human B cell differentiation. J Immunol 1988;
141: 91-8.

40. KANDA N, TSUCHIDA T, TAMAKI K: Estro-
gen enhancement of anti-double stranded
DNA antibody and immunoglobulin G pro-
duction in peripheral blood mononuclear cells
from patients with systemic lupus erythema-
tosus. Arthritis Rheum 1999; 42: 328-37.

41. BRICK JE, WILSON DA, WALKER SE: Hor-
monal modulation of responses to thymic in-
dependent and thymic-dependent antigens in
autoimmune NZB/W mice. J Immunol 1985;
134: 3693-8.

42. HAYAKAWA K, HARDY RR, HONDA M,
HERZENBERG LA, STEINBERG AD: Ly-1 B
cells: functionally distinct lymphocytes that
secrete IgM autoantibodies. Proc Natl Acad
Sci USA 1984;81:2494-8.



275

The role of estrogens in lupus / R.L. Yung EDITORIAL

43. HARDY RR, HAYAKAWA K: Development and
physiology of Ly-1 B and its human homolog,
Leu-1 B. Immunol Rev 1986; 93: 53-79.

44. HAYAKAWA K, HARDY RR, PARKS DR, HER-
ZENBERG LA: The ly-1 B cell subpopulation
in normal, immunodefective and autoimmune
mice. J Exp Med 1983; 157: 202-8.

45. SUZUKI N,  SAKANE T,  ENGELMAN EG:
Anti-DNA antibody production by CD5+ and
CD5- B cells of patients with systemic lupus
eryhtematosus. J Clin Invest  1990; 85: 238-
47.

46. ANSAR AHMED S, DAUPHINEE MJ, MON-
TOYA AI, TALAL N: Estrogen induces normal
murine CD5+ B cells to produce autoantibo-
dies. J Immunol 1989; 142: 2647-53.

47. TALAL N, ANSAR AHMED S: Sex hormones,
CD5+ (Ly1+) B-cells, and autoimmune dis-
eases. Israel J Med Sci 1988; 24: 725-8.

48. CUTOLO M, ACCARDO S, VILLAGGIO B et
al.: Presence of estrogen-binding sites on mac-
rophage-like synoviocytes and CD8+, CD
29+, CD45RO+ T lymphocytes in normal and
rheumatoid synovium. Arthritis Rheum 1993;
36; 1087-97.

49. COHEN JH, DANEL L, CORDIER G, SAEZ S,
REVILLARD JP: Sex steroid receptors in pe-
ripheral T cells: absence of androgen recep-
tors and restriction of estrogen receptors to
OKT8-positive cells. J Immunol 1983; 131:
2767-71.

50. ADAMS MD, YUNG RL, MURPHY HS,
RICHARDSON BC: The effects of β-estradiol
on T cell adhesion molecule expression and
function. Arthritis Rheum 1998; 41: S177.

51. SUENAGA R, EVANS MJ, MITAMURA K,
RIDER V, ABDOU NI: Peripheral blood T cells
and monocytes and B cell lines derived from
patients with lupus express estrogen receptor
transcripts similar to those of normal cells. J
Rheumatol 1998;25:1305-12.

52. MOSSELMAN S, POLMAN J, DIJKEMA R :
ERβ: Identification and characterization of a
novel human estrogen receptor. FEBS Letters
1996; 392: 49-53.

53. ELBOURNE KB, KEISLER D, MCMURRAY
RW: Differential effects of estrogen and prol-
actin on autoimmune disease in the NZB/
NZW F1 mouse model of systemic lupus ery-
thematosus. Lupus 1998; 7: 420-7.

54. ZUCKERMAN SH, AHMARI SE, BRYAN-
POOLE N, EVANS GF, SHORT L, GLASE-
BROOK  AL : Estriol: A potent regulator of
TNF and IL-6 expression in a murine model
of endotoxemia. Inflammation 1996; 20: 581-
97.

55. STOCK JL, CODERRE JA, MCDONALD B,
ROSENWASSER LJ: Effects of estrogen in vivo
and in vitro on spontaneous interleukin-1 re-
lease by monocytes from postmenopausal
women. J Clin Endocrinol Metab 1989; 68:
364-8.

56. PACIFICI R, RIFAS L, MCCRACKEN R  et al.:
Ovarian steriod treatment blocks a postmeno-
pausal increase in blood monocyte interleukin
1 release. Proc Natl Acad Sci USA 1989; 86:
2398-402.

57. HU SK, MITCHO YL, RATH NC: Effect of
estradiol on interleukin 1 synthesis by macro-
phages. Int J Immunopharmacol 1988; 10:
247-52.

58. GILMORE W, WEINER LP, CORREALE J: Ef-

fect of estradiol on cytokine secretion by pro-
teolipid protein-specific T cell clones isolated
from multiple sclerosis patients and normal
control subjects. J Immunol 1997; 158: 446-
51.

59. YUNG RL, RICHARDSON BC: Drug-induced
lupus. Rheum Dis Clin North Am 1994; 20:
61-86.

60. CLEMENTZ GL, DOLIN BJ : Sulfasalazine-in-
duced lupus erythematosus. Am J Med 1988;
84: 535-8.

61. VYSE T, SO AK: Sulphasalazine induced auto-
immune syndrome. Br J Rheumatol 1992; 31:
115-6.

62. RONNBLOM LE, ALM GV, OBERG KE: Possi-
ble induction of systemic lupus erythemato-
sus by interferon-α treatment in a patient with
a malignant carcinoid tunour. J Intern Med
1990; 227: 207-10.

63. YUNG R, JOHNSON KJ, RICHARDSON BC:
Biology of disease. New concepts in the
pathogenesis of drug-induced lupus. Lab In-
vest 1995; 73: 746-59.

64. YUNG RL, RICHARDSON BC: Role of T cell
DNA methylation in lupus. Lupus 1994; 3:
487-491.

65. RICHARDSON B, SCHEINBART L, STRAHLER
J, GROSS L, HANASH S, JOHNSON M: Evi-
dence for impaired T cell methylation in sys-
temic lupus erythematosus and rheumatoid
arthritis. Arthritis Rheum 1990; 33: 1665-73.

66. CORVETTA A, DELLA BITTA R, LUCHETTI
MM, POMPONIO G: 5-methylcytosine content
of DNA in blood, synovial mononuclear cells
and synovial tissue from patients affected by
autoimmune rheumatic diseases. J Chroma-
togr 1991; 566: 481-91.

67. QUDDUS J, JOHNSON KJ, GAVALCHIN J et al.:
Treating activated CD4+ T cells with either
of two distinct DNA methyltransferase inhibi-
tors, 5-azacytidine or procainamide, is suffi-
cient to induce a lupus-like disease in syn-
geneic mice. J Clin Invest 1993; 92: 38-53.

68. YUNG RL, QUDDUS J, CHRISP CE, JOHNSON
KJ, RICHARDSON BC: Mechanisms of drug-
induced lupus. I. Cloned Th2 cells modified
with DNA methylation inhibitors in vitro
cause autoimmunity in vivo. J Immunol 1995;
154: 3025-35.

69. YUNG RL, POWERS D, JOHNSON K et al.:
Mechanisms of drug-induced lupus. II. T cells
overexpressing LFA-1 cause a lupus-like dis-
ease in syngeneic mice J Clin Invest 1996;
97: 2866-71.

70. YUNG R, CHANG S, HEMATI N, JOHNSON K,
RICHARDSON B: Mechanisms of drug-in-
duced lupus. IV. Comparison of procainamide
and hydralazine with analogs in vitro and in
vivo. Arthritis Rheum 1997; 40: 1436-43.

71. YUNG R, WILLIAMS R, JOHNSON K,
STOOLMAN L, CHANG S, RICHARDSON B:
Mechanisms of drug-induced lupus. III. Gen-
der specific differences in splenic T cell hom-
ing explain increased disease severity in fe-
male mice. Arthritis Rheum 1997; 40: 1334-
1343.

72. CID MC, KLEINMAN HK, GRANT DS,
SCHNAPER HW, FAUCI AS, HOFFMAN GS: J
Clin Invest 1994; 93: 17-25.

73. AZIZ KE, WAKEFIELD D: Modulation of en-
dothelial cell expression of ICAM-1, E-
selectin, and VCAM-1 by β-estradiol, proges-

terone and dexamethasone. Cell Immunol
1996; 167: 79-85.

74. CAULIN-GLASER T, WATSON CA, PARDI R,
BENDER JR: Effects of 17β-estradiol on
cytokine-induced endothelial cell adhesion
expression. J Clin Invest 1996; 98: 36-42.

75. MURPHY HS, BAKOTOULOS N, DAME MK,
VARANI J, WARD PA: Heterogeneity of vas-
cular endothelial cell: Differences in suscep-
tibility to neutrophil mediated injury. Micro-
vasc Res 1998; 56: 203-11.

76. YUNG R, HUO J, RICHARDSON BC, ADAMS
M,  EISENBRAUN  JK,  MURPHY HS: Effects
of estrogen on endothelial cell adhesion mol-
ecule expression and function. Arthritis
Rheum 1998;41:S191.

77. MOK CC,  LAU CS, HO CT,  LEE KW,  MOK
MY, WONG RW: Safety of hormonal replace-
ment therapy in postmenopausal patients with
systemic lupus erythematosus. Scand J
Rheumatol 1998; 27: 342-6.

78. KREIDSTEIN S, UROWITZ MB, GLADMAN
DD, GOUGH J: Hormone replacement therapy
in systemic lupus erythematosus. J Rheumatol
1997; 24: 2149-52.

79. MEIER CR, STURKENBOOM MC, COHEN AS,
JICK H: Postmenopausal estrogen replacement
therapy and the risk of developing systemic
lupus erythematosus or discoid lupus. J
Rheumatol 1998; 25: 1515-9.

80. SANCHEZ-GUERRERO J, LIANG MH, KARL-
SON EW, HUNTER DJ, COLDITZ GA: Post-
menopausal estrogen therapy and the risk for
developing systemic lupus erythematosus.
Ann Intern Med 1995; 122: 430-3.

81. PETRI M, ROBINSON C: Oral contraceptives
and systemic lupus erythematosus. Arthritis
Rheum 1997; 40: 797-803.

82. TARZY BJ, BARCIA CR, WALLACH EE,
ZWEIMAN B, MYERS AR: Rheumatic disease,
abnormal serology serology and oral contra-
ceptives. Lancet 1972; 2: 501-3.

83. CHAPEL TA, BURNS PE: Oral contraceptives
and exacerbations of lupus erythematosus. Am
J Obstet Gynecol 1971; 110: 366.

84. ASHERSON RA, HARRIS NE, GHARAVI AE,
HUGHES GR: Systemic lupus erythematosus,
antiphospholipid antibodies, chorea, and oral
contraceptives. Arthritis Rheum 1986; 29:
1535-6.

85. ISKANDER MK, KAHN MS: Chorea as the ini-
tial presentation of oral contraceptive related
systemic lupus erythematosus. J Rheumatol
1989; 16: 850.

86. SANCHEZ-GUERRERO J, KARLSON EW,
LIANG MH, HUNTER D, SPEIZER FE,
COLDITZ GA: Past use of oral contraceptives
and the risk of developing systemic lupus ery-
thematosus. Arthritis Rheum 1997;40:804-8.

87. JUNGERS P, DOUGADOS M, PELISSIER C,
KUTTENN F, TRON F, LESAVRE P, BACH J-F:
Influence of oral contraceptive therapy on the
activity of systemic lupus erythematosus. Ar-
thritis Rheum 1982; 25: 618-23.

88. JULKUNEN HA : Oral contraceptives in sys-
temic lupus erythematosus: Side-effects and
influence on the activity of SLE. Scand J
Rheumatol 1991;20:427-33.

89. BUYON JP, KALUNIAN KC, SKOVRON ML et
al.: Can women with systemic lupus ery-
thematosus safely use exogenous estrogens ?
J Clin Rheumatol 1995; 1: 205-12.


