Ditferential Expression of Estrogen Receptors in
Women with Systemic Lupus Erythematosus
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ABSTRACT. Objective. Systemic lupus erythematosus (SLE) is an autoimmune disease primarily affecting women.
T cell activation markers (calcineurin, CD154) increase in SLE T cells cultured with estradiol 17-8.
Biological effects of estradiol are mediated through 2 receptor proteins, estrogen receptor-o. (ER-ot) and
estrogen receptor-8 (ER-). We compared the amount of estrogen receptor subtypes in T cells and meas-
ured the ability of receptor agonist-specific ligands to activate marker gene expression.

Methods. T cells were isolated from 22 female patients with SLE and 17 control women. The amount
of ER subtypes was measured by immunoblotting. Some T cells were cultured with ER-o or ER-B-spe-
cific agonists. Receptor activation was measured by increased expression of the T cell activation mark-
ers CD154 and calcineurin.

Results. Although the amount of ER-a appeared to be less in SLE T cells than in control T cells, the
difference was not statistically significant (p = 0.081). The quantity of ER-8 was similar in SLE and
control T cells. The expression of ER-o or ER-8 was independent of menstrual cycle phase, age, or SLE
disease activity. Calcineurin and CD154 expression increased in SLE T cells cultured in medium con-
taining ER-o and ER-f agonists.

Conclusion. These data indicate that both ER subtypes activate calcineurin and CD154 in SLE but not
in normal T cells. Variation in the amount of ER-o. in SLE T cells suggests this receptor subtype par-

ticipates in the sensitivity of SLE T cells to estrogen. (J Rheumatol 2006;33:1093-101)
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Systemic lupus erythematosus (SLE) is a chronic inflam-
matory autoimmune disease that is characterized by abnormal
immunoregulation!3. Although the acquisition of SLE is
linked to genetic susceptibility?, there are diverse environ-
mental agents such as dietary factors, infectious agents, and
drugs’ that act on genetically susceptible individuals and pro-
mote SLE onset. SLE occurs during the child-bearing period
9 times more frequently in women than in men, and flares of
disease are associated with certain phases of the menstrual
cycle®’. Ovulation induction by hormones and procedures
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AUTOIMMUNITY ESTRADIOL

T CELLS

that prepare women for in vitro fertilization increases estradi-
ol in circulation and can correlate with de novo SLE onset,
stimulating disease flares®. In the SLE mouse model, NZB x
NZW F1 female mice develop SLE and die at an earlier age
than their male counterparts. Administration of exogenous
estrogen to female mice enhances SLE disease and increases
anti-DNA antibody levels®. Castrated male F1 mice treated
with estrogen die at an earlier age than untreated males,
whereas survival is prolonged in ovariectomized female mice
treated with androgens®.

Two specific receptor proteins termed estrogen receptor-o.
(ER-o) and estrogen receptor-B (ER-B)!0 mediate estrogen
action on target cells. Separate genes code for these receptors,
although the proteins share a high degree of identity in the
DNA-binding domains (~96%). Differences in the ligand-
binding domains between the 2 receptor subtypes are pro-
posed to contribute to selective affinities for certain ligands.
The mechanisms by which estrogens affect disease activity in
SLE are under investigation in our laboratory and by
others!!=23, Overlap in the expression of both ER-0; and ER-
is reported for some target tissues including T cells!!12 and B
cells!-13:14 which express transcripts for both receptor sub-
types. Evidence for functional ER in T cells has been shown
by increased expression of T cell activation markers!>1¢ and
increased production of immunoglobulin and anti-double-
stranded DNA antibodies in B cells exposed to estradiol in
culture!”. Evidence suggests that the sensitivity of SLE T cells
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to estradiol is mediated through the ER because cells cultured
with the ER antagonist ICI 182,780 do not show increased
expression in T cell activation markers!®. Further, ER antago-
nists delay disease progression in SLE mouse models!®-20,
suggesting that estrogen action is mediated through one or
both of the ER proteins.

We are interested in the molecular basis underlying the
increased sensitivity of SLE T cells to estradiol?!. We have
shown'>16 that estradiol increases T cell activation marker
gene expression, but the mechanism does not involve mRNA
stabilization?2. Further, although alternative splicing of ER-o
primary transcripts occurs'!, no particular variant is associat-
ed with SLE T cells, suggesting alternative splicing may not
account for increased SLE T cell sensitivity to estradiol. We
found that the binding affinity of estradiol to ER-a is similar
between SLE and normal T cells®3. Studies by others?* have
shown that the amount of estradiol in circulation in women
with SLE does not correlate with enhanced cytokine produc-
tion. Although abnormal estradiol metabolism has been
reported in some patients with SLE?, SLE T cells cultured in
the poorly metabolized 2-fluorestradiol show increased
expression of the T cell activation markers calcineurin and
CD154, presumably in the absence of estradiol metabolites'®.
Therefore, to gain additional insight into the molecular mech-
anisms underlying the sensitivity of SLE T cells to estradiol
we have now measured and compared the amount of ER-a
and ER-B proteins in SLE and normal T cells. We have also
utilized receptor-specific ligands?027 to test if activation of
ER-o or ER-B can stimulate increased expression of cal-
cineurin and CD154 in cultured SLE T cells. These results are
the first to show that T cell activation markers calcineurin and
CD154 increase in response to activation through both ER-o
and ER-B in SLE T cells. The results further indicate that there
is greater variation in the amount of ER-a between SLE and
normal T cells. Altered expression or turnover of ER-o. may
therefore sensitize T cells to estradiol and contribute to altered
immune function in women with SLE.

MATERIALS AND METHODS

Study participants. The participants enrolled in this study included 22 female
patients with SLE and 17 age-matched female controls. The age of partici-
pants ranged between 21 and 46 years with a median age for the SLE patients
of 39 years. Thirty-seven of the participants were Caucasian and 2 were
African-American. Twenty of the patients had regular menstrual cycles. Two
of the patients with active disease ceased menstruating during the time of this
study. SLE patients met at least 4 of the criteria of the American College of
Rheumatology for classification of SLE?3. Their disease activity varied from
mild to active, with SLE Disease Activity Index (SLEDAI) scores at the time
blood was drawn between 2 and 28 (median score of patients assayed for ER-
o, 9; median score of patients assayed for ER-8, 6). Nine patients were receiv-
ing prednisone at a mean dose of 8.2 mg/day. Five of the patients were taking
mycophenolate (1-2 g daily), 11 were taking hydroxychloroquine, and 15
patients were taking nonsteroidal antiinflammatory drugs. No participant was
taking hormone replacement therapy, oral contraceptives, or had a history of
other collagen vascular disease. Mean duration of lupus in the patients select-
ed for the study was 10 years (median duration 10.2). Seven patients had
lupus nephritis and finished a 2-year course of pulsed intravenous cyclophos-

phamide. Three of the 18 patients had central nervous system disease. No patient
at the time of the study had active renal or central nervous system disease.

Collection of T cell enriched peripheral blood mononuclear cells. T cell
enriched mononuclear cells were separated from blood samples (~90 ml) by
density gradient (Histopaque, Sigma, St. Louis, MO, USA). The leukocytes
were removed, washed in serum-free medium (RPMI 1640, Fisher Scientific,
Hanover Park, IL, USA), and residual red blood cells were lysed (H-Lyse
buffer, R&D Systems, Minneapolis, MN, USA). T cells were purified by neg-
ative selection through T cell isolation columns (Human T Cell Enrichment
Columns, R&D Systems). T cell purity was greater than 95% (95.9% + SEM
1.4) as assessed by flow cytometry (data not shown).

T cell extracts. Cell extracts were prepared by incubating T cells for 30 min
on ice in a lysis solution (10 mM Tris-HCI, pH 7.5, 30 mM sodium pyrophos-
phate, 50 mM sodium chloride, 50 mM sodium fluoride, 5 mM EDTA, 1%
Triton X-100, I mM sodium orthovanadate), containing protease inhibitors as
described!®?. Lysates were clarified by centrifugation at 10,000 xg for 10
min at 4°C. Purified T cell extracts were stored at —80°C.

Western blots. T cell extracts were size-fractionated by sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis (SDS-PAGE). The extracts were ana-
lyzed for ER-o and ER-B proteins using 12% and 15% polyacrylamide gels,
respectively. T47D breast cancer cell extract (100 ug) was electrophoresed on
the gels as a positive control for ER-o., while human umbilical vein endothe-
lial cell (HUVEC) extract (100 pg) was used as a positive control for ER-
31018 Prestained molecular size markers (BioRad, Hercules, CA, USA) were
electrophoresed on the gels to determine the molecular mass of reactive pro-
teins. Fractionated proteins were transferred to nitrocellulose membranes
using standard methods?®. The membranes were reacted with ER-o. (ER-0.
Ab-15, NeoMarkers, Freemont, CA, USA) and ER- (ER-8 51-7700, Zymed,
San Francisco, CA, USA) antibodies (1:500 dilution) at 22°C for 60 min. The
membranes were washed and incubated for 60 min with species-specific per-
oxidase-conjugated secondary antibodies (1:25,000, Pierce Biotechnology,
Rockford, IL, USA). The blots were incubated with a SuperSignal West
Femto Maximum Sensitivity Substrate (Pierce) for 5 min. The blots were
exposed to x-ray film for 1 to 5 min to visualize chemiluminescent proteins.
The membranes were stripped and reacted with a -actin antibody (1:50,000,
B-actin AC-15, Sigma). The membranes were washed and incubated for 60
min with anti-mouse-specific peroxidase-conjugated secondary antibody
(1:50,000, Pierce). Scanning densitometry was used to determine the relative
amount of ER-o. and ER-B. The quantity of ER-o. and ER-8 in each sample
was normalized to B-actin on the same blot by dividing the optical density of
the receptor by the optical density of B-actin in the same sample, and express-
ing the value as a ratio.

Statistical analyses. Power analysis indicated that a sample size of n = 10
would achieve a power of 0.95, p = 0.05, for each test. T cell samples from a
minimum of 10 patients or controls were measured to quantitate each of the
receptor proteins. Because the entire content of a blood draw was required for
an individual assay, samples from each subject enrolled in this study were not
tested in all of the assays. However, 7 controls and 7 SLE patients were
assessed for both ER-o and ER-B. The amount of receptor expression was
compared by nonparametric Kruskal-Wallis test with p < 0.05 considered sta-
tistically significant.

Cell cultures and ER selective ligand activation. SLE T cell enriched
mononuclear cells were cultured in serum-free medium (QBSF 56 Serum-
Free Medium, Sigma), and serum-free medium containing 2,3-bis (hydroxy-
phenyl)-proprionitrile (DPN, 107 M, Tocris, Ellisville, MO, USA) or 1,3,5-
tris (4-hydroxyphenyl)-4-propyl-1H-pyrazole (PPT, 10~7 M, Tocris) for 18 h
at 37°C. DPN is an ER-B-specific agonist, while PPT is an ER-o-specific ago-
nist2027. Some T cells cultured with PPT were cultured with 10-fold molar
excess of 1,3-bis (4-hydroxyphenyl)-4methyl-5-[4-(2-piperidinylethoxy)phe-
nol]-1H-pyrazole dihydrochloride [MPP, Tocris]. MPP is an ER-o-specific
antagonist. Some T cells were cultured with DPN and 10-fold molar excess of
ICI 182,780 (Tocris). ICI 182,780 is a pure anti-estrogen.

Measurement of calcineurin and CD154 mRNA. Semiquantitative polymerase
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chain reaction (PCR) using a Peltier Thermocycler (MJ Research, San
Francisco, CA, USA) was used to measure calcineurin and CD154 mRNA.
We showed previously that there is correspondence between increased cal-
cineurin mRNA and phosphatase activity in SLE T cells!®. There is also cor-
respondence between increased CD154 mRNA and cell-surface expression of
the protein on SLE T cells'®. Total RNA was isolated from cultured SLE T
cells after appropriate treatments. To ensure removal of genomic DNA, sam-
ples were treated with DNase I according to the manufacturer’s protocol
(DNA-free, Ambion, Austin, TX, USA). cDNA were synthesized in 20 ul
from 4 pg of RNA using an oligo (dT) primer (0.5 pg/ul) and MMLV reverse
transcriptase (RT) as described'®?2. The primers for glyceraldehyde phos-
phate dehydrogenase (G3PDH, sense, 5’-GAG TCA ACG GAT TTG GTC
GT-3’), calcineurin (sense, 5’-TTG ATT GCC ACT GTA GTT TGG T-3°),
and CD154 (sense, 5’-ACA TAC AAC CAAACT TCT CC-3’) have been ver-
ified in our laboratory by sequence analysis of the resulting PCR prod-
ucts'®22, PCR reactions for CD154 were amplified at 94°C for 30 s, 60°C for

A
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82kDa

32kDa

128kDa
82kDa

32kDa

30 s, and 72°C for 1 min for 24 cycles. PCR reactions for calcineurin were
carried out at 94°C for 1 min, 55°C for 1 min, and 72°C for 1 min for 26
cycles. PCR amplification was within the linear range under the conditions
used. Control reactions were amplified without template. Amplified products
were separated on 2% agarose gels containing ethidium bromide. A 100 base
pair DNA size standard (Promega, Madison, WI, USA) was electrophoresed
on the same gel to determine product size. The gel was photographed and the
amount of calcineurin and CD154 from each sample was analyzed by scanning
densitometry. To normalize the results, the amount of calcineurin and CD154
was divided by the amount of G3PDH amplified from the same template.

RESULTS

Expression of ER-a and ER-f§ proteins in human T cells.
Purified human T cell extracts contained a protein consistent
with the size (65 kDa) of ER-a (Figure 1A, upper panel). This
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| —— B-actin

Figure 1. 1dentification of estrogen receptor subtypes in T cells. T cells were purified as detailed in the text and extracts were prepared and size fractionated by
SDS-PAGE. The proteins were electrophoretically transferred to a nitrocellulose membrane and reacted with receptor-specific antibodies. The blots were stripped
and reacted with a B-actin antibody to normalize the receptor data. A. Estrogen receptor-o. (ER-ot) migrated with a molecular mass of about 65 kDa (upper panel).
Lane 1, extract from female control T cells; lane 2, extract from female SLE T cells; lane 3, extract from T47D breast cancer cells (positive control); lane 4, extract
from female SLE T cells without primary antibody (negative control). The lower panel shows B-actin in these same samples. B. Estrogen receptor-3 (ER-8) migrat-
ed with an apparent molecule mass of 56 kDa (upper panel). Lane 1, extract from female control T cells; lane 2, extract from female SLE T cells; lane 3, extract
from HUVEC cells (positive control); lane 4, extract from female SLE T cells without primary antibody (negative control). The lower panel shows B-actin in these
same samples.
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protein was present in T cell extracts (lanes 1 and 2) and in
T47D breast cancer cell extract (lane 3, positive control).
Incubation of a Western blot without primary antibody elimi-
nated the 65 kDa band in T cell extract, verifying this protein
as ER-a (lane 4). The Western blot was stripped and reacted
with a B-actin antibody to normalize the ER-ou data (Figure
1A, lower panel).

Purified human T cell extracts expressed a protein consis-
tent with the molecular mass (56 kDa) of ER- (Figure 1B,
upper panel). This protein was present in T cell extracts (lanes
1 and 2) and in HUVEC cell extracts (lane 3, positive control).
Incubation of a Western blot without primary antibody elimi-
nated this band in T cell extracts, indicating it was ER-8 pro-
tein (lane 4). A cross-reacting protein with a molecular mass
of about 50 kDa was observed in some protein extracts. This
protein did not appear to be an ER-f variant, since it was
detected on Western blots in the absence of primary antibody
(lane 4). This same Western blot was stripped and reacted with
a B-actin antibody to normalize the ER- values (Figure 1B,
lower panel).

Expression of ER-ocin SLE and normal T cells. The amount of
ER-0. was measured in normal and SLE T cell extracts.
Although the amount of ER-o appeared to be less in SLE T
cells than in control T cells (Figure 2), a statistically signifi-
cant difference was not indicated (p = 0.081). This was despite
the fact that ER-a levels in 7 of the 13 SLE T cell samples
were below the lowest amount of receptor measured in the
normal T cells. The median amount (0.66) of ER-ot in T cells
from controls was numerically greater than the median value
(0.50) for SLE T cells. There also appeared to be greater vari-
ation in the amount of ER-o. among SLE T cells than in nor-
mal T cells (Figure 2).
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Figure 2. Measurement of estrogen receptors in human T cells shows greater
variation in the amount of ER-o. in SLE compared with normal T cells. Data
shown are the amount of ER-o. and ER- in T cell extracts, expressed as a
ratio to the amount of B-actin in the same samples. Horizontal lines are the
median values from 13 and 16 SLE patients and 13 and 11 normal controls
for ER-o and ER-B, respectively.

Expression of ER-f3 in SLE and normal T cells. The amount of
ER-f} was measured in normal and SLE T cell extracts (Figure
2). There were no differences in the quantity of ER-8 in SLE
(median = 0.94) compared with normal T cells (median =
0.97). It is also of interest that the amount of ER- in SLE T
cells was less variable as compared with ER-o. (compare ER-
o and ER-B values in Figure 2).

Receptor levels are not menstrual cycle-dependent. It was
important to determine if the levels of ER varied with the
stage of the menstrual cycle. We compared the amount of ER-
o and ER-B in SLE T cells purified from patient’s blood
drawn during the follicular or luteal phases of the menstrual
cycle (Table 1). The amount of both receptor subtypes was not
significantly different between the follicular and luteal phases
of the menstrual cycle. A similar result was obtained from T
cell extracts prepared from blood drawn from the control
females at the follicular or luteal phases of the menstrual
cycle.

ER-a and ER-f3 expression does not decline with age in
cycling females. In order to rule out that differences in ER-a
were due to declining expression levels in older females, we
compared the amount of both ER-o and ER-f3 versus ages for
the patients enrolled in this study (Figure 3). There was no
apparent decline in ER-o (Figure 3A) or ER- (Figure 3B) as
the age of the patients increased. Similarly, no decline in the
expression levels of either receptor subtype in T cells was
apparent with increasing age in control females with regular
menstrual cycles (Figure 3).

Disease activity does not correlate with ER-a or ER-f3 expres-
sion. Most of the patients enrolled in this study were classified
with moderate disease activity (SLEDAI >4 and < 12). To
determine if the decrease in ER-o. correlated with disease
activity, the amount of ER-o in SLE T cells was compared
from patients with mild (SLEDAI < 4), moderate (SLEDAI >
4 and < 12), or active (SLEDAI > 12) disease (Table 2).
Although the number of patients is small, there was no appar-
ent association between decreased ER-o expression and dis-
ease activity. The amount of ER-B was also not affected by
disease activity (Table 2).

Ligand-selective receptor agonists suggest both ER-a and
ER-f3 can stimulate expression of SLE T cell activation mark-
ers. In order to test if one receptor subtype was responsible for
increased expression of the T cell activation markers cal-
cineurin and CD154, SLE and normal T cells were cultured in
medium containing ligand-selective receptor agonists
(Figures 4, 5). The response of SLE T cells to the ER-a ago-
nist PPT varied from a 15% to 56% increase in T cell activa-
tion marker expression compared with T cells from the same
patient cultured without PPT (Figure 4A). T cells from healthy
controls showed no more than a 10% increase in calcineurin
and CD154 expression (Figure 4B). Activation of SLE T cell
marker gene expression increased from 9% to 62% after cul-
ture in the ER-B agonist DPN (Figure 5A). T cell marker gene
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Table 1. Effect of menstrual cycle on estrogen receptor (ER) values. The amount of ER-a. and ER-8 is not
dependent on menstrual cycle phase. T cells were purified from blood drawn from SLE patients and normal con-
trols at the follicular or luteal phases of the menstrual cycle. Data shown are the median and range of ER-o and

ER- expressed as a ratio to B-actin in the same samples.

Cohort Menstrual ER-a Ratio ER-B Ratio
Cycle Phase n median (range) n median (range)
SLE Follicular [§ 0.44 (0.12-0.94) 9 0.97 (0.87-1.09)
Luteal 6 0.74 (0.21-1.03) 5 0.90 (0.85-1.09)
Controls Follicular 7 0.63 (0.55-0.99) 3 0.99 (0.98-1.03)
Luteal 6 0.70 (0.62-1.20) 8 0.95 (0.54-1.09)
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Figure 3. Variation in the amount of estrogen receptors does not correlate with increasing age in SLE patients (@) and control females (O). Data shown are the
relative amounts of estrogen receptor to B-actin measured in T cell extracts plotted against age. A. The amount of ER-o. varied among the SLE patients, but a lower
level of ER-o did not correlate with increasing age. B. The amount of ER-f was relatively consistent in the T cell extracts from patients and control females across

all ages.

Table 2. Effect of SLEDALI on estrogen receptor (ER) values for SLE par-
ticipants. Levels of ER do not correlate with disease activity. T cell extracts
were prepared from patients with SLE with different disease activity as
assessed by SLEDAI at the time blood was drawn. Data shown are the
median values and range of ER-a and ER-f3 expressed as a ratio to B-actin
in the same samples.

SLEDAI ER-o Ratio ER-B Ratio

Category n median (range) median (range)
<4 3 0.58 (0.21-0.80) 1.03 (0.90-1.09)
>4and < 12 6 0.44 (0.12-1.03) 0.95 (0.85-1.03)
>12 4 0.70 (0.38-0.94) 0.90 (0.89-0.90)

expression did not change in response to the ER-B agonist in
the control T cells, except for one sample (Con 2) in which
there was about a 20% increase in CD154 compared with the
same T cells cultured without agonist (Figure 5B).

Ligand-specific activation of ER-o and ER-f is inhibited by
receptor antagonists. Receptor antagonists were utilized to
determine if the increased expression of T cell activation
marker genes could be suppressed by addition of antagonists
(Figure 6). T cells were cultured with the ER-ot agonist PPT,

and some cultures contained 10-fold molar excess of the ER-
o antagonist MPP (Figure 6A). MPP is an antagonist primari-
ly for ER-ot because it exhibits greater than 200-fold selectiv-
ity for ER-a over ER-. Addition of MPP to SLE T cells cul-
tured with the ER-ol agonist reduced target gene expression
(Figure 6A). While selective ER-B antagonists have been
reported?®, many of these have agonist activity on ER-o.. To
test the specificity of the ER-B agonist DPN, we utilized ICI
182,780 that is a pure anti-estrogen (Figure 6B). Addition of
ICI to SLE T cell cultures reduced target gene expression in
response to ER-} activation.

DISCUSSION

Emerging evidence suggests that steroid receptor subtypes
impart distinct transcriptional activity when the receptors are
coexpressed in the same cells®*-32. The glucocorticoid?, pro-
gesterone®!, and estrogen receptor’2 subtypes have been
shown to possess distinct functional activities consistent with
the postulate that the quantity and distribution of receptor sub-
types could be major determinants of the biological effects.
Our study was undertaken to measure the amount of ER-o and
ER-f proteins in SLE T cells in order to explore the possibility
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Figure 4. Ligand-selective estrogen receptor agonist suggests ER-o can be active in SLE T cells. T cells were cultured in medium containing the ER-a selective
agonist PPT (10~7 M) or in QBSF medium without agonist. At the end of culture total RNA was isolated, converted into cDNA, and amplified by PCR using gene-
specific primers for CD154 and calcineurin. The PPT response (%) was calculated by comparing the normalized amount of CD154 and calcineurin in T cells from
cultures without and with agonist from the same person. A. Data shown are the response to PPT from 3 SLE patients. B. The response to PPT from 3 control
females.
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Figure 5. Ligand-selective estrogen receptor agonist suggests ER-B can be active in SLE T cells. T cells were cultured in medium containing the ER-f selective
agonist DPN (107 M) or in QBSF medium without agonist. At the end of culture total RNA was isolated, converted into cDNA, and amplified by PCR using gene-
specific primers for CD154 and calcineurin. The DPN response (%) was calculated by comparing the normalized amount of CD154 and calcineurin in T cells from
cultures without and with DPN from the same person. A. Data shown are the response to DPN from 3 SLE patients. B. The response to DPN from 3 control
females.
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Figure 6. Receptor antagonists antagonize ligand-specific activation of estrogen receptors. SLE T cells were cultured in medium containing selective agonists and
10-fold molar excess of antagonists. At the end of culture total RNA was isolated, converted into cDNA, and amplified by PCR using gene-specific primers for
CD154 and calcineurin. The response (%) was calculated by comparing the normalized amount of CD154 and calcineurin in T cells from cultures in medium with-
out any additions. Data are representative of 2 independent experiments. A. Activation of ER-ot using PPT was antagonized by the addition of 10-fold molar excess
of the ER-a antagonist MPP. B. Activation of ER-B with DPN was antagonized by addition of 10-fold molar excess of the pure estrogen antagonist ICI 182,780.
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that differences in the amount of receptor subtype expression
could account for the increased sensitivity of SLE T cells to
estradiol. While the results suggest that there is less ER-ot in
SLE compared with normal T cells, the differences were not
statistically significant. Moreover, there was considerable
variation in the amount of ER-o in SLE compared with nor-
mal T cells. The 7 patients with the lowest levels of ER-a
shared in common moderate disease activity (SLEDAI) and
moderate elevation of anti-double-stranded DNA antibodies.
There was no evidence among these patients that specific
organ involvement was associated with low ER-o.. We antici-
pated that low levels of ER-a0 might allow for unusual ER-8
activity, resulting in increased SLE T cell activation of mark-
er gene expression. To our surprise, both ER-o and ER-B3-
selective ligands increased expression of CD154 and cal-
cineurin, which we showed previously are estrogen-respon-
sive genes in SLE T cells!>16.18,

The biological effects of estradiol are mediated through
several different pathways33. The classical ligand-dependent
pathway involves receptor-binding and dimerization to target
gene promoters, resulting in altered rates of transcription.
Cells that express both ER subtypes have been shown to uti-
lize heterodimers of ER-a and ER- to regulate target gene
expression’2-33, Moreover, the identification of additional ER-
3 isoforms that preferentially heterodimerize and inhibit ER-
o activity suggests ER- may modulate ER-a-dependent tran-
scriptional activity®. Our data suggest that ER-B synthesis
and/or turnover is unlikely to account for the estradiol sensi-
tivity in SLE T cells, since the quantity of ER-8 is similar in
both patient and normal T cells. Nevertheless, the results show
that the ER-B-specific agonist DPN increases T cell activation
gene expression in SLE T cells. This indicates that ER-f can
be functional. Our results also indicate that the level of ER-a
is variable in SLE T cells. Our initial interpretation of these
data was that ER-B activity and not ER-a activation would
stimulate SLE target gene expression. To our surprise, how-
ever, an ER-ol selective agonist increased calcineurin and
CD154 expression, clearly showing that ER-o can be func-
tionally active in SLE T cells. Recent evidence’” suggests that
low levels of ER-a. are not necessarily indicative of receptor
inactivity, but rather are consistent with increased ER-a. action
in target cells. Continuous turnover of ER-a through the pro-
teasome-mediated degradation pathway is linked to transcrip-
tional activity. The cyclic turnover of ER-at may permit cells
to respond continuously to changes in estradiol’”. Thus, the
low level of ER-ou in SLE T cells is consistent with increased
turnover and transcriptional activity of ER-o dependent gene
regulation. If this interpretation is correct, then increased ER-
o activation may underlie the sensitivity of SLE T cells to
estradiol. Alternatively, SLE is a disease characterized by the
overproduction of autoantibodies**#°. The low level of ER-o
may arise from the production of ER-a antibodies that destroy
the receptor and contribute to the lower level of this receptor
subtype in SLE T cells. Inhibition of proteasome activity in

SLE T cells is necessary to clarify this point, and those exper-
iments are currently in progress.

Although the number of patients in whom both receptor
subtypes were analyzed was small, there was no suggestion of
a correlation between ER-o and ER-8. This is not unexpected,
given the tight clustering of values for ER-8 (Figure 2).
Interestingly, there was a significant (p = 0.005) inverse cor-
relation between ER-o and ER-f in the 7 normal controls for
which both assays were performed. The observation should be
viewed with caution since this result was dependent upon a
single subject that displayed extreme values for both ER-a
(1.2) and ER- B (0.54; see Figure 2). Exclusion of this subject
resulted in no correlation between the 2 receptor subtypes.

Using a transient transfection system, Hall and
McDonnell?? showed that ER-c-dependent reporter gene
expression is unaffected by increasing levels of ER- when
HepG?2 cells are cultured in medium containing 100 nM estra-
diol. However, at low levels of estradiol (100 pM), increasing
amounts of ER-f inhibited ER-o-dependent reporter gene
expression. Their research3? suggests that ligand concentra-
tion affects receptor subtype activity and, therefore, the con-
centration of estradiol in circulation may be a major mecha-
nism for controlling cellular sensitivity to estradiol. Results
from our study support the postulate that circulating levels of
estradiol, rather than changes in receptor levels, may deter-
mine the cellular sensitivity to estradiol. This follows from the
present data showing that the amount of both receptor sub-
types in SLE and normal T cells does not vary significantly
between the follicular and luteal phases of the menstrual
cycle. In addition, our earlier studies indicate that SLE T cells
isolated from patient’s blood drawn during either the follicu-
lar or luteal phases of the menstrual cycle respond with simi-
lar magnitude to physiological amounts of estradiol'>16-21,
Together, these results support the concept that sensitivity of
SLE T cells may occur by changes in the bioavailability of
estradiol.

Ligand-binding studies show that human ER-o. and ER-
bind equally well to estradiol*!#2, If the pool of ER-o. is
reduced in SLE T cells, then it follows that at low concentra-
tions of estradiol, ER-B may be preferentially activated.
Additional studies with different concentrations of receptor-
selective agonists are required to test if the ER-B agonist
increases T cell activation gene expression at a lower concen-
tration than the ER-a agonist. Another potential complication
regarding the estrogen sensitivity of SLE T cells relates to
reports of abnormal estradiol metabolism?3-#3, Little is known
about the interaction of estradiol metabolites with ER. It is
possible that abnormal metabolites preferentially activate or
stimulate turnover of one ER subtype over the other. It is now
important to explore the possibility that preferential activation
or turnover of one receptor subtype in SLE T cells stimulates
abnormal gene transcription.

The molecular mechanism by which estradiol increases
CD154 and calcineurin expression is not known'8-22, The acti-
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vation of T cell marker gene expression by both receptor ago-
nists is consistent with a transcriptional regulatory mecha-
nism, since PPT and DPN function as full agonists on their
preferred receptor subtype0. However, a search for estrogen
response elements (ERE) in the promoter regions of CD15416
and calcineurin (unpublished data) did not reveal any consen-
sus ERE. However, these ER-selective agonists have been
shown to regulate genes that are stimulated by direct binding
of ER to DNA and genes for which the ER is tethered to the
DNA by binding to other proteins0. Therefore our results are
consistent with a transcriptional regulatory mechanism, since
ligand preferences appear to be independent of the presence of
ERE. The possibility that other, nonclassical signal transduc-
tion pathways are involved must still be considered.

Gene expression profiling* and genetic analyses* reveal
there are numerous candidate genes whose altered expression
may contribute to SLE pathogenesis. Not surprisingly, many
of the identified genes are involved in regulating inflamma-
tion, apoptosis, signal transduction, and the cell cycle.
Estrogen has been shown to regulate many of these processes
in other target cells such as the uterus and breast*®, but simi-
lar functions in cells that make up the immune system are still
under investigation*’*3, Recently, data have emerged that
indicate regulation of signal transduction by estrogen is more
complicated than originally thought33344%. The biological
effects of estradiol and its receptors are exerted through at
least 4 rather than one defined ER pathway. The identity of
more than one receptor for estradiol has complicated our
understanding of estrogen action in target cells in which both
receptor subtypes are expressed. The results from our study
suggest that ER-o. and ER-B can increase expression of acti-
vation genes in SLE T cells. Further understanding of the
molecular basis of estradiol action and ER subtype activation
in SLE T cells is expected to contribute new information
about endocrine-immune interactions. This knowledge should
provide new approaches to treat gender-biased autoimmune
diseases such as SLE.
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