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Abstract
Glucocorticoids and other steroid hormones have been used as treatments against a number of
diseases, especially inflammatory conditions in which the immune system is overactive. These
treatments have varying degrees of responsiveness among individuals and in different tissues
(including brain); therefore, it is important to determine what could account for these differences.
In this study, we evaluated expression of steroid hormone receptors in immune cells from
lymphoid and non-lymphoid tissues as a possible explanation for tissue-specific differences. We
analyzed leukocytes (CD45+) in kidney, liver, spleen, and thymus tissues from healthy mice for
expression of the receptor for stress hormone (glucocorticoid - GR) as well as other steroid
hormones (androgen - AR, progesterone - PR) and found that all tissues expressed these steroid
hormone receptors but with varying expression patterns. To determine whether tissue-specific
differences were related to immune cell composition, we examined steroid hormone receptor
expression in T lymphocytes from each of these tissues and found similar patterns of expression in
these cells regardless of tissue source. Because glucocorticoids can also impact brain function, we
further examined expression of the stress hormone receptor in brain tissue and found GR
expressed in immune cells at this site. In order to investigate the potential impact in an area of
neuropathology, we utilized a mouse model of West Nile Virus (WNV). We observed pathological
changes in brains of WNV-infected animals and T lymphocytes in the areas of inflammation;
however, these cells did not express GR. These data indicate that tissue-specific differences in
steroid hormone receptor expression by immune cells could determine responsiveness with steroid
hormone treatment.
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Introduction
Glucocorticoids (GCs) are powerful inhibitors of immune responses and serve a regulatory
function by preventing the immune system from going awry and causing excessive damage
within tissues (Adcock, 2003). Pharmacological doses of GCs and other steroid hormones
limit immune responses by inhibiting pro-inflammatory cytokine/chemokine secretion,
down-regulating activation/adhesion molecule expression on cell surfaces, and inducing
apoptosis in immune cells (Evans-Storms and Cidlowski, 1995; Franchimont et al., 2000;
Schleimer, 2004). They can also inhibit metabolism of arachidonic acid to interfere with
production of immune-stimulating prostaglandins and leukotrienes (Pitzalis et al., 2002;
Tuckermann et al., 2007). Glucocorticoids and other steroid hormones have also been shown
to modify adaptive immune responses (Kirwan et al., 1999), including induction of T cell
apoptosis and shifting cytokine responses from TH1 towards a TH2 pattern (Schaaf et al.,
2005). Because of their strong impact on immune cells, glucocorticoids are commonly used
for treatments of a number of autoimmune/inflammatory disorders (Kirwan et al., 1999);
however under some conditions, resistance to glucocorticoids has been reported and related
to several mechanisms - including reduced number of glucocorticoid receptors (GR)
(Adcock and Barnes, 2008).

Glucocorticoids (GCs) are produced following activation of the hypothalamic-pituitary-
adrenal (HPA) axis (Webster and Sternberg, 2004). Inflammatory and stress-related stimuli
trigger the hypothalamus to release corticotropin-releasing hormone (CRH) that leads to
adrenocorticotropin hormone (ACTH) secretion from the pituitary and subsequent GC
release by adrenal glands. They can also limit their own production via a feedback
mechanism on the brain (Noguchi et al., 2010). GCs primarily regulate cell function through
binding of the glucocorticoid receptor (GR), a member of the steroid hormone receptor
superfamily - intracellular receptors that predominantly act as transcription factors; and
previous reports have shown glucocorticoid effects on lymphocyte development were
dependent on expression of glucocorticoid receptors (Igarashi et al., 2001; Medina et al.,
2001). Following ligand binding, the hormone-receptor complex translocates from the
cytoplasm to the nucleus to initiate transcription of target genes (Webster et al., 2002). GR
and other steroid hormone receptors also exhibit non-genomic functions by interacting
directly with intracellular proteins to modify cellular activity (Bruscoli et al., 2006; Song
and Buttgereit, 2006).

Because steroid hormones bind to their cytosolic receptors to mediate changes in cell
activity, it is important to evaluate expression of steroid hormone receptors when assessing
the use of steroid hormones as a treatment measure. Several studies have reported
expression of steroid hormone receptors in a variety of tissues (including brain) (Paavonen,
1994) and immune cell types (Sternberg, 2006), such as dendritic cells (Wira and Fahey,
2004), monocyte/macrophage populations (Tuckermann et al., 2007), B lymphocytes
(Igarashi et al., 2001), T lymphocytes (Cohen, 1993) and other cells (Gotovac et al., 2003;
Miyaura and Iwata, 2002; Rai et al., 2004), demonstrating the ability of steroid hormones to
act directly on these cells to modify immunity. Steroid hormone receptor expression has also
been shown in microglia, which is the primary immune cell type in the brain and mediate
inflammatory responses (Sierra et al., 2008). Therefore, glucocorticoids and other steroid
hormones have the capacity to limit inflammation caused by pathogens that infiltrate brain
tissue.

We previously showed that CD11c+ dendritic cells (DCs) and CD4+ T lymphocytes from
bone marrow and spleen tissues express receptors for glucocorticoids (GR), androgens (AR),
and progesterone (PR) and that dexamethasone- (a synthetic glucocorticoid) and
progesterone induced changes in DC and T cell activity that could be reversed by treating
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cells with the GR and PR antagonist RU486 (Butts et al., 2008; Butts et al., 2007a; Butts et
al., 2007b). This emphasizes the importance of assessing receptor expression when
considering how steroid hormones might modify immune cell activity. While it is essential
to understand the effects of glucocorticoids and other steroid hormones on immunity to
determine their impact as a treatment agent to ameliorate disease, it is also important to
determine their impact on different tissues when these agents are given systemically. The
purpose of this study was to assess protein expression of the receptor for stress hormone and
other steroid hormones in leukocytes from lymphoid and non-lymphoid tissues as a possible
explanation for differential tissue effects. In addition, we used a model of West Nile Virus
(WNV) infection and exposure to bacterial products (Clostridium sordellii lethal toxin -
CsL) to examine leukocytes in the area of neuropathology and impact on peripheral tissues,
respectively. Here, we show differences in steroid hormone expression patterns between
lymphoid and non-lymphoid tissues, which were likely due to immune cell composition. In
addition, T lymphocytes in brains of WNV-infected animals and associated with
neuropathology did not express GR, and we observed lymphoid depletion and apoptosis in
CsL-treated animals. This suggests that lack of GR expression in tissues could be a factor
contributing to local severity and/or destructiveness of inflammation in the brain.

Materials and Methods
Animals

8- to 11-week-old female C57BL/6 mice were purchased from Taconic (Hudson, NY).
Animals were housed under conditions of 12-hour day/night cycle and provided with food
and water ad libitum. Animals were maintained in pathogen-free facilities, and all
procedures were performed using approved protocols in accordance with the National
Institute of Mental Health/NIH Animal Care and Use Committee.

Estrous cycle stage determination
Vaginal smears were acquired daily for 2-3 weeks to determine regularity of estrous cycles.
Vaginal secretions were collected aseptically using a smooth polished glass dropper, which
was sanitized using 70% EtOH and rinsed with normal saline before collection of each
sample. Each dropper was filled with 10-15 μl of sterile normal saline (NaCl 0.9%) and the
tip gently inserted into the vaginal opening, approximately 1mm. Following insertion, fluid
was expelled into the vagina approximately two to three times prior to collection of sample.

Vaginal secretions collected from mice (approximately 75-100 μl) were placed on a
microscope slide for subsequent evaluation. Vaginal smear cytology was used for detecting
specific stage of estrous cycle. Proestrus typically occurs for approximately twelve hours;
estrus happens between nine and twenty-seven hours; metaestrus occurs six to eight hours;
and diestrus will take place between fifty-five and seventy hours. Unstained material was
observed under a light microscope to determine estrus cycle stage based on proportion
among three cell types: round, nucleated epithelial cells; irregular-shaped, anucleated
cornified cells; and small, round leukocytes. Proportion of each cell type was used to
determine estrous cycle stage as previously reported (Butts et al., 2010).

Antibodies
Purified antibodies that recognize the mouse glucocorticoid receptor (GR) (0.1 mg/ml;
diluted 1:5000), androgen receptor (AR) (0.1 mg/ml; diluted 1:5000), and progesterone
receptor (PR) (0.1 mg/ml; diluted 1:5000) were purchased from Affinity Bioreagents
(Golden, CO). Fluorescein isothiocyanate (FITC)-conjugated goat antibodies (0.25 mg/ml)
were used as a secondary antibody for steroid hormone receptors. Phycoerythrin (PE)-
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conjugated anti-mouse CD45 (0.1 mg/ml) and peridinin chlorophyll protein (PerCP)-
conjugated CD3 (0.1 mg/ml) were purchased from BD Biosciences (San Diego, CA).

Isolation of cells from tissue
Animals were sacrificed to obtain kidney, liver, spleen, and thymus tissue collected in RPMI
1640 (Mediatech; Herndon, VA) containing 10% charcoal-stripped serum (CSS) (Biomeda;
Foster City, CA), and 2% L-glutamine and 2% penicillin-streptomycin (both from Sigma).
Charcoal-stripped serum was used as a replacement for fetal calf serum (FCS) as some
components of serum have been shown to demonstrate hormone-mimicking properties. Red
blood cells were removed by suspending cell pellets in ACK lysis buffer (BioWhittaker;
Walkersville, MD) containing ammonium hydroxide for 10 minutes at 37°C. To obtain T
lymphocytes, single cell suspensions of kidney, liver, spleen, and thymus tissue were labeled
with magnetic bead-conjugated antibodies specific for mouse CD3+ T cells, incubated at
4°C for 15 minutes, and passed through magnetic columns using the Miltenyi Biotec
magnetic bead-based method (approximately 85-90% purity).

Analysis of Hormone Receptor Expression
Cells from each tissue type (1.0 × 106/tube) were collected into polystyrene Falcon tubes
(BD Biosciences, San Diego, CA) and washed with fluorescence-activated cell sorter
(FACS) buffer containing PBS (Molecular Biologicals, Inc.; Columbia, MD), 2% CSS
(Biomeda), and 0.2% sodium azide (Sigma). Cells were centrifuged for 5 minutes at 447.2 g
followed by supernatant removal to prepare for cell labeling. Cells were incubated with 10μl
anti-mouse CD45 (BD Biosciences) and CD3 (BD Biosciences) for approximately 20
minutes. Cells were washed with FACS buffer to remove excess antibody and centrifuged
for 5 minutes at 447.2 g. Supernatant was removed by decanting, and cells were treated with
Cytofix/Cytoperm solution (BD Biosciences, San Diego, CA) for 20 minutes to
permeabilize cells, followed by a washing step with Cytofix/Cytoperm wash buffer and 5-
minute centrifugation. Cells were incubated with 10μl mouse serum for 10 minutes to
prevent non-specific binding of antibodies to intracellular proteins. 10μl of antibodies to
mouse GR, AR, or PR (Affinity Bioreagents) or appropriate isotype control were added to
tubes for 10 minutes. Fluorochrome-conjugated secondary antibody was added to each tube
for an additional 10 minutes. All incubations were done at 4°C. Cells were collected using
the FACSCalibur (BD Biosciences, San Diego, CA) and analyzed with FlowJo analysis
software (Tree Star, Ashland, OR).

West Nile Virus (WNV) Infection
Mouse WNV infection studies were carried out in an animal biosafety level 3 facility under
a protocol approved by the NIAID/NIH Animal Care and Use Committee using C57BL6/J
mice purchased from the Jackson Laboratory (Bar Harbor, Maine). All experiments were
initiated using female mice 8-12 weeks of age. WNV strain NY99-35262 was kindly
provided by Dr. R. Lanciotti (CDC, Fort Collins, CO). Mice were injected subcutaneously in
the scruff of the neck with 102 ffu (focus forming units) WNV-NY99 suspended in 50 μL
HBSS and monitored daily for 18 days.

Clostridium Sordellii Lethal Toxin (CsL) Exposure
Prior to exposure, animals were synchronized to specific stages of the estrous cycle based on
vaginal secretions. CsL exposure studies were carried out under a protocol approved by the
NIMH/NIH Animal Care and Use Committee using C57BL/6 mice purchased from Taconic
(Hudson, NY). Clostridium sordellii lethal Toxin (CsL) was administered intraperitoneally
at doses of 250ng/kg and 500ng/kg. Mice given saline served as a control. Changes in
animal behavior at one-hour intervals were observed, and tissue was collected at 12 hours
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after exposure. Tissues were immediately fixed in 4% paraformaldehyde for further
processing. Pathological changes were assessed by PHL services (NCI-Frederick, Frederick,
MD).

Histology
For immunohistochemistry experiments using healthy mice, animals were perfused
intracardially with cold PBS containing penicillin and streptomycin followed by perfusion
with 4% paraformaldehyde to fix tissues. Brains were collected and placed in 4%
paraformaldehyde solution for 24 hours. After 24 hours, tissues were transferred into tubes
containing a 70% ethanol solution and placed at 4 °C until used. Serial sagittal, horizontal,
and coronal sections (5μm thick) were generated and placed onto slides by Histoserv, Inc.
(Gaithersburg, MD). For WNV experiments, brain tissues were aseptically removed from
mice and fixed in 10% normal buffered formalin for 24 hours followed by transfer to a 70%
ethanol solution until ready for use. Hematoxylin and eosin (H&E) staining of control and
CsL-exposed mice was performed by PHL to assess histopathology. Hematoxylin and eosin
(H&E) staining of healthy mice and WNV-infected animals was performed by Histoserv,
Inc.

Immunohistochemistry
Immunohistochemical staining was performed on paraffin embedded sections generated by
Histoserv, Inc. After deparaffination and rehydration in 250 ml xylene solution, endogenous
peroxidase activity was blocked with methanol containing 0.3% peroxide. Steam-induced
antigen retrieval was performed using Target Retrieval Solution (Dako North America, Inc.,
Carpinteria, CA) for 20 min. Sections were then blocked for 20 min with Cyto Q
Background Buster (Innovex Biosciences, Richmond, CA) at room temperature, followed by
incubation for 15 minutes each with avidin and biotin solutions (Avidin/Biotin Blocking Kit,
Vector Laboratories, Inc., Burlingame, CA) at room temperature. Sections were incubated
overnight at 4° C with rabbit polyclonal anti-glucocorticoid receptor (Affinity BioReagents,
Golden, CO) diluted (1:100) in Antibody Diluent with Background Reducing Components
(Dako North America, Inc). Sections were subsequently incubated with polyclonal goat anti-
rabbit biotinylated antibody (Dako North America, Inc.) for 30 minutes at room temperature.
Immune complexes were detected using the Vectastain ABC Elite Kit (Vector Laboratories,
Inc, Burlingame, CA) and Liquid DAB-Plus Substrate Kit (Invitrogen Corporation,
Camarillo, CA) incubated at room temperature. Hematoxylin was used as a counterstain.
Tissues were then dehydrated in xylene solution at room temperature and mounted in
Permount (Fisher Scientific, Fair Lawn, NJ) at room temperature. Immunohistochemistry for
receptors was performed using single staining of serial sections.

For WNV experiments, 4-5 μm sections of paraffin-embedded slides were pre-treated using
Diva Decloaking solution (Biocare Medical Inc) and blocked with 10% normal goat serum
(Vector Laboratories) at room temperature. Slides were then incubated with rabbit
polyclonal anti-glucocorticoid receptor (1:100 dilution; Affinity BioReagents, Golden, CO)
or anti-CD3 antibody (1:400 dilution; Dako North America, Inc.) in Antibody Diluent with
Background Reducing Components solution (Dako North America, Inc.). After incubation
with anti-mouse polymer-horse radish peroxidase (Dako North America, Inc, Carpinteria,
CA), sections were developed with streptavidin ABC system utilizing biotinylated goat anti-
rabbit IgG (mouse adsorbed; Biocare Medical, Inc) and a diaminobenzidine chromogen
(Dako North America, Inc.) followed with counterstaining in a hematoxylin solution.

Statistical analysis
For all statistical analyses, the level of significance was set at a probability of no more than
0.05. Data are presented as mean values ± standard deviation. Statistical analysis was
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performed using Student's t test or one-way analysis of variance (ANOVA). Post-hoc pair-
wise comparison was performed using a Bonferroni procedure. Values were calculated using
SigmaStat 3.0 software.

Results
Lymphoid and non-lymphoid tissues express steroid hormone receptors

We previously identified steroid hormone receptor expression at the RNA and protein levels
in dendritic cells and CD4+ T cells harvested from bone marrow and spleen tissue (Butts et
al., 2008; Butts et al., 2007b) and wanted to compare expression of these receptors in
leukocytes from other lymphoid and non-lymphoid tissues. We measured protein expression
levels of glucocorticoid receptor (GR), androgen receptor (AR), and progesterone receptor
(PR) in CD45+ cells from kidney, liver, spleen, and thymus tissue of healthy mice using
flow cytometry to assess steroid hormone receptor expression patterns (Figure 1). Fewer
CD45+ cells were isolated from kidney and liver tissues compared to spleen and thymus, and
there were differences in immune cell composition in each tissue (kidney - 10±5.6%
CD45+CD3+ cells, 0.2±0.1% CD45+CD11c+ cells; liver - 15±8.7% CD45+CD3+ cells,
0.9±0.6% CD45+CD11c+ cells; spleen - 30±7.2% CD45+CD3+ cells, 1.2±0.3%
CD45+CD11c+ cells; thymus - 80±14.6% CD45+CD3+ cells, 1.1±0.5% CD45+CD11c+

cells). GR was expressed in approximately 20-80% of CD45+ cells; AR was expressed in
approximately 10-40% of CD45+ cells; and PR was expressed in approximately 20-70% of
cells, depending on tissue source (Table 1). Since percentages do not provide information
regarding the number of receptors expressed by individual cells, we also assessed mean
fluorescent intensity (MFI), which provides information on relative receptor numbers
expressed by individual cells. We observed that intensity of GR expression was greater than
AR or PR in CD45+ cells, and MFI values for GR were higher in lymphoid (spleen, thymus)
compared to non-lymphoid (kidney, liver) tissues (Table 2). These data indicate that
immune cells from lymphoid and non-lymphoid tissues express GR, AR, and PR protein but
with variable expression patterns, which could account for differences in responsiveness.

Steroid hormone receptor expression is similar in T lymphocytes from different tissues
It is possible that discrepancies in steroid hormone receptor expression by leukocytes
between lymphoid and non-lymphoid tissues are related to the composition of immune cells
in each tissue. We wanted to investigate this possibility and assessed GR, AR, and PR in a
specific immune cell population (CD3+ cells, T lymphocytes) known to express steroid
hormone receptors. Although the total numbers of T lymphocytes in kidney, liver, spleen,
and thymus tissue varied (kidney - 10±5.6% CD45+CD3+ cells; liver - 15±8.7%
CD45+CD3+ cells; spleen - 30±7.2% CD45+CD3+ cells; thymus - 80±14.6% CD45+CD3+

cells), proportions of T cells expressing these steroid hormone receptors were similar and
not statistically significant (Figure 2). These data provide evidence that the steroid hormone
receptor expression pattern of T lymphocytes is similar in lymphoid and non-lymphoid
tissues, regardless of tissue type.

Glucocorticoid receptor protein expression by immune cells in brain tissue
Elevated concentrations of glucocorticoids (produced during chronic stress and under
inflammatory conditions) can generate a negative feedback response by binding receptors in
the brain and limiting corticotropin-releasing hormone (CRH) production by the
hypothalamus (Bakker et al., 2000; Kovacs et al., 2000; Tait et al., 2008). Brain tissue is also
susceptible to infection and often results in infiltration of peripheral immune cells that can
effectively clear invading pathogens but also lead to destruction of inflamed areas. Brain
tissue contains immune cells, of which the most common type are microglia cells
(Kuhlmann et al., 2009; Poluektova et al., 2005). To investigate whether the machinery for
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immune cells to respond to glucocorticoids was present in brain tissue, we used
immunohistochemistry to examine GR expression by microglia in brains of healthy mice.
We detected GR protein in brains of mice and found it expressed in cells suggestive of
“resting” microglia (round, hyperchromatic cells) (Figure 3). There were several other cell
types expressing GR in brain tissue of these animals, including astrocytes and neurons in the
granular and Purkinje layers of the cerebellum. These data show that microglia do indeed
contain the molecular machinery to respond to glucocorticoids.

West Nile Virus infection leads to brain tissue degradation and T cell infiltration in areas of
inflammation

Although microglia are the most common type of leukocyte in the brain, immune cells from
peripheral tissues can travel to the brain during infection. West Nile Virus (WNV) is usually
transmitted through mosquito bite and in some cases leads to neuroinvasive disease
(meningitis, encephalitis) and immunopathology (Lim et al.; Murphy et al., 2005). WNV
infection in a mouse model leads to leukocyte infiltration (including T cells, monocytes, and
NK cells), encephalitis, and death within approximately 12 days (Lim et al., 2006). Since T
lymphocytes express GR in lymphoid and non-lymphoid tissues in healthy mice, we wanted
to determine whether GR+ T lymphocytes were recruited to sites of inflammation in brain
tissue of WNV-infected animals and found that these animals showed T lymphocyte
accumulation in areas of inflammation (Figure 4); however, these cells did not express GR
protein.

Inflammatory conditions result in loss and/or redistribution of immune cells from tissues
We and others have previously shown that exposure to infectious agents or their products,
induces glucocorticoid release (Castagliuolo et al., 2001; Jamieson et al., 2010; Moayeri et
al., 2005; Sternberg et al., 1989). To explore the impact on immune cells, we exposed mice
to lethal toxin from Clostridium sordellii (CsL) (Geny et al., 2007) and examined
histopathological changes in different tissues. We observed changes in a number of tissues
following CsL exposure (Table 3), including kidney, liver, spleen, and thymus. As shown in
Figure 5, there was extensive lymphoid depletion in spleen tissue and apoptosis in thymus
tissue in the majority of infected mice that was not observed in control animals. This pattern
is consistent with the effects of increased glucocorticoid release that is known to occur
during inflammatory conditions and exposure to bacterial products.

Discussion
Steroid hormones, especially glucocorticoids, play an important role in regulating immune
responses and limiting over-activation of the immune system (Webster et al., 2002). We
previously identified steroid hormone receptor expression in immune cells from lymphoid
tissues and showed that steroid hormone effects on these cells could be blocked by treatment
with steroid hormone receptor antagonists (Butts et al., 2008; Butts et al., 2007a; Butts et al.,
2007b). In the present study, we sought to further explore steroid hormone receptor protein
expression in immune cells to compare lymphoid and non-lymphoid tissues, including brain,
in healthy animals and under inflammatory conditions. Our findings indicate that steroid
hormone receptors are differentially expressed in immune cells from lymphoid and non-
lymphoid tissues and that this is likely related to the type of immune cells comprised in each
tissue since proportions of CD3+ T lymphocytes expressing steroid hormone receptors was
similar in each of the tissues examined. We have also studied the impact of steroid
hormones on differentiation of a subset of T lymphocytes (CD4+) following activation by
agents that promote TH1 responses and observed a shift from TH1 toward TH17
(unpublished results), which is similar to recently reported effects of aldosterone on T cell
activation (Herrada et al., 2010).
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In this study, we evaluated GR expression in the brain and found that GR was not only
expressed in microglia but also in other cell types (including astrocytes and neurons –
granule cells). Furthermore although microglia expressed GR in healthy mice, T
lymphocytes surrounding inflammatory regions in brains of WNV-infected animals did not.
This suggests that a subset of GR-insensitive T lymphocytes could have been recruited into
brain tissue following WNV infection and raises the possibility that brain inflammation in
response to WNV may be destructive because the infiltrating leukocytes that cause the tissue
damage lack the molecular machinery to respond to endogenous glucocorticoids that
dampen inflammation. These results are similar to a previous report showing down-
regulation of GR, MR, and ERα gene expression in microglia following inflammatory
challenge in the brain (Sierra et al., 2008) but differ from a study showing an increase in GR
expression and decrease in glucocorticoid sensitivity in splenic T cells of mice following
thermal injury (D'Elia et al., 2010). Indeed, we also found that mice exposed to the lethal
toxin of Clostridium sordellii exhibited lymphoid depletion in splenic tissue and apoptosis in
thymic tissue, which is consistent with patterns of glucocorticoid-induced immune cell
apoptosis.

Some individuals are more susceptible to excessive inflammation and tissue pathology
following immune system activation. This has been associated with blunted glucocorticoid
responses or glucocorticoid resistance due to impaired glucocorticoid receptors or
inappropriately low levels of GR (Boldizsar et al., 2006; DeRijk et al., 2002; Sternberg,
2006). Our findings suggest that differential cell and tissue expression of steroid hormone
receptors could correlate with the presence of inflammation during infection. Thus, the
degree of expression of GR and other steroid hormone receptors should be taken into
consideration when evaluating risk for inflammatory tissue pathology during infection.
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Figure 1. Steroid hormone receptor protein expression in lymphoid and non-lymphoid tissues
Expression of steroid hormone receptors by leukocytes was measured in freshly isolated
cells from kidney, liver, spleen, and thymus using flow cytometry. Dot plots show
glucocorticoid receptor (GR), androgen receptor (AR), and progesterone receptor (PR) are
expressed by CD45+ cells from each tissue. Cross-hatch lines were determined by
comparing with isotype controls. Data shown is representative of 9 independent
experiments.
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Figure 2. Steroid hormone receptor expression in T lymphocytes from lymphoid and non-
lymphoid tissues
Expression of steroid hormone receptors by freshly-isolated CD3+ T lymphocytes from
kidney, liver, spleen, and thymus tissues was measured using flow cytometry. Graph shows
no statistically significant difference in T cells expressing GR, AR, and PR between tissues.
Mean ± SEM. (n=7)
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Figure 3. Glucocorticoid receptor expression in brain tissue
Expression of the stress hormone receptor, GR, was evaluated in mouse brain tissue via
immunohistochemistry. Asterisk is located in the granular layer of the cerebellum. GR
expression (indicated by positive cytoplasmic staining) was seen in several cell types
identified based on morphology, including microglia (red arrows; approximately 8-10 μm in
diameter, round, hyperchromatic cells with no appreciable cytoplasm), astrocytes (green
arrows; approximately 10-20 μm in diameter, large, vesiculate nuclei with distinct nucleoli
and indistinct cytoplasm) and granule cells of the external granular layer (blue arrows;
located within the inner and outer granular layers of the cerebellum, approximately 8-10 μm
in diameter, round, hyperchromatic cells with scant cytoplasm). Micrographs of cerebellum
at 20× (scale bar=300 μm, (A) and 400× (scale bar=50 μm, (B, C) magnification are shown.
In Panel C, several microglia cells were identified with cytoplasmic GR staining.
Micrographs shown are representative of 5 experiments.
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Figure 4. Neuropathology following West Nile Virus (WNV) infection
Mice were infected with WNV, and brain tissue was collected 12 days after infection for
immunohistochemistry. Asterisk is located in the lumen of the lateral ventricle. Evaluation
of H&E sections (A) of brains of infected mice at 100× (scale bar=100 μm) and 400× (scale
bar=50 μm) magnification revealed pronounced vacuolation of the neutrophil adjacent to the
lateral ventricle, with infiltration of mixed inflammation (primarily lymphocytes and
neutrophils). Serial sections were evaluated for CD3 expression (B) at 100× (scale bar=100
μm) and 400× (scale bar=50 μm) magnification and revealed T cells (positive membrane
staining) as the predominant leukocytic infiltrate in affected areas. There was also mild to
moderate multifocal, nonsuppurative meningitis present in the cerebellum and cerebrum of
infected mice. Micrographs shown are representative of 3 experiments.
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Figure 5. Tissue Pathology following Clostridium sordellii exposure
Histopathological analysis of C57BL/6 mice administered C. sordellii lethal toxin (CsL)
intraperitoneally. was assessed 12 hours following exposure. Micrographs (600×
magnification, inset - 100× magnification) show lymphoid depletion in spleen tissue (A) and
apoptosis in thymus tissue (B) that was not identified in control (saline-treated) animals. (C)
Graphs show percentage of control and infected mice exhibiting alterations in lymphoid
architecture. Mean ± SEM * = p<0.05 (n=5 mice/group)
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