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17B3-Estradiol Treatment Profoundly Down-Regulates Gene
Expression in Spinal Cord Tissue in Mice Protected from
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Abstract. It is now well documented that experimental autoimmune encephalomyeltitis (EAE) can be effectively
prevented by estrogen therapy. Previously, we identified a limited set of genes that were altered in spleens of
mice protected from EAE by 17B-estradiol (E2) treatment. As a continuation of these studies, we present here
transcriptional changes in genes expressed in spinal cord tissue. The Affymetrix microarray system was used to
screen more than 12,000 genes from E2-treated double transgenic (BV8S2 and AV4) female mice protected from
EAE vs. control mice with severe EAE. We found that estrogen therapy had a profound inhibitory effect on the
expressions of many immune-related genes in spinal cords. Estrogen significantly affected the transcription of
315 genes, 302 of which were down-regulated and only 13 that were up-regulated by >2.4 fold. A number of
genes encoding the histocompatibility complex, cytokines/receptors, chemokines, adhesion molecules, and signal
transduction proteins were strongly down-regulated (>20 fold) in estrogen-treated mice to levels similar to those
of the spinal cord tissue from unmanipulated mice. The identification of genes with altered expression patterns
in the spinal cords of estrogen-treated mice provides unique insight into the process that ultimately results in
protection against EAE.
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Introduction initiated by antigen-specific T cells, which are gener-
ated in the systemic organs and migrate to the CNS. In
Experimental  autoimmune  encephalomyelitis the diseased CNS there is a strong up-regulation of in-

(EAE) is a chronic inflammatory demyelinating disease  flammation-related molecules and activation of re-

of the central nervous system (CNS) in rodents that is
a useful model for the human disease multiple sclerosis
(MS). EAE involves a complex disease process that is

cruited macrophages and resident microglial cells (the
major phagocytic and antigen-presenting cells) that ul-
timately results in myelin damage.
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Previously we demonstrated that treatment with
17B-estradiol (E2) can ameliorate clinical and histologi-
cal signs of disease. E2 treatment inhibited the capacity
for developing myelin-reactive T cells and down-regu-
lated cytokine/chemokine mRNA expression in the
CNS* !°. We further demonstrated that one of the key
inflammatory cytokines affected by E2 was tumor ne-
crosis factor oo (TNF-a)"°. Although the beneficial anti-
-inflammatory effects of E2 therapy have been well
documented, the molecular basis for protection against
EAE is still not well understood. Recently we evaluated
transcriptional changes in splenocytes from E2-treated
and control T cell receptor (TCR) transgenic female
mice with EAE, using DNA microarray technology.
From this study, we identified a limited number of
E2-sensitive immune-related genes that were either
down-regulated, including TNF-a and the chemokine
RANTES, or up-regulated, including cytotoxic T lym-
phocyte antigen 4 (CTLA-4), transforming growth fac-
tor B3 (TGF-B3), interleukin 18 (IL-18), two interferon
Y (IFN-y)-induced genes, the chemokines, monocyte
chemoattractant protein 1 (MCP-1) and macrophage in-
flammatory protein 1 (MIP-1f), vascular cell adhe-
sion molecule (VCAM), and disintegrin metallopro-
tease, among others?.

In the current study, we now present new data ob-
tained from the target organ of inflammation — the spi-
nal cord (SC) — at the peak of disease in E2-protected
and control mice with severe EAE. Overall, a similar
number of E2-sensitive genes was found in CNS as
compared with the spleen. However, unlike spleno-
cytes, the great majority (96.5%) of affected genes
(>2.4 fold change) in the CNS were down-regulated,
with only 3.5% being up-regulated after E2 therapy.
Moreover, many'’ of the down-regulated genes dis-
played striking (>20 fold) changes. Overall, the profile
of transcriptional changes involved genes related to
antigen presentation and processing, signal transduc-
tion, transcription regulation, cytokines/receptors,
chemokines, adhesion molecules, apoptosis/death, and
acute phase/complement activation molecules. The
genes in the CNS most affected by E2 treatment ap-
proximated the same set of genes up-regulated during
EAE, resulting in minimal changes relative to their ex-
pressions in spinal cord tissue from unmanipulated
mice. This result is consistent with the idea that E2
dampens the inflammatory process systemically such
that infiltrating mononuclear cells cannot penetrate the
CNS, rather than up-regulating protective CNS gene
expression.
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Materials and Methods

Mice. Double-transgenic (Tg) female mice bearing
the rearranged BV8S2 and AV4 genes on the B10.PL
background were kindly provided by Dr. Janeway and
were bred in house. The colony was housed and cared
for in the Animal Resource Facility at the Portland
VAMC according to institutional guidelines. Mice were
used at 8—12 weeks of age.

Induction of active EAE. BV8S2/AV4 double-Tg
female mice were immunized with 400 ug of MBP-
-Acl-11 (Ac-ASQKRPSQRSK) in complete Freund’s
adjuvant (CFA) containing 200 pug of Mycobacterium
tuberculosis by subcutaneous (s.c.) injection over four
sites on the flank on day 0. Mice were assessed daily
for clinical signs of EAE according to the following
scale: 0 — no signs; 1 — limp tail; 2 — moderate hind
limb weakness (waddling gait); 3 — moderately severe
hind limb weakness; 4 — severe hind limb weakness;
5 — paraplegia; 6 — quadriplegia, moribund condition.
At the peak/acute phase of EAE (maximum severity of
clinical signs lasting for three subsequent days, which
consistently occurred between 14-16 days after im-
munization with encephalitogenic peptide), repre-
sentative mice from EAE- and estrogen-treated groups
were euthanized and the spinal cords were removed.
The frozen spinal cords were subsequently subjected to
total RNA extraction using the STAT-60 reagent (Tel-
-Test, Inc., Friendswood, TX, USA).

Estrogen treatment. For estrogen hormone therapy
3 mm pellets containing 2.5 mg of 17B-estradiol
(1500-2000 pg/ml serum, 20-50% of pregnancy levels,
Innovative Research of America, Sarasota, FL, USA)
were implanted s.c. on the back 7 days before induction
of EAE. EAE mice were sham operated and were im-
planted with a control pellet (which did not affect the
course of EAE, unpublished data). Unmanipulated mice
served as controls. The estrogen pellets provide con-
tinuous controlled release of a constant level of hor-
mone over a period of 60 days. Serum concentrations
of estrogen monitored before and during the course of
EAE in representative control and implanted mice con-
sistently fell within the expected ranges as measured by
the radioimmunoassay method.

GeneChip Array Assay. The microarray assays were
performed in the Affymetrix Microarray Core of the
OHSU Gene Microarray Shared Resource. The detailed
methodology of cDNA microarray and data analysis
was performed as previously described®’. Each target
was hybridized to an MG_U47A array with 12,000
genes using protocols described in the Affymetrix Ex-
pression Analysis Technical Manual. A listing of genes
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that are on the chip used in this study can be found at
http://snow.prohosting.com/affy.

Data presentation. Data presented in Tables 1 and 2
show mean fold change (decrease or increase, respec-
tively) in gene expression with standard deviation (SD)
from three independent experiments in estrogen-treated
mice as compared with EAE mice with severe clinical

signs of disease. The minimum change in mean fold
chosen for presentation was 2.4 (the same as used for
spleen) with a SD of no more than 30%. The transcrip-
tional changes in genes of interest in estrogen treated
mice over unmanipulated mice are also presented in Ta-
bles 1 and 2. The complete list of effected genes (fold
change 1.5 and more, SD<30%) is available online.

Table 1. Down-regulation of cytokines, chemokines, cytokine receptors, chemokine receptors, adhesion molecules, activation markers,
apoptosis, signal transduction, and T cell receptor molecules, and other genes of interest

Name Gene description

Estrogen over EAE
fold change SD

Estrogen over naive

fold change SD

Antigen presentation/processing

H2-Aa Histocompatibility 2, class II antigen A, -203.6 54.3 7.2% 6.2
LMP2, PSMB9 Proteasome P type 9 (large multifunctional protease 2) -70.5 74 1.6* 4.4
GILT, IP-30, IFI30 Interferon 7y inducible protein 30 -47.3 10.2 1.6% 23
H2-DMBI, Ti Histocompatibility 2, class II, locus M1 -35.0 6.4 —0.5% 2.5
H2-EB1 Histocompatibility 2, class II antigen Ef -27.7 2.1 3.2% 0.8
H2-T23 Histocompatibility 2, T region locus 23 -10.4 1.8 2.7 1.0
D2d MHC class I D-region cell surface antigen -89 2.1 2.8 1.2
TCRBVS.2 T-cell receptor B, variable 8.2 -6.6 1.8 -1.1*% 2.0
Qb-1 MHC class I Q4 B-2-microglobulin (Qb-1) -6.4 1.2 2.8% 0.9
H2-T10 Histocompatibility 2, T region locus 10 —4.0 0.9 0.4%* 1.3
H2-T17 Histocompatibility 2, T region locus 17 -39 0.4 1.1% 0.1
H2-D1 Histocompatibility 2, D region locus 1 -3.6 0.3 2.5 0.8
H2 Histocompatibility 2, blastocyst -3.6 0.5 2.0* 0.5
B2m -2 microglobulin -3.1 0.7 1.8 0.7
TAPbp TAP binding protein 2.7 0.3 3.1% 04
TCRaV11.1d T cell receptor o chain variable region, allele S1 24 0.6 1.5% 0.1
Cytokines
IL-1B Interleukin 18 =375 10.8 0.0%* 25
B94, TNFaip2 Tumor necrosis factor induced protein 2 -32.6 6.8 1.5% 3.1
IL-18bp, IGIFbp Interleukin 18 binding protein -22.6 53 —0.4* 1.3
TGF-f1 Transforming growth factor-1 -23.7 6.9 2.1% 0.6
IFN-B, TIMP Interferon P, fibroblast -5.9 1.5 1.1* 0.1
OPN, SPP1 Minopontin (osteopontin) 24 0.4 1.2% 0.2
Chemokines
MIP-1y, CCL9/10,
MRP-2, CCF18 Small inducible cytokine A9 -63.5 10.9 2.5% 0.8
MIG, CXCL9 Monokine induced by gamma interferon -59.1 10.8 1.7% 0.2
IP-10, CXCLI10,
CRG-2 Macrophage interferon inducible protein 10 -36.1 7.6 1.7% 0.3
MCP-3, CCL7 Small inducible cytokine A7 -18.7 5.2 —0.5% 1.5
Cytokine receptors
IL-4R Interleukin 4 receptor (secreted form) -24.9 7.1 1.9* 1.2
IL-3RB1, AIC2A Interleukin 3 receptor, B chain 1 -21.9 1.7 =2.7% 1.7
IL-3RB2, AIC2B Interleukin 3 receptor, B chain 2 -19.1 34 -1.9% 0.7
TNFR2, p75 p75 TNF receptor -4.5 1.3 1.4% 0.2
IFNaR2b Type I interferon receptor, IFNaR2b -33 0.5 0.7* 1.5
CSF1R Colony stimulating factor 1 receptor =31 0.1 1.6% 0.3
LTBR Lymphotoxin B receptor =31 0.8 1.4% 0.7
IL-10RB Interleukin 10 receptor, 3 -2.9 0.8 0.5% 1.3
Chemokine receptors
CXCR-2 Chemokine (C-X-C) receptor 2 -2.5 0.5 1.8* 0.5
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Adhesion molecules
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ITGB5 Integrin B-5 -27.3 8.1 10.5% 2.7
TGF-Bi Transforming growth factor, 3 induced, 68 kDa -25.7 7.3 2.1% 0.7
ITGoM Cell surface glycoprotein Mac-1 a-chain -23.2 2.8 1.9% 0.5
T-VCAM-1 Vascular cell adhesion molecule-1 truncated form
T-VCAM-1 (VCAM-1) -4.9 1.1 2.3 0.5
FN Fibronectin -4.7 0.9 2.6 0.9
Cyr61, CCN1 Insulin-like growth factor binding protein 10 -4.3 1.2 1.2% 2.2
VCAM-1 Vascular cell adhesion molecule 1 24 0.5 0.2% 1.3
Cluster differentiation antigens
CD68 CD68 antigen (macrosialin) -11.6 24 1.6% 0.2
CD72 CD72 antigen -114 34 0.3* 1.7
CD39 CD39 antigen -7.1 2.0 -1.1* 0.1
CD86 CD86 antigen -2.5 0.2 1.3* 0.2
CD38 CD38 antigen -24 04 -1.3* 0.3
Apoptosis/death
CASP8 Caspase-8 -9.9 2.2 0.2* 1.7
CASP11 Caspase-11 -71.7 1.2 2.2% 0.8
CTSH Cathepsin H -74 1.0 1.7 0.6
MPS-1 Macrophage proliferation-specific gene-1 -6.9 1.5 1.7 04
CASP1, ICE Interleukin 1-B converting enzyme -54 1.3 —0.1* 1.6
FAS Fas antigen -3.3 0.9 —1.4%* 0.3
STFB Cystatin B -3.0 0.6 -1.1* 0.0
Signal transduction
IIGP Interferon-inducible GTPase —69.6 17.8 —0.5% 1.5
TGTP T-cell specific GTPase —68.6 10.9 2.3% 0.59
IF147, IRG-47 Interferon 7y inducible protein, 47 kDa -58.3 16.1 —0.2* 1.6
LCKPB1 Similar to human haematopoietic-specific protein 1 =229 5.6 0.7* 1.6
EMRI1, F4/80 EGF-like module containing, mucin-like, hormone
receptor-like sequence 1 -19.6 1.6 1.1% 25
PTPRC Protein tyrosine phosphatase, receptor type, C -19.3 4.1 1.9 0.7
IGTP GTPase IGTP -16.1 33 1.6* 0.3
IkBKE IkK-i inducible IkB kinase -14.3 1.5 -1.7* 0.5
LRG-47, IF147 G-protein-like LRG-47 -10.5 1.6 1.4% 0.2
GTPI GTPI protein -8.3 1.9 14 0.2
TEP1 Telomerase associated protein 1 -7.2 2.0 —0.3* 1.6
DCIR, CLECSF6 Dendritic cell immunoreceptor -2.9 0.6 -1.7* 0.2
MAPKAPK-2 MAP kinase-activated protein kinase 2 2.7 0.7 2.8 0.5
LCK Lck encoding lymphocyte-specific protein tyrosine kinase -2.6 0.8 0.3* 1.3
FcgR1 Fc receptor, IgG, high affinity I 24 0.4 1.3% 0.2
Transcription regulation
mCDC46, MCMD5 mCDC46 protein -12.6 2.6 1.9% 2.7
STAT6 Signal transducer and activator of transcription 6 -10.5 3.2 2.3% 1.7
STATI1 Signal transducer and activator of transcription 1 -6.7 0.9 —0.2% 1.5
IRF1 Interferon regulatory factor 1 -59 1.6 1.3% 0.1
TGIF mTGIF protein -5.5 0.3 0.4%* 14
ICSbp Interferon consensus sequence binding protein 44 1.0 1.3* 0.1
APOBEC1 Apolipoprotein B editing complex 1 -39 1.0 1.5% 0.1
MIRF7 Interferon regulatory factor 7 -3.0 0.8 1.3% 0.2
ISGF3y Interferon dependent positive acting transcription factor 3y  -2.9 0.6 0.4* 1.3
Acute phase/complement activation
SAA Serum amyloid A -176.9 50.7 49 3.1
SPI2-1, EB1, SPI2 Spi2 proteinase inhibitor -52.6 12.3 -1.8* 2.7
H2-Bf Histocompatibility 2, complement component factor B -5.5 1.2 3.5% 0.8
C3aR1 Complement component 3a receptor -54 1.5 1.3* 0.3
Clgp Complement Clq B chain -4.7 0.9 2.4 0.7
Clqa Complement component 1, q subcomponent, & polypeptide  —4.2 0.9 2.6 0.6
Clqc Complement component 1, q subcomponent, ¢ polypeptide  —4.1 1.2 2.1 0.7

C3 Complement component C3 , o and [} subunits -3.5 0.6 1.6 0.5
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CNS-related genes
VAMPS
NINJ1

Other genes
MCL, MPCL, CLECSFS8 C-type lectin
TCIRG1, ATP6i,

OC116, TIRC7
PIRA3
IRG1
GP-39, Chi3ll
CLIC1, CLC-1, NCC27

Endobrevin
Ninjurin

T-cell, immune regulator 1
Paired-Ig-like receptor A3
Immunoresponsive 1
Glycoprotein 39

Chloride intracellular channel 1

FGL2 Fibrinogen-like protein 2

ADRP Adipose differentiation-related protein
E3, LAPTMS5 Retinoic acid-inducible E3 protein
XANX-4, ANXA4 Annexin IV

LGALS9 B-galactoside binding lectin

FTL1 Ferritin light chain 1
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-21.9 3.7 32.3% 4.5
-13.5 4.0 -1.1*% 2.5
-33.8 55 -3.2% 1.1
-32.2 7.7 49.9* 16.3
-32.1 54 0.9% 3.0
-18.6 3.7 38.3% 16.7
-9.3 2.2 1.5% 0.2
-6.2 1.9 8.2 2.6
-5.7 0.9 —0.4* 0.3
-5.3 0.9 1.2% 0.1
-39 0.8 1.8 0.4
-3.2 0.3 1.3*% 0.1
-2.8 0.9 1.4% 0.2
-2.8 0.3 1.5% 0.2

* Expression was at or below background level in SC from naive mice.

Table 2. Up-regulation of adhesion and signal transduction molecules

Estrogen over EAE Estrogen over naive

Name Gene description
fold change SD fold change SD

Signal transduction

FEX Orphan G protein-coupled receptor FEX 33 0.9 1.8* 0.4

GPR26 G-protein coupled receptor 33 0.9 1.1* 0.1
Transcription regulation

RNPS1 Ribonucleic acid binding protein S1 9.9 2.2 —0.4* 1.5
CNS-related genes

BCAN Brevican 6.1 0.2 0.7* 1.8
Other genes

ALAS2 Aminolevulinic acid synthase 2, erythroid 6.6 0.3 2.8 1.3

Slc27a2 Fatty acid transport protein 3.0 0.7 -0.1* 2.1

* Expression was at or below background level in SC from naive mice.

Results

Using the Affymetrix microarray technology, we
obtained transcriptional profiles from mRNA isolated
from the spinal cords of two experimental groups of
double Tg females immunized with MBP-Ac1-11 pep-
tide: 1) mice displaying severe symptoms of EAE
(score 5) implanted with a control pellet (which did not
affect the course of EAE; our unpublished data) and
2) mice with no signs of EAE (score 0) implanted with
a 2.5 mg pellet of E2 (physiological equivalence of 20—
50% of pregnancy levels) on the back 7 days before the
immunization. Unmanipulated mice served as a con-
trol. The assay was performed in triplicate for each
group except for the group of unmanipulated mice. Spi-
nal cords from two unmanipulated mice were pooled
and only one microarray chip was used to minimize the

costs of assay. The fold change (FC) presented for each
gene in Tables 1 and 2 is the mean value from three
separate experiments with SD less than 30% in es-
trogen-treated mice over the EAE mice. The fold
change for each particular gene in the category es-
trogen-treated over unmanipulated is also presented in
Tables 1 and 2. However, the values marked with an
asterisk (*) indicate that the expression in the unman-
ipulated mice was at or below background levels. The
same assembly of 12,000 genes on each array
(MG_U47A) was used as in our previous study. Similar
to E2 affects on splenocytes, estrogen therapy altered
expression of only about 10% of all genes present on
the chip. However, unlike splenocytes, the great ma-
jority of effected genes in the CNS tissue were down-
-regulated — 302 genes vs only 13 genes that were up-
-regulated. From this larger set, we grouped 119 genes
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of interest according to their function or nomenclature.
Genes which did not fit these categories are presented
as “other genes”.

Estrogen treatment provides complete protection
from EAE in DTg female mice

Clinical EAE data for mice that developed severe
symptoms of disease and for estrogen-protected ani-
mals were presented previously”. Females implanted
with 2.5 mg pellets of E2 did not develop any signs of
disease 14—16 days after immunization with MBP-Ac1-
-11 peptide/CFA. None of the estradiol-treated mice de-
veloped a score other than 0. In contrast, control mice
not receiving E2 displayed severe hind limb weakness
and paraplegia, reaching a score of 5-6. Serum E2 le-
vels in mice implanted with estrogen were between
1000-2000 pg/ml.

Genes with decreased expression

More than 95% of genes presented in this work
displayed down-regulation in the E2-treated group with
no EAE versus the EAE control group with severe
EAE, and are presented in Table 1. We grouped down-
-regulated genes into several categories. The most
numerous group includes genes involved in “Antigen
presentation/processing”. One of these genes, MHC
class II antigen A (H2Aa), displayed the highest (-203.6)
FC out of all found genes. Four other genes in this
group also displayed more than a 20 FC: proteosome
B type 9 (LMP2/PSMB9, —70.5), IFN-y inducible pro-
tein 30 (GILT/IP-30, —47.3), MHC class II locus MB1
(H2-DM1, -35), and MHC class I antigen Ef} (H2-
-EB1, —27.7). Among “Cytokines”, four genes showed
more than a 20 FC, including: IL-1B (-37.5), TNF-aip2
(-32.6), IL-18bp/IGIFbp (-22.6) and TGFf1 (-23.7).
Strong down-regulation was observed in “Chemokines”
with —63.5 FC for MIP-1y, —59.1 FC for MIG and —36.1
FC for IP-10. It is noteworthy that only one “Chemo-
kine receptor”, CXCR-2, was found to be effected by
estrogen treatment and was only down-regulated by 2.5
fold. However, 8 “Cytokine receptor” genes were down-
-regulated, including IL-4R (secreted form) (—24.9FC),
IL-3RB1 and IL-3RPB2 (-21.9 and —19.1 respectively),
p75 TNFR2 (—4.5) and others. The groups of genes
related to “Cluster differentiation antigens”, “Apop-
tosis/death”, and “Transcription regulation” displayed
only moderate fold changes between 2.4 and 12.6. In
contrast, “Adhesion Molecules” and “Signal transduc-
tion” — related genes showed relatively strong down-
-regulated expression as presented by ITGB5 (-27.3 FC),
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TGF-Bi (-25.7 FC), ITGoM (-23.2 FC) and IIGP
(-69.6 FC), TGTP (-68.6 FC), IFI47/IRG-47 (-58.3 FC),
and LCKPB1 (-22.9 FC), respectively. Also, two genes
classified in the “Acute phase/complement” group
showed strong transcriptional changes: SAA (-176.9 FC)
and SPI-2-1 (- 52.6 FC). Of note, we found some “CNS
tissue-related” genes to be inhibited in estrogen-treated
mice, such as VAMPS (-21.9 FC) and NINJ1 (-13.5 FC).
Among “Other genes”, the highest reduction in express-
ion was displayed by MCL (-33.8 FC), TCIRGI (-32.3 FC)
and PIRA3 (-32.1 FC).

Genes with increased expression

Only 6 genes demonstrated significant up-regula-
tion in expression, presented in Table 2. The highest
FC was found for gene RNPS1 (+9.9 FC) classified as
“Transcription regulation” related. Two other genes:
BCAN classified as “CNS-related”, and ALAS2, as
“Other genes”, showed +6.1 FC and +6.6 FC, respec-
tively. Three other genes displayed FC between 3 and
3.3.

Discussion

The results presented above demonstrate conclu-
sively that E2 treatment of EAE results in a strong and
pervasive down-regulation of inflammation-related
genes in the SC. The transcriptional gene pattern
presented here for SC tissue was markedly different
from that published previously for spleen cells. In fact,
only two of the genes in the SC were also significantly
changed in the same direction in the spleen: ALAS2
(aminolevulinic acid synthase 2: SC, +6.6 FC; spleen,
+30.0 FC), which catalyzes the first step of the heme
biosynthetic pathway found also in the brain®, and
DCIR (dendritic cell immunoreceptor: SC, —2.9 FC;
spleen: —4.0 FC), found to have a negative regulatory
function on antigen-presenting cells'®. Moreover, the
effect of hormonal therapy on CNS gene expression
was stronger than that found in the spleen, with 27 of
the genes displaying >20 fold changes.

The most affected gene, H2Aa, down-regulated by
203 fold, is the sole restriction element for the ence-
phalitogenic MBP-Acl-11 peptide in this strain of
double Tg mouse, and is obviously required for EAE
induction. The majority of genes in this general ca-
tegory of “Antigen presentation/processing” were
MHC genes associated with the H2 locus, which has
clearly been linked to EAE susceptibility'?. Four other
genes within this group displayed strong fold changes:
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proteosome [ type 9 (LMP2/PSMB9; -70.5 FC),
which is a TNF-a- and IFN-y-dependent provider of
peptide ligands for MHC class I'%; IFN-y-inducible pro-
tein 30 (GILT/IP-30; —47.3 FC), required for antigen
processing, GILT-free mice being defective in this
function'®; MHC class II locus MB1 (H2-DMP1; —35
FC) an MHC class II-like molecule with a crucial role
in antigen procession and presentation and associated
with the development of autoimmune diseases*?; and
MHC class II antigen Ef (H2-EB1; —27.7 FC). Inhibi
tion properties of estrogens on antigen presentation
have been reported previously**, and in combination
with the immunosuppressant cyclosporine, estrogen
abolishes MHC class II expression in allografts®.
Besides genes associated with class I MHC, there were
also differences in the gene expressions of MHC class
I molecules, including MHC class I D-region cell
surface antigen (D2d; -8.9 FC); MHC class 1 Q4
B2-microglobulin (Qb-1; —6.4 FC), reported to be se
creted from activated lymphocytes’; and f2-microglob-
ulin (2-m; —3.1 FC). It is noteworthy that the BV8S2
transgene specific for MBP-Ac1-11 was also down-regu-
lated 8.9 fold.

The strong down-regulation in E2-treated mice of
genes for MHC class I and II expression, 32-microglo-
bulin, and complement components C3 (C3; —3.5 FC),
thought to play a pivotal role in the degeneration of
oligodendrocytes?, and Clq (3 Clq subunits; FC from
—4.1 to —4.7), which contributes to the development of
neurological diseases including EAE’, might suggest
that E2 interferes with IFN-y production. Although we
did not observe changes in the IFN-y gene, we did find
changes in several IFN-y-related genes, including inter-
feron regulatory factor 1 (IRF1; -5.9 FC), the absence
of which decreased production of IFN-y”’, and interfe-
ron consensus sequence binding protein (ICSbp; —4.4
FC), a transcription factor of the IFN regulatory factor
family?s. Moreover, we observed down-regulation of
several IFN-y-inducible genes, including interferon-in-
ducible protein 10 (IP-10; —63.5 FC) and monokine
induced by IFN-y (MIG; —59.1 FC), both produced by
macrophages and reactive astrocytes in actively de-
myelinating MS lesions?; IL-18 binding protein (IL-
-18bp/IGIFbp; —22.6 FC), strongly induced by IFN+y
and other Thl cytokines®'; IFN-vy inducible protein 30
(IF130/TP30/GILT; —47.3 FC); four highly down-regu
lated interferon-inducible GTPases: IIGP protein (— 69.6
FC), shown to be related to neuronal loss in scrapie-in-
fected brain tissue’*; TGTP (-68.6 FC), which may
have an important function in T cell development
and/or T cell activation*; IRG-47 (-58.3FC), expressed
in B cells''; and GTPase IGTP (-16.1 FC), expressed

191

in macrophages®; as well as other genes involved in
signal transduction and transcription regulation listed in
Table 1.

Besides IFN-y-dependent genes, there were also
TNF-o-related and -regulated genes, including IxB ki-
nase (IKBKE; —14.3 FC), which plays a key role in the
regulation of nuclear factor kB and was up-regulated
by minimal doses of TNF-a%; and TFN — induced pro-
tein 2 (B94; -32.6 FC), found on mature peripheral
blood monocytes*. Moreover, genes for the p75 TNF
receptor (p75STNFR2; —4.5FC), implicated as a suscep-
tibility gene in linkage analysis in MS patients®, and
lymphotoxin-f receptor (LT-B; —3.1 FC) were also
down-regulated in E2-treated mice. In contrast to
splenocytes, where E2 treatment strongly down-regu-
lated the expression of TNF-a, no direct change in the
TNF-o gene was observed in SC tissue. The most likely
explanation is that E2 treatment systemically inhibited
TNF-o in inflammatory T cells and monocytes/macro-
phages, which were prevented from infiltrating SC
tissue by other E2-affected mechanisms. Another con-
sideration is that in inflamed SC tissue, especially at the
acute phase of disease, E2 might down-regulate CNS
genes that contribute to EAE severity. CNS-associated
genes that were strongly down-regulated might include
Endobrevin (VAMPS, —21.9 FC vs. EAE SC; —-32.3 FC
vs. naive SC), a synaptic protein with a structure simi-
lar to VAMP2 that was found in MS patients'’; and
Ninjurin (-13.5 FC), also called nerve injury-induced
protein that is up-regulated after axotomy in neurons
and in Schwann cells'. The single CNS-associated gene
that was up-regulated was Brevican (+6.1 FC), an ECM
molecule influencing astroglial motility™.

The failure to detect so called “classical” proinflam-
matory cytokines/chemokines was also reported by
IsrAHIM et al.'¥, who studied the gene expression
profile of CNS in C57Bl/6 mice. Interestingly, one
classical cytokine inhibited by E2 was IL-1B, (-37.5
FC), a critical cytokine known to contribute to the in-
itiation and progression of EAE*. Importantly, several
altered genes identified by Ibrahim were confirmed by
our study, for example genes involved in the regulation
of IFN-y transcription and chemokines such as IP-10
(-36.1 FC) and MIP-1y (-63.5 FC), chemokines pro-
duced by DC that mediate the migration of both acti-
vated and non-activated CD4* and CD8* T cells*'.

Other E2-sensitive genes also deserve mention:
CD68 (- 11.6 FC) (microsialin), which showed positive
staining in MS patients and can contribute to foam cell
formation in atherosclerotic lesions**; caspase-8 (9.9 FC),
the activity of which was inhibited in vitro by E2-treated
neuronal extracts®®; caspase-11 (—7.7 FC), which plays
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a crucial role in oligodendrocyte death and pathogen-
esis in EAE"; and osteopontin (- 2.4 FC), as osteopon-
tin knockout mice were resistant to progressive EAE as
shown by CHABAS et al.’

In conclusion: 1) the gene expression profile found
in the spinal cord was markedly different from that
found in splenocytes; 2) the strong down-regulation of
the transgenic T cell receptor gene TCRBVS.2 (-6.6
FC) and macrophage genes (eg. MAC-1 a-chain, —23.2
FC; and F4/80, —19.6 FC) would suggest that a major
effect of estrogen is to inhibit migration of inflamma-
tory mononuclear cells into the target organ, producing
a net effect very similar to that of spinal cord tissue
from unmanipulated mice; 3) the majority of E2-sensi-
tive genes that were down-regulated in the SC were
TNF-o/IFN-y related or regulated, suggesting hor-
mone-dependent regulation of these cytokines;
4) a number of SC genes that were differentially af-
fected by E2 treatment might be implicated as contri-
buting to EAE susceptibility; 5) based on this broad
scan, several other E2-sensitive pathways may be im-
plicated, such as the apoptotic cascade and signal trans-
duction*. Future studies will focus on validation of the
role of EAE susceptibility and protective genes that
potentially could be evaluated for their contribution to
MS by RT-PCR.
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