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Abstract

During demyelinating disease of the central nervous system (CNS), locally elevated cytokine levels may induce upregulation of MHC
class Il molecules on otherwise low expressing or negative cell types such as microglia and astrocytes, since IFN-y has been shown to
induce MHC class |1 expression on these cell types in vitro. While many transcription factors are involved with MHC class |1 expression,
only the class Il transactivator (CIITA) is tightly coordinated with IFN-y-inducibility. Control of CIITA gene expression is complex,
involving four distinct promoters, two of which (promoters 111 and 1V) are IFN-y-inducible in certain cell types. Here we demonstrate that
IFN-v treatment of rat astrocytesinduces only CIITA promoter IV activity in contrast to the murine macrophage cell line RAW 264.7 that
uses both IFN-vy-inducible promoters. In contrast to previously published reports, promoter 1V activation is completely dependent upon an
intact interferon regulatory factor-1 (IRF-1) but not STAT1 binding site using promoter constructs specifically mutated at these positions.
Importantly, while TNF-«a is able to synergize with IFN-y to increase astrocyte MHC class |1 expression in vitro, we show that treatment
of rat astrocytes with TNF-a has no effect on CIITA promoter activity. These data demonstrate that TNF-a augments MHC class 1l
expression through a mechanism downstream or independent of CIITA induction. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

Diseases of the central nervous system (CNS) are often
characterized by the presence of activated glia cells around
areas of demyelination. Several published reports have
demonstrated a direct correlation between the level of
MHC class Il expression on cells of the CNS and the
susceptibility to demyelinating disease in a number of
different laboratory models (Massa et a., 1987ab; Male
and Pryce, 1989; Birnbaum and Kaotilinek, 1990; Borrow
and Nash, 1992). Massa et a. (1987b) demonstrated that
rat strains exhibiting hyperinducible MHC class |1 expres-
sion on astrocytes were more susceptible to the induction
of experimental autoimmune encephalomyelitis. This cor-
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relation has been demonstrated for cerebral vascular en-
dothelial cells in the Theiler's murine encephalomyelitis
virus-induced demyelinating model (Male and Pryce, 1989;
Welsh et al., 1993), as well. Data from our laboratory has
shown that the role of MHC class Il expression in disease
severity can also be extended to a non-T-cell-mediated
model for demyelination (Matsushima et al., 1994). When
Twitcher mice (a model for globoid cell leukodystrophy
exhibiting spontaneous demyelination) were bred onto a
MHC class Il knockout background they exhibited signifi-
cantly reduced twitching and demyelination providing evi-
dence that MHC class || may perform functions other than
simply presenting antigen to T-cells (Matsushima et al.,
1994). Together, these data demonstrate a diverse role for
MHC class Il molecules during CNS disease pathogenesis.

The ability to therapeutically downregulate MHC class
Il during CNS demyelinating disease is an issue of great
importance. While several groups have demonstrated that
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the systemic administration of anti-MHC class |l antibod-
ies resulted in improved prognosis for animals in which
demyelination had been induced (Sriram and Steinman,
1983; Sriram et al., 1987; Friedmann et al., 1987; Jonker et
al., 1988; Steinman, 1990; Smith et a., 1994), this treat-
ment regimen did not specifically target MHC class 1l
expressed in the CNS. The ahility to specifically downreg-
ulate MHC class Il expression on cells of the CNS would
be a powerful tool for improving disease prognosis in
individuals affected by demyelinating disease without af-
fecting peripheral immune function. Thus, defining the
molecular control of MHC class Il expression on brain
glia cells such as astrocytes is central to our understanding
of how to therapeutically target MHC class Il expression
in the CNS.

Astrocytes are parenchymal cells congtituting the largest
population of cells of the CNS. A number of different in
vitro stimuli are capable of inducing an activated pheno-
type in astrocytes including the proinflammatory cytokines
IFN-y and TNF-a (Wong et d., 1984; Fierz et a., 1985;
Fontana et a., 1986; Benveniste et al., 1989). Damage to
the CNS in vivo caused by ischemia, vira infection, or
injury also serves to activate astrocytes leading to in-
creased production of immune effector molecules such as
TNF-«, TGF-B, IL-1, IL-3, PGE,, LTB,, IL-6, and IFN
a/B (Fontanaet al., 1983; Frei et al., 1985, 1989; Tedeschi
et a., 1986; Robbins et a., 1987; Hartung et a., 1988;
Sawada et a., 1989; Hailer et al., 1998). Similar to many
other cell types, surface expression of MHC class Il is
upregulated on astrocytes following in vitro exposure to
IFN-y (Wong et al., 1984; Moses et a., 1991) and this
expression is further augmented in the presence of TNF-a
(Benveniste et al., 1989). Most studies of MHC class Il
gene regulation have been conducted using B-cell or
macrophage cell lines, however, the molecular control of
expression is not completely understood. It is possible that
cell type-specific regulation of MHC class Il genes may
exist as reflected by the varied activation of MHC class |1
by different cytokines.

Previous studies from our laboratory and others have
indicated that the regulation of MHC class Il is primarily
controlled at the transcriptional level by a number of
different DNA binding proteins including NF-Y and RFX
(reviewed in Glimcher and Kara (1992)). These factors are
ubiquitously expressed and are not regulated by IFN-v.
Another molecule, the class Il transactivator (CIITA), is
coordinately regulated with MHC class Il in response to
IFN-y (Steimle et a., 1994). The CIITA is a master
regulator of all MHC class Il genes including li and H-2M
gene products important for the exogenous pathway of
antigen processing (Chang and Flavell, 1995). CIITA per
se is not a DNA-binding protein, rather it is thought to act
indirectly on the MHC class Il promoter by interacting
with an as yet undefined DNA binding protein, although
recent evidence has suggested interactions with RFX5,
CBP, and Bobl (Riley et a., 1995; Fontes et a., 1996;

Scholl et al., 1997; Kretsovai et al., 1998). The expression
of CIITA is regulated at the transcriptional level through
the action of four distinct promoters (Muhlethaler-Mottet
et al., 1997) that play a significant role in determining
tissue-specific expression of CIITA and therefore of MHC
class Il. CIITA promoter I-driven transcripts are found in
dendritic cells while promoter 11l drives constitutive ex-
pression in B-cells (Lennon et al., 1997; Muhlethaler-Mot-
tet et a., 1997). Promoter 1V was initialy thought to be
solely responsible for the IFN-y-inducible expression of
CIITA (Muhlethaler-Mottet et al., 1997) and is active in
many non-professional antigen presenting cells (APCs)
leading to IFN-y-inducible expression of MHC class II.
More recent work from our laboratory has demonstrated an
IFN-y-inducible element in promoter Ill as well, located
2.5-kb upstream of the transcriptiona start site, indicating
arole for this promoter in the cytokine induction of MHC
class Il activation (Piskurich et a., 1998). Finadly, we aso
found that TGF-B downregulates the IFN-y activation of
both promoters 111 and IV (Piskurich et al., 1998).

Less is known regarding the regulation of MHC class |1
gene expression in the CNS at the molecular level. Severa
lines of evidence have demonstrated differential MHC
class Il protein expression in response to various cytokines
and effector molecules by astrocytes and microglia, sug-
gesting that there are cell-specific differences in MHC
class Il gene regulation even within the same tissue (Hel-
lendall and Ting, 1997; Sasaki et al., 1989, 1990). Here we
investigate the regulation of CIITA expression in primary
rat astrocytesin an effort to define these differences. Using
various CIITA promoter /luciferase reporter constructs we
have determined that promoter IV is the only active pro-
moter in primary rat astrocytes following IFN-y stimula
tion. Thisisin contrast to the murine macrophage cell line
RAW 264.7 in which IFN-y-inducible promoter Il is also
active. We extend these findings to demonstrate that Cl-
ITA promoter IV activity in rat astrocytes is dependent
upon the interferon regulatory factor-1 (IRF-1) binding site
but is not dependent upon the STAT 1-binding site, in
contrast to previously published reports of other cells
(Muhlethaler-Mottet et al., 1998). The inclusion of TNF-a
or neutralizing anti-TGF-B antibodies in the astrocyte cul-
tures had minimal effect on CIITA promoter activity sug-
gesting that: (a) augmentation of MHC class Il induction
by TNF-a must occur at a point downstream of CIITA
induction or is independent of CIITA induction, and (b)
endogenous TGF- does not account for the lack of CIITA
promoter I11 activity in astrocytes.

2. Methods
2.1. Rats

Timed pregnant Sprague—Dawley rats were purchased
from Charles River (Wilmington, MA). Rats were main-
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tained in a specific pathogen-free environment in the Uni-
versity of North Carolina animal facility until delivery of
the pups. One-day-old rat pups were used for isolation of
astroglial cultures.

2.2. Media and cdll lines

Astroglial cells were maintained in Dulbecco’s modi-
fied Eagles medium (DMEM)/Ham's F12 (1:1) medium
(Gibco BRL, Gaithersburg, MD) supplemented with 10%
FBS(Sigma, St. Louis, MO), 100 U /ml penicillin (Gibco),
and 100 pg/ml streptomycin (Gibco). The murine
macrophage cell line, RAW 264.7, were maintained in
RPMI (Gibco) supplemented with 2 mM L-glutamine, and
FBS, penicillin, and streptomycin as above.

2.3. Cytokines and antibodies

Recombinant rat IFN-v, recombinant mouse |FN-vy, and
recombinant mouse TNF-a (which is cross reactive on rat
cells) were purchased from Genzyme (Cambridge, MA).
Anti-TGF-B, purchased from Genzyme, recognizes TGF-
B,, TGF-B,, and TGF-B, isoforms. Each cytokine or
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antibody was used at the concentrations indicated in the
figure legends.

2.4. Astroglial cell isolation

Enriched cortical astrocyte cultures were prepared fol-
lowing the protocol of McCarthy and De Vellis (1980).
Briefly, the brain was removed from one-day-old neonatal
Lewis rats, the hind brain was dissected away and the
meninges were removed. The left and right hemispheres
were transferred to a culture dish containing medium and
the cells were gently dissociated. Cells in suspension were
separated from large pieces of debris and tissue, pelleted at
40 X ¢, and resuspended in DMEM /Ham’s F12 complete
medium, seeded in tissue culture-treated flasks and incu-
bated at 37°C, 5% CO,. Fresh medium was added every
3—4 days until day 10 when microglia and oligodendro-
cytes were removed from the astroglial bed layer by
shaking the flasks on an orbital shaker for 16 h at 275 rpm.
The enriched astrocyte cultures were then processed
through three rounds of trypsinization and replating to
assure elimination of residual microglia. Astrocytes were
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Fig. 1. Map of CIITA gene constructs used. A human genomic library was screened using a PCR-generated probe as previously described (Piskurich et al.,
1998). A diagram of a 14-kb HindlIl fragment that contains two IFN-y-inducible CIITA promoters is shown. Locations of start sites of the upstream
promoter (111) and the downstream promoter (1V) are shown by arrows. DNA fragments used in luciferase reporter constructs are shown as white boxes.
The region of promoter 1V that contains the IRF-1 and STAT1 binding sites is shown. The STAT1 site (GAS element) was mutated from positions —89 to
—84 (TTCTGA mutated to GGAGTC), the IRF-1 binding site was mutated from positions —63 to —59 (AGTGA mutated to CTTAG) as previously

described (Piskurich et al., 1999).
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then replated at 2 X 10° cells per 150 mm tissue culture
plates and allowed to expand prior to transfection.

2.5. Constructs

The isolation of clones containing the promoter regions
of the human CIITA gene as well as the construction of
plICHTA.Luc (previously p7000CIITA.Luc) and pll-
IDEL1.CIITA.Luc (previousy p7000—2000CIITA.Luc)
have been previously described (Piskurich et al., 1998).
The construction of CIITA promoter 1V-luciferase reporter
(pIVCIITA.Luc) as well as the construction of the IRF-1
mutation (plVmutiIRF.Luc) and gamma activation se-
quence (GAS) (plVmutGAS.Luc) mutation have also been
described (Piskurich et al., 1999). The sequences of all
plasmids have been confirmed by DNA sequencing. The
pGL2-Basic plasmid (Promega) (into which al CIITA
constructs were cloned) was used as the negative control.
A map of CIITA gene constructs is shown in Fig. 1.

2.6. Transfection

Primary rat astrocytes and RAW 264.7 cells were tran-
siently transfected by electroporation. Astrocytes (2 X
10° /0.3 ml culture medium) or RAW 264.7 cells (1.6 X
107 /0.250 ml culture medium) were combined with 10-15
pg of plasmid DNA and pulsed at 0.20 V (astrocytes) or
0.23 V (RAW 264.7), 960 wF using a BioRad Gene
Pulser. Transfected cells were plated in 10 mm tissue
culture plates and allowed to adhere for approximately 2 h
prior to the addition of the indicated amount of cytokine
(IFN-y and/or TNF-a). For those experiments in which
anti-TGF-B was used to block endogenous TGF-B, 10 or
30 wg/ml of antibody was added to the transfected cells 3
h prior to the addition of 1FN-vy.

Cdlls transfected with CIITA promoter constructs were
harvested after 14-17 h of cytokine treatment, washed
twice with PBS, and cell lysates made using cell lysis
buffer (Promega, Madison, WI). The protein content of
cell extracts was determined using the Bradford assay. The
luciferase assay was performed as described (Brasier et al.,
1989). Luciferase activity (given as relative light units,
RLU) in the samples was quantitated using an EG& G
Berthold LB 953 AutoLumat luminometer. Fold induction
was determined by dividing the RLU of IFN-y treated
samples by the RLU of untreated samples.

3. Resaults

3.1. IFN-y-inducible CIITA expression in RAW 264.7
macrophages uses both CIITA promoters |1l and 1V

Previous work has demonstrated that CIITA promoter
usage determines tissue-specific expression of CIITA and
ultimately MHC class Il expression. Muhlethaler-Mottet et
al. (1997) have shown that IFN-y-inducible MHC class |1
expression is dependent upon the activity of CIITA pro-
moter 1V. More recent work from our laboratory has
demonstrated that while CIITA promoter Il is constitu-
tively active in B-célls, there is an IFN-y-inducible ele-
ment that is located over 2.5-kb upstream of the transcrip-
tional start site and is active in certain cell lines such as
2fTGH fibrosarcoma or U373-MG glioblastoma cells
(Piskurich et al., 1998). The transformed murine
macrophage cell line, RAW 264.7 (Raschke et a., 1978),
was used to assess CIITA promoter activity following
IFN-vy treatment. These cells demonstrated a strong (2B-
fold induction) IFN-y responsiveness of the plVCIITA.Luc
(Fig. 2a) and also exhibited a five- to six-fold induction of
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Fig. 2. Both CIITA promoter |1l and promoter IV are activein RAW 264.7 cells following IFN-y treatment. The murine macrophage line RAW 264.7 cells
were transiently transfected with (A) CIITA promoter IV-luciferase reporter construct (see Fig. 1), or (B) CIITA promoter I11-luciferase reporter constructs
and the negative control plasmid pGL2-Basic as described in Section 2. Cells were treated with or without mouse IFN-y (200 U /ml), harvested 14 h ater,
and luciferase activity determined. Data represent the mean of triplicate cultures and are representative of four separate experiments.
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both the full length (7-kb) promoter 111 (pllICIITA.Luc) as
well as promoter |11 lacking the central 2-kb Kpnl frag-
ment (pllIDEL1.CIITA.Luc) (Fig. 2b), indicating that both
CHTA promoters Il and 1V are IFN-y-inducible in this
cell type. These data parallel our previous analyses of the
fibrosarcoma and glioblastoma cell lines (Piskurich et al.,
1998).

3.2. IFN-y-inducible CIITA expression in primary rat as-
trocytes is dependent upon promoter 1V but not promoter
"

Little is known regarding the regulation of IFN-y-in-
ducible CIITA expression in astrocytes, thus to determine
which CIITA promoters are active in these célls, pri-
mary rat astrocytes were transiently transfected with
pIVCIITA.Luc. Treatment of transfected cells with 100
U/ml rat IFN-vy resulted in a five-fold induction in CIITA
promoter 1V activity over untreated cells (Fig. 3a). To
determine if the IFN-vy-inducible form of promoter Il is
active in astrocytes, these cells were transiently transfected
with pllICHITA.Luc or pllIDEL1.CIITA.Luc. Neither of
the promoter 11l constructs exhibited IFN-y-inducible ac-
tivity in primary rat astrocytes indicating that these cells
exclusively use promoter 1V as the IFN-y-inducible CIITA
promoter (Fig. 3b).

3.3. Promoter 1V activity in primary rat astrocytes is
dependent upon IRF-1 but not STAT1 binding

Previous reports have demonstrated that CIITA pro-
moter 1V activity is dependent upon both STAT1 and
IRF-1 proteins binding to their respective sites in the
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promoter (Muhlethaler-Mottet et al., 1998), while others
have recently demonstrated that the IRF-1 site is essential
for IFN-vy-induced promoter 1V activity and STAT1 bind-
ing to the GAS element only contributed to the inducibility
of this promoter (Dong et al., 1999). To confirm the
necessity of these DNA binding proteins for CIITA expres-
sion in rat astrocytes, cells were transfected with plVCI-
ITA.Luc constructs specifically mutated in the proximal
STAT1 binding site (the GAS element; pmutGAS.Luc) or
the proximal IRF-1 binding site (pmutlRF.Luc) (see Fig.
1). Similar to the report of Dong et a., primary rat
astrocytes required only IRF-1 binding for IFN-vy-induced
promoter 1V. However, our data demonstrate that activa
tion was not at al dependent upon STAT1 binding (Fig.
4a) as the mutation in this site (pmutGAS.Luc) had no
effect on reporter gene expression. In contrast to the rat
astrocytes, murine RAW 264.7 cells demonstrated a partia
dependence upon STAT1 binding (fold induction dropped
from 22 to 12 in two separate experiments) and a complete
dependence upon IRF-1 binding for CIITA promoter IV
activity (Fig. 4b), indicating that there are cell-type spe-
cific differences in the regulation of the same CIITA
promoter.

3.4. IFN-y-inducible CIITA promoter IV activity is not
augmented in the presence of TNF-«

The exposure of astrocytes to IFN-v in the presence of
TNF-a has been shown to synergistically increase MHC
class Il expression on the cell surface (Benveniste et d.,
1989). As the human CIITA promoter IV contains an
NK-« B site, this augmentation may be due to an increase
in CIITA promoter activity. Thus, we were interested to
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Fig. 3. CIITA promoter usage in primary rat astrocytes following IFN-y treatment. Primary rat astrocytes were transiently transfected with (A) CIITA
promoter IV-luciferase reporter construct (see Fig. 1), or (B) CIITA promoter 111-luciferase reporter constructs, or the negative control plasmid pGL2-Basic
as described in Section 2. Cells were treated with or without rat IFN-y (100 U /ml), harvested 17 h later, and luciferase activity determined. Data represent
the mean of triplicate cultures and are representative of four separate experiments.
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Fig. 4. CIITA promoter IV activity in rat astrocytes requires IRF-1 but not STAT1 binding domains. (A) Primary rat astrocytes or (B) RAW 264.7 cells
were transfected with plVCIITA.Luc specifically mutated at either the IRF-1 or STAT1 binding sites as described in Section 2 (see Fig. 1). Cells were
treated with rat IFN-y (100 U/ml) or mouse IFN-y (200 U /ml), harvested 17 h later and luciferase activity determined. Data represent the mean of

triplicate cultures and are representative of three separate experiments.

determine if treatment with TNF-a aone induces CIITA
promoter Il or IV activation or augments |FN-y-induced
activity of promoter 1V. Rat astrocytes were transfected
with the pllIDEL1.CIITA.Luc (this construct was chosen
over the full length pllICIITA.Luc as it demonstrates
greater activity following IFN-vy treatment in most cell
types) or plVCIITA.Luc and treated with TNF-a (400
U,/ml) alone or in the presence of IFN-y (100 U/ml). As
shown in Fig. 5, the addition of TNF-a had no effect on
either promoter |11 or promoter 1V activation. These data
indicate that the synergy between TNF-a and IFN-vy for
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Fig. 5. TNF-a does not enhance IFN-vy-induced CIITA promoter IV
activity in rat astrocytes. Primary rat astrocytes were transfected with
plIIIDELL.CIITA.Luc (promoter 111) or plVCIITA.Luc (promoter V)
constructs and treated with rat IFN-y (100 U/ml) and/or mouse TNF-a
(500 U/ml). Cells were harvested 17 h later and luciferase activity
determined. Data represent the mean of triplicate cultures and are repre-
sentative of three separate experiments.

MHC class Il protein expression must occur at a point
downstream of CIITA induction or independent of CIITA,
and likely at the level of the MHC class Il promoter itself.

3.5. Treatment of astrocytes with anti-TGF-B does not
induce CIITA promoter 111 activity

Our laboratory has recently demonstrated that |FN-y-in-
duced CIITA promoter Il activity is largely inhibited in
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Fig. 6. Lack of promoter Il activity in rat astrocytes is not due to the
presence of endogenous TGF-B. Primary rat astrocytes were transfected
with pllIDEL1.CIITA.Luc or plVCIITA.Luc constructs and incubated in
the presence of anti-TGF-B (10 or 30 wg/ml) for 3 h prior to the
addition of rat IFN-y (100 U /ml). Cells were cultured an additional 17 h
following IFN-y treatment, harvested, and luciferase activity determined.
Data represent the mean of triplicate cultures and are representative of
two separate experiments.
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the presence of TGF-B; promoter IV is also inhibited by
TGF-B but to a lesser extent (Piskurich et al., 1999).
Because stimulated astrocytes are capable of secreting
TGF-B, it was possible that the presence of this cytokine
in the astrocyte cultures was inhibiting the activity of
plIIDEL1.CIITA.Luc. To address this possibility, primary
rat astrocytes were transiently transfected with either pll-
IDEL1.CIITA.Luc or pIVCIITA.Luc, incubated in the
presence of anti-TGF-B for 2 h, then treated with IFN-y as
previously described. If endogenous TGF-B was affecting
CIHTA promoter Il activity in the rat astrocytes, then it
would be expected that incubation in the presence of
anti-TGF-B would result in an increase of CIITA promoter
Il activity in the presence of IFN-y. As shown in Fig. 6,
however, the addition of anti-TGF-B at two different con-
centrations had no effect on the activity of either
plIIDEL1.CIITA.Luc or plVCIITA.Luc, indicating that the
presence of endogenous TGF-B is likely not the reason for
lack of CIITA promoter Il activity in these cells.

4, Discussion

MHC class Il gene regulation in different cell types can
be separated into two basic categories: those that exhibit
congtitutive expression and those that exhibit cytokine-in-
ducible expression. The control of MHC class |l expres-
sion lies at the transcriptional level and is dependent in
part upon the activities of the non-DNA binding, transcrip-
tional transactivator, and master regulator, CIITA. The
expression of CIITA is complex, depending upon the
activity of four distinct promoter regions (Muhlethaer-
Mottet et al., 1997). Each of the promoters has its own
unique transcriptional start site resulting in three different
CIITA isotypes (promoter |l has not been ascribed a
function in humans and has not yet been cloned in mice).
Which of the three different CIITA transcripts is produced
may have a direct bearing on the ability to transactivate
MHC class Il genes in different cell types.

Severa lines of evidence have made it clear that various
cell types exhibit differential CIITA promoter usage with
constitutive expression by dendritic cells and B-cells being
controlled by CIITA promoters | and Ill, respectively,
while most IFN-y-inducible cells require promoter |1l
and/or promoter 1V (Muhlethaler-Mottet et al., 1997,
Piskurich et al., 1998). We were interested in defining
CIITA promoter usage in primary rat astrocytes in order to
gain a better understanding of the molecular control of
MHC class Il in cells of the CNS. Our data demonstrate
that astrocytes utilize only CIITA promoter 1V following
stimulation by IFN-y, in contrast to the murine macrophage
cell line, RAW 264.7, that utilizes both CIITA promoters
11 and 1V following IFN-y stimulation. These data are in
agreement with another recent report (Soos et al., 1998) in
which astrocytes were found to express CIITA promoter
IV mRNA. Since the submission of this manuscript, an-

other report showed that astrocytes utilize a CIITA pro-
moter IV /reporter construct (Dong et al., 1999). Our data
extend these findings to provide a comparison of promoter
Il vs. promoter |V usage in astrocytes, and demonstrate
that CIITA promoter Il activity is not induced in astro-
cytes in the presence of IFN-y. We do not believe that the
lack of CIITA promoter Il activity in rat astrocytes is
attributable to technical issues such as poor transfection
efficiency of this reporter construct since al transfections
using promoter 111 or promoter 1V reporter constructs were
donein paralel, using the same astrocyte cell preparations.
In addition, other cell lines (the RAW 264.7 in particular)
demonstrated excellent promoter 111 activity indicating that
there was nothing inherently wrong with that particular
plasmid preparation. Rather, we believe that the signifi-
cance of our finding may lie in the regulation of MHC
class Il expression by certain cytokines. For example,
CIHITA promoter 11l is more sensitive to the downregula-
tory effects of the anti-inflammatory cytokine TGF-B
(Piskurich et al., 1999) compared to promoter 1V; since
astrocytes secrete TGF-B upon stimulation it would not
make physiological sense to use CIITA promoter Il fol-
lowing IFN-y stimulation as this might result in immediate
downregulation of MHC class 1. It is also possible that the
difference is due to the fact that we are comparing primary
rat cells to mouse cells that have been transformed and
cultured for extended periods of time. To address this
possibility, it would be ideal to investigate CIITA pro-
moter usage in primary rat microglia, however, these cells
are extremely difficult to transfect. The most likely expla-
nation is that macrophage are important cells for antigen
presentation in the peripheral immune system while the
primary role for astrocytes is to maintain homeostasis in
the CNS. Although astrocytes have been shown to be able
to present antigen in certain (in vitro) situations, they are
not professiona APCs. Thus the usage of both CIITA
promoters |1l and IV may be reserved for APCs such as
macrophage, while promoter 1V is largely utilized in cell
types that exhibit IFN-y-inducible MHC class Il but are
inefficient at, yet capable of, antigen presentation in exten-
uating circumstances such as during autoimmune disease.

Using the Me67.8 melanoma cell line, Muhlethaler-
Mottet et al. (1998) demonstrated that CIITA promoter IV
activity is dependent upon three distinct elements of the
promoter: the E-box as well as the IRF-1 and STAT1
binding sites. In contrast, a recently published report from
Dong et al. (1999) demonstrated that while the IRF-1 site
was necessary for CIITA promoter IV activity, the STAT1
site only contributed to the IFN-y-inducibility of promoter
IV. We here determined the necessity for the proximal
IRF-1 and STAT1 binding sites in CIITA promoter 1V
following IFN-y stimulation of rat astrocytes in our sys-
tem. Our data demonstrate that in rat astrocytes, IRF-1 is,
indeed, essential for CIITA promoter 1V activity but that
activity was not at all dependent upon STAT1 binding to
the GAS element. This is in contrast to the RAW 264.7
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cells which exhibit some dependency on the GAS element.
Our data suggest that IFN-y stimulation of rat astrocytes
results in a different intracellular signaling cascade that
does not require STAT1 activation for CIITA promoter
activity. The IRF-1 promoter also contains a GAS element
and is generally thought to be dependent upon STAT1 for
its transcription (Rein et al., 1994) thus it is likely that
STATL1 functions to induce IRF-1 expression but is not
acting directly upon CIITA promoter 1V in rat astrocytes.
These data again support a model for differential MHC
class Il activation pathways in different cell types.

A host of cytokines have been shown to both positively
and negatively affect MHC class |1 expression. The pro-in-
flammatory cytokine, TNF-a acts synergisticaly with
IFN-v to upregulate MHC class Il expression on many cell
types including cells derived from the CNS such as mi-
croglia and astrocytes (Benveniste et al., 1989). Impor-
tantly, this synergism appears to exert its affect at a point
downstream, or independent of CIITA promoter activation
as the addition of TNF-a in the presence or absence of
IFN-y had no affect on CIITA promoter |11 activity in rat
astrocytes, nor did it enhance IFN-y-induction of CIITA
promoter 1V in these cells. Additionally, the anti-in-
flammatory cytokines such as IL-4, IL-10, and TGF-B
have been shown to downregulate MHC class |l expres-
sion on a number of different cell types (de Waal Malefyt
et al., 1991; Devgyothi et a., 1993; Frei et al., 1994;
Benveniste et al., 1994; Morga and Heuschling, 1996). At
what level of MHC class Il gene expression these cy-
tokines are having their affect has not been completely
elucidated, however, recent evidence has shown that TGF-3
inhibits accumulation of CIITA mRNA transcripts (Lee et
al., 1997) while data from our laboratory has definitively
shown that TGF-B acts directly on the CIITA promoter to
inhibit its activity (Piskurich et al., 1999). This inhibition
of activity appeared to be promoter-specific in that CIITA
promoter |1l was far more sensitive than promoter 1V to
the effects of TGF-B. Since TGF-B has been shown to be
produced by activated astrocytes (Peress et a., 1996;
Hailer et al., 1998; Vivien et a., 1998), we were con-
cerned about the possibility that endogenous TGF-B may
be masking CIITA promoter 11l activity in the astrocytes.
The addition of neutralizing anti-TGF- antibodies to the
transfection cultures, however, had no affect on CIITA
promoter usage. These data indicate that promoter 1V is
the sole CIITA promoter used in astrocytes and that lack
of promoter 11l activation cannot be accounted for by the
presence of inhibitory endogenous TGF-(.

Our data provide new and important evidence for the
differentia regulation of MHC class Il gene expression in
specialized cell types. These data suggest that during im-
mune responses in the CNS, astrocytes are capable of
activating the machinery necessary for MHC class Il ex-
pression but that the pathways used for such expression
may be divergent from those typically followed in profes-
sional APCs such as B-cells or macrophages. Thus, it may

be possible to exploit these differences in an attempt to
specifically inhibit MHC class |l expression in cases of
autoimmune dysfunction of the CNS, such as multiple
sclerosis where expression of MHC class Il is detrimental.
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