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In attempts to elucidate the pathogenic mechanisms involved in neurodegen-
eration in AIDS patients with cognitive de®cits, the possible effect of HIV-1
transmembrane envelope protein gp41 on expression of the membrane
inhibitor of complement mediated cytolysis (CD59) was assessed in human
neuronal (SK-N-SH) and astroglial (T98G) cell lines. Western blotting analyses
demonstrated that an immunodominant (ID, aa 598 ± 613) gp41 peptide as well
as the recombinant gp41 protein encompassing this domain markedly reduced
CD59 level in a dose dependent manner whereas p24 and control peptide had
little effect. RT ± PCR showed that ID peptide also elicited a reduction in the
expressed CD59 mRNA level. This gp41 peptide apparently down-regulated
phorbol 12,13-dibutyrate induced elevation of CD59 at the protein and mRNA
levels in a manner similar to that conferred by protein kinase C inhibitor, H-7 or
staurosporine in SK-N-SH. Interestingly, proin¯ammatory cytokines such as
IL-1b or IFN-g as well as LPS greatly decreased CD59 in SK-N-SH and to a lesser
extent in T98G whereas TNF-a did not signi®cantly alter it. In contrast,
antioxidants and anti-in¯ammatory agents enhanced CD59 expression
reversing gp41 peptide mediated inhibitory effect in SK-N-SH. Our data suggest
that high level of gp41 or its metabolites as well as impaired protein kinase
response, chronic in¯ammation or antioxidant depletion within HIV-1 infected
brains may be associated with a diminished expression of CD59 which would
render neuronal cells to susceptible to indirect bystander lysis in the presence
of autologous complement. Journal of NeuroVirology (2000) 6, 51 ± 60.
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Introduction

The mechanism(s) responsible for human immuno-
de®ciency virus 1 (HIV-1) invasion of the central
nervous system (CNS) associated with the genera-
tion of HIV-1-associated dementia may not be the
homogenous entity. Productive viral infection of
CNS cells is limited almost exclusively to cells of
monocytic lineage including brain macrophages
and microglia, while neurons and astrocytes may
undergo nonproductive or restricted infection
(Glass and Johnson, 1996). Nevertheless, neurons,
astrocytes, oligodendrocytes, and microglia all
undergo pathological changes in AIDS brains. Thus,
indirect mechanisms which involve viral gene

products, and cytokine dysregulation and other
cellular factors released by HIV-1 infected brain
macrophages and microglia as well as reactive
astrocytes (Glass and Johnson, 1996; Nottet et al,
1995; Toggas et al, 1994; Yeung et al, 1995) are
implicated in the severity of neurological impair-
ment which occurs in HIV-1 associated dementia.
Earlier data reported that the extent of dendritic and
neuronal damage in HIV encephalitis may be more
closely correlated with the amount of HIV-1
transmembrane envelope protein gp41 in the brain
(Masliah et al, 1992). Furthermore, recent data
strongly implicated a possible association between
increased expression of HIV-1 gp41 in HIV-1
infected brains and the cognitive dysfunction in
AIDS-associated dementia (Adamson et al, 1996)
suggesting gp41 as a key determinant in neurode-
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generative cascade ultimately leading to neuronal
damage and dementia.

Several lines of evidence suggest a dysregulation
of the complement system in HIV-1 infected
patients. The up-regulation of complement inhibi-
tors such as the membrane inhibitor of reactive lysis
(MIRL, CD59), decay activating factor (DAF, CD55)
or membrane cofactor protein (MCP, CD46) and
incorporation of these inhibitors in HIV-1 virions
could lead to complement lysis resistance implicat-
ing complementary vaccine strategies including
antiCD59, antiCD55, antiCFH to control HIV infec-
tion (Monte®ori et al, 1994; Saifuddin et al, 1997;
Stoiber et al, 1997). In contrast, the expression of
CD59 was decreased during HIV-1 infection and
down-regulation of complement inhibitors may be
associated with a signi®cant induction of cytolysis
of T-cells in the presence of autologous complement
leading to immunode®ciency due to T cell deple-
tion (Weiss et al, 1992; Schmitz et al, 1995; Aries et
al, 1997). In fact, HIV-1 gp41 in addition to its many
cytopathic immune modifying properties has been
shown to activate complement in an antibody-
independent manner leading to complement
mediated enhancement of HIV-1 infection and
disease progression (Ruegg and Strand, 1991;
Denner et al, 1994; Haraguchi et al, 1995;
Marschang et al, 1997). Thus, HIV-1 gp41 might
affect neurons indirectly by acting in concert with
complement mediators released by neighboring
CNS cells or entering the brain during infection
and in¯ammation.

Considerable evidence implicates that comple-
ment activation occurs within CNS in in¯ammatory
and degenerative diseases. A role of complement in
tissue destruction has been suggested in pathologi-
cal conditions as diverse as multiple sclerosis (MS),
stroke, cerebral trauma and as Alzheimer disease
(AD) (Morgan et al, 1997). CD59, a glycoprotein
with a 18 ± 25 kDa anchored by glycosyl phophati-
dylinositol (GPI), is the membrane inhibitor of the
assembly of membrane attack complex (MAC, C5b-
9) primarily by restricting C9 multiplicity thus
protecting homologous cells from complement
mediated damage. This major complement inhibitor
CD59 is predominantly expressed in brain cells
such as astrocytes/microglia as well as neurons and
its de®ciency or neutralization may result in high
susceptibility to damage by complement (Meri,
1990; Gasque and Morgan, 1996a; Gasque et al,
1996b; Akatsu et al, 1997). In fact, recent studies
demonstrated that b-amyloid (Ab) of AD triggered
local complement activation causing damage to
adjacent neurons (Rogers et al, 1992) and neuronal
cells are more vulnerable to Ab-induced comple-
ment mediated toxicity when CD59 is dysfunctional
through phosphoinositide speci®c phospholipase C
(PIPLC) treatment or neutralization by anti-CD59
antibody in vitro (Cadman and Puttfarcken, 1997;
Shen et al, 1998). Despite such an important role of

CD59 in homologous restriction for preventing
complement in tissue destruction in CNS disorders,
complement activation leading to neuronal damage
or downregulation of the major complement in-
hibitor CD59 in HIV-1 associated neurological
disease have not been published. Since nerve cells
are postmitotic, MAC formation on nervous tissues
adjacent to local in¯ammatory milieu with HIV-1
infected macrophages/microglia would almost cer-
tainly have deleterious consequences, even as a
purely undirected bystander lysis phenomenon
(Morgan, 1994). In this regard, it will be of interest
to examine the viral or cellular factors that could
modulate CD59 expression in human brain cells.

In the present study using RT ± PCR and Western
blotting analyses, the effect of gp41 derived pep-
tides on expression of CD59 was investigated in
well-characterized neuroblastoma (SK-N-SH) and
astroglioma (T98G) cell lines as models of human
neuron and astrocytes (Ogino and Costa, 1992;
Fontana et al, 1984). Effects of phobol ester and
PKC inhibitor H7 or nonspeci®c protein kinase
inhibitor staurosporine were also analyzed in order
to further characterize the molecular mechanism
involved in gp41 peptide mediated modulation of
CD59 expression. In addition, proin¯ammatory
cytokines, antioxidants or anti-in¯ammatory agents
were employed to study the complex modulation of
CD59 expression for possible therapeutic strategies
of complement host defense functions in the control
of HIV-1 associated neurological disease.

Results

In a view of potentially critical role of CD59 in the
protection of neurons from complement damage, we
employed Western blotting using speci®c antibody
to assess the expression of CD59 in human brain
cells. Speci®c immunoreactivities clearly demon-
strated that both human neuronal (SK-N-SH) and
astroglial (T98G) cell lines produced the MAC
inhibiting CD59 protein with an apparent molecular
weight of 20 kDa on electrophoresis under non-
reducing condition (Figure 1).

Both T98G and SK-N-SH to a lesser extent
constitutively expressed CD59 protein which is
mainly associated with membrane whereas undif-
ferentiated THP1 expressed very low CD59 partially
con®rming the previous report (Gasque and Mor-
gan, 1996a). Concentrated supernatants from the
same cultures were similarly subjected to SDS ±
PAGE and Western blotting but failed to reveal the
presence of soluble forms of CD59 (data not shown).
Interestingly, Western blot analyses revealed that
the treatment with a recombinant gp41 protein
encoding an extracellular domain caused a signi®-
cant reduction of CD59 protein in both neuronal
and astroglial cells (Figure 2, lane 5). This
inhibitory effect of gp41 peptide was seen with a
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4 h treatment in T98G, while CD59 protein level
was too low to be detected in SK-N-SH under the
same condition (data not shown). Thus, we
performed our experiments with an 18 h treatment
for the comparison of the effects between two
different cells. Both the conserved immunodomi-
nant peptide (ID, aa 598 ± 613) and the adjacent
immunosuppressive peptide (ISP, aa 583 ± 599)
albeit a lesser extent were effective in decreasing
production of CD59 protein (approximately 30
versus 65% of the control level, Figure 2, lanes 4
and 3). However, the recombinant capsid protein
p24 or the control reverse peptide (PSI, aa 599 ±
583) had no such inhibitory effect under the same
experimental condition. Furthermore, increasing
concentrations of this ID peptide resulted in
progressive inhibition with the maximal dose of
25 mM gp41 peptide at which CD59 was reduced to
approximately 25% of the control level in SK-N-SH
(Figure 3A). Similar dose dependent inhibitory
effect was elicited by the recombinant gp41 protein
and the reduction observed was about 55% of the
control level at 1 mM concentration (Figure 3B).

Chemical compounds and agonists targeting PKC
were reported to increase CD59 production (Gasque
et al, 1996b; Holguin et al, 1996). In order to further
characterize underlying mechanism of this gp41
peptide mediated reduction of CD59, the effect of
PKC agonist and inhibitor were analyzed and

Figure 1 Membrane localization of CD59 protein in human
brain cell lines. Cell lysates were prepared and further
fractionated into cytosol and membrane fractions and equal
amount of protein (40 mg) in each sample was subjected to
Western blot analysis using CD59 speci®c monoclonal antibody
(MEM43) under nonreducing condition. Immunoblot analyses
demonstrated the expressed CD59 in membrane fractions of
human neuronal SK-N-SH and astrogial T98G cells.

Figure 2 Effects of gp41 peptides, rGP41 and rP24 proteins on expression of CD59 protein in human brain cell lines. SK-N-H (A) and
T98G (B) cells were incubated for 18 h in medium only (control), in presence of the reverse gp41 peptide (PSI, 25 mM of aa 598 ± 583)
an immunosuppressive peptide (ISP, 25 mM of aa 583 ± 598), an immunodominant peptide (ID, 25 mM of aa 598 ± 613), the recombinant
gp41 (rGP41, 1 mM), or the recombinant p24 (rP24, 1 mM). Total cell lysates were analyzed by 12.5% SDS ± PAGE followed by Western
blotting as described in Figure 1. (C and D) Representation of the densitometric analysis of the immunoblots (A) and (B); numbers 1 ± 6
correspond to the different samples indicated in (A) and (B), respectively. Results are means of triplicates+s.e.m. (bars) values.
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compared to gp41 mediated response. As demon-
strated in Figure 4A, the treatment with the phorbol
ester PdBu (100 nM) for 18 h up-regulated CD59
protein level up to about 230% of the control level
in SK-N-SH neuronal cells. Interestingly, this
stimulatory effect of PdBu was completely abol-
ished by a simultaneous treatment with ID peptide
and even decreased lower than the control level
(65% of the control level, Figure 4A, lane 4) but
partially suppressed by ISP peptide (165% of the
control level, Figure 4A, lane 3). Furthermore, the
known PKC inhibitor, H-7 (10 mM) and nonspeci®c
protein kinase inhibitor, staurosporine (10 nM)
with a higher extent clearly elicited a down-
regulation of CD59, mimicking ID peptide in
response to PdBu. In addition, RT ± PCR analysis
demonstrated that SK-N-SH (Figure 4B) and T98G
(data not shown) cell lines expressed CD59 mRNAs
and this expression pattern of CD59 mRNA coin-
cided well with CD59 expression at the protein
level. Treatment with PdBu signi®cantly induced
expression of CD59 mRNAs (160%). Despite the
lower magnitude, addition of the gp41 peptides to
culture media suppressed the expression pattern of
CD59 mRNA. Furthermore, H7 or staurosporine
induced down-regulation was mimicked to this
inhibitory effect of gp41 peptides on expression of
CD59 mRNA as observed in expression of CD59
protein level.

In¯ammatory cytokines appear in association
with HIV-1 associated neurological disease lesions
and a strong in¯ammatory response may be

neurotoxic, exacerbating the chronic in¯ammation
in AIDS demented brains and perhaps in other
neurological disorders including AD. In order to
determine the possible modulation of the mem-
brane complement inhibitor by various proin¯am-
matory cytokines, we investigated their effects on
expression of CD59 at the protein level. We
performed dose response curves of each cytokine
and found dose dependent inhibitory responses
(data not shown). Signi®cant repressive effects were
observed at the concentrations used in Figure 5.
Unexpectedly, stimulation of cell cultures with
proin¯ammatory cytokines such as IL-1b (10 ng/
ml), LPS (10 mg/ml), IFN-g (10 ng/ml) or IL-1b
(10 ng/ml) for 18 h failed to up-regulate CD59 but
greatly decreased it whereas TNF-a (10 ng/ml) had
no discernible effects in SK-N-SH cells (Figure 5A).
In contrast, treatment with these cytokines resulted
in slightly decreased expression of CD59 with the
maximal effect by LPS in T98G cells (Figure 5B). To
further determine possible therapeutic strategies of
complement host defense functions in the control of
HIV-1 associated neurological disease, we also
examined whether antioxidants or anti-in¯amma-
tory agents affect gp41 mediated reduction of CD59
protein in human brain cells. We performed our
experiments with the speci®c doses of antioxidants
or anti-in¯ammatory agents which were frequently
used in vitro experiments by other investigators for
their biological activities (Kalebic et al, 1994;
Corasaniti et al, 1995). Treatment with antioxidants
such as GSH (15 mM) or NAC (20 mM) and anti-

Figure 3 Expression of CD59 protein in human neuronal cell line treated with different concentrations of gp41 peptides. Equal
amounts of protein (40 mg) in each cell lysate was subjected to Western blot analysis which showed CD59 protein from SK-N-SH
treated with increasing gp41 peptide (ID, aa 598 ± 613) (A) and the recombinant gp41 (rGP41) protein (B). The presented data are
representatives that were obtained from three experiments. (C and D) Representation of the densitometric analysis of the immunoblots
(A) and (B); numbers 1 ± 6 correspond to the different samples indicated in (A) and (B), respectively. Results are means of
triplicates+s.e.m. (bars) values.
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Figure 4 Effects of phorbol ester and PK inhibitors on CD59 expression in human neuronal cell line. Immunoblot analyses (A) and
RT ± PCR (B) showed a phobol ester (PdBu, 100 nM) induced CD59 production and its down-regulation by the cotreatment with gp41
peptides (ID & ISP, 25 mM), H7 (10 mM), or staurosporine (SSP, 10 nM) but not by reverse gp41 peptide (PSI, 25 mM) in SK-N-SH. In A,
equal amounts of each cell lysate was analyzed by 12.5% SDS ± PAGE followed by Western blotting as described in Figure 2. In B,
speci®c fragments of CD59 and b-actin mRNAs were analyzed by electrophoresis on agarose gel and visualized by ethidium bromide
staining and speci®city of each ampli®cation product was demonstrated by Southern blot hybridization on right side. (C and D)
Representation of the densitometric analysis of the immunoblots (A) and (B); numbers 1 ± 6 correspond to the different samples
indicated in (A) and (B), respectively. Results are means of triplicates+s.e.m. (bars) values.

Figure 5 Modulation of CD59 expression by of proin¯ammatory cytokines in SK-N-SH and T98G cells. Effects of proin¯ammatory
cytokines on CD59 expression in SK-N-SH (A) and T98G (B) cells which were stimulated with TNF-a (10 ng/ml), IL-1b (10 ng/ml), LPS
(10 mg/ml), or IFN-g (10 ng/ml) for 18 h and each clear lysate was analyzed on the immunoblots. Shown is a representative one of
triplicate experiments. (C and D) Representation of the densitometric analysis of the immunoblots (A) and (B); numbers 1 ± 5
correspond to the different samples indicated in (A) and (B), respectively. Results are means of triplicates+s.e.m. (bars) values.
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in¯ammatory agents DEX (1 mM) or INDO (10 mM)
for 18 h greatly augmented CD59 expression in SK-
N-SH neuronal cells (Figure 6A, lanes 7 ± 10).
Furthermore, anti-in¯ammatory agents or antiox-
idants albeit a lesser extent substantially reversed
the inhibitory effect conferred by ID peptide even
enhancing CD59 expression as compared to the
control (Figure 6A, lanes 1 ± 6). In contrast, these
agents were less effective in inducing CD59 in T98G
astroglial cells and thus failed to reverse the gp41-
mediated suppression of CD59 expression (Figure
6B, lanes 7 ± 10). Rather, antioxidant, NAC signi®-
cantly downregulated CD59 at the protein level and
this effect appeared to be addictive to inhibitory
effect of ID peptide in T98G (Figure 6B, lanes 1 ± 6).

Discussion

A recent report implicates the possible link between
HIV-1 transmembrane envelope protein gp41 and
the severity of neurological symptoms associated
with HIV-1-associated dementia (Masliah et al,
1992; Adamson et al, 1996). Thus, the biological
functions of HIV-1 TM protein gp41 remains critical
to unraveling the mechanism underlying cognitive
de®cits in AIDS patients. We are here reporting that
HIV-1 gp41 has a potential role for a down-
regulation of complement regulatory protein CD59,
which is predominantly expressed in the CNS

(Akatsu et al, 1997) in well characterized human
neuronal and astroglial cell lines. Treatments with
increasing concentrations of an immunodominant
(ID) peptide as well as the recombinant gp41
protein encompassing this domain were correlated
with a decreased production of CD59. The higher
amount of peptide required to down-regulate CD59
expression in vitro than the concentration of gp41
expected in vivo is possibly because most synthetic
peptides may have failed to adopt the biologically
active conformation as previously suggested (Ruegg
and Strand, 1991; Denner et al, 1994).

Recent study demonstrated that neuroblastoma
expressed CD59 and neutralization of CD59 ren-
dered the cells susceptible to complement killing
implicating that complement might play a role in
neuronal loss and that treatment with complement
inhibitors might be of therapeutic value (Gasque
and Morgan, 1996a). It is also interesting to note that
decreased CD59 level was closely correlated with
the appearance of apoptotic cells which could in
turn activate alternative pathway of the homologous
complement and be cleared by phagocytosis (Jones
and Morgan, 1995; Tsuji et al, 1994). Furthermore,
ID peptide of gp41 which has been shown to act as
the primary complement-activation and ®xation of
C1q (Marschang et al, 1997) may cause perpetuation
of in¯ammation and susceptibility to opportunistic
infection due to complement component consump-
tion leading to an enhanced productive HIV-1

Figure 6 Effects of antioxidants and anti-in¯ammatory agents on a ID peptide mediated decrease of CD59 protein level in SK-N-SH
and T98G cells. Immunoblots showed CD59 in cell lysates of SK-N-SH (A) and T98G (B) cells which were pretreated with antioxidants
such as glutathione (GSH, 15 mM) or N-acetylcysteine (NAC, 20 mM) and anti-in¯ammatory agents such as dexamethasone (DEX,
1 mM) or indomethacin (INDO, 10 mM) for 2 h and further incubated for 18 h without or with addition of ID (25 mM) peptide. Shown is a
representative one of triplicate experiments. (C and D) Representation of the densitometric analysis of the immunoblots (A) and (B);
numbers 1 ± 10 correspond to the different samples indicated in (A) and (B), respectively. Results are means of triplicates+s.e.m. (bars)
values.
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infection and transmission. In this regard, our data
could strongly suggest that HIV-1 gp41 mediated
reduction of CD59 may cause uninfected neurons or
astroglial cells more susceptible to bystander
complement damage and lysis in the complement
activating environment of an in¯ammatory site.

Earlier study demonstrated that CD59 gene
contains the promoter regions for constitutive and
phorbol myritstoyl acetate (PMA) inducible tran-
scription although responsiveness to PMA is cell
line speci®c (Holguin et al, 1996). Our present study
demonstrated that the treatment with PKC agonist
signi®cantly caused up-regulation of CD59 in hu-
man neuronal cell line as assessed at protein and
mRNA levels. This ®nding is in good agreement
with previous reports demonstrating phorbol ester-
induced increase of CD59 in other human cell lines
such as erythroid/myeloid leukemia cell line K-562
and oligodendrocyte cell line HOG (Gasque et al,
1996b; Marchbank et al, 1995). In our study, the
gp41 peptide mediated down-regulation of CD59
elevation in response to PdBu both in neuronal and
glial cell lines and this inhibitory effect similar to
that conferred by PKC inhibitor, H-7 or staurospor-
ine, an inhibitor with broad, non-selective protein
kinase inhibitory pro®le. These ®ndings strongly
implicate that HIV-1 gp41 could be one of the viral
modulators leading to a decline of CD59 expression
at the transcriptional and translational levels
through an inhibition of PKC dependent and
independent signal pathways within CNS. This
study is further supported by recent studies for
physiological roles of gp41 peptide in the distur-
bance of PKC signal pathway leading to the
inhibition of T lymphocyte activation and a
suppression of cellular immunity (Ruegg and
Strand, 1992; Koka et al, 1995; Nokta et al, 1994).
Further study will elucidate other intracellular
signaling pathway involved in the expression of
CD59 in human brain cells and other possible sites
of regulation including inhibition of the recycling of
membrane bound CD59 or mobilization of CD59
from the intracellular storage pool.

Cytokine dysregulation and a strong in¯amma-
tory response may be neurotoxic, exacerbating the
chronic in¯ammation in association with HIV-1
associated neurological disease lesions and perhaps
in other neurological disorders including AD. The
HIV-1 envelope epitopes in the extracellular do-
main of gp41 appear to be a potent modulator of
cytokine production inducing proin¯ammatory
cytokines involving IL-1b, and TNF-a in human
glial (Koka et al, 1995). Interestingly, our present
study here clearly demonstrated that proin¯amma-
tory cytokines IL-1b or IFN-g as well as LPS
remarkably decreased CD59 level in human neuro-
nal cell line SK-N-SH. Furthermore, stimulation
with these proin¯ammatory cytokines did not
greatly in¯uence the expression of CD59 in human
astroglial cell line T98G as previously observed in

rat astrocytes (Rogers et al, 1996). These observa-
tions implicate that neuronal cells are more
sensitive to proin¯ammatory cytokines in down-
regulating CD59 than astroglial cells and that
different cell populations may show differences in
regulatory pattern for the CD59 expression.

HIV-1 associated dementia is a critical disorder
characterized by cognitive, motor, and behavioral
changes similar to AD. Speci®c in¯ammatory
mechanisms, including the complement activation,
cytokine-driven acute phase response, and micro-
glial activation may contribute to neurodegenera-
tion associated with AD. This in¯ammatory
hypothesis of AD is strongly supported by epide-
miological evidence and results of a pilot clinical
trial studies with the anti-in¯ammatory drugs
indomethacin or prednisone which suppressed
progress of the disease (McGeer and McGeer,
1995; Aisen, 1997). Similarly, the clinical manage-
ment of HIV-1 associated arthritis with anti-in¯am-
matory drug indomethacin directly inhibited HIV-1
replication (Itescu, 1996). Furthermore, up-regula-
tion of CD59 by anti-in¯ammatory agents such as
indomethacin and dexamethasone or anti-oxidants
GSH and NAC albeit a lesser extent as demonstrated
here strongly implicates their possible role in
reversing the HIV-1 gp41 mediated decrease of
CD59 at the protein level. This up-regulation of
CD59 may confer increased protection of neuronal
cells against complement mediated lysis in the
in¯ammatory milieu. Further study will clarify the
possibility that anti-in¯ammatory agents could
effectively enhance CD59 expression by interfering
with production of proin¯ammatory cytokines
which clearly decreased CD59 expression as ob-
served in this study.

Taken all together, HIV-1 gp41 which has been
shown as a key determinant associated with
pathogenesis of AIDS dementia could be a viral
modulator leading to a down-regulation of CD59,
the dominant CNS membrane inhibitor of comple-
ment mediated cell lysis, at both protein and mRNA
levels during chronic in¯ammation in HIV-1 in-
fected brains. In addition, impaired PKC or other
protein kinase responses, dysregulation of proin-
¯ammatory cytokines and antioxidant depletion as
recently shown in HIV-1 infection (Herzenberg et al,
1997) may cause the decline of CD59 which would
render neuronal cells to be susceptible to indirect
bystander lysis in the presence of autologous
complement. This process could be relevant to part
of the molecular mechanisms underlying neurode-
generative cascade in AIDS associated dementia.

Materials and methods

Materials
Synthetic peptides corresponding to the putative
immunodominant peptide (ID) encoding aa se-
quences 598 ± 613 (QLLGIWGCSGKLICTT) or the
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adjacent immunosuppressive peptide (ISP) encod-
ing aa sequences 583 ± 599 (LQARILAVER-
YLKDQQL) and its reverse peptide (PSI, aa
sequences 599 ± 583) of HIV-1 transmembrane
envelope protein gp41 (Ratner et al, 1985) were
purchased from QCB (Hopkinton, MA, USA) and
prepared as previously described (Thielens et al,
1993). Recombinant HIV-1 gp41 protein encom-
passing an ectodomain and capsid protein p24 were
generous gifts from Green Cross Company (Seoul,
Korea). The peptides and proteins used in this study
were analyzed for endotoxin contamination by
Limulus amebocyte lysate test (COATEST, Chro-
mogenix, Charleston, SC, USA), and all were found
to be free of endotoxin contamination (50.1 EU/
mL). Various cytokines and other chemicals used in
this study were purchased from Sigma Chemical Co.
(St. Louis, MO, USA).

Cell cultures
The human neuroblastoma and astroglioma cell
lines, SK-N-SH and T98G, were obtained from Dr
Y.H. Suh (Seoul National University) and American
Type Culture Collection (ATCC) (Rockille, MD,
USA) respectively and seeded at 26105/60 cm2

tissue culture dishes and grown for 2 days in DMEM
supplemented with 10% fetal bovine serum (FBS).
The human monocytic cell line THP1 used as a
model for microglia was also obtained from ATCC
and maintained as described above. Before adding
the gp41 peptides cell cultures were incubated for
2 h in serum free medium supplemented with 0.5%
glucose in order to eliminate the effects of other
proteins present in serum, the stimulants such as
phorbol 12,13-dibutyrate (PdBu) or proin¯amma-
tory cytokines into the culture media and further
incubated for 18 h. Cultures were cotreated with
PKC inhibitor H-7 or nonspeci®c protein kinase
inhibitor staurosporine for the same period of time
or pretreated with reducing agents, glutathione
(GSH) or N-acetyl cysteine (NAC) and anti-in¯am-
matory agents, dexamethasone (DEX) or indometha-
cin (INDO) for 2 h before exposure to gp41 peptides
and further incubated for 18 h to examine their
effects on CD59 expression. The cleared lysates and
membrane fraction were prepared to analyze
expression of CD59 protein or mRNA levels as
previously described (Chomaczisky and Sacchi,
1987; Mizuguchi et al, 1992).

Western blot analysis
The clear lysates were normalized for the equal
amount of proteins by BCA method (Sigma, MO,
USA) and further assayed for immunoreactivity
according to the protocol by manufacturer (ECL kit,

Amersham) as previously described (Chong, 1997).
Human erythrocyte obtained from a healthy volun-
teer was prepared as detailed previously (Spiller et
al, 1996) and used as a control to ascertain
speci®city for CD59 protein. Under nonreducing
condition, monoclonal antibody MEM-43
(MCA1054, Serotec) used as a primary antibody
recognized CD59 (20 kDa) of human erythrocytes.

RNA extraction and ampli®cation using RT ± PCR
Complementary DNA strand (cDNA) synthesis and
RT ± PCR technique as previously described
(Chong, 1997; Gasque and Morgan, 1996a) were
used to detect expression of human CD59 and b-
actin mRNAs. The primers and probes purchased
from Amitof (MA, USA) were as follows: (a) human
CD59 (Sawada et al, 1992: sense, 5-ATGGGAATC-
CAAGGAGGGTCT-3, antisense, 5-TGCCAGAAAT-
GGAGTCACCAG-3, probe, 5-CAGTGCTACAAC-
TGTCCTAAC-3, (b) human b-actin (Ponte, 1984):
sense, 5-ACGGGGTCACCCACACTGTGC-3, anti-
sense, 5-CTAGAAGCATTTGCGGTGGAC-3, probe,
5-GACAGGATGCAGAAGGAGAT-3. PCR ampli®-
cation was carried out at 94, 60, 728C for 1, 1, and
2 min, respectively for 30 cycles for CD59 and 25
cycles for b-actin which there was a linearity in
ampli®cation of each product using a Perkin-Elmer
9600 Thermal Cycler (Cetus). Nonradioactive
Southern blot hybridization with internal ¯uores-
cein-labeled primer was performed as a speci®city
control according to the instruction of the manu-
facturer (ECL kit, Amersham). To normalize the
values of CD59 mRNA levels, human b-actin was
ampli®ed in parallel tube to determine the ratio of
intensity of CD59 versus b-actin ampli®cation
products.

Data analysis
Figures are the representatives from three indepen-
dent experiments. The signals were quanti®ed by
densitometric scanning using UltroScan XL laser
densitometer (LKB, Model 2222-020) to determine
the intensity of each band. The arbitrary densito-
metric units were converted to a percentage of the
control response for each individual experiment.
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