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Complement defense 59 (CD59) is a cell surface glycophosphoinositol (GPI)-anchored protein that prevents complement
membrane attack complex (MAC) assembly. Here, we present
evidence from ELISA assays that CD59 protein levels are significantly decreased in the frontal cortex and hippocampus of
Alzheimer’s disease (AD) compared with nondemented elderly
(ND) patients, whereas complement component 9, a final component to form MAC, is significantly increased. To further confirm
the CD59 deficit, PI-specific phospholipase C (PIPLC) was used
to cleave the CD59 GPI anchor at the cell surface in intact slices
from AD and ND cortex. CD59 released by PIPLC cleavage was
significantly reduced in AD compared with ND samples. By the
use of a ribonuclease protection technique, amyloid ␤-peptide
was found to downregulate CD59 expression at the mRNA level,
suggesting a partial explanation of CD59 deficits in the AD brain.

To evaluate the pathophysiological significance of CD59 alterations in neurons, we exposed cultured NT2 cells, which normally
underexpress CD59, and NT2 cells transfected to overexpress
CD59 to homologous human serum. Lactic acid dehydrogenase
assays revealed significant complement-induced cell lysis in CD59underexpressing NT2 cells and significant protection from such
lysis in CD59-overexpressing NT2 cells. Moreover, cells expressing
normal levels of CD59 showed no evidence of MAC assembly or
damage after exposure to homologous serum, whereas pretreatment of these cells with a CD59-neutralizing antibody resulted in
MAC assembly at the cell surface and morphological damage.
Taken together, these data suggest that CD59 deficits may play a
role in the neuritic losses characteristic of AD.
Key words: neurodegeneration; Alzheimer; neuron death; amyloid protein; complement; inflammation

The activation of complement in Alzheimer’s disease (AD) seems
to occur via a unique, amyloid ␤-peptide (A␤)-mediated, antibodyindependent mechanism (Eikelenboom and Stam, 1982; McGeer et
al., 1989; Rogers et al., 1992; Shen et al., 1998) and proceeds fully
to formation of the terminal complement component C5b-9 or the
membrane attack complex (MAC) (Rogers et al., 1992; Webster et
al., 1997; Shen et al., 1998). The MAC is a macrocomplex made up
of complement components C5, C6, C7, and C8 plus multiple C9
molecules. After being formed, the ring-like structure of the MAC
opens a pore in the membrane of targeted cells, permitting massive
Ca 2⫹ influx and subsequent cell lysis (Kim et al., 1987). The MAC
is present in pathologically vulnerable areas of the AD brain and is
highly colocalized with the A␤ deposit (McGeer et al., 1989;
Rogers et al., 1992; Webster et al., 1997).
One of the major defense mechanisms against MAC attack is
that most cells express complement defense 59 (CD59) (membrane
inhibitor of reactive lysis), a glycophosphoinositol (GPI)-anchored
membrane protein that binds C8 or C9 and thereby prevents
further assembly of the poly-C9 MAC and its full insertion into the
cell membrane (Zalman et al., 1989; Meri et al., 1990; Ninomiya
and Sims, 1992; Stefanova et al., 1994; Nakano et al., 1995). Inhibition of MAC assembly by CD59 only occurs, however, if the
MAC components are from the same species as the target cell, a
phenomenon known as homologous restriction (Shen et al., 1995).
Conversely, when the complement source and target cell are from
different species, CD59 regulation is less effective. By these mechanisms, MAC lysis of foreign cells can occur without damage to
homologous host bystander cells. Alternatively, a CD59 deficiency
does permit homologous MAC attacks (Vakeva et al., 1992; Wing

et al., 1992; Piddlesden and Morgan, 1993; Takeda et al., 1993;
Shen et al., 1995) and can result in clinical inflammatory disorders,
especially under conditions in which increased MAC formation is
present (Yamahina et al., 1990; Vakeva et al., 1992; Takeda et al.,
1993; Zhan et al., 1994).
Here, we demonstrate a significant deficit in CD59 expression in
AD compared with nondemented elderly (ND) hippocampus and
cortex plus a significant increase in the levels of C9, the critical
determinant of MAC pore formation and toxicity, in the same
areas. As shown by further culture studies, such deficits in CD59
expression increase the vulnerability of neuron-like cells to homologous complement attack, a mechanism that may be relevant to AD
because we also observe a significant correlation between immunoreactive synaptophysin and immunoreactive CD59 in the AD
brain.
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MATERIALS AND METHODS
Brain samples for research. Frontal neocortex and hippocampus samples
from clinically diagnosed, neuropathologically confirmed AD and N D
patients were frozen at autopsy and stored in vacuum-sealed plastic bags at
⫺80°C until assay. A board-certified neuropathologist using CER AD
criteria performed the neuropathology evaluation. Postmortem intervals
averaged ⬍3 hr. We have randomly selected 42 cases that consist of 22 AD
cases (including 10 females, AD history of 7.5 ⫾ 1.13 years, and 12 males,
AD history of 7.3 ⫾ 0.68 years) and 20 aged-matched and nondemented
control cases (12 males and 8 females). All of the cases we have used died
from lung or kidney failure, and they did not have other C NS diseases,
sudden death, or infectious diseases on the basis of clinical records and
pathological examination. However, it is possible that some particular
infectious diseases might affect CD59 expression. Therefore, we have
excluded patients with immunological disorders or severe infectious diseases. Age (XAD ⫽ 84.6 ⫾ 6.12 years; XN D ⫽ 84.0 ⫾ 8.12 years) and
postmortem intervals (XAD ⫽ 2.65 ⫾ 0.77 hours; XN D ⫽ 2.63 ⫾ 0.94 hours)
did not differ significantly between the patient groups and, in fact, were
well matched.
ELISA assays of CD59 and C9. For CD59 and C9 ELISAs, purified CD59
standard, purified C9 standard, or brain cortex homogenates were added to
polyclonal anti-CD59 (Serotec, Indianapolis, I N) or anti-C9 (PharMingen,
San Diego, CA) antibody-coated plates and incubated at 25°C for 2 hr to
permit CD59 or C9 capture. To bind captured CD59 or C9, 100 l of 0.3
g /ml monoclonal anti-CD59 antibody (PharMingen) or anti-C9 antibody
(Quidel, San Diego, CA) was added. Biotinylated anti-mouse IgG and
avidin-conjugated HRP and o-phenylenediamine dihydrochloride were
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used to detect binding. The specificity of the ELISA protocols was verified
by serial dilutions of purified CD59 and C9 standards. Pilot studies with the
CD59 ELISA demonstrated that it could detect as little as 3– 8 pg /ml CD59
(data not shown).
Western blot anal ysis. AD and N D brain samples were individually
homogenized in 5 vol of homogenizing buffer containing 10 mM Tris-HC l,
pH 7.4, 25 mM NaC l, 50 mM EDTA, 1 mM EGTA plus 0.5% Triton X-100,
10% SDS, and a protease inhibitor cocktail (Boehringer Mannheim, Indianapolis, I N; 1 mM phenylmethylsulfonyl fluoride, 1 g /ml pepstatin A, 5
g /ml leupeptin, and 2 g /ml aprotinin). For each sample, 20 g of protein
was separated on a 15% SDS Tricine gel and transferred to a poly vinylidene difluoride membrane electrophoretically for 2 hr with 0.1% T ween 20
in TBS. For CD59, a tissue membrane sample was used. The brain samples
were homogenized in 5 vol of buffer containing 50 mM phosphate, pH 7.7,
and a protease inhibitor cocktail. The tissue membrane sample (25000 ⫻
g; 30 min) was collected and dissolved in the homogenizing buffer. CD59
was detected with an affinity-purified antibody (Serotec) at a 1:1000 dilution for 12 hr at 4°C, followed by incubation with an HRP-conjugated
secondary antibody and processing using ECL detection (Amersham Pharmacia Biotech).
PI-specific phospholipase C cleavage. PI-specific phospholipase C
(PI PLC) was purchased from Sigma (St. L ouis, MO) and diluted to graded
concentrations of PI PLC from 0.0375 to 0.6000 units/ml in PBS. AD and
N D brain samples were cut into 130 ⫻ 130 ⫻ 350 m slices by the use of
a McI lwain tissue chopper and then incubated at 37°C for 60 min with 0.5
ml of reaction buffer containing 5 mM EDTA, a protease inhibitor cocktail
(Boehringer Mannheim), and the above-listed PI PLC solution. After incubation, the samples were centrif uged for 10 min at 20,000 ⫻ g, and the
supernatant was collected. The cleaved CD59 was then measured by the
use of CD59 ELISA.
Ribonuclease protection assay. Total RNA was prepared from A␤-treated
N T2 cells and from human brain tissues of AD and N D patients by the use
of an RNA Trizol isolation kit (Life Technologies, Gaithersburg, MD).
The human CD59 fragment, a 180 bp transgene 5⬘ coding sequence, was
subcloned into the vector pPCRI (Invitrogen, San Diego, CA). The antisense cRNA probe was synthesized from the linearized template DNA by
the use of T7 RNA polymerase in the presence of [␣- 32P]UTP. The
ribonuclease protection assay was performed with a commercially available
kit (RPAII kit; Ambion). Three micrograms of total RNA were hybridized
with 0.3 ng of the cRNA probe (specific activity, 5 ⫻ 10 7 cpm /g of RNA)
at 48°C for 16 hr and then digested with a mixture of RNase A and T1. The
protected bands were separated on a 6% denaturing acrylamide gel and
detected by autoradiography. The intensity of the bands was quantified by
an imaging analyzer (Chemimager 4000). A riboprobe that was directed at
␤-actin mRNA was included in all incubations as an internal control.
Cloning of human CD59 and C9. Poly(A ⫹) RNA was isolated from the
human brain cortex, and cDNA was synthesized with reverse transcriptase.
PCR was used to amplif y the coding regions of the CD59 and C9 genes. For
convenience, the PCR primers were adapted to contain X ho and X ba
restriction enzyme sites. The PCR conditions used were 55, 72, and 94°C
for 34 cycles. After running the PCR products in a low-melting agarose gel,
the specific band was excised and cloned into a pcDNA3.1 expression
vector. cDNA plasmid products for CD59 and C9 were sequenced by the
method of Sanger, and the sequences were found to be identical to the
published gene bank DNA sequences for CD59 or C9.
Cell culture. Human N T2 cells, which can be terminally differentiated
into cells bearing numerous specific characteristics of neurons (Shen et al.,
1997), were cultured in DM EM and heat-inactivated 10% fetal bovine
serum (FBS). The cells were seeded at a density of 25,000 cells/ well in
24-well plates. The culture medium was replaced every 3 d with DM EM
plus 5% FBS. Human neuroblastoma SH-SY5Y cells were cultured at
25,000 cells/ well in 24-well plates with 50% M EM plus 50% F12 medium,
15% heat-inactivated fetal calf serum, and 10 M retinoic acid. The culture
medium was replaced every 3 d, and the cells were differentiated for 6 d.
They were seeded at a density of 5,000 cells/ well in Matrigel-treated
24-well plates, with medium replacement every 3 d. By day 7 after initial
plating, neurotypic cells with multiple neurites were observed.
Cell transfection. E xogenous DNA transfection followed the calcium
phosphate precipitation procedure. For transient transfection, the CD59 or
C9 cDNA was inserted into a pcDNA3.1 expression vector that directs its
expression from both cytomegalovirus and simian virus 40 promoters.
These constructs were transfected into N T2 cells.
Lactic acid dehydrogenase assay. For quantitative assessment of neuronal
cell damage, the release of lactic acid dehydrogenase (LDH) from degenerating neurons was measured by the use of a C ytoTox 96 nonradioactive
cytotoxicity assay kit (Promega, Madison, W I) as described previously
(Piddlesden and Morgan, 1993). The percent LDH release is calculated as
the ratio of LDH contained in the supernatant relative to the total LDH
contained in both the supernatant and cell lysate. This quantitative biochemical index has been shown to correlate well with morphological
neurodegenerative changes observed in culture (Shen et al., 1995).
A␤(1– 42) e xposure. Synthetic A␤(1– 42) or scrambled A␤(1– 42)
(Bachem) was dissolved in anhydrous DMSO and diluted with serum-free
N2-supplemented medium (Piddlesden and Morgan, 1993). C ell cultures
were then exposed for different time courses to final concentrations of
A␤(1– 42) from 10 nM to 25 M or to a final concentration of 25 M
scrambled A␤(1– 42) as a negative control.
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Figure 1. Reduction of CD59 by ELISA in the AD and ND brains. The
data represent the mean (⫾ SE) quantification analysis of 20 –22 cases using
a specific ELISA assay showing that CD59 immunoreactivity was decreased
by 52% in AD compared with ND (nondemented aged-matched controls).
Results from three independent measurements displayed a significant difference between AD and ND samples (*p ⬍ 0.05).

RESULTS
CD59 reduction in AD brains
Using the ELISA assay for CD59, we are able to measure CD59
protein levels at the picogram level. Brain homogenates were
assayed in triplicate, and the mean for each sample was used in
further calculations. The average yield of total protein, 40 mg/gm
wet weight of tissue, was the same for both ND and AD hippocampus and frontal cortex tissue samples. The yield of total protein did
not correlate with age at the time of death or with the postmortem
interval for ND or AD patients (data not shown).
The CD59 ELISA quantitation of 20 ND and 22 AD hippocampus and frontal cortex tissue homogenates was performed as described in Materials and Methods. The specificity of the ELISA
protocol was verified by testing purified CD59 samples in the same
ELISA (Wertkin et al., 1993). We found that the CD59 protein
level was ⬎50% lower in the hippocampus and frontal cortex of AD
patients compared with that of the ND (Figs. 1, 2) by using ELISA.
These findings were further confirmed by a 39% loss by the use of
Western blot analysis (Fig. 2) and also by radiolabeled ELISA (data
not shown).
CD59 is a GPI-anchored membrane protein that is susceptible to
PIPLC cleavage. Because CD59 is specifically bound to the cell
surface, to verify further the CD59 deficit in AD brains, we have
used PIPLC, an enzyme that cleaves GPI-anchored proteins from
the cell surface, to cleave the GPI-anchored protein from hippocampus sections. After PIPLC was incubated with these tissue
sections from AD and ND brains (n ⫽ 6) at graded concentrations
(0.0375– 0.6 units/ml), ELISA assays again demonstrated a significant CD59 deficit in AD compared with ND patients ( p ⬍ 0.01).
As seen in Table 1, after incubation with increasing concentrations
of PIPLC, increasing amounts of CD59 were released. AD groups
had significantly lower concentrations of CD59 than that found in
ND groups at each PIPLC concentration treatment (Table 1).
These results are consistent with the CD59 ELISA data from the
AD and ND brain homogenates and further suggest that the
normal brain has much higher levels of membrane-bound CD59.
To analyze steady-state levels of CD59 mRNA in the cortical
tissues, a ribonuclease protection assay was performed on brain
tissues from AD and ND patients. A riboprobe that directs to the
␤-actin mRNA was included in all incubations as an internal
control. As expected, total RNA extracted from brain tissues to
express the CD59 gene protected a single band of 180 nucleotides.
The level of CD59 mRNA in the AD brain was much lower than
that in the ND brain (Fig. 3). This finding is consistent with the
CD59 protein level we described above.
It is well established that one of the pathological hallmarks in the
AD brain is the presence of plaques containing A␤ (Masters et al.,
1985). It is logical to examine whether the CD59 protein level is
affected by A␤ in vitro. Human neuronal SH-SY5Y cell line cells
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Figure 2. Relationship of CD59 deficiency to neuronal or synaptic loss in
AD brains. A, Western blot studies on CD59, synaptophysin, and neuronspecific enolase (NSE) in AD and ND brains are shown. B, Data represent
the mean (⫾ SD) quantification analysis using densitometry imaging
(Chemimager 4000) showing that CD59 immunoreactivity was decreased by
39% in AD compared with ND, whereas synaptophysin was decreased
⬃26%. There is no significant change in NSE expression levels. Results from
three independent measurements displayed a significant difference between
AD and ND samples (**p ⬍ 0.01). AIDV, Average integrated density value.
Table 1. Effects of PIPLC treatment on the amount of CD59 released in
hippocampus tissue sections from AD and ND brains
PIPLC treatment
(units/ml)

ND individuals
Cleaved CD59 (medium)
(pg/mg)

AD individuals
Cleaved CD59 (medium)
(pg/mg)

0.0375
0.075
0.15
0.3
0.6

11.95 ⫾ 2.06
18.20 ⫾ 2.15
25.94 ⫾ 1.74
33.41 ⫾ 2.11
38.78 ⫾ 4.15

8.08 ⫾ 2.93
13.60* ⫾ 1.67
18.87* ⫾ 3.21
26.02* ⫾ 1.26
31.61* ⫾ 1.59

*p ⬍ 0.01.

that can express normal levels of CD59 were treated with A␤(1– 42)
at various concentrations. We found that, comparing cells with and
without treatment, the CD59 mRNA expression level was decreased with A␤ treatments (5–30 M) for 16 hr. All cells treated
with A␤, even at low doses, expressed significantly less CD59 than
did control cells (Fig. 3).

C9 production in AD brains
Because the complement C9 component is a final component to be
added into the C5b-8 subcomplex of MAC, it would be important
to examine whether the C9 expression level is altered in the same
regions where CD59 protein is deficient in AD brains. To address
this issue, C9 component levels in frontal cortex and hippocampus
brain homogenates were measured by C9 ELISA. We found that
C9 protein levels were significantly elevated in both the frontal

Figure 3. CD59 mRNA expression in the AD brain and A␤-treated
neurons by the use of the RNase protection assay. Total RNA was recovered
from 0.5 gm of tissue or 2 ⫻ 10 6 cells after stimulation with A␤(1– 42) for
16 hr. The RNAs were hybridized with the CD59 antisense probe. After
treatment with RNase A and T1, protected bands were run through an 8%
polyacrylamide gel, and the dried gel was exposed to x-ray film. A, CD59
mRNA from AD and ND brains is shown. C, CD59 mRNA expression is
downregulated in a dose-dependent manner in A␤(1– 42)-treated cells. Data
from both experiments show that CD59 at the mRNA level is decreased in
AD brains and A␤-treated neurotypic cells. B, D, Data represent quantitative
analysis results from A and C, respectively, using Chemimager 4000.

cortex ( p ⬍ 0.05) and hippocampus ( p ⬍ 0.01) of AD compared
with ND patients (Fig. 4). Within subjects, C9 and CD59 protein
levels were significantly correlated across all patients (r ⫽ 0.88; p ⬍
0.01) and in the AD group alone (r ⫽ 0.81; p ⬍ 0.01).
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Figure 4. C9 production in AD brains. Data represent the mean (⫾ SE)
quantification analysis of 20 –22 cases using a specific ELISA assay showing
that C9 immunoreactivity was increased by 35% in AD compared with ND.
Results from repeated measurements displayed a significant difference
between AD and ND samples (*p ⬍ 0.05; **p ⬍ 0.01).

Figure 5. Overexpression of CD59 protects neurons against cell lysis by
complement. Human neuronal NT2 cells were transfected with human
CD59 cDNA and then exposed to 1 and 3% human complement for 24 hr.
Values represent the mean (⫾ SE) of four separate determinations (**p ⬍
0.01 when compared with transfected and nontransfected cells by Student’s
paired t test).

Figure 6. Detection of MAC from human neuronal cells by silver-staining
enhancement for peroxidase–DAB. A, Cells after supplementation with
human C9-deficient serum yielded minimal MAC detection in cells expressing CD59. B–D, Anti-CD59 antibody treatment alone for 18 hr ( B), A␤(1–
42) treatment alone for 18 hr ( C), and C9 transfection plus C9-deficient
serum treatment for 18 hr after CD59-anchored protein was blocked by
anti-CD59 antibody ( D) are shown. B, C, Thus, treatment with the antibody
of CD59 or A␤ alone produced little MAC detection in cells expressing
CD59. D, Conversely, when CD59-anchored protein was blocked by antiCD59 antibody, cells overexpressing C9 with C9-deficient serum treatment
show that MAC detection was prevalent.

was detected on cells only after C9 transfection before C9-deficient
serum treatment in NT2 cells (Fig. 6 D). No MAC DAB–silver
deposit was observed with C9-deficient serum alone, in C9transfected cells alone, or in nontransfected cells (Fig. 6 A–C).
Dramatic morphological changes, e.g., broken neurites, in C9transfected NT2 cells were noted at 18 hr after treatment with
C9-deficient serum (Fig. 6 D).

DISCUSSION
Relationship of CD59 deficiency to neuronal or synaptic
loss in AD brains
Densitometry of CD59-immunoreactive bands in CD59 Western
blots and of NSE- or synaptophysin-immunoreactive bands in
Western blots from the same patients and the same brain regions
showed a 26% reduction in synaptophysin and a 39% decrease in
CD59 in AD frontal tissue compared with that found in ND tissue
(Fig. 2). Furthermore, this analysis revealed a significant correlation between CD59 and synapse decrements (r ⫽ 0.81; p ⬍ 0.05).
We also note that the decreased level (52%) of CD59 from ELISA
data is lower than that from the Western blot study (39%), suggesting that our CD59 ELISA is more sensitive than regular Western analysis. Meanwhile, we have also used NSE, a neuronal cell
body marker, to evaluate neurodegeneration in AD brains (Fig. 2).
Our results demonstrate that NSE has little change between AD
and ND brains. These results suggest that CD59 deficiency may
cause neuronal vulnerability and that the CD59 deficiency may not
be entirely caused by neuronal loss.

CD59 deficiency and overexpression in in vitro models
To determine further the possible activity of CD59 on neurons,
cultured NT2 cells, which normally underexpress CD59, and NT2
cells, transfected to overexpress CD59, were exposed to 1–3%
homologous human complement-containing serum. LDH assays
revealed significant complement-induced cell lysis in CD59underexpressing NT2 cells and significant protection from such
lysis in CD59-overexpressing NT2 cells (Fig. 5).

C9 overexpression and MAC induction in vitro
In AD brains, we found a CD59 deficit and C9 elevation. To
examine further whether the upregulated complement C9 component would functionally induce MAC formation in vitro, silver
enhancement of the peroxidase–diaminobenzidine (DAB) immunocytochemistry technique was used for MAC detection. MAC

This is the first report of CD59 deficits in the AD brain. The
absence of membrane-bound CD59 has been suggested to be causally related to the increased vulnerability of AD neurons to complement attack (Shen et al., 1998). Multiple lines of evidence
demonstrate that MAC is upregulated in the AD brain (Eikelenboom and Stam, 1982; McGeer et al., 1989, 1991; Rogers et al.,
1992; Piddlesden and Morgan, 1993; Itagaki et al., 1994; Webster et
al., 1997; Shen et al., 1998). Logically, MAC assembly should be
significantly inhibited by CD59 homologous restriction. AD deficits
in the brain expression of CD59 provide at least a partial resolution
of this problem. The abundance of CD59 in neurons of the brain
has been related to the need for protection against complementmediated attack (Kim et al., 1987; Yamahina et al., 1990; Wertkin
et al., 1993; Shen et al., 1997, 1998; Webster et al., 1997). Conversely, CD59 levels appear to be reduced in cells with less access
to complement such as oligodendrocyes in the brain (McGeer et al.,
1991; Itagaki et al., 1994). Our hypothesis is that the exposure of
AD cells that have an absence of or little CD59 expression to
complement might result in their destruction.
We have developed an ELISA method to measure the CD59
protein at the picogram level. This assay demonstrates specific
CD59 detection by the use of purified CD59 as an internal control.
Moreover, we have characterized CD59 protein expression using
Western blotting and found that a single band was detectable using
each anti-CD59 antibody used in the ELISA (data not shown),
suggesting that the antibodies are specific to CD59 detection.
Because CD59 is expressed in all areas of the brain, one would
expect that when PIPLC cleaves GPI-anchored CD59 proteins
from ND brain slices, the released soluble CD59 in the media
would be increased. However, if CD59 is previously lost in the AD
brain, the cleaved CD59 in the media by PIPLC from AD brain
slices would continue to be detected at the low level. Our experimental results support this hypothesis.
The level of CD59 released by PIPLC from both AD and ND
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brain slices was proportionally increased as the PIPLC concentration rose (Table 1), and we also found no mutation in the CD59
polymorphism (data not shown), suggesting that PIPLC cleaves the
same site of CD59 in both AD and ND cases.
Although deficiency of CD59 might render cells vulnerable to
MAC-mediated attack, it is possible that exposure to complement
also might stimulate and increase CD59 expression in AD. Two
studies (McGeer et al., 1991; Yasojima et al., 1999) have reported
the presence of CD59 immunoreactivity in AD and ND brains,
with particularly clear labeling of neurons. Although these two
studies suggested that CD59 might be upregulated in the AD cortex
at mRNA and protein levels, it is important to recognize that these
studies were based entirely on reverse transcription-PCR. These
immunohistochemical observations from those studies were based
on unquantified data. Moreover, these same authors have reported
increased MAC assembly on AD neurites (McGeer et al., 1991),
which is incompatible with normal, much less elevated, CD59
expression in AD. Our results also demonstrate that synaptophysin
was only reduced 26% whereas CD59 was significantly decreased
39 –52% in AD brains. As our results demonstrate, measurement of
CD59 by ELISA is much more sensitive than that by Western blot
analysis. Surprisingly, we do not see significant change in NSE
expression levels in the AD brain (Fig. 2) compared with the ND
brain or observe any significant changes in microtubulin-associated
protein-2 or ␤-tubulin III (data not shown). One possibility is that
these neuronal cell body markers are not sensitive enough to detect
neuron loss in the AD brain compared with synaptophysin detection. The other possibility is that synaptic loss may be faster than
neuron loss in the AD brain. Taken together, these data further
suggest that CD59 deficiency may not, at least entirely, be caused
by synaptic loss or neuron cell body loss in the AD brain. Meanwhile, we cannot exclude the possibility that NSE may not be that
sensitive to reflect neuron loss.
In the present study, analyses of CD59 mRNA and protein levels
were performed using the same tissue samples from cortex regions
of AD and nondemented aged-matched controls. All the tissues
were collected, stored, and processed similarly. By the use of the
RNase protection assay, examination of the CD59 mRNA expression in both AD and ND brain tissues and the effect of A␤(1– 42)
on transcription of the human CD59 revealed that the signal
indicating the CD59 mRNA level was weaker in AD brains as well
as in A␤-treated cells, but similar amounts of ␤-actin mRNA were
found in all samples. The reduction in CD59 mRNA that occurs in
the AD brain or in A␤-treated cells strongly suggests that the CD59
gene product plays an important role in the regulation of human
complement activation. A proportion of the decrease in CD59
protein in the AD vulnerable areas was a result of a decrease in
CD59 mRNA. Furthermore, a decrease in CD59 protein may be a
consequence of a loss of phospholipid from CD59 by PIPLC-like
enzymes upregulated in the AD brain. This would result in release
of the GPI-anchored CD59 protein from cell membranes. It is also
noted that the scope of our studies in gene expression is not broad
enough for us to exclude the possibility that endogenous A␤ may
regulate CD59 gene transcription in ways other than those that may
occur naturally. We propose four possibilities for how A␤ might
regulate CD59 gene transcription. (1) The amyloid precursor protein (APP) gene may require post-translational modification to
mediate CD59 gene expression. (2) The exogenous APP gene
products, including soluble A␤(1– 40), act after protein processing
because a large amount of APP mRNA is constitutively transcribed
in the cells. (3) Secreted extracellular A␤ might activate some
enzymes like PIPLC that cleave GPI-anchored proteins, including
CD59, and make cells vulnerable to complement activation and
other toxic inflammatory molecules. (4) Recent reports indicate
that A␤ may form and aggregate intracellularly (Gouras et al.,
2000) and that the endogenous intracellular A␤ in the AD brain
might be enough to downregulate CD59 expression. Nonetheless,
the present findings support recent data suggesting that A␤ in the
AD brain may trigger a series of inflammatory responses and
downregulate certain defense molecules, including CD59, all of
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which not only activate microglia and astrocytes but also compromise neuron integrity, ultimately leading to neuronal loss.
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