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Different molecular forms of «a-l-antichymotrypsin
(ACT) in sera and cerebrospinal fluids from patients
with Alzheimer’s disease (AD) were detected. Mono-
meric and polymeric ACT were observed by polyacryl-
amide gel electrophoresis of both sera and cerebrospi-
nal fluids. ACT polymers were increased in AD patients
with the apolipoprotein E (APOE) 4 allele. Increased
levels of inactive ACT molecules were also detected in
brain homogenates of patients with the APOE 4 allele.
Experimental conditions promoting in vitro polymer-
ization of ACT and the effect of polymerization on the
biological activity of this serpin were also explored.
Incubation of this serpin with prostaglandin of E se-
ries (PGE 2) induced ACT polymerization and de-
creased its activity. Amyloid gB-peptide; 4, did not sig-
nificantly affected the biological activity of ACT. Inac-
tivation of protease inhibitors by inflammatory
molecules such as PGE 2 released from activated mi-
croglia in AD brains may promote amyloid deposition
and neurodegeneration. © 1998 Academic Press

The serpin ACT [1-2] inhibits cathepsin G and chy-
motrypsin-like enzymes [3-5] and is an acute phase
protein whose plasma concentration increases several
fold after tissue injury [3]. Human activated astrocytes
express and release ACT [6] and this serpin is a second-
ary component of amyloid deposits in senile plaques
from the brain of patients with AD [7]. ACT binds the
amyloid g peptides (Ag) in vitro, and affects the fibril
structures formed by the assembly of Ag [8-11].
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ACT concentrations are increased in brains [7,12],
cerebrospinal fluids (CSF) [13] and sera of patients
with AD [14-15]. Increased levels of both monomers
and SDS stable ACT polymers in sera from patients
with AD [16] have also been found. Reactive gliosis is
associated with AD brains [17] and activated astrocytes
surrounding neuropathological AD lesions overexpress
ACT mRNA [7]. Moreover, ACT levels in AD brains
correlate with the number of activated proliferating
astrocytes and are increased in AD patients with APOE
4 alleles [12].

In the present study we show that: 1) Increased lev-
els of polymeric ACT were present in AD patients. 2)
Inactive ACT was increased in brain homogenates from
AD patients with the APOE 4 allele. 3) In vitro PGE
induced the polymerization of ACT and decreased its
functional activity.

MATERIAL AND METHODS

AD biological samples were obtained from the Alzheimer’s Disease
Research Center at the University of California, San Diego; 13 were
clinically and histopathologically diagnosed as AD and 5 as controls.
Clinical and neuropathological criteria for AD diagnosis were as de-
scribed elsewhere [18]. Apolipoprotein E (APOE) genotyping was per-
formed by the polymerase chain reaction (PCR) as previously de-
scribed [19].

Polyacrylamide gel electrophoresis (PAGE) and Western blot analy-
sis. ACT solutions (Calbiochem, 1 mg/ml in 0.015 M TRIS HCI, 0.15
M NaCl pH 7.4) were dissolved and aliquots were kept at —80 °C
until assayed. Protein samples (10 ml) contained 20% glycerol, 0.05M
Tris HCI and 0.04% bromophenol blue and were loaded on 7.5 % or
10 % polyacrylamide precast minigels (Ready Gels, BioRad, USA)
without denaturation (native-PAGE). Parallel samples were dena-
tured by the method of Laemmli [20] and heated for 4 minutes at
95 °C (SDS-PAGE). Electrophoresis was performed using a Mini-
Protean 11 cell (BioRad, USA) and molecular weight standards from
29 to 205 KDa (Sigma, USA) were included on each gel. Monomeric
and polymeric bovine serum albumin (BSA, Sigma) were used as
molecular weight standards in native PAGE. Then, proteins were
electrotransferred to reinforced nitrocellulose membranes (Amer-
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sham, UK). After the electrotransfer, proteins were stained with
0.5% Ponceau solution (Sigma). Nitrocellulose membranes were then
saturated in phosphate-buffered saline (PBS) with 5% non-fat dry
milk and 0.05% Tween 20 (buffer A) for 1 hour. Affinity purified
polyclonal antibodies specific for ACT (Calbiochem, USA; final dilu-
tion 1:1000) were diluted in buffer A, added to membranes and incu-
bated for 2 hours at room temperature. Membranes were then
washed two times with PBS containing 5% nonfat milk and 0.5%
Tween 20 (buffer B) and one in buffer A.

Anti-rabbit 1gG conjugated with horseradish peroxidase (Boeh-
ringer Mannheim, USA) was diluted 1:200 in buffer A and added to
membranes for 1 hour. After several washings with buffer B, and
then with PBS, peroxidase DAB substrate (3,3'diaminobenzidine tet-
rahydrochloride; SIGMA Fast; SIGMA,) was added and incubated
for 3-5 minutes. Finally, the reaction was stopped by washing mem-
branes with distilled water.

Brain homogenates. Mid frontal cortex homogenates were pre-
pared as previously described [12]. Aliquots of brain homogenates
were dialyzed against a 1000 fold dilution of 100 mM Tris HCI, 150
mM NaCl, pH 7.5 three times.

Cathepsin G inhibition assay. Cathepsin G (Phoenix Pharm, USA)
was dissolved in 200 mM Tris HCI, pH 7.4, then diluted 1:10 in 50 mM
NaOAc pH 5.5, 150 mM NaCl. The inhibition of cathepsin G activity
was measured by a spectrofluorimetric kinetic assay. Briefly, final con-
centrations of assay components were: 20 mU/ml cathepsin G, 100 mM
Tris HCI pH 7.5, 150 mM NaCl, 5 mM NaAcOOH. The above mixture
was plated in microtiter plates with 5, 25 or 50 ml of brain cytosolic
fractions or equivalent volumes of bidistilled water to a final volume
of 90 ml and incubated for 5 min at room temperature. Finally, 10 ml
of substrate (500 mM succinyl-L-alanyl-L-alanyl-I-prolyl-L-phenylala-
nine-4-methyl-coumaryl-7-amide; Penninsula Laboratories, USA) was
added and plate was incubated in the dark at 37 °C for 30 min. Forma-
tion of fluorescent products was measured at 385 nm excitation and
450 nm emission.

Spectrophotometric assay for chymotrypsin inhibitory activity.
Chymotrypsin (Fluka, dissolved in 1 mM HCI, then diluted in 100
mM CaCl,, 80 mM Tris; final concentration 2 ng/ml) was incubated
for 5 min. with or without ACT (Sigma, 8 nM), PGE 2 (Sigma, 150
nM), AB1-42 (Sigma, 150 or 525 nM) or ascorbic acid (Sigma, 800
nM). The chymotrypsin substrate, N-succinyl-L-alanyl-L-alanyl-L-
prolyl-L-phenylalanine-4-nitroanilide (Fluka, dissolved in DMSO
and then diluted in 10 mM CaCl2, 80 mM Tris; final concentration
15 mM) was added to the different reagent mixtures and spectropho-
tometric continuous reading was performed for 5 min. at 410 nm.
Control tubes consisted of chymotrypsin and its substrate without
other reactants (100% of enzyme activity).

Cerebrospinal fluid concentration. CSF from patients with AD
were concentrated using micronconcentrators (Microcon, Amicon,
USA). Briefly, CSF samples (0.5 ml) were applied on the concentra-
tor, centrifuged (10,000 g) at 4 °C for 50 minutes and concentrates
were collected by washing the membranes as indicated by the manu-
facturer. Aliquots of CSF concentrates were then separated by native
PAGE and analyzed by Western blot as described above.

ACT immunoreactivity. ACT (9 mM) was incubated without and
with PGE 2 (180 mM) at 37°C for different time periods. Control
tubes contained comparable concentrations of ethanol (1.7%), since
PGE 2 stock solutions contained 95% ethanol. In parallel experi-
ments ACT was incubated with A4, (American Peptides, 90 mM).
At the end of incubation, tubes were centrifuged for 5 min. at 12,000
g and ACT immunoreactive materials in the supernatants were de-
tected by commercially immunodiffusion plates specific for human
ACT (ACT Nanorid, The Binding Site, USA).

RESULTS

SDS stable polymeric forms of ACT have been de-
tected by Western blot analysis of sera from patients

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

A
12 3456
-Tr

116 —
66 — .‘ chefe e e=M
i

!
45—

% Trimer/Monomer
B N I N

o

AD  control

FIG. 1. (Panel A) Monomeric and polymeric ACT forms detected
in sera of AD patients; 10% PAGE under denaturating and reducing
conditions and Western blot analysis of purified ACT (lane 1) or
serum ACT from AD patients (lanes 2-6). M = monomeric form, Tr
= trimeric form; molecular weights standards are reported on the
left side. (Panel B) Percentage of trimeric ACT in sera from AD and
controls; absolute densitometric values of band from monomeric and
trimeric ACT forms were calculated [(OD trimer/OD monomer)x100]
and the relative representation of these two bands in sera from 6
AD and 4 controls is presented.

with AD and results are presented in Figure 1, panel
A. Two different ACT molecular forms were immuno-
precipitated. The first band was the ACT monomer
(=65 KDa), the second band of higher apparent MW
(=195 KDa) consisted of a trimeric form. Band densi-
tometry was evaluated by a scanner and a computerized
imaging analyzer, then the absolute values for each
band was evaluated and the percentage between mono-
meric and trimeric ACT forms in each AD patient and
4 controls were calculated (Figure 1; panel B). Trimeric
ACT represented 6 = 0.1 % of monomeric ACT in AD
sera, while control values were 4 = 0.2 % (p < 0.05).
Non-denaturating PAGE of serum samples were also
performed and SDS unstable polymeric forms of ACT
were detected by Western blot analysis. Results ob-
tained from patients with AD and a non-demented con-
trol are reported in Figure 2. Monomeric, dimeric, and
tetrameric ACT forms were present in control serum
(lane 6). Purified serum ACT added as standard (lane
1) also was resolved in different bands. Monomeric ACT
was detectable in sera from only one patient with AD
(lane 5), while dimeric ACT were detected in two pa-
tients (lane 4 and 5). Sera from the other two AD pa-
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FIG. 2. Monomeric and polymeric ACT forms from sera and CSF
of AD patients: 7.5% PAGE under non-denaturating and non-reduc-
ing conditions and Western blot analysis of purified ACT (lane 1)
and serum ACT from AD patients (lanes 2-5) and a non demented
controls (lane 6). Western blot analysis of purified ACT (lane 8) or
CSF concentrates from AD patients (lane 7 and 9). M = monomeric
ACT, D = dimeric ACT, T = tetrameric ACT; molecular weights are
on the left side.

tients (lanes 2 and 3) showed only ACT polymers of
high MW (>200 kDa). It is of interest that lane 5 re-
ferred to a serum sample from an AD patient with
APOE 3/3 alleles, while the other three AD patients
had APOE 4/4, 3/4 and 4/4 alleles (lanes 2-4, respec-
tively).

Polymeric ACT forms were also present in CSF con-
centrates from AD patients as shown by Western blot
of native PAGE (Figure 2). It is of interest that mono-
meric ACT was not detected in one patient with APOE
3/4 alleles (Fig. 2, lane 9) and high absolute levels (6.6
mg/l) of ACT as detected by the radial immune diffu-
sion assay. Both monomeric and polymeric forms were
detected in the other AD patient with APOE 3/3 (lane
7) and lower absolute ACT levels (1 mg/l).

To investigate the biological activity of ACT in brains
from AD patients with different APOE genotypes,
brain homogenates were prepared, ACT levels and in-
hibitory activity of these samples upon cathepsin G
were then measured (Table 1). ACT absolute levels as

TABLE 1

Inhibition of Cathepsin G Activity by Aliquots of Brain
Homogenates from Three Patients with AD

ACT

Homogenate Cat.G ACT

AD APOE mg/I§ Y%tot.pr.# ml Y%activity ng*
#1 33 0.1 0.01 0 100 0
5 100 0.5

25 90 25

50 81 5

#2 3/4 45 0.16 0 100 0
5 70 22

25 55 112

50 43 225

#3 4/4 1.7 0.10 0 100 0
5 100 8.5

25 71 42

50 46 85

Note. § = ACT concentration in brain homogenate; # = ACT % of
total protein in brain homogenate; * = Absolute levels of ACT in
brain homogenate aliquots used for the enzyme assay.
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FIG. 3. Polymerization induced by PGE2; 10% PAGE under de-
naturing conditions and Western blot analysis. ACT was incubated
for 40 hrs at 37 °C without (lane 1) or with PGE 2 (lane 2) or at time
0 without and with PGE 2 (lane 3 and 4, respectively).

well as the total maximal inhibitory activity were
higher in patients with the APOE 4 allele. However,
lower absolute concentrations of ACT in the brain ho-
mogenates from the patient with APOE 3/3 in compari-
son to patients with 4/4 or 3/4 alleles inhibited cathep-
sin G activity.

These findings suggested that in AD patients with
the APOE 4 allele and high concentrations of ACT a
large proportion of the serpin was not biologically ac-
tive.

Incubation of purified ACT with PGE 2 for 24 hours
at 37 °C resulted in polymerization of the serpin, as
shown by SDS PAGE and Western blot analysis (Figure
3). Polymer formation was also indirectly detected by
radial immunoprecipitation of supernatants from test
tubes where ACT was incubated with PGE 2 or the
amyloid peptide AB,.4, for 0-48 hours at 37 °C (Table
2). This assay measured the progressive disappearance
of ACT immunoreactivity in supernantants incubated
with PGE 2or AS1.4>. Only 8 % of non aggregated mono-
meric ACT was detected after 48 hrs incubation of the
serpin with PGE 2, while 75 % of ACT was present in
monomeric form after the incubation with AB;.4,.

Polymerization of the serpin was associated with a
loss of functional activity. In fact, coincubation of PGE
2 for 24 or 48 hours with ACT also decreased the biolog-
ical activity of the serpin as assessed by spectrophoto-
metric measurement of chymotrypsin activity (Figure

TABLE 2

Immunoreactivity of Supernatants from Tubes Containing
Purified Human ACT Incubated with PGE 2 or AB,_4, at 37°C
for 0, or 48 Hours (T, or Tg)

Immunoreactivity Immunoreactivity
(%) (%)

ACT + PGE 2 T, 100
ACT + PGE 2 Ty 8

ACT + A8 T, 100
ACT + AB Ty 75
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FIG. 4. ACT inhibition upon chymotrypsin activity; (panel A)
ACT inhibitory activity decreased when the serpin alone was pre-
incubated at 37 °C up to 48 hrs. The addition of PGE to ACT sig-
nificantly decreased the inhibitory activity of the serpin and this
decrement was not affected by 50 mM ascorbic acid (AA). (Panel B)
Ap1.4, did not significantly decreased ACT inhibitory activity.

4; panel A). Incubation mixtures containing PGE 2/
ACT with ascorbic acid not maintain ACT activity. In-
cubation of ACT with fresh AfB,.4, did not significantly
interfere with ACT activity (Figure 4; panel B).

DISCUSSION

Serpins are vulnerable to mutations affecting the re-
active center of the molecule, and are sensitive to mild
denaturating conditions which result in polymer for-
mation and loss of function [21]. Polymerization takes
place when the reactive center loop of one serpin inserts
into a B-sheet of another serpin [21,22].

Our findings showed that both monomeric and poly-
meric forms of ACT were detectable in human sera and
CSF and increased relative levels of ACT polymeric
forms were found in AD patients. These data confirm a
previous report where increased polymeric serum ACT
was found in patients with AD [16]. In this report West-
ern blot of serum proteins resolved by native PAGE
also showed in some AD patients a decrement of mono-
meric ACT.

In a previous report we have found that absolute
ACT levels from brain homogenates of AD patients cor-
relates with APOE 4 alleles, ACT concentrations being

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

higher in patients with APOE 4/4 and 3/4 that those
from patients with APOE 3/3 [12]. Here we have shown
that a higher proportion of inactive ACT was present
from brain homogenates of patients with APOE 4/4 and
3/4 than that with APOE 3/3 alleles.

Polymerization of this protease inhibitor was also
induced by increasing temperature (data not shown) or
by incubation of the purified serpin with PGE 2. It is
interesting to note that corticosteroid binding globulin,
a molecule structurally related to serpins, was also
shown to bind hydrophobic compound such as cortisol
[23], and antitrypsin has been shown to form non-cova-
lent complexes with cholesterol [24]. In our experimen-
tal conditions incubation of purified ACT with choles-
terol did not induce SDS stable polymers or affect
SDS-labile polymerization (data not shown). Moreover,
addition of ascorbic acid (50 or 100 mM) did not pre-
serve ACT activity. These data suggested that: 1) PGE
2 bound with ACT by hydrophobic interactions. 2) PGE
2 induced the molecular rearrangement of the serpin.
3) Oxygen radicals production by PGE 2 was not in-
volved in ACT polymerization and inactivation.

Interactions between ACT and PGE 2 appeared to be of
great interest, since both compounds are produced during
inflammation. Our data suggested a possible metabolic
regulation of inflammatory hydrophobic compounds over
some serpins. In fact, during brain inflammation, high
levels of PGE were produced by activated microglia [25],
and PGE also induced interleukin-6 synthesis by astro-
cytes [26]. Other compounds released by activated mi-
croglia, such as interleukin-1 and tumor necrosis factor
resulted in astrocyte activation and ACT release by these
cells [8]. Therefore, in AD brains the release of PGEs
might affect the metabolic fate of ACT, promoting either
a regional or local cytokine imbalance or a functional
inactivation of the serpin.

Another hydrophobic substance, such as AS1.4, pep-
tide, induced a very low level of ACT polymerization.
These findings are partially in accordance with other
reports [11-12] suggesting specific interaction between
ABi14, and ACT. However, our findings showed that
AB14, Up to a molar ratio of 1:70 did not inactivate
ACT. Aged AS;.4, was also used and it did not interfere
with the activity of ACT (data not shown).

Inflammation [27] is associated with the neurodegen-
erative alterations of AD brains, arachidonate metabo-
lites promoted the release of amyloid precursor protein
[28] and PGE 2 promoted S-amyloid peptide accumula-
tion in neuroblastoma cell cultures [29]. Our findings
suggest that in AD brains PGE 2 release by activated
microglia might promote the inactivation of protease
inhibitors. Impaired proteolytic activity might further
promote amyloidogenic peptide generation and accu-
mulation.
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