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The deposition of 4-kDa amyloi@l peptide in the brain is a prominent feature of several human
diseases. Such process is heterogeneous in terms of causative factors, biochemical phenotype, lo-
calization and clinical manifestations. Amylgdaccumulates in the neuropil or within the walls

of cerebral vessels, and associates with dementia or stroke, both hereditary and sporadic. Amy-
loid B is normally released by cells as soluble monomeric-dimeric species yet, under pathologi-
cal conditions, it self-aggregates as soluble oligomers or insoluble fibrils that may be toxic to
neurons and vascular cells. Lowering amylpitevels may be achieved by inhibiting its gener-
ation from the amyloi@-precursor protein or by promoting its clearence by transport or degra-
dation. We will summarize recent findings on brain proteases capable of degrading ginyloid
with a special focus on those enzymes for which there is genetic, transgenic or biochemical ev-
idence suggesting that they may participate in the proteolysis of anfylnidivo. We will also

put in perspective their possible utilization as therapeutic agents in angytbsgases

KEY WORDS: Amyloid B; neurodegeneration; brain proteases; therapy; cerebrovascular amyloidoses;
Alzheimer disease.

INTRODUCTION meningeal vessels leading to stroke or multi-infarct
cognitive deterioration (Fig. 1). To a lesser extent,
The deposition of amyloi@ peptide (A) in the similar cerebral B deposits are also found in normal
brain is a central process in several human neurode-aging (34). A8 is generated as a soluble 4-kDa peptide
generative disorders that we have proposed to group ady internal proteolysis of a transmembrane amy[pid

“amyloid B diseases” (BD)(1) (Table I, ref. 2-33). In  precursor protein (BPP) (35,36). 8PP is cleaved se-

Alzheimer’s disease (AD) and Down syndrome A quentially by BACEL, a novel transmembrane aspartyl

mainly found in the neuropil within senile plaques, protease (3-secretase”) that cuts at the amino-termi-

while in sporadic and hereditary amyloid angiopathies, nus of A3, generating a 99-residue carboxyl-terminal

AR accumulates predominantly in cortical and lepto- stub of ABPP that is the substrate for thesecretase

complex which, in turn, generatespa of different

. ) ) ) o carboxyl-termini. An alternative pathway ofpRP
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mechanism, and within the frame of the hypothesis that
AB is pathogenically causative inp®, lowering A3
levels in the brain has been proposed as a major ther-
apeutic aim to prevent, delay or revert its deleterous
effects. There are several ways to achieve such goal in-
cluding: 1) to block the release of3Arom its precur-

sor by inhibitingB and/ory-secretases, 2) to promote
the a-secretase cleavage of3RP, 3) to enhance the
degradation of PP stubs before they are attacked by
they-secretase complex and 4) to promofeddearence

by transport or degration (Fig. 2). The first strategy is
being intensively pursued with the recent development
of potent transition-state analog inhibitors (37). Several
cellular factors have been described that shift the inter-
nal proteolysis of PP towards the non-amyloidogenic
pathway including depletion of cholesterol, activation
of PKC and estrogen signaling (44—46). The third pos-
sibility is based on the finding that the levels @AP
carboxyl-terminalg stubs seem to be rate-limiting for
D ApB generation (47). As a contribution to the fourth strat-

_ _ o o _ egy, here we will summarize the recent progress on
Fig. 1. Different types of 8 deposits in 8D. Arrows indicate in

(A) mature amyloid plaques in AD brain immunostained with proteases t_hat degrad@AWIth a spemal empha5|s on .
monoclonal antibody 6E10 that recognizes region 1-16 @f (8) those proteinases for which there is genetic, transgenic

diffuse A3 deposits in the brain of a Down syndrome patient labeled or biochemical evidence supporting that they may par-

with antibody S42, specific for @ending at Ala42 andQ) cortical ‘g ; : ;
vessels loaded with amyloid in a case of HCHWA-Dutch detected ticipate in the clearance offAin vivo.
with antibody S40, specific for f ending at Val40. ) Electron
microscopy of amyloid fibrils made of syntheti@@A-40 containing

the Dutch substitution Glu22GIn. Original magnificatioAg:40x, PROTEINASES THAT DEGRADE AMYLOID B
B andC) 100, andD) 100,000X.

Neprilysin

AB42-43 is the major component of seniles plaques Neprilysin, also known as neutral endopeptidase
(38,39), (ii) AB42—43 has a lower critical concentration (NEP), EC 3.4.24.11, enkephalinase, CD10, and com-
for amyloid formation in vitro as compared to the more mon acute lymphoblastic leukemia antigen (CALLA),
abundant soluble form, @40 (40), (iii) many mutations is a typical zinc metallopeptidase with the HExxH zinc
in the ABPP and presenilin genes associated with au-binding motif and a consensus sequence ExxA/GD in
tosomal dominant forms of AD increase the steady- which the glutamate serves as the third zinc ligand. NEP
state ratio of 842—43/A340 in cultured cells and brains is potently inhibited by phosphoramidon and thiorphan,
of transgenic mice carrying such mutants, (19,20) anda property shared with DINE, PEX and the recently
(iv) AB42-43 is highly toxic for neurons in culture cloned NEPLPa/Bf among the members of the M13
either in fibrillar or non-fibrillar oligomeric forms (re-  family of endopeptidases (reviewed in 48). NEP is a
viewed in 41). In the case of vasculagB, different type Il integral membrane protein of ca. 700 residues
pathogenic mechanisms have been proposed since thwith a short amino-terminal domain facing the cyto-
major AR isoform found in vascular deposits ends at plasm and a large lumenal domain that contains the ac-
Val40, with a variable degree of carboxyl-terminal trun- tive site. NEP localization at the cell surface allows it
cation (42). Interestingly, in hereditary forms of amyloid to hydrolyze peptides on the extracellular side of the
angiopathy such as the Dutch or Arctic variant3,can- plasma membrane including enkephalins, substance P,
tains amino acid substitutions that result in a “hyper- atrial natriuretic peptide, somatostatin, endothelin and
amyloidogenic” A340 (27,32). In addition, toxicity of  insulin B chain. Its possible physiological role is broad,
AR variants to endothelial and smooth muscle cells andand comprises the regulation of natriuretic and vaso-
disruption of the equilibrium between coagulation and dilator peptides in the kidney, the modulation of in-
fibrinolysis may contribute to the striking vascular phe- flammatory response by neutrophils anditfaetivation
notype of these rare diseases (43). Regardless of thef mitogenic signaling in various cell types (reviewed
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trometry analysis revealed major sites of cleavage at
Glu3-Phe4, Gly9-Tyrl0, Phel9-Phe20, Ala30-lleu3l
and Gly33-Leu34 (52). More recently, lwata et al. re-
ported that synthetic radiolabeledBA-42 injected
into rat hippocampus was degraded by a NEP-like ac-
tivity. Moreover, a catabolic intermediate 3AL0-37,
consistent with the specificity of NEP, was identified,
and the continuous infusion of thiorphan resulted in
the accumulation of endogenou$ A53). In mice in
which the NEP gene had been disrupted, the capabil-
ity of degrading exogenouspA-42 and endogenous
AB40/42 was impaired in a gene-dose dependent man-
ner, interestingly, endogenougAccretion in this an-
imal model was highest in hippocampus and lowest in
cerebellum, along with the severity of pathology in
AD (54). Studies in post-mortem human brain have
shown that NEP mRNA and protein levels were lower
in the hippocampus and temporal cortex as compared
to other less vulnerable areas to plague development or
peripheral organs. Furthermore, such levels seemed to
be specifically reduced in AD brains when matched
with controls (55). Together, these data strongly sup-
port the hypothesis that NEP is involved in the normal
degradative pathway of in the brain and that a re-
Non-amyloidogenic AB products AR aggregates (oligomers, duction of its activity may have important pathogenic
protofibrils, fibrils) implicances in AD. It remains to be determined if NEP
also influences the fate ofpAin the walls of cortical

Fig. 2. Schematic pathway of@\metabolism in the brain and potential

therapeutic targets to lower its concentratibransmembrane pPP and |e_pt0menin9?a| ves_sels a_ffeCted in the sporadic and
is cleaved at the lumenal or extracellular sidedbgecretase, a  hereditary amyloid angiopathies.
metalloprotease of the ADAM/TACE familyl), to yield a soluble Two proteases related to NEP have been recently

ABPP amino-terminus andp®P carboxyl-terminald stub”. This . . .
non-amyloidogenic processing is modulated by several factors such asd€scribed as capable of degrading. &ndothelin con-
cholesterol levels, PKC, estrogen or plasmin activatiternatively, verting enzyme-1 (ECE-1) hydrolyzed endogenous as
ABPP is cleaved at the amino-terminus of Ay BACE 1 @) well as synthetic 8 in H4 neuroglioma cells and ECE-
generating 8PP carboxyl-terminal 8 stub” that is a substrate for . .
they-secretase comple). Such processing yieldsplof different 1-transfected CHO cells. Moreover, incubation of a re-
lengths released from the membrane as soluble products. Note thacombinant soluble form of ECE-1 withA-40 and

y-secretase cleavage of3RP ‘a stub” was not depicted. Targeting _ i i i -
B andy-secretases with specific inhibitors may preveftgéneration. Ap1-42 ylelded several prOdUCtS mCIUdm@A—le' L

Soluble /B is thought to be cleared by intracellular and extracellular 17 and 1-19 as determined by mass spectrometry (56).
proteolysis 4) and reverse transport through the blood brain barrier An intronic polymorphism of angiotensin converting

(BBB) (5). Under pathologicz_j\l conditions,BN_mdergoes atr:_;\nsition enzyme (ACE) has been associated with AD as a pos-
from soluble non-toxic species to neurotoxic aggregates in the form

of oligomers, protofibrils and amyloid fibrils6) that may resist sible susceptibility genetic factor (10,11). Interestingly,
further proteolysis. Promoting the degradation of soluble or aggregatedHu et al. have recently shown that ACE purified from

AR may prevent, retard or revert the formation of toxg. A human seminal fluid by affinity chromatography was
able to cleave B1-40 at Asp7-Ser8 to such extent that
in 49). In the brain, NEP predominates in the neuropil co-incubation of the peptide with ACE resulted in the
and is located at the synapses where it may play an im+eduction of A3 fibrillogenesis and cellular toxicity in
portant role in terminating the action of several neuro- vitro (57).
peptides (50). An early report by Sato et al. showed that
a monoclonal antibody against NEP immunostained
senile plagues in AD brain with a pattern and intensity
similar to those obtained with antipfantibodies (51). Insulin degrading enzyme (IDE), also named insu-
Howell et al. showed that NEP wasble to hydrolyze lysin and insulinase, is a 110 kDa neutral thiol metal-
synthetic A81-40 in vitro and their HPL@rass spec- loendopeptidase with an inverted zinc binding site-

Insulin Degrading Enzyme
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HxXEH- involved in catalysis and thus belonging to the and treatment of N2a cells with insulin increasggl A
“inverzincins” superclass of metalloproteases (58,59). extracellular levels (68-70). Recombinant IDE was
Although IDE is mainly cytosolic, it contains a peroxi- shown to cleave B at His13-His14, His14-GIn15 and
somal-targeting sequence and it has been found assoPhel19-Phe20 followed by Lys28-Gly29, Val18-Phel9
ciated with membranes and in cell culture conditioned and Phe20-Ala21 (71). Importantly, sucl® Aroducts
medium and human cerebrospinal fluid (60). IDE has were not toxic to cultured neurons and co-incubation
been highly conserved in evolution, it shows ubiqui- of IDE with AB1-40/42 resulted in a substantial re-
tous expression with preference for testis, tongue andduction in the neurotoxicity induced by these peptides.
brain, and its transcription strongly depends on the de-Although recombinant IDE was not able to degrade
velopmental stage (61,62). Regarding its physiological preaggregated @ from a “synthetic amyloid plaque
role, IDE has been implicated in cellular growth and (71),” it remains to be studied further whether the en-
differentiation, the modulation of proteasomal activity zyme is able to hydrolyze solublgdAligomericspecies
and steroid signaling; some of these functions are likely that may be neurotoxic in vivo. Genetic data have pro-
mediated by IDE’s major role in the proteolytic inac- vided additional support for a possible role of IDE in
tivation of insulin and other growth factors (reviewed AD pathogenesis since several groups reported the
in 63). IDE is known to cleave several peptides capablelinkage of late-onset AD families with genetitarkers

of forming amyloid fibrils in vitro and in vivo including  near the IDE gene (4-6). Notably, in one of these stud-
insulin, glucagon, amylin, atrial natriuretic peptide, cal- ies, A3 plasma levels were used as a surrogate quanti-
citonin and A8 (reviewed in 64). Although IDE shows tative trait for linkage, suggesting that this locus may
some preference for basic or hydrophobic residues onincrease the risk for AD by increasing3Aevels (5).

the carboxyl side of the scissile bonds, there is no se-In a more recent report, however, no polymorphisms in
guence specificity, suggesting a recognition of sec- the IDE gene have been found associated with late-
ondary or tertiary structure shared by amyloid-forming onset AD and the identity of such locus remains to be
peptides (65). Moreover, it has been proposedsiheti- determined (72).

ficity is determined at the stage of substrate binding
rather than at catalysis based on the dissociation of
these process after chelation or mutation of the zinc-
binding site (64). Kurochkin and Goto first reported The plasmin system includes plasminogen/plas-
that synthetic 81-28 and 1-40 were degraded in vitro min, tissue plasminogen activator (tPA), urokinase-type
by IDE purified from rat liver and that iodinated3a plasminogen activator (UPA)2-antiplasmin ¢2-AP)
specifically cross-linked to IDE in rat brain or liver cy- and plasminogen activator inhibitor (PAI-1), and has
tosolic fractions (66). A subsequent study by McDer- been classically involved in fibrinolysis and cell mi-
mott and Gibson showed thaBA-40 was effectively  gration (reviewed in 73). tPA and uPA are serine pro-
degraded by soluble fractions obtained from rat and teinases that catalyze the conversion of the inactive
human brain. The inhibitor profile and immunodeple- plasminogen into plasmin, another serine protease, in
tion with a specific monoclonal antibody pointed to IDE a process that takes place on the cell surface and in-
as the main A-degrading activity at neutral pH (67). volves the interaction with matrix metalloproteases
These studies were extended in our laboratory@@-A  (reviewed in 74). In the brain, tPA, uPA and plasmino-
42 and the Dutch variantp-40E22Q at physiogi- gen are synthesized by neurons, plasmin is abundant in
cal concentrations, with the interesting obsgorathat the hippocampus and tPA is produced by microglia
in AD brains, IDE-related A degradation and IDE im-  (75). The initial evidence of a relationship betwedgh A
munoreactivity in soluble fractions were significantly and the plasmin system came from the finding that fib-
reduced as compared to age-matched controls (7). Otherin and A3 showed cross-reactivity with the respective
convergent lines of evidence have come from a seriesantibodies, suggesting structural similarities. Moreover,
of studies on B degradation in cell lines and primary aggregated B was able to stimulate the activity of
cell cultures. In microglial cells, PC12 and rat cortical tPA in vitro (76,77). Van Nostrand and Porter reported
neurons, synthetic and endogenoyswere degraded that plasmin was able to cleav 240 at Arg5-His6

by a metalloprotease with the characteristics of IDE, generating an B 6-40 species with higB-sheet con-
presumably located on the cell surface or released to theéent that, in turn, strongly stimulated tPA (78). In vitro
medium (60,68). Moreover, overexpression of human degradation of 1-40 by plasmin was further studied
IDE in CHO cells led to a decrease in the intracellular by Tucker et al., who showed that plasmin cleaved the
and extracellular steady-state levels of endogen@ys A peptide at all the predicted sites within th@ Ae-

Plasmin and Other Serine Proteinases
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guence in a concentration-dependent manner. dleme hibitors (TIMP) which bind to latent and active forms
plasmin was able to degrade fibrilaB2-40, although of the enzyme (reviewed in 88). Interestingly, TIMP
with a 20-fold reduction in Kcat as compared with have been found by immunohistochemistry to co-lo-
nonfibrilar AB. Consistent with these results, plasmin calize with neuritic plagues and neurofibrillary tangles
protected rat cortical neurons fromBAoxicity pre- in AD (89). MMP-9 (EC 3.4.24.35) has been detected
sumably through direct degradation of the peptide in pyramidal neurons of normal human hippocampus
(79). The induction of tPA and uPA mRNAs in cells and appears to be overexpressed in AD brains as com-
treated with aggregatedpAand the increase of tPA pared to controls. Moreover, in AD, MMP-9 localized
and uPA mRNAs in the brains of P transgenic  to neuritic plagues and a latent form of the enzyme was
mice suggest that the plasmin system may be activatedshifted to an insoluble compartment (90). When puri-
in response to B deposition, a mechanism that corre- fied MMP-9 was incubated with syntheti3A-40, sev-
lates with the reported up-regulation of PAI-1 in AD eral products of degradation were found with a major
(80). Yet, a recent paper by Ledesma et al. showed lowsite of cleavage at Leu34-Met35 after short incubation
levels of plasminogen and plasmin in the neocortex times followed by Lys16-17, Ala30-lleu31, and Gly37-
and hippocampus of AD brains raising the possibility 38 (90). Notably, 8 species ending at Gly37 have been
that up-regulation of the plasmin system bg Ae- identified in amyloid extracted from leptomeningeal and
comes exhausted in the course of the disease, perhapsortical vessels in HCHWA-D consistent with MMP-9
associated with progressive neuronal loss. Interestingly,or NEP activity (42). MMP-2 is activated to 64—66 kDa
activation of plasmin localized in membrane rafts of isoforms by a plasma membrane dependent mechanism
cultured hippocampal neurons reducefl levels by that involves the activity of membrane-type MMPs
the promotion of the cleavage at thesecretase site of  (91). Active forms of recombinant MMP-2 can degrade
ABPP in addition to 8 degradation (81). AB1-40 and 1-42 purified from vascular amyloid with
An unidentified 28 kDa serine protease from fetal major hydrolysis at Lys16-Leul?, Leu34-Met35 and
calf serum or pancreatic trypsin preparations that formedMet35-Val36 (92). Moreover, treatment of primary hip-
a 700 kDa stable complex witt2-macroglubilin (A2M) pocampal cultures with AL-40 increased the produc-
was described as capable of degrading solul@é-A  tion of MMP-2, MMP-3 and MMP-9 while treatment
40/42 (82). More recently, human neuroblastoma cells of human glioblastoma cells withpA-40 and 1-42 re-
in which the expression of metalloendopeptidase EC sulted in a selective induction of MMP-2 activity, pos-
3.4.24.15 (MP24.15) was lowered by antisense trans-sibly mediated by increased expression of membrane
fection showed a marked reduction i3 Aegradation. type-MMPs (93,94).
Recombinant MP24.15 did not degrad@® Airectly,
therefore such effect was attributed to the activation of
a 28 kDa serine-protease complexed wilhanti-chy-
motrypsin (ACT), a protease inhibitor that bindg A Numerous studies using a variety of cultured cells
and is present in senile plagues (83—-85). Although thehave supported the notion that cellular internalization
role of these unidentified serine proteases in the brainis a major pathway for the clearence of extracellular
is unknown, it is noteworthy that MP24.15 expression AR. Various mechanisms have been described, including
declines with age in the temporal cortex and its levels nonsaturable A uptake as well as receptor-mediated en-
are severely reduced in AD brains (86). docytosis by the serpin-enzyme complex, LDL-receptor
related pathway and scavenger receptor (95-98). Among
these, considerable attention has bgieen to the LDL
receptor-related protein (LRP) pathway that mediates
Matrix metalloproteinases (MMPs) are a family the internalization of several ligands involved in lipo-
of at least 25 members involved in degradation and re-protein metabolism and protease/protease inhibitor
modeling of extracellular matrix. They have common complexes (reviewed in 99). LRP ligands include apo-
propeptide and N-terminal catalytic domains, while the lipoprotein E,a2-macroglobulin (A2M) and isoforms
presence of transmembrane domains, fibronectin-like of ABPP containing the Kunitz protease inhibitor do-
repeats and carboxyl-terminal hemopexin-like domains main, all genetically associated with AD (reviewed in
allow categorization of MMPs into the collagenase, 100). Moreover, LRP expression in transgenic mice may
gelatinase, stromelysin and membrane-type MMP sub-be influenced by presenilin pathogenic mutations (101).
families (reviewed in 87). MMPs are secreted in a la- LRP are highly expressed in the brain, with LPR-1 pre-
tent form that requires a proteolytic processing step for dominating in the neuropil and LRP-2 (alkoown as
activation and their activity is regulated by tissue in- gp330, brushin and megalin) beingxpressed by

Endosomal/Lysosomal Proteases

Matrix Metalloproteinases
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choroid plexus and ependymal cells, in teah with suggested to increase the risk for AD, may enhance the
cerebrospinal fluid (CSF) (102,103). While LRP-1 in- levels of secreted ACT in cultured astrocytes (125).
ternalizes A bound to A2M and lactoferrin, LRP-2  Cystatin C (cysC), a secreted lysosomal cysteine pro-
mediates cellular clearance of BAcomplexed to tease inhibitor has been found associated with amyloid
apolipoprotein J (103). As a result of cellular internal- deposits in AD and HCHWA-D and it is increased in
ization, AB is thought to be degraded by lysosomal susceptible neurons in AD (126—-128). Moreovemlyp
proteases including cathepsins D, B and S which havemorphism in the cysC gene has been recently associ-
been shown to proteolyzepAin vitro (31,104-107). ated with an increased risk for late-onset AD and it
Moreover, treatment of cultured cells with chloroquine remains to be addressed whether such polymorphism
inhibited the degradation offAinternalized as a com-  affects A3 proteolytic turnover (12,13). These exam-
plex with apo J, and coinfusion of3A-40 with leupep- ples underscore that the balance betwe@rdégrad-
tin in rat brain resulted in extracellular and intracellular ing proteases and their endogenousibiitors may be
AR accumulation, consistent with a role of lysosomal altered in 8D and therefore, decreasing their levels
proteases in B clearence (103,108). Interestingly, sev- or activity is a potential way of restoring or enhancing
eral changes have been described in the lysosomal sysAp degradation.
tem in AD, including the accumulation of lysosomes
and lysosomal hydrolases inside vulnerable neurons
and extracellularly, in close association witly Ae-
posits (109,110). Although cathepsin D protein levels
and activity are known to increase with normal aging Transcriptional up-regulation has been proposed
in the brain (111-113), a specific increase of cathepsinas a mechanism of increasing NEP activity in the brain
D in the CSF of AD patients and the induction of ca- (54). The expression of NEP is regulated in a tissue-
thepsin D by & in human hippocampal slices have specific manner and several NEP mRNAs with differ-
been reported (114,115). Recently, a polymorphism in ent 8 UTR have been described. Type | NEP mRNA,
the cathepsin D gene has been associated with spothat includes exon 1, has been identified as the major
radic AD (116). transcript in neurons (129). At least one enhancer re-
gion and several clusters of transcription factors bind-
ing sites have been found upstream of exon 1 (130).
Moreover, expression of NEP is modulated by steroids
through the interaction with specific elements, one that
binds androgen, progesterone and glucocorticoid re-
ceptors in the 3UTR and a unique androgen respon-
Several endogenous inhibitors have been describedsive sequence in the promoter region (131). Although
that may regulate the activity of pAdegrading pro- IDE expression is known to be developmentally regu-
teases. A heptapeptide with the sequence LVVYPWT lated, very little is known about the factors that modu-
that inhibits NEP has been isolated from bovine spinal late its transcription. In human neuroblastoma cell lines,
chord (117), and a heat-stable 14 kDa component thaiDE expression is significantly increased by retinoic
co-purifies with IDE from the liver has been postulated acid and synthetic retinoid agonists that bind to RAR
as an endogenous inhibitor of this enzyme (118,119).(132). Activation of latent precursors is an alternative
Some ABPP isoforms contain a Kunitz-type inhibitor strategy in the cases of MMPs or plasminogahoaigh
of serine proteinases and all isoforms include a domainthere are evidences that these proteases, as well as the
capable of inhibiting MMP2 (120-122). Yet, the role lysosomal system, may be chronically activated in some
that these inhibitors may have in the regulation g8f A ABD such as AD. Yet, recent results in transgenic mice
proteolytic pathway in the brain is not known. ACT, as that overproduce B suggest that intracellular degra-
mentioned above, is associated with AD lesions anddation of the peptide—both soluble and aggregated—
capable of forming detergent-resistant complexes with by brain phagocytic cells may be further stimulated by
AB. Recently, it has been shown that ACBRP dou- anti-Ap immunoglobulin treatments (133).
ble transgenic mice have a significant increase in amy-
loid deposition and soluble Alevels as compared to
mice that overexpress®P only, suggesting that in
addition to a possible role in promotinggAaggregéon, The delivery of recombinant proteases represents,
ACT may inhibit its clearence by serine-proteases (123, in theory, a direct way of increasingBAdegrading ac-
124). Furthermore, the A allele of ACT, which has been tivity in the brain and its vasculature. The systemic ad-

Promoting the Expression and Activation of
Proteases

STRATEGIES FOR INCREASING A
DEGRADATION IN THE BRAIN

Targeting Endogenous Inhibitors

Delivery of Recombinant Proteases
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ministration of biologically active recombinant proteins gests that the process is ubiquitous withdegradation

to the CNS using different strategies to permeabilize taking place, at a given time, in different compartments
the blood brain barrier has been described (134, re-and by different proteases. However, in the case of
viewed in 135). However, a localized and regulated ABD due to A3 genetic variants, protease spétitf/
delivery may be preferable to achieve a therapeutic or affinity may be shifted by the primary structure of the
degradation of B restricted to vulnerable regions in the peptide or its conformation. Moreover, accessibility of
brain. In this respect, several strategies are being invesproteases to A may be influenced by the site ofgA
tigated, including the transplantation of cells, either accumulation (i.e., vessel wall vs neuropil). As maek-
naked or encapsulated within polymer membranes with able example, the Flemish variant op Ala21Gly is
selective permeability, that overexpress and release thenefficiently cleaved at Phel9-Phe20 by cathepsin D
protein of interest, (reviewed in 136). Viral vectors are while the Dutch variant 8 Glu22GlIn is hydrolyzed at
becoming increasingly important for transgene deliv- the same rate as the wild type (31). In this respect, it is
ery and protein expression in the CNS. Among these,also important to emphasize that a series of postrans-
vectors with large cloning capacity, high transduction lational modifications have been found i3 Asolated
efficiency and sustained expression such as replication-from AD brains irtluding isomerization, racemization,
defective lentiviral vectors may be suitable for the lo- cyclization andoxidation, while the activity of pro-
calized delivery of recombinant proteases (137). The teases upon these3fspecies is not known (141-143).
development of vectors containing elements such as theThe wide variety of peptides that are substrates of the
tetracycline-inducible system may be useful to overcome proteases capable of degradinf faises the concern
the problem of continuous expression of proteases andof possible side effects of this therapeutic strategy.
its potential side effects (138). Yet, several safety issuesThe matter has to be carefully addressed in animal
have to be addressed before these technologies can beodels to evaluate the impact that protease manipula-
widely used in humans, including the detection of com- tion may have on basic aspects of brain physiology such
petent recombinant particles or germ line transmission. as insulin signaling, neuropeptide transmission, regional
Moreover, direct delivery of recombinant proteins, cells blood flow, clot formation or extracellular matrix in-
or vectors into the CNS requires invasive procedurestegrity. In this regard, fibrinolytic therapy of myocardial

that may impose additional risks. infarction with tPA has been associated with cerebral
hemorrhage in patients with cerebral amyloid angiopa-
REMAINING QUESTIONS AND PERSPECTIVE thy (144), therefore, pharmacological activation of the

plasmin system may be particulagyoblematic in this

As the identification and characterization of brain group of patients. Several protgtic systems seem to
proteases capable of degradin@ Arogress, several be chronically stimulated in AD brains, including lyso-
aspects of  metabolism remain to be clarified, both somal proteases, tPA/plasminogen/plasmin and MMPs
in normal conditions and disease. It is not yet clear and therefore, increasing their expression or activity
which is the main compartment for th@ Alegradative may have little consequence orgAnetabolism. On the
process in the brain and whether the initigl#ligomer- other hand, the promotion of the expression or activity
ization in ABD takes place intra or extracellularly. In of proteases that are thought to be decreased in AD
this regard, it is noteworthy thatpAis generated in-  such asNEP or IDE may have profound effects on the
tracellularly within secretory compartments and that ag- steady-state levels of solubleBAYet, once A8 has
gregation of 842 inside the cell may be highly toxic begun its aggregation process, other strategies such as
to human neurons (139,140). Although the putative the enhancement of phagocyte-mediated clearence may
major AB-degrading proteases span extracellular and be more effective in the prailytic removal of the pep-
intracellular locations, it may be necessary to study thetide. With the transgen&nimal models currently avail-
relative weight of each of them onpAclearance by  able, the proteases that degrad® &an be modulated
studying conditional knockout mice, and to assess theand the consequences upof levels and its purported
effect of the lack of specific proteases upop #ccre- toxicity assessed in vivo. These experiments may be de-
tion at the subcellular level. In this regard, the only in- cisive to clarify the potential of treatments based @n A
formative animal model reported so far has been thedegradation for the management g8 A combina-
NEP knockout mouse(54). The apparent redundancy intion of therapies that effégely lower AB in the brains
AR proteolysis (including several unrelated proteases of ABD patientsrepresents the ultimate test for the
that cut bonds that may be important for amyloid for- amyloid hypothesis and, hopefully, a long-sought step
mation such as the Phe19-Phe20 or Gly37-Gly38), sug-forward in the treatment of these devastating doomk.
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