as described previously (62).

2.4. Western blotting

Animals wcrc decapitated on Déy 7 after the iujc;ction of AP peptides. The hiﬁpgﬁampi
worc rcmovcd on icc-cold glass platc an@ storcd at -80°C. The hippocampa'_l;_sfi'”s,g_;l_'ltcs} WCre
homogenized as described brcviously (3). Bricfly, the hippocampal tissucs W&@'homogcnizcd
1 icc-cold cxtraction buffer (150 pl of 20 mM Tris-HCl buffer (pHJ;G)’_’(:-‘ontaining 150 mM
NaCl, 2mM EDTA - 2Na, 50 mM sodium fluoride, 1 mM sodiuin yaﬁadate, 1% NP-40, 1%
sodivm dcoxycholatc, 0.1» % sadivm dodceyl sulphate (SbS), 1 mg/ml pcpstatin, 1 mg/ml
aprotinin, and 1 mg/ml leupeptin). Equal amounts of protemn, 20pg/lane, were resolved by a
10 % SDS-polyacrylamidc gel clectrophoresis, and then transferred clectrophorctically to a
polyvinylidenc difluoride membranc (Milliporc “Corporation, Billcrica, MA). Mcmbrancs
were incubated in 3 % skim milk in a washing buffer (Tris-buttered saline containing 0.05 %
(v/¥) Twcen-20) for 2 hat §901;i tcm_pcratﬁrc. Then the membrancs were incubated at 4°C
ovcrnight wiFh a dxlutcd(l 1000) anti-nitrotyrosinc mousc clonclA6 (Upstatc ccll signaling,
Lake Placxd U§A) or with goat anti-acﬁn ;_irimary ahtibod_v (1:100) (Santa Cruz

Biotcchnology Inc., Santa Crutz, CA). Aftcr a wash, mcmbrancs werc incubated with

horscradish pcroxidasc-labeled anti-mousc 1gG (1:2000) (Kirkcgaard & Pcrry Laboratorics,

Baltimorc, MD) or with donkcy mlﬁ-goat lgG sccondary antibody (1:2000) (Santa Cruz

Biotcchnology. Inc., Santa Crutz, CA). Immunorcactive complcxcs on thc membranc werce
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detected using Western blotting detcction. reagents (Amersham Bioscicnees Inc., Piscataway,

NJ) according to the manﬁt'acturer’s nstructions, and exposed to X-ray film. The intensity of
\cach' protcin band on tllé t'illﬁ, analyzed with the Atto Dcnsitdgraph 4.1 systcm (Attd;:'Tokyq,
Japan), and was corrccted with the corrcsponding -actin level. The results werc cxprcsscd as
thc percentage of that of the control.
2.5. Novel object recognition task

This task, bascd on the spontancous tendency of rodents to cXplorc a 119\'01 objcet more
oftcn than a familiar onc (.1 6), was performed during. Day 8 - Day 10 after the i.c.v injection
ol AP peptides as described previously (3). Apias’ﬁé éha_mbcr (35% 35x 35 cm) was uscd in
low light condition during the light phasc of the light/dark cycle. The gencral proccdurc
consisted of three diffcrent phascs: a habituation phasc, an acquisition phasc, and a rctention
phase. On the 1™ day (habituation phase), mice were individually subjected to a single
familiarization scssion of 10 min, during which they werc introduced in the cmpty arcna, in
ordcr to bccomcg familiar with thé apparatus. On the 2™ day (acquisition phasc) animals werc
subjected?ft’é‘:aa: s,j:_n'él"e 10-min session, during which floor-fixed tv;'o objects (A and B) were
placed in a s’_i‘mmcﬁic positiou- from the centre of the arcna, 15 cm from cach and 8 cml from
the ncarcst wall. The two objccts, madc of thc samc woodcn matcrial \\dtii' the similar color

and smcll, were different in shapc but identical in size. Micc were allowed to cxplore the

objccts in the open ficld. A preference index for cach mousc was cxpressed as a ratio of the
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amount of timc spent cxploring object A (TA x100)/ (TA + TB), where TA and TB arc the

time spent on exploring object A and object B, respectively. On the 3" day (retention phase),
micc were allowed to cxplorc the open ficld in the presence of two objocts: the famil;i'mj objcc?
A and a novel objcct C in diffc;cntA shépc but in similar celor and siZc% (AandC)J A
rccognition index, calculated for cach mousc, was cxprosscd as the ratigf-(’ré x100) (TA +
TC), where TA and TC arc the time spent during rctention phasc on ob]octA and objccf C,
respoctively. The time spent oxploring the object (nosc pointing :'t"oward the object at a
distance <1 cm) was rccorded by hand.
2.6. Statistical analyses
The results arc cxpressed as the mean £ S.E.. Sfatistical significancc was detcrmined with

onc-way ANOVA followcd by the Bdliféffbhi multiplc cc:;nlparisons test. p<0.03 was taken as
a significant le\fél of difference.’
3. Results
3.1 TNF-o was in{;h_l_yqi"’in Aﬁmés-inducgd impairment of recognition memory

Thc cx’prcssmnofTNF -« and iNOS mRNA in the hibpocampus of micc was investigated at
different tiui% points after the i.c.v-injection _of Afis.ss. At two-hour timé point, Afas.as
incrcascd the mRNA cxpressions of TNF-a and iNOS, the cxprossion of the former was
stronger than that of the latter (Fig. 2 A). Affzs;3s did not incrcasc the cxpression of iINOS

mRNA in TNF-« (-/-) mousc at thc two-hour time point (Fig.2 B). The sclcctive inhibition of

10

Page 10 of 34



INOS activity by aminoguanidinc (14) or TNF-x (-/~) prcvented Afas.3s induced nitration of

proteins in the hippocampus or the impaimment of recognition xnem;)ry in mice (Fig.2 C, D).
The Western blott analysis of protcin nitration revealed only a single band for nitratcd’"pggtcins
at the size of 70 kDa. Through cxtcnsive studics with different anti-nitrot}-'ro.sgllc-.fa_gt;l-lfiodics
from diffcrent origin, we found that the detection of this singlc band is oxging' tothc sclectivity
of the gnti-nitmtyroshm mousc antibody (3). These results, togCtIICI"X\V‘iﬂl previous reports
(2,13,36,63), confirmcd that TNF-wx is essential for the néurotoqgi;:ity.of AP.
3.2 Restmining TNF-a bv thalidomide prevented AP-}hdqééd impairment of recognition
memory

The consistent involvement of TNF-« in the 1leufotoxicit_w' of AP prompted us to examine
an available candidate for anti-TNF-« remedy. TllﬂlidOlnidc, an immunomodulatory drug, has
recently been ;uggested for the treatment of neurodegenerative disegse as a selective inhibitgr
of TNF-« (21,60). Thalidonﬁide’~m11ibits the synthesis of TNF-« through the degradation of
mRNA (37). Wc :rccxgg;iiilcd the sclcctivity of thalidomid_c-induccd dcgradation of TNF-u

mRNA. Thalidom do suppresscd the increasc of both TNF-«u and iNOS mRNA induced by

Af 4 (Fig. 3 A.B). The decrease of INOS mRNA might be due to the decrease of TNF-x
(32). The mRNA cxpressions of brain-derived ncurotrophic factor (BDN_F’_)- and glial ccll-
derived ncurotrophic factor (GDNF), however, were not affected cither by AP injection or

thalidomidc treatment (Fig. 3 C, D). Either the daily treatment with thalidomide or the i.c.v.-

n
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injcction of an anti-TNF-w antibody prevented the nitration of proteins in the hippocampus

and thc impairment of rccognition memory induced by APBas.ss or Afias (Fig. 4 A, B). The
prcvcnti.vc cffcets of the anti-TNF-« antibody was consistent with previous reports-(36,63),
and supported the validity of targeting TNF-« by thalidomidc to prcvent thc~'11‘cufr.ot_9_xigit}' of
AB.

4. Discussion

Providing cffective nicdication or practical stratcgy for. the- treatment of the cognitive
deficits in AD can have a ~dramatic cffcct on the quality of lifc of a paticnt.

As a strategy to prevent the cognitive decline in AD, anti-oxidants are well recommended
bascd on thc association of the incrcased cercbral oxidative damage with the progress of the
discasc (7,22,43). The oxidative damagge in the brain of AD is mostly ascribed to the increased
level of A3 that induces the peroxynitritc-mediated nitration. of proteins and the resultant

irreversible loss of function (9,10,46,53,54,67). It is thercfore thus suggested that proventing

thc formation of pergxynitritc should be the carly strategy for intcrrupting the cognitive

failure mAD "b;";'b"xymitrite is the product of the inter-action of nitric oxide (NO) and

supcroxidc 25,46). Although the half-lifc of NO is cxtrcxhcl_v short, pcroxynitritc could be

formcd at a ratc morc than three times faster than the scavenging of supcroxide by supcroxidc

dismutasc, implying criticality of thc over-produced NO (5). The ovcrproduction of NO by

AP is ascribed to the overpexpression of iNOS (1,23,25,40,47,59,64). The delction of iNOS
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or inhibition of the activity prevents peroxynitritc-mediated damage or the impairment of

mcuio_ry induccd by APi.aa (25,40,58). Obscrvation of iINOS overcxpression in the brain of

AD (33,61), supports an anti-iNOS stratcgy (40,39). Howcver, the involvement ot""iNQS in

the important physiology of lifc such as scxuality and slcep in the rocent rébqrtg"‘ alfcs the
stratcgy lcss favorable (20,26). Thercforc, restraining the ovcrproduct:idi’l"‘"of "INOS without

t of thc TNF-«t in

affccting its normal cxpression and function is desired. The invoﬁfpﬁ

iNOS-mediated neurotoxicity of AP (2,l3,36,65),'poiuts_outﬂ'ﬁ'ffbeﬁer strategy of targeting
TNF-c. to prevent tho iI;IOS-drivcn-pcroxynitritc-mcdi:'i:tbd_ impairment of memory in the
ncurotoxicity of A[3.

-lu the present study, we examined the fegsibility of a strategy of targeting TNF-x for the
prevention of Aj3-induccd impainuenit of memory. To confirm the involvement of TNF-x in
thc Ap-induccd impairment of ‘rccognition mcmory, Ai335_35, the most (oxic AP spccics
detected in AD brain, 'and' TNF-«x (-/-) mouse were utilized. AP.sss did not induce the
impairment of rccggtlitjoﬂ mcmor;v in TNF-wx (-/~) mousc. The scrious involvement of TNF-x
was conéi;sitérg-1 mth the p;'evious réports (2.13,36,65), and boosted the prospecf of an anti-
TNF-=x stratégy to prevent the neurotoxicity of Ap. Considering the current Aavaillabili.ty for
practicc, thalidomidc was sclected duc to its proforential dcgradative cffect on the mRNA of

INF-a (32,37). Thalidomidc preferentially suppressed the increasc of TNF-« mRNA and

prevented the AB-induced impairment of recognition memory. An anti-TNF--antibody also
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providc prcvention against the imvpal'ii‘mcnt of rccognition memory induced by A, validating

the uscfulness of the stratcgy of targeting TNF-ce.

A varicty of inhibitory agents of the synthesis or thg aétivity of TNF-o is;:-'\‘x"idcly
invcstigaté:d and currcntly uscd as rcmc'dy in practicc (4,35). Howcver, the pc'lxq_tféti_lx_}g_h_};ibilit}f
of the blo;)d-brain-baxricr- (BBB) of thesc agents is onc of the factor;g*‘t‘c;ig‘:'hali;ngc‘thCir.
application for the ailments in the central nervous svstem. With thcabllm ;f penctrating of
BBB, thalidomidc is rccontly cmorged as good car,gdidiﬁ"t’c‘ for the troatment for
ncurodcgencrative discascs duc to its potent inhibitory:ﬁ"r'qgcrty for the synthesis of TNF-o
(21,24,6()). The drug has recently been reiﬁtmd_u{c;ed for t;'eating leprosy, although once was
withdrawn from thc gencral market becaiise of its catastrophic adversc cffcct of teratogencsis
(31). The trcatment with thalidomide i AD\may have very limitcd chance, in the clderly, of
causing teratogenesis in the progeny. Since thalidomide has a neglectable. weak inhibitory
cffcct for NOS mcludhxg 1NQS(52), the attcnuation of iNOS-rclated pathology could most
iikcly be contl'iggut(;%l»:b};{&}ts‘Vinhibition of the syrithcsis of TNF-w (32). These reports quality .

ideal agent for reducing the iNOS/peroxynitrite related pathology via

restraining tlié increase of TNF-x without evidently harm the physiological function of iNOS.
The ncuroprotective cffcets of thalidomide in an animal modcl of inflamed brain pathology of

AD in a rceent study also rccommend and support the usc of the drug (48).

In conclusion, the uscfulness of restraining TNF-« by thalidomidc to prevent AB-induced

14
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impairment of memory in micc would provide a practical fresh stratcgy for thc management

of cognitive deficits in AD.
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