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Nerve growth factor (NGF) is a polypeptide that is necessary for the
survival and growth of developing sympathetic and sensory neurons as well as
basal forebrain cholinergic neurons in the brain. The effects of NGF are
mediated by the binding of the factor to its specific receptor present on the
surface of NGF-responsive cells. Since NGF-responsive basal forebrain cholin-
ergic neurons are lost in Alzheimer’s disease, treatment with NGF may be
therapeutically beneficial for the patients with this disease.

Our studies were focused on the purification, amino acid sequence, enzyme
immunoassay (EIA), NGF-biosynthesizing cells, regulation of the biosynthesis,
compounds stimulating NGF-biosynthesis/secretion, etc.

The major results obtained are summarized as follows:

1) We purified NGFs from snake venoms and determined their amino acid
‘sequences. Among them, Crotalus adamanteus- and Vipera russelli-NGFs were
glycoproteins.

2) We developed highly sensitive (0.03—0.05 pg/tube or bead), simple,
and reliable EIA systems for NGFs and NT-3.

3) Catecholamine, its derivatives, p-quinone derivatives, nicotine, nicotine
derivatives, coenzymes, etc. enhanced the NGF-biosynthesis/secretion of fibro-
blasts and astrocytes by increasing their cellular content of NGF mRNA.

4) Basal forebrain-lesioned rats (an animal model of amnesia) admin-
istered  6-(4-hydroxybutyl)-2,3,5-trimethyl-1,4-benzoquinone (TMQ) orally
showed improvement not only their NGF level and choline acetyltransferase
(CAT) activity in the brain but also their memory and learning.

5) Interleukins (IL)-4 and -5 significantly increased the amounts of NGF
secreted by mouse astrocytes; whereas IL-2, -3, and -6 had no significant effect.

6) Interferons-8 and -y inhibited the DNA- and NGF-synthesis in growing
astrocytes cultured from neonatal mouse brain but they had no effect on the
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NGF-synthesis/secretion in quiescent astrocytes.
7)  Alkylcatechols regulated the NGF gene expression in astrocytes via
both protein kinase C- and cAMP-independent mechanisms.

Key words nerve growth factor (NGF); Alzheimer’s disease; choliner-
gic neuron; enzyme immunoassay (EIA); biosynthesis/secretion; astrocyte
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Fig. 1. Amino Acid Sequence Showing Disulfide Bridges of Mouse NGF
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1. #EREREF (NGF) &13

NGF 3 fEREKXF (neurotrophic factor: NTF) ® 1 5 T& ¥V, NTF & LT % O (Fig.
D PRETOBEINCIH SN L > ARSY FTH S, NGF IR & > THEE S 0 23
ST AR S Nk, RIS NGF ZAMK AN L CHIA~slizis S h, 5K

IR R O REAE B O HIE MM D ML « A%,
K, HEAFICHEEL TV B (Table 1), 5T, NGF
SRAE LTI oM DA SR 0 2 Ak
DREINTOVBEZ0 5 OFEHL |
ZE5ROMKS ZHECTH 5. £/, BT NGF
MHINEIEE O 2 ) BRI 0477 -
PRAEMERFICEHE R BB AB U TV A T LA RE
TEEZLOWEMSLESH, Ty A < —Fig
RAE (Alzheimer’s disease: AD) & DR & i
HaEHTWn 3z, o

NGF i3& <Kt 20= Y 2D FIRbIz £
Bit&IhTWiidh, ~EHE, EILE M
AL U URERCRIKR, Vra9xXIDET
WREETZOEABRIERKIE V. < 25T
R ISNGF (3 aBfy D 3EDH 72 = |
LI BEAKRTH B35, NGF QY- w it
TdH 5 MEH» o OMBRREDOMEBIEM LB
FT2= oy FBEELTHS, 2O

2. NGF DOJlE*

NGF OEWIERRIEREE L TR< Y 2d 5
WiE=7 F ) OFHBRBHEEE (dorsal root
ganglion: DRG) 7% & D MuEHRHE D HEIE I %
BAMEE F CTHIE T 2 HEN RO —BRIITH 5.
BB D NGF 72 5 1—10 ng/ml T 7] 73 {48
EHEPR S0 5 (Fig. 2). DRG OR§H B s
5 ERERMEICRYG, £hEHBORED
AEICIZBE L TWIZ W%,  Pheochromcytoma
cells (PC)-12 7» & O MR RIE + R 2
EbHOLSh TV B 2% OREIBA IE DRG &
LRIEBRETH A, LhHL—HEIC NTF o4
HEMRBEBECH RN TOELER T pe/g B
A E ZZ 5, NTFEOEFALENEFE
ZHEEET B 7o DI ISR TR S RE R OB
BOPLEENI, ZIT, EEHSIINGFicxtd
5 BB, RSV ERE THRES EIA

Table 1. NGF Effects on Target Cells

Morphological
Neurite proliferation
Neurite stabilization
Cytoskeletal polymerization
Hypertrophy
Nuclear-membrane alterations

General trophic
Increased metabolic-precursor uptake
Continued maintenance of anabolic activity
Increased catalase activity

Specific anabolic increases in
Tyrosine hydroxylase synthesis
Dopamine-8-hydroxylase synthesis
Ornithine decarboxylase synthesis
Choline acetyltransferase

Neurotrophic
Directional orientation for neurite growth
Synaptic maintenance

Cell surface

Increased rate of cell-cell, cell-substratum
adhesion

Surface-glycoprotein alterations

Other survival in vitro

Protection from neurotoxic substances

Enhanced regeneration

Alteration of ethylnitrosorurea-induced
carcinogenesis

Fig. 2. Neurite Outgrowth from Chick Embryo

Dorsal Root Ganglion (DRG)

NII-Electronic Library Service



No. 4 289

1 10 20 30

SSSHPIFHRGEFSVCDSVSVWVY - ~-GDKTTATDIKGK
H*DPA——R***L***##EaE#*TAA**K**V*MS*G
YAE#*KS-s+#sYe2 2 s 2R sLe%~-TxxS§S+ [+« [R+H

Human NGF
Human, Rat, Mouse BDNF
Human, Porcine, Rat, Mouse NT-3

Oocyte NT-4 *D*VSLSR*#*sLsssssaNs*ss--T+*2Rs2V2DR2#
Human NT-§ *ETA*ASRe*#*2LA*%2A%+Gs*~-T«RR#**V*LR=*R

40 50 60 70 8
EVMVLGEVNINNS ~VFKQYFFETKCRD = = = = 0 = — PNPVDSGCRGIDSKHWNSYCT
T*T**EK*TVSKG—QL****Y****NP _______ MGYTKE**#***KR****Q*R
Q*T****HKTG**—PV****Y**R*KE ________ AR**KN******D#**#*Q&K
H*T*MS*IQTLTG-PL*********NP—_--_~—SGSTTR****V*K*Q*H*E*K

E*E*****PAAGGSPLR******R*KADNAEEGG*GAGGG****V*RR**V*E*K

100 110 12
'TTHTFVKAﬁTMD-GKQAAWRFHRKDTACVCVLSRKAVRRQ
**QSY*R*****SK*R[G********S***T*TI*RG*—~
*SQ*Y*R***SENN*LVG**W*****S***A$m**EG*T—
AKQSY*R***I&AN*LVG*#W*********T*LSRTG*T-
AKQSY*R#*# xAs AQGRVG**Wr s * s 2 s %% s TsLSRTG * A -

Fig. 3. Comparison of Amino Acid Sequences of Neurotrophins

Symbol (*) means the identical amino acid residue with that of human NGF.
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Fig. 4. Standard Curves of Two-site EIA System for Mouse NGF, Human NGF, and
Human NT-3%

FREHESL L, ®~" KL & DRG %\ 3 bioassay A A > SR AED TV B

1L, NGF L& OFYL L 72 BDNF, NT-3, NT-4/5, NT-6 A FH STV 3 (Fig. 3). Ly
LEHSORF LIz b BV~ Y X NGF, NT-3 153 % EIA B I3H5 € {6 ol Bk,
RRHHBE (3—5X10 M g/tube 3 5\ E bead) D ES WS T T & 2 546569 (Fig. 4). %1z,
FHHEHIE D A FEEREME ORIEICIE S » OB =2 — 1 Vb o DAREFEE O (R TEME P 4 17
EH BT 2 HEOBH LTV S, O

3. NGF D& E RS

% U AG FRR O NGF 3RS T ORRIT 2 E TR 14 FOEATRIEAKE L
ThHuts N, ISNGF (X pH 58 TRLETH B4, ZHLIAND pH, %5V IZERT 2 & 2
NENOY T 2=y MREET S, 3OV 72y rD3b ¥ T2y pdT7 A= r
ATORTFF-CiEEE D) VBERTY v M) 7Y v ORERE & 35% Fitk DM AR
IHES VNV ETNGF RO S oy v PR EEZ ONTWE, a4 T2=y b e E¢S3
EOEPEMRR O SN TOBOAHEER y ¥ 7 2= b EHEMESSV. UL, 204
HEEEIZAMTH 5. 7SNGF 1 1—10ng/ml FEEIC RT3 &4 72 = » b icfigifid 3 7
%, RN TD NGF OIEHBAIZ ANGF EZ 2 51 T35,
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1 10 20 - 3 40 50 60 70
(1) Human SSSHPIFHRGEFSVCDSVSVWVGDKTTATD IKGKLVMVLGEVNINNSVFKQYFFETKCRDPNPVDSGCRG
(2) Bovine 20 AV E A2 22 H D[ E RS EXABFAE B AP A AR F A E BB B A SRR AT XX B IS AXXBX AR XF ST DX K S
(3) Rat saxTraVesMsrsssssssarssnsssssrarssraaTossdaspssasssssrssssssAsssxsLarsxs
(4) Mouse sxTsaVeasMssorsosrensranosssssnzrsssssTosAssssse 22 aResxsasr2%AS*ssExrsan
(5) Guinea pig saTosVaaMassssaassrnssAssssrassrasrssTsaAresVesNessrssssssrsraSsscErzexs
(6) Chicken “TA#sVLess2asssssssMsessssssssrsssssTosesrassasNetrsessasaxsss3ResSes05x
(7) Naja naja _ED**VHNL#*+H#sessxsAx3T-ss3+sxx3xasNT*TAMEN#+*LD*KsY#¢*+s+22sKN+x*EPs*s¢ %
(8) Naja raja siamensis ~ED#**VHNL#+*H*%s32#5sAs+T-*sssssxx2sNT*T+*MEN+*2LDs*K+Y*+s222xxxKN++sEPss2%%
(9) Naja naja atra _ED**VHNL**H*s*s2s2A2xToss2sx2xsasNT>2TsMEN#2LD*KsYss2as2assKNs**EPx»svx
(10) Vipera rasselli _--ttVHNQ*tt*tt**t*&t*AN##t***MF!NT*T#MVD!SthNaYttt#t*tt*KNttt*P#t:tt
(11) Crotalus adamanteus -ED= aVHKt#*Y:scxxtNa:::A];lt:I:ttLR*NI*TtMV[)*:utthY*txaat*:t:Nttt*P*s***

80 %0 100 110 120

(1) Human IDSKHWNSYCTTTHTFVKALTMDGKQAAWRFIRIDTACVCVLSRKAVRRA (100.0%)
(2) Bovine $*A##t****#tttaxt*ttttttl:‘t$tt:$t**tmt#*tt*tTGQ** 114/120 ( 95.0%)
(3) Rat srxnanternsrtrhirenss e TeDsarrnrerxs e et eansxAnxG - 110/120  ( 91.7%)
(4) Mouse srrxsrr s e it seorrr s TaExs s ssscrrsxarsrsssTx2Q@ 107/120 ( 89.2%)
(5) Guinea pig sxsxasrsrrcrrssoarernaTaNsxs e assnnscrsssrrssNerr2AxxG 105/120 ( 87.5%)
(6) Chicken sxAbkrkrrr s s b abrrraraLrrrrr e anrnr e rrrrxxrrxx8GxP- 106/118 ( 88.1%)
(7) Naja naja sxsSarrxrrrEaDexxxox2xEasNesSasrxsxsxns35x5x[TK*TGN-~ 80/116 ( 68.9%)
(8) Naja naja siamensis sxuSrsnsrssEaDrs[#4xxxsEaNssSurasnsExsrsr+]TK*KGN-- 79/116 ( 68.1%)
(9) Naja naja atra xxsSeskraxsErsDrxerxsxxExNe*xSsss2xxExsxs 2% s [TKsKGN-- 79/116 ( 68.1%)
(19) Vipera rasselli srArsecxxxsxssDresRexx2xERN*2S 2 xxxsNrs+x+ %2 2 sRDNFG 83/117 ( 70.9%)
(11) Crotalus adamanteus *xAR**ssxx%23Dsssxss42EsNssSexxsrrr v rrrs]2xsNGN-- 84/117 ( 71.8%)

Fig. 5. Sequences Alignment of Mammalian and Sanke NGFs

Symbold (%) and (®) mean the identical amino acid residue with that of human NGF
and the glycosylation site of asparagine residue.

Fig. 5 ICHEE TIRHLHICEN TV AHAEKRF~NE NGF O 7 3 / BRECHIZRS. 0™
PESE NGF HHHMEXEE Lo TV, UL, REFEESKHEEUBEREL 7Y
JAEDRH FH 5 ~E™ D NGF I 3 MEMOREEN | flfES L T0s, BERREL &I~
£ NGF M H O —/Kk S OFEE 3D TE W ARERE A & 727303 75 NGF i DRG » 5 D
PR D TR IZIER STV DI, FEEEA b D~ B NGF (2 E3F B NGF & ZRREE D
MWAEYITEEARET A 2 & TH S, FERMEE & FHIS R S OBEIISROFEEZ A TL
5.

10 TEXEL) b D NGF REE A & 275 3 EREEEHMHBIC SV T H WL 2 hDRIRDES
NTxk, bbb, 1) AN NGF T3 87% LI L~ £ NGF &IFLEH NGF O Td 68—
72% SHEIESEW, 2) 7 3/ BRER 1036, 48—59, 66—91, 95—115 fif, 15, 58, 68, 80, 108,
110 Rz 6 FEEE D Cys, 75, 84 {1 D His, 21, 76, 99 L7D Trp IARZEFAE A TR L T8 b [EHEFE
WHERRIREEZZ OB, 3) D TFHO 6EAD Cys FEEERO IR UAEBEICEML TH
DR IEIREEOREEIREE LTV, 4) BREITERDOA SN S T {1/ BRERK IS T2
HNEEFNK, CEK, 60—65 (KU 92—94 A OFIKMET I 7 BRIERE, & 12 3B /AEL T
W3, FEEWRAIEEICH/KESEBICEEL TVWE EEHLN TV A, NGF Tl3EHER]
FH CREFIR YR IBEMEWS Z 1 5 D NGF A FHo 7 3/ EE OB Tk E
FEIRICEER L TR T EE—FHLTWVS, 5) 33 MEMNOBRMET 3/ BERED) 5713 % 6HEIT
BRI CEH OV W T NGF SRR E ORI EZEZL 5N 5, 6) 275 NGF O4Y)
FEMEDSIEFLAE NGF 1ol LS WHEE & L T 34—35 fi1D Lys—Glu 25~ £ Tl Asn-Thr 12, 84 fif
D His 75 Asp WBHINT WA I EMNEZOND, T) Val 22 fLITEYTEHICKEHTH 5™ C
ERENHLHEEL>TWVWS,

R, SR O A GO BEEMER CAZHIS NTF O FRR B T00, W D2MD NGF 7 7 3
) —AEEXNTVE. O Zhosofiyy, YELIA7EDBDNF,NT-3 ZE—37 3 /8
BEOB#ARONSH, b, 99X, 59 POBDNF®, £+, 74, 59+, TYRAD
NT-3 R4 BATRLEL 7 3/ BES2HF L TW5A. T 5D NTF OfFEM I 50—
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60% &V, UL, ZRZNMHERICHT ZIREITIIHERERDH 5 2 EMHL IS -
TW35, %9 X502, McDonald 5™ & NGF O X #1755, 1) NGF 04T 3R 3 A
SEATRI B R Td B T &, 2) NGF, BDNF, NT-3 (A LI AR 285 O A 7B © X Y R IS
HETHAICH S D ISEOD R 515 D1d 29—35, 43—48, 59—66, 92—98 (7D 4 Hir D 7 3 / B
B DEBICECFIBS B ~T E Vb — 7% reverse turn #E O ICBAE LA TOERICE
ELTEBD (Fig. 6), 1o OIMAHTURTEHIRNL, FRA IS AYIE RIS R/IR E Ok

V.russelli russelli NGF N.naja atra NGF

Fig. 6. Location of the Variable Sequences of NGF Structure Residues with Nonconservative
Changes are Indicated by Their Shaded One Letter Amino Acid Codes
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G54 A AERR T B T LR E XIS
L TW3,

4, HFEAICHIT S NGF ELEHE

KA P O BRI O ETE, BEREMERIc 4
JHTE NGF AR O E D & 5 il A AR
INTOEFHEEEZEW, Harper 5% 132285
MREETE =7 b ) Ol OB R T 5 &
REEAHRE D> & P 3 5 (2D D Sl A5 LI
M > THO B T EAHELTVWS, &
DOFER ITOEHIEA NGF 284 L TV 2 a[fE
MAREBLTWS, #CTEES IEEICR
WV, = 2 DMEE S OTE A TS SHERIL
foRRMa A R, BEHirhicES S h 3 NGF B%
MITE L, NGF EEAEREEWGET L. T ORER, L
JEAmNE (Fig. 7) 213 L) T 5 a4 T
NGF 2 FEHT B EB0h 7.8 <o
A DARKMFHRR O PR E MG & 2 [kEEE L
12T OB OMIENS NGF 2EHT 52 &
©, FIEEEME L 0 AR TERESZ O
TEBHOMER S, FIREEMEERENE
NOFHR A HERK 3 2 SR M & A SRRk
FRMEZEARE D 572 2 RIS E T 2 S RHEEF
falcE OMiaEN & 73 %5, NGFELARIZ,
Table 2 O T & < ABAME L AL D 58\ 23 DR
HESFAINEI3 & NGF EEENSVW I Ebhdh -
12, 808 < o I BRALERHESERIRE O L-929 ® L-
M, BALB/c3T3 #iffdd NGF 2 EAT 5 Z &n
5 hE AR O AR HESF I AT 12 R MRS < © NGF
A Mg HES N ®

TIRINAN D ED & 5 ISk NGF ZEAT
5DTHAHIN? MOFEEZETHEIET
fayA b, 32077, AYITFvFay
4 251857 TSR TH B, <
noofifao, 7R bAoA b O ITHRE

Immunoreactive material (ng/ well / day)

2.0 4

b
n

g
=
I

<
n
1

g

w
Celi proteﬁl (ng/well)

Immunoreactlve material ( pg/pg protein )

———r—T—T
58888

Days of culture

Fig. 7. Changes in the Amounts of Immuno-
reactive Material in Conditioned Medium and
Cell Protein of Mouse Heart Cells during

Culture

81)

The hearts from 7-week-old male mice
were dispersed into single cells and the cells
subcultured on multiwell tissue culture
plates at a density of 1 to 2X10* cells/well
(well surface, 2.1cm?) on day 0. On the
indicated days, the medium was changed to
serum-free DMEM supplemented with 5 mg/
ml of BSA. After 24h, medium (0.5ml)
was collected and a 0.1-ml aliquot was
applied to the EIA system. The amounts of
immunoreactive material are represented as
equivalent to the amounts of mouse sub-
maxillary gland NGF (O). Cells were
collected from the wells with 0.3ml of 0.1 M
NaOH and sonicated, and then protein
concentrations were determined by the
Coomassie blue technique on a 0.1ml
aliquot of this cell extract ([J). One mg of
cell protein is equivalent to 1.6X10° cells.
Data (®) are the ratios of the amounts of
the immunoreactive material in the medium
to micrograms of cell protein. Each point is
the mean+S.E. of four determinations.

Hifa L MERBICHEUTBD, d35DIRYF 7TREAAAA TV S, BEICHEEO MRS

BhE LTI
E A > TV B,

MR A FESE U2 0, FERIRASHERE L T Wi/ RS oS D
NS DZEIKEED 13T R b o A b IR OBEE o A EHER I

WRIBIRIFDOER « HbhZEIT-TWHEEZONTWS, ZITIYIADMID T A a4 A
hAFHEIL, MHPEMSGE S NGF AR, MIE%E & NGF AR, 1 BN Rk IcEES
N5 NGF B8R EWH>WTKRE L7 (Fig. 8). ZOFR, = v X7 X oA b iduit, 4o+

B farat= =
=z% %ﬁg}f’jw

HEWNEED = 7 ARG PIRNGF &Rl —EEZ 5N 5 NGF 53 F 2 AT 5 &8
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Table 2. Biosynthesis/Secretion of NGF by
Fibroblasts Derived from Various Organs/
Tissues of New Born Mouse®?

NGF synthesis

Organs/Tissues (pg/djug cell protein)
Exp. 1 Exp. 2
Skin 0.4— 4.0
Muscle 0.6— 1.8
Spleen 0.5— 4.6 0.3
Pancreas 1.8— 6.5 5.3
Thymus 34— 5.8
Lung 2.3— 6.2 5.1
Heart Atrium 17.4
Ventricle 6.0—14.0 53.9
Kidney 3.7
Adrenal gland 42.7
Intestine 20.8
Brain 0.1— 0.7

Cells were cultured with Dulbecco’s MEM
containing 1094 fetal calf serum.

ﬁ}fﬁ -7z, bt

JEEBED SUEHOREE<Y X 7R ho W
4 M IBAIEEL, %O NGF SBUHE 131
50 pg/10°cells/h Td 5. L LKA NGF &2
XOZVHETHH 2 pgmg BHEBLI T TH
D, TAbad4 O NGFESKIZKATHS
WABKRETHIIENTWBE EEZ ONE, K
BMLUATAboY A MRIEEAEBEEAEL L
reEEIE ORI TH B3, BT T I3
ZIEUD 5B, 98b5, Mas(KEE ClE %
BURBHITEET 5 &, MEEOWINE LS
ICHEREPRE S C D HIRESE KT 4 4. T o
HHEfEE O & & bIckEBEkH O NGF Bt

RS 505, —EMIEEE4 O O NGF HihE 13
KFd 5. oD Eh5 NGF S ITHHE

HIERE®E TH B 80 1.8 FH7 2
oY A b D NGF SIS IHICRE & 1
THHIEIREE (Go D) 4 5 DNA ARkHEEMR (G,
) I 2B TERMSHREETHIE S L Tn
5T EGHENEN 57 (Fig. 9). v b9
< U R IEBRHCAR OO ERETTY R ~ o
YA b DEENE T A R IC A7 NGF mRNA
DYERDBHSNDHH, TORHPO7 2 b oy A
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Fig. 8. Relationship between Cell Growth and

NGF-Synthesis/Secretion in Astrocytes®®

A: Growth curve of astrocytes. B:
Changes in the amount of NGF secreted/
dish/d. C: Changes in the amount of NGF
secreted/10° cells/d.  Astrocytes were cul-
tured at about 1X10* cells/35mm dish in 1
ml of DMEM containing 109% FCS. On
day 4 (indicated by arrow 1), the medium
of some of the dishes were replaced with 1
ml of DMEM containing 0.5%6 BSA and
the cells were cultured for an additional 5
days. On day 9 (indicated by arrow 2), the
confluent cultures which had formed were
dissociated with 0.2596 trypsin and recul-
tured at about 1X10* cells/dish. All CM
were collected and replaced with fresh
media every 24h. An aliquot of each CM
(100 1) collected was used in the EIA for
the measurement of its NGF contents. The
closed circles with solid lines indicate the
values in the CM with DMEM containing
10% FCS, while the open circles with
dashed lines indicate the values in the CM
with 0.5% BSA. Each point is the mean*
S.E. of three determinations.
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Cell number { x104/wall )

Mitotic index ( % )

[3H]-Thymidine incorporation ( x103 cpm )

NGF Secretion
{ pg/well/2 h)

1'0 20 3'0 4:0
Time (h)
Fig. 9. Changes in Cell Number, DNA Synthesis, Mitogenic Activity and the Amounts of
NGF Secreted after Refeeding of Quiescent Cell Cultures with FCS-Containing Medium®

Astrocytes were inoculated into 24-well plates and cultured in DMEM containing 10%
FCS for 3d. Then, the cells were cultured in FCS-free DMEM containing 0.5% BSA for
2 weeks with medium changes every 3d. The medium of the quiescent cells (7.1x<10*
cells/well) was then replaced with 0.5ml of DMEM containing 109 FCS, and this
medium was replaced with fresh at 2h before each collection time. After collection of the
CM at the indicated times, (A) 1ml of PBS was added, and the total cell number (®)
and percentage of cells in mitosis (O) were determined from ten arbitrarily selected fields
at 200 X magnification. Rates of DNA synthesis was estimated by measurement of the
incorporation of [*H]thymidine (0.2 #Ci/ml) into trichloroacetic acid-insoluble materials
per 2h (stippled areas). (B) Aliquots (100 1) of each CM were used in the EIA for
determination of NGF contents. Values are the mean of three determinations.

O A

FiE NGF OFEEANLT= 2 —a vOsMLcBES LT3 b0 E#EflT N 5.

FRBUN T, NGF FEAREE: 6O 7 X t ot A MR OEET 20 EEKRTH S, 7z, fiRE
SREASE S 2 & Z DM ORKIBHT 2 b v 4 b IEEE R U 5, DX BKOEER
12 ZEpEE T O NGF L~V DEFZRIE T 5 LiEE% 4 FFiH» S5 NGF o EFEBRE o0 16
B Ic RIS LIS EUEICE T 4 5.9 L L, EFEDOS0% BESV LNVICK 18
FR7-N 5. COBLIEERIORIGHET 2 o4 b OB EZIEF—H LTS, Inb
DOHIEIRT Z b oy A b DINFED b 2 I NGF A% L CiiEidobicBas LT
W5 ERMDEENE 12 & X12ld NGF ZEA L T a0 fRE LM EE IR L T
W3 ZEERBEL TS,

5. NGF &8 %R T 5{Leme

1) H53—7 IV  NGF RAH « RBMEMIE 0T ICHZHE NTF O—RETH
B2 E D, HEANTO NGF EERBREMEROMREMEDO 7 72 -7 I VEITEK
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Fig. 10. Effects of Catecholamine on NGF Synthesis/Secretion by Astrocytes®”

(A) Quiescent astrocytes (2.20.4X10° cells/well) and (B) exponentially growing
astrocytes (3.40.4X10° cells/well) were cultured with various concentrations of cate-
cholamine for 24h. The CM was collected and its NGF content was determined by EIA.
The values of epinephrine (®), norepinephrine (O), and dopamine () are expressed as
the mean=tS.E. of four determinations.

DEEIENTWBEZ EDBEZ Sz, FE S I3 E 4 NGF EEMBO S « /b4 §#4 21t
LY ARZT ZHEREZHR LD T8b5, H—H7 2 o4 b d 50 I3EHEIEmGE
%5 LIS 5 FCS #BrZ: LT BSA 2N A # LA OMBaRt & Uk, BHidiciat L &
5 & BLAEYERM—EREREEL R RS BRTICEA S 1/ NGF 8% EIA 2 TH
E LERNOBAD NGF B & K4 3 5B TH 5.

L-M#IfER 7 2 b o4 b EHOVTRI LR 73— 07 3 v IEHO Ch S o8
K1 NGF &A% U < AT 2 25 BUsia o Mifa < @3 s idld 3 < & 2350 - 72 (Fig.
10). B9 (ORI EOP TR T £ F V3 Y ¥ T T =X A L-M SEOBAI 32 <
IWE LB > bDDT R b a4 b O NGF &5 E 2—3 {E5EtEd 2 EF S 5 T & (Table
3), B DO NGFBIREATFI— V7 3 VOREBICKET 42 &, MIEANO NGF mRNA E0
ERBETT S L, BUOIEH ORI TORONE L, AFa—VEBD 4N
T VFNVED D LAY NGF AGEIREEHARO C L SO » LB 57,29 Th b
DFERD S, MRERICEAT BH T a—1T 3 VP2 ORMEYIE NGF OESE % FL L <
WBHREHDH 5 T &%, o D{LEYE BRS¢ NIEERN T NGF &2 L
EEIRAL O MM DFEREETE « BAENTTON S T ENREEN S,

J1 7 3 = VLB D NGF A GBIEEEH OBFIc oW TEE ST F L ) YEZBREEN
SHWWEHEL TWB. ™ —F, Mocchetti 5135 v D Ce 7' ) 4 —<HEERWESZRTIE
T RLFY URBEENT B ER, FBENRICHE 5> T cfos mRNA BFE SN B EHE L
TV5, FHEOSOBRLOEROFKE L CIERME & EEAEOBEVIC XS EBEZ LN
%.

AIEED T EL AT a—VEHIET R oA b PRHEIFMIE DO NGF &5%% 10 f5L01 L& it
L7z (Table 4), £/, 7054 Vv*F—¥ C(PKC) DT 7 54 N—=%—& LTHISN 3 pho-
rbol 13-butyrate (PMA) IC 550718035 IEESIRHEED S0 7ch, b D{bEY %R
Whnd %2 EHHEHRIC I D 10052 ESBOEESELR SN oA NGF
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Table 3. Effects of Various Neurotransmitters on the NGF Content in the Media of
Astrocytes and 1T-M Cells®”

Concentration Astrocytes L-M cells
Treatment
(mm) Fold increase in NGF content
None (Control) 1.00+0.13
Epinephrine 0.1 8.70+0.13 12.83%1.26
0.2 14.8 +0.74
Dopamine 0.1 6.04£0.56 13.91£0.81
0.2 13.3 £0.62
Norepinephrine 0.1 3.77+0.45 7.48+£0.24
0.2 2.77£0.68
Methacholine 0.1 2.7910.11 1.18£0.17
0.2 3.23+0.56 1.4310.10
Carbamylcholine 0.1 2.8010.64 1.20+0.03
0.2 3.21£0.13 1.38£0.05
Nicotinic acid 0.1 0.95+0.13 0.97+0.07
0.2 1.03+0.08 1.3310.02
Serotonin 0.1 1.13£0.08 1.17+0.10
0.2 1.0310.38 1.38+0.11
Histamine - 0.1 1.05%0.16 1.190.06
0.2 0.97+0.26 1.15+0.09
GABA 0.1 1.03+0.08 1.09+0.12
0.2 1.05+0.16 1.20+0.11
Glutamic acid 0.1 1.23£0.16 1.01£0.16
0.2 1.08£0.15 1.51£0.26

mRNA B &ZHHic 15 L7 (Fig. 11). F7z, cjun mRNA OFH /¥4 — v id NGF mRNA O
ZREEPL, FEIASFVVORIMCELOBERLTLES T ERS, Jun BEEDOHEES 7
52— VHEIC & 5 NGF &R IS LTV 3 A g, PKC FHEHID staurosporine
©K252a & 2 DVERANET 5 2 &5 5 PKC & NGF OAARGHENICBEb » TW5E T L2
Hlant. & 51T, cAMP-{EFEME protein kinase JHEH|IE PC-12 57 # V23 Y YIZKDFE
XN B EREREOMEEAHEST 2 &M EL 7%

PLED & B 5 3 — ALEC NGF SIS EIRSED Shicicd, ZOEMEEDO LV
W ) =R p-nA FuF ) VEELAYIC LT HBE Lz, ZORR, LYy -
2 2D S BHBEALNE L - 1208, p-A Fox/ VEPBIEIOp-+/ VHICEE
WRIESIERS B B T &5 - 727 (Fig. 12).

2) MBEREEEF TR FovA b OWEARIE T 5 PDGF, bFGF, TGF-8, TNF 75 &
1484\, EGF, IGF-1, TGF-a 12 355\ MEEIEH D & % T &% TGF-8 & EGF 2itfFs & % L
|IC/EA LIRINB RO EH R EENRERT CEBRD SN ol tid
NGF S DS EZR I EBEEAE L TVWB T EARBLTVE, MESRIZINS
ORIBIRLE R T-H5 NGF AR L B L T 5 2 (3 Blk S 2FRETH 5.

3) YA MAAY  AORERERIINIMEREIANELT 2 L OREEEHMEEZ 50T
X7 UL URliR & aEREBHAIEELD > TV B I EBHOPICE - TS, FE
5® FH A P HAVICKkBTRAMad A FDNGF SGHRENREFHN, 1 vy —o4Fv
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Table 4. Effects of Catecholamines and Catecholamine Analogues on the NGF
Content in the Medium of L-M Cells®®

Structure” Fold increase in
Treatment
R, R, R, R, R NGF content
None (control) 1.00£0.07
I-Epinephrine OH OH OH H CH; 12.83+1.26
I-Norepinephrine OH OH OH H H 7.48+0.24
Dopamine OH OH H H H 13.91+0.81
L-DOPA OH OH H COOH H 8.9470.20
Epinine OH OH H H CH; 13.86£1.06
[-Isoproterenol OH OH OH H CH(CHs): 8.2311.68
dl-Synephrine OH H OH H CH; 1.09+0.15
dI-Octopamine OH H OH H H 1.21+0.14
Tyramine OH H H H H 1.26+0.03
I-Tyrosine OH H H COOH H 1.10+0.04
I-Phenylephrine H OH OH H CH, 1.20£0.02
dl-Metanephrine OH OCH; OH H CH; 1.160.10
dl-Normetanephrine OH OCH; OH H H 1.08+0.09
3-Methoxytyramine OH OCH; H H H 1.00£0.09
dl-3-Methoxytyrosine OH OCH; H COCH H 0.90t0.14
Salbutamol OH OH,OH OH H C(CHa); 1.16+0.03
Pyrocatechol 3.13%£0.71

Cells were cultured with the indicated drugs for 24h. The concentration of all drugs was 0.1 mm. The
NGEF content is expressed as a -fold increase over that in the absence of drugs.

) R2 CIH—-CIH-—NlH
Ri Rs Rs Rs

Homocatechol
+

PMA Homocatechol PMA
| 1r 1
0ﬁ12 3 4'2 4 68112242 4 6 8101224 cC

-~ NGFrRNA

Fig. 11. Time Course of the Effects of Homocatechol and/for PMA on NGF mRNA Levels
in Mouse Astrocytes®™

Cells were incubated for the indicated times (in hours) with 107%M PMA, 107*m
homocatechol, or both drugs. Total cellular RNA was prepared and assayed for NGF
mRNA; 10ug of it was used for each assay. Total cellular RNA (0.1 xg) from mouse
submaxillary gland was also analyzed in lane c.

(IL-1), IL-2, IL-3, IL-4, IL-5, IL-6, TNF-a IC{@ RN RDOH B &, 1 ¥ ¥ —7 = 1o~ (INF)B,
P I3 ABANEWER O H % T &2 B OH L 722719 (Fig. 13), INSEEEZ T 5 L O
A M AL VHBMNICEES NS, £, BESOANED? SHIERERTFSHEELTT 2 ho
#+4 MO NGF &M EE 5 2 EBHAIE NS, CTNREARFERIGDO 1 2EFEL 50, 0
B Ic X D R BESTTONE LD EEZLNSE. LB L—HTRINFE,yREDYA M H A

NII-Electronic Library Service



298

Vol. 116 (1996)

8.0

o
[
Y

g
o

Fold increase in NGF content
P S
<>

A, 7 R

0.0

0
H:COJQ,CHs —e— QO
H:CO
0
i o)
H:CO CH> —o— Q2
H:CO N
h ]
0 .
H:CO CHs ---#4--- idebenone
7 HsCO OH
0
--a-—- Q10

0.00 0.05 0.10 0.15
Concentration (mM)

CHs

? “-8 H:CO CHs
0.20 i
H>CO (CH:~-CH=C~-CHa)H
o}

Fig. 12. Effects of 2,3-Dimethoxy-5-methyl-1,4-benzoquinone Derivatives on the NGF
Content in Medium Conditioned by Mouse Astrocytes’”

After a 24-h incubation with various concentrations of coenzyme QO (®), coenzyme Q2
(O), idebenone (&), and ubiquinone 50 or coenzyme Q10 (A), medium was collected.
The NGF content in the medium was determined by EIA and expressed as fold increase
over that in the absence of a given drug. Each point is the mean=£S.E. of our deter-

minations.

IFN-a
150 |

"TNA

NGF content (% control)

IFN-8

IFN-r

50 -
i i i i 1 1 ) 1 1 1 - 1 1 1 1 1 1
0 12.2 48.8 195 781 3125 0 12.248.8 195 781 3125 0 12.248.8 195 781 3125
Concentration (U/ml)
Fig. 13. Effects of IFN-a(A), B(B), and 7(C) on NGF Synthesis/Secretion by Growing

Mouse Astrocytes'®?

After a 24-h incubation with various concentrations of each IFN, the medium was
collected, and the NGF content was determined by EIA and expressed as percentage of
decrease over that in the absence of each sample (128 +17.7 pg/well/d).

YT A b uY A b OMEGENE AN U NGF OBFEEAZNH T I2BELELELTVWE D&

Ebn s,

4 Zof HRIEE ST FRILE TR OREER D pyrroquinolylquinone (PQQ) %
TOPA, F# 7 MEEOPEIEHE I\ NGF AEIEES R DS 5 (Fig. 14) T &7 OIEHEEA X
MlEfEIC X DRSS (Fig. 15) T EEHVWHLTWES, $7, =aF vy 0RHEKICHHERED

RSB % 5,

ZaF TR aF VBICEROB VW E, E5lc=aF VTl NGF

IZ & BRI O EFHERE 2 S D AEHDH 5 T EA2ED TN S, 1™
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0.00 010 020 030 040 050 S B et xcid
Concentration (mM) £ 400 1
=Y
coon B N
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PQQ TOPA Thioctic acid ©
Fig. 14. Effects of Coenzymes on NGF Con- =
tent in Medium Conditioned by Mouse Astro- %’n
cytes!®? ' &
<2
Astrocytes were cultured with various 2
concentrations of compounds tested (0.4 ml)
in 24-well plated for 24h. The NGF con-
tent in the medium was determined by EIA Time (hr)
and expressed as fold increase over that in i i .
the absence of the drug. Each value is the Fig. 15. Time Course of NGF Content in
mean-+S.D. of three determinations. Medium Conditioned of Mouse Astrocytes

(A), WS-1 Cells (B), and BALBc/3T3 Cells
(C), Each Treated with 0.5mmM PQQ, TOPA,

INF TIEES IFEL LAY NGF 4 or Lipoic Acid'®
BB ESN RSB H B EEAHE L TVWBED, Cells were cultured with each test sample
B o FEMAERERMERKEE IS W T IR b ijzhcs (0.4ml) in 24-well plates, and the NGF

‘ o R content was determined by EIA system at
BIREZEB TV, » the indicated times. Each point is the mean
6. NGF oML NI +8.D. of three determinations.

M D NGF L~ via NGFESWE I XD
BRI S TV, T OMBEARRT 3 72 HEE 59 (3 1983 4F two-site £ 1< & 2 NGF ©
EIA %AW L1z, TOFEZEH VT Korsching 5199 (35 » b REEREL KT I1C NGF 2S77E
LTOVWBIEEHLMT LA, REITK > THIMPICEET 5 NGF B EHICHIE LB
Do 72,1001 2 = TEE L FMFID NGF LR UVERHET AR BEC > WTKRE L., §
Bbb, MFDarv7 0787 ) YHSNGF SEA L THERZMEET 2 b0 EEL SN
B, £FTNGF L arvs v a7 v EDOEAICOWTHYMEREIT - /2. NGF (16ng) &
ar<7 a7 a7y v (0.5mg) RS (B 1:3X10Y, KB LB VABLRER, B
KD NGF OEERIZ 508 LITTHote. L LB 757 va i 7=Y % IMiC
85 &S INA 37°C, 5B LE L 2 RIAES 5 &S TEERO 7 5 2 » 2 viiic NGF 58
SNz (Fig. 16), TDOIELIINGF B a,-w7ar7uo7 ) v EEAREERLENTEHE
BiciRlian 355, HAATIE NGF A EIA Rick D HlES NG, 77 =Y vEEIic X vl
BT A ENGF ELTHIESNAZ EEZRBLTVWS, ZOZEEHELDEZIZHF v b
MM Y7 = 9 v ZMASKE L v A Lz, = Of55R, NGF 34 F81318 20000 Fi
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BicH—DE—7 & LTRSS,

Z DRIFEZR% W TINE NGF L~ & K é 1500} g;%’@qg?gf&g? <~
M o Ttk & OBARAE TN (Fig. 17). £D 2 bbby )
B, NGF L~ EHEER,SSHBE  § DT e
€y LT3 BN E CHREAERT a4l 3 | ) = treated win |
%%’C@Z%‘*,ﬁﬂ@ LRV ER ST & 5 i@ﬁ%/ﬁ @ ; guanidine-HCI
Wo<l D ERBRUETVAKIBEEY—7EL g
TUBRIKT ¢ 2 EBcHER L. 9ERE E— 5 j
7 &F BEOME EREEEMRE Qlc NGF B T
ZRMA% b H NGF o & b BEGEfili s 5 5 g |
EMHFS N TV B B O BEFEO HERE & B ¢ i -
LTWABDhbHENE W, v b DA, 16,8 0™—30 20 80 60 70 80

Tube number

BAE THERESS 3R SN o 128, RS v
b T 172088 TEEE R L, R/, HHER]
BHEERLD 34 EEEEZRT L0 -
7o, T OBALBIRFIC DO A NS RV E
V1T & % NGF & ABGHET#EE O GFAELZ R L

Fig. 16. NGF Level of Each Fraction Obtain-
ed by Gel Filtration of a Mixture of Human
a, Macroglobulin and Mouse NGF on a Bio-
Gel P-100 Column!!®

Sixteen nanograms of mouse NGF and

TW5,

Ty oA < —RIERERZDMp L NI
SWTbAEEHOTRET L. Z0fER, 1M
i NGF, NT-3 L~V i3 AEIZEA L
BE@EHoNLEr -7 Lb L, BEEEDD
15 SHREECTER & &0 FHmIc T~ 5 LED
b 5.

7. 7IbYNnA 7 —EERE (Alzheimer’s
Disease) & NGF

NGF 3% 5 v F ORiNEEF DO 2 ) AF
F IO B « BEEHERR IC W HD R ER
FTHBHIER, AT v F T Y AAFEE

0.5mg of human @, macroglobulin were
mixed, incubated at 37°C for 24h, then
applied to a Bio-Gel P-100 column (1.0X
56.0cm) equilibrated beforchand with
Buffer A, and eluted with the same buffer.
Fractions of 0.6 ml each were collected at a
flow rate of 3.1ml/h. After gel filtration,
each fraction was treated with 10mM 2-
mercaptoethanol at room temperature for 5
h (O), or with 1M guanidine hydrochloride
at 37°C for 5h (A), or left untreated (O)
and then subjected to EIA. Column cali-
bration was performed with blue dextran
(V,), ovalbumin (45000), chymotrypsinogen
(25000), cytochrome ¢ (12500), and glucose
(V1) as molecular weight markers.

AR O ZE MR EWER O & 5 R FTh 5

TEMHISNTWVWAS, i, EFHEMETNLIZT v OO DKEEAHET 21FHDOSH
% T &M D NGF PiRIc K 0 FEHEFEESE T T 2 B o MIcEN TV S, E51T,
Olson!'™® |37 Wy A 2 —fREFDINERNIC< ¥ X NGF OEHERSICX D, KNOM/NNLE
DIMFEEIPYERBH OREE & SIERS—FEET 2 EE2HMELTWAS, £/, TXAY
H e 7 u ) N THIMES N 7oREMER RS T Tuszynski 513 NGF 2EAT 5 K9 IGHE
(EFBRAE AT - 2B VA~DOBREIC X - T AD BE I INMIEOHEEN T TE 12
ZERH D SHEH Lo REMIRICE L TEEAR TV NGF 2 EA S 2HilaE#HE L, AD
EELEICHESKIELTWA S LVOMRICEET 5 & 1 47 BRBEMENS AD BE5TRS
N A MR DEE AR K T0% BHIETE LI EEHEL TV S, TS5 DRAARE
NGF 75 AD fE DG L 15 0 5 A0[ReME AR L T35, L& L, Butcher 59 |3 ADJKT
AR R AR S > TH D, NGF 2 D & D BHEE RS T IR EER
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Fig. 17. Developmental Time Course of NGF
Levels in Sera of Male and Female Rats"'®

Each point indicates the mean of tripli-
cate assays. Each horizontal line in the
figure indicates the mean value. Each
horizontal dotted line indicates the standard

deviation.
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COMT : catechol-O-methyltransferase

MAQG : monoamine oxidase

NE : norepinephrine

TyH : tyrosine hydroxylase
DBH : dopamine #-bydroxylase
BPH: : biopterin

Fig. 18. Hypothesis of Regulatory Mechanism of NGF Synthesis in Brain
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Fig. 19. Effect of TMQ on Nerve Growth Factor Content in Basal Forebrain-lesioned (A)
and Intact (B) Rats!®
Nerve growth Factor was measured by EIA after 21d of successive administration of
the drug. Each column shows the mean®S.E. First columns: sham, 2nd columns:
vehicle, 3rd columns: TMQ (5mg/kg), 4th columns: TMQ (10mg/kg), Sth columns: TMQ
(20 mg/kg). $p<0.05 vs. sham, #p<0.05, #p<0.01 vs. vehicle (Tukey’s test).
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Fig. 20. Effects of TMQ on Choline Acetyltransferase Activity in Basal Forebrain-lesioned
(A) and Intact (B) Rats'?

Choline acetyltransferase activity was measured after 21d of successive administration
of the drug. Each column shows the mean®S.E. First columns: sham, 2nd columns:
vehicle, 3rd columns: TMQ (5mg/kg), 4th columns: TMQ (10mg/kg), Sth columns: TMQ
(20 mg/kg). $p<0.05, ¥p<0.01 vs. sham, #p<0.05, ¥p<0.01 vs. vehicle (Tukey’s test).

BEEZZONDETNITEEREAN L TO NGFEEERELEZL N B, FEHOIENGF £
DbDAERET BZHETIEE L, MMKREF%2EE L, KA NGF EAMOA GREEZ (it
X2 &S BESTIEMERBIEE L TIMATO NGFREEZERSEHZEENLT, 7
F ) VARKBEARE L T F V) L EED, TOEE, HEMaTEET 5
(Fig. 18) T &Itk D, TN OEBOREEOHEREZIT> TV 5.

BECEZSLIET Aot A bDONGFASKERET 2/LEYWOHD 15 6-(4-hydroxy-
butyl)-2,3,5-trimethyl-1,4-benzoquinone (TMQ) Z HifMAEETEEZ » MIZ 20 H R 5.4
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% T LICK DINA D NGF & (Fig. 19) K7 € F v a ) v AREEEE (Fig. 20) A3 B4
BT ERT S ERTHEHEOERTEY « STEOWENA SN BEERAE TV S, 19120
BbhUIC

FOLNGF 7 7 3 ) — T8 9 % NTF ©AETEMAER IS [ 29 L B 228K E LT ik &
TSSO TRIBEINTWA, &/ NGF DA DWW AW A IS IR E R T 1o M R ke
TERD S5 L HHOPITIED D05 %, A1k NGF 42 & D MR RN T ORI 2 51
MR L, L DREIIHISIFERED 1 D& 3 bDEEbh s, T, ThoOEREN LM
REROBEFICE D  ZERHRIE P OB B OREE SR SN 240 & BT 2 DR ANSE
RRIBDODTRKEVWEEZ TG,

MR ADRRSAR S, RS ORI, BXEOT I Tk b0 TH Y
R L B RS, R f, ADRREEEDER L BRI, SOASIENN, AR
REEDAMEFROBER, K¥BE, PAHKPLE  OREE, B oM HE 0flET
ROBMTHD 9. R DBARNEHRZ 23 OFHXIRERBF S ETOREL T LT
BAOBERLET. S5, ARKIRCHE, EEEE R CHEHEH S OMEIEIC L b
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