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protease 73 HFAXMREN CTRIE I N TE 2. ZORENZR S DX kallikrein 7 7 IV —IZ@
9% KLK8/mneuropsin & KLK6/protease M/neurosin/zyme T 5. neuropsin [ X5 D
AR B S ISR B L, M R E M A R 7 2 Uik 2 2 &L TS o> 7 XA
PEICBE A LTS, Eo, PHRMROBERIIIA Y I7 0 Rt MIREB L, Ix
Vo BRI BEDOGRICEFEG LTS EEZBND. protease M (34 Y 25 Fa¥A k
ICEEICRILL, FIOMBEROKRESERSND. ZAbDTrT 7 —BREDAf vt
B = I L0 ISR I IR S T L b D e EZXBNRD.
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serine protease |Z{EMEH.ONTE Y VIR EL A AT 2B A MRS T, LSO MR EEE R I
HERIEHEEZ L TCWAZ EIEFE 2 72720, #fH plasminogen activator (tPA)ILIfL
W @ plasminogen Z {5 AL L T fibrin 0f# %2 3 D8RR & L TE S EH BTN A D,
XA NS & B e BB D G TV 4. tPA mRNA [3/MK 7L o =i fa 2 B 1
FEHLZ L, IOt o SEICCIIIRS $EASHI O — 2 BT D, HLII*J@TW VEEIIZ D72 D
BAEMEIC AT 2 2 EBME I TV AH32 89, Fo| FABMT R FE B & AR A
DOWFAERLIRM B ICEBEREE 2R L TND 2 LR HIL TN 520, :&EEDEJ BhkleoT
T2 DD tPA O HHXAREEN TR rTEEME S KL O RSHIRRSEIZ B3 28 7= 72 AL T 5. tPA
AR MEZE (L R015, 16, 2D T ORMIHE IR 10 WIZHE R L5 2 L TWDL Z &R0 e
INTWD. IREANE LT ERREEICH T 5 LEIR E GRS DA BERIZ—ED /K
— U EERT D ET, ERBMICHAREDWLEIZLY, ZONRX—UPNET D2 &R
HHNTEY, IREREMEEILEVS. ZLTtPA /v 77U h~ U AOHERHIZH
PHMRER THDL A =V Baih L CHMBRMMIEN A U2 &G S 73D, Zi
i tPA 23IEME L L 72 plasmin (6 L < 1% plasmin (2 X 0 {EM L & 4172 matrix
metalloproteinase &) NHIIAILE TH 5 laminin 20 fE 25 Z &2 L0 fIRASEN A U T
WD ZENIRSRIE I TS, Z ORISR 2 (B4 5 K & L CHiiast serine
protease NEHERIZOHZXEZ L TWVWAZ EIFHALNLTHS.

UTAE, AR RIC B W T b #7272 serine protease 43 F M A E &, 21 52 kallikrein
BT ERERT77 IV —ZFBELTWDZ ENRHLNE RS-, Kallikrein (370K
kininogen 7> & bradykinin 7 & @ kinin Z )Y {9 serine protease T % . kallikrein {3
By FRREDN R 4 I kallikrein &A% kallikrein 23& % 723, #H##% kallikrein (ZFA{EL
L 7- serine proteases NHAXKMIENIZHHILL TWAZ ENRPH BN E -T2, KFETIEZ
NHIZOWNWTELET D,

Kallikrein 7 7 X U —serine proteases & FHXMHEER TORIL

b Ak kallikrein B8 A5 IR RIMEAS SV 3 Fl D5 T T db 5 KLK1 (Ff% kallikrein)
KLK2, KLK3 (FiSZfpfrRHtE, PSA) 23MEkn b TW Iz, TRbIZmATe b,
7 v FB IO~ T AHEKDHT 7272 serine protease @ cDNA 7 10— =2 7 O E RN,
SHIZ, e T AT ey POBITIZE D fHfE kallikrein BAZ 71X 1 58D serine
protease 7 7 X U —&MEk L, T DO OBEIZGEAARD 19919.3-q13.4 124 > T AT
FIFT5Z ERPBMNER-T-. TGO MRk kallikrein 7 7 X U —BIn O EN
RE Sy b e A 7IZEVIEIC KLK1-KLK15 &3 bz (HL, KLK2 & KLK15 i
[ E DFEFE D Z DNATIE /) 6 (Fig. 1).

kallikrein 7 7 X Y —serine protease D Tt F, ¥~ 2 H L IET v F DM T mRNA
H LITEHEORBENHE SN TWDH HOid KLK6, KLKS8, KLK9, KLK10, KLK11,



KLK12, KLK14 T&h %. Z ®H T neuropsin/ KLK8 & protease M,/ KLK6 | % H X% %
CEEICHIL, ZnbITkT 2REREMIT B ATV D,

Neuropsin DN HL & HERE

neuropsin |~ 7 AME L U cDNA N HEfX 4172, in situ hybridization T mRNA 5L
5D EMEE . RUEIMAEZ, TPRREZ BTSRRI ORI JRIE L Tz, R ICR W
1&uk(m3@%m%m’@ﬁ%ﬁﬁﬁgh\@%E@%ﬁ%@%ﬁ%@ﬁf::—
TIERBED L2 (Fig. 2). 72, £ OR BT activity-dependent T&H 25 Z & M
%@T\@%%p&w@%ﬁﬁg(uuh)f%ﬁ#é:kﬁ&DnﬁNA%ﬁﬁ3—12
RO D AERBEBUR TN b7z, WITRPHRICHE B LRV E SRR A 5- 2 T
FONAEERTS (F2 RY L Y) ZLICEVIEBECOAERRE FE42R79. 8
U o ZIEESHIEIZ L i‘[ﬁﬁ@%‘?@%iﬁ ENCHHE 7R RIS 2 4 U &1 5 —FEO g n] o
H7RZELTH D, Flo, BHEIFRBEDIFZEAERL LNV, HoTHIEFIEKL LD
FEHLL DAL %ﬂiﬁb‘ﬂilﬂ%’%ﬂiﬁﬁﬁ I N TH X R 72 L0 FB 723 BLHE R
RO HT222, X2 R > J~ neuropsin PMEEERIIZES G- L TW AN ERGTT H729D12
MEWNIZHL neuropsin HilAK 5-21T7-7-L 2 A, o KU 7 OEITHAEIZHH S 7=
20, ZOZ LR, WEEIICODETHMANO neuropsin AR ATEMICES G- L, EHE R
Fb& 22 LTVDIERBERX LN, IHIT, FRE AT IR 724 T b 5 R
FRICKIT 5 neuropsin OG- ZMET L7z, RHIEMAZFZ KT 27 2 X AR E1T O BRI~
WX@@EX FA AU 2 ) b neuropsin 595 EHEREYEROTLENAE
U7 (Fig. 3). 2P0 neuropsin HiiAf 5217 5 & RHIHEEN A REICIHE S h7z12. 2 b

DI E‘E/ﬁ;ﬁf@gﬁ 2% neuropsin WHEEREHIZ R L TWDH T ENRBIND.

Neuropsin OEERIEMEE /) v 7 77 h~ T X

neuropsin IO % < @ serine protease & [FEEIZHIAIMZ I NA T T T —ETh
HDT, WEEOMANE A neuropsin DFEE L7320 5 50 E 9 ERET LTz, Z0OkE
IR fibronectin2D-CH RSN 1 L1 2 b LWIE TH S Z Lo Lo 72 (Fig. 4).

ZAuzxt L, N-CAMX° laminin Z BIWr4 21EMITIE & A L. Z ORRIZIERAY 22 /st
KO UIWr I Aa R L oOEEHEEZ 2L I, S OITITMBEEL2ZLIETnbH B %
HiLh. T, neuropsin / v 7 T U hv U RAE{ER L CHMEEOMELZ MFT L. £
DFERE, /v 7T U b~ ATITNEE CA1 OV F T AOEN AR~ 7 AL bignZ b
Bbomoiz., BT, /v I TV MY TATEY T T ANAERLRN S VT R &M
L TR W HOREREE N 2 < BIER & 729, 21 X U neuropsin 23 Ml b B ol a2 5 K
FOUMNZ LY T T AR EME L TWDbDLELLND.

Neuropsin OJpfE T TOHEEE



neuropsin X FAXAEER DIFREIZB W TR B > T2EN H 5 . TR R 2157
HEEERELIIEERY A TTFT Rt A MIEFZRBEN RO D K 512758 30
(Fig. 5). AV IFF v FatA MII =Y UK T 5 Z & 225, neuropsin [ZI =Y
DE—2F—=N_—=H LIEIZY U RTEOGRIZEAG L TWAD RN S D, EEE
\Z neuropsin / 7 7 U b U AOPHMBROIM AT o CI =V VOB EBETHE, 2
D)y 7T TR TATEITY VEMRIENRROND CRERT —4).

t FNOFEBIZEBW TS neuropsin DR G-ZRIBTHT — X NdH 5. TV A ~v—JHE
H O TORE & 72 kallikrein #E{s+ mRNA OR B % /7~ & Z 5. neuropsin/KLK8
mRNA OHRT VYN v —JFIZTHRIO EFANA N2, 72720 Zpymik & B
LTWDD0, b LIITEMEDRER THLIDEZNNLREREL TN REMETHSD.

KLK6 o Hfifie T OFEHE

Bin1 KLK6 iZt bk Tl protease M D, neurosin 35, zyme 130 3 DDA MR 78 S 4L,
Z v FTMSP 29 <7 AT BSSP 19 mBSP 170D 2 SO L9 K ) ITkkA 7emb i S
NTND. WTFROHIZEWTHMICB T 2HIEAN KB ERE T, 7y FE~x T XA TOMES

TEAY 7 Fudo MIREBR L3 (Fig. 6). 7 v b~ T ADRER T TOE[L
FHIRRERIEEOMRE AT TR Y . Mas S TlE gelatin, laminin, fibronectin %
X< UIWr94 52 19, F£ 72, myelin basic protein (MBP) & myelin ohgodendrocyte
glycoprotein MOG) 72 ED IV > ¥ X7 BT 2 YIWHEMED GRS BT 529,
PERY 72 FEs 138 LUV 2Y neuropsin [ ARFLEIRIME FOMERWVEETH D, E 612, T v b
IR W TR DFNE CORBEESMFTI SN TN D, BEBEEMRER TH LV A
=R TORRREEL I = U T 5 B CRERE TH 5 L RMEMAVIE DB
EFT/MCBNT, FW72 KLK6 mRNA EEAE ORI LFP Ao 29, BURRNZ &
2. ZORRARIFNIE T CORBLIMAIZA Y 7> Rad o M iz, MCEMLTW
L THISS~ 7 07 7 =V R EOREROMIEE 2O v T 7 —EBE2 R T 5.

IR 5 % Do kallikrein i~ 17 7 — ¥

KLK10 1Zt MM L% o Tfif, RIMEED =2 —1m &7 2 hat A ho—lc b
FERCSBEMES B B 47 & U D SR & 529, KLK11 1X b R 23U Tt RT-PCR /N i1 36)
in situ hybridization THEE HEAMIIDIZHE R A bz, ~ 7 AU TOIEELIL northern
blot (Z XV AAE LY HIERBICZ W EHEINL TS 19, KLK9, KLK12, KLK14 (2B
LCH RT-PCR I £ 5 mRNA ORHAHE S TOB DK T, ZOFMIC2N TR Z AN
DO RO TH D,

HEELA e H—
N5 ® kallikrein BT 7 —FOREICE L CIZEERBETIZH A, Zin
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LOMFNEZET LHDONRLN. WTFiLbfilas 7 e s 7 —8Th o0 T, AEITMEND
BEHETHLHZ EnEZOND. £7 . HESHSHEE L L TiE, KLK8rneuropsin X
KLK6/protease M/neurosin/zyme ® X 5 (ZAlfas SEE MBS R+ 23 T bivd. £70,
fh D AEBEME R A OISMELIR & LTV T D Rl b B 2 s, Bz, KLK15
ILEICRINV R TRELT 57077 —E Th 575, KLK3/PSA @ prosequence # B3~ 5%
MALIR T & LU CRE ST 529, KLK1/kallikrein 7% kininogen 7> & kinin ~®J{E ML
FTHDHEND G, o kallikrein B 7' 1 77— 73 zymogen 72 & DA/ A+ DIEM
LR+ TH DR D 2B LS.

EHEDMHERITA b B X —IC X DIEEOHIE AR CTo 5. KLK8/mneuropsin D1
EEX =L LT 2Oo0EAEANBFESNTEY, iR TOTrT 7T —BLf B X —
DT AP BREOHE TCHEHETH L2 LEZXLND W, 1996 FIZFE S
neuroserpin (% tPA O A & B X —{EMEDNH 53, £ DOERNFIEMEEFIEDIRK TH 5
ZENAHEINEREN TS 9. tPA, KLKS8/neuropsin, KLK6 TH 515 L 9 (2
N7 a7 T —BIIABA BB B T CORREL N R BR - TNDH L IR 5.
Wex IRRU T TR S TEHEIIER L, R ofeA e BEX —IC X Dl 2% T
D DI MR TOMISNEE P OKA 2R FOBEEZHBF L T 2 ENnTnnb E
TETHEIRSTHEEILNS.
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Serine proteases exert a variety of functions under physiological and pathological
conditions. Tissue plasminogen activator (tPA) is expressed widely in the central
nervous system (CNS) and play important roles in development, synaptic plasticity and
neuronal cell death. In addition to this protease, recent studies have revealed the
existence of new serine proteases in the CNS. In particular, two members of the
kallikrein gene family, KLK8/neuropsin and KLKG6/protease M/neurosin/zyme are
expressed abundantly in the CNS. Neuropsin is expressed by the neurons of the
hippocampal subfields CA1 and CA3 and shown to cleave extracellular proteins such as
fibronectin and L1. This protease plays essential roles in synaptic plasticity such as
long-term potentiation (LTP) and kindling. Application of recombinant neuropsin
significantly promoted LTP induction and anti-neuropsin antibody reduced potentiation.
Intraventricular administration of anti-neuropsin antibody ameliorated kindling epilepsy.
Neuropsin-knockout mice (neuropsin-KO) had significantly smaller number of synapses
in the CAL subfield of the hippocampus. These data suggest that neuropsin plays an
important role in synapse formation through modifying extracellular environments.
After injury to the CNS, neuropsin is expressed in oligodendrocytes around the lesion.
Myelins in the severed optic nerve of neuropsin-KO were more preserved than those of
wild-type mice, suggesting that neuropsin after injury is involved in myelin degradation.
Another Kkallikrein  member, protease M is constitutively expressed in the
oligodendrocytes. Insult to the CNS increases protease M expression not only in the
oligodendrocytes but also in the inflammatory cells such as macrophages. These
proteases in balance with inhibitors are implicated in the modulation of the extracellular
environment.

Key words: serine protease, tissue plasminogen activator (tPA). kallikrein, neuropsin,
protease M
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Fig. 1
Human kallikrein gene locus. Arrows indicate the direction of transcription. Trivial
names are shown in arrows.

Fig. 2

Expression of neuropsin mRNA in the mouse brain. The mRNA is expressed
specifically by the neurons in the hippocampus and the lateral nucleus of the amygdala
(LA). Scale bar: 1 mm.

Fig. 3

Cleavage of fibronectin by neuropsin. A: Fibronectin was incubated with neuropsin for
the time shown above the lanes and SDS polyacrylamide gel electrophoresis and
western blotting were performed. The blotted membrane was probed with
anti-fibronectin antibody. B: Putative cleavage sites of fibronectin is indicated by the
arrows.

Fig. 4

The effect of neuropsin on long-term potentiation (LTP). Tetanus stimulation was
applied at the time shown by the arrow to hippocampal slices, and recombinant
neuropsin was given for the period shown by the bar.

Fig. 5

The expression of neuropsin mRNA 3 days after severing to the fimbria that has input
and output fibers of the hippocampus. The lesion was anterior to the section. Neuropsin
MRNA was induced in the fimbria on the operated side, whereas the expression in the
neurons did not alter. Scale bar: 1 mm

Fig. 6

The expression of protease M mRNA in the cerebellum and lower brain stem. A: The
expression is observed in the white matter (cw) of the cerebellum (CB) and fiber tracts
such as trigeminal spinal tract (sp5) in the medulla. B and C Colocalization of protease
M and PLP mRNAs shown by 5 um consecutive frontal sections of the pyramidal tract
in the medulla. Section B was hybridized with a protease M probe, while the adjacent
section, C, was hybridized with a PLP probe. Arrows indicate cells positive for both
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protease M/neurosin  PLP. Arrowheads show cells PLP-positive and protease
M/neurosin-negative. Asterisks, blood vessels at the corresponding site. Scale bars: 1
mm (A), 200 um (B,C).
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