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Tissue kallikrein is expressed in many species and is widely distributed throughout the body, including the brain. In
general, this protease is well known to release the vasoactive peptide, kinin, from kininogen. We report here that kal-
likrein has a prominent growth-stimulating effect on neural stem cells prepared from the brains of prenatal rats. This
growth-stimulating effect was suppressed by antiserum against rat tissue kallikrein. Since bradykinin B,-receptor an-
tagonist, Hoel40, did not suppress the growth-stimulating effect, kallikrein-mediated kinin release does not appear to be
involved in this effect. Thus, our data suggest a new physiological function of kallikrein, the growth of neural stem cells.
Such involvement would suggest that kallikrein is not only potentially involved in an important function of brain de-
velopment, but also available for studies on regenerative medicine for neurons.
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1. SEERENYY hERA et (BEA) KDEA
U7z Wistar REEIR T v b2 Wz,

2. hy7L4> RIICEHFSNRE L=
HEYTTy MRDOKE LMY 7 L1 > (rat
urinary kallikrein, LN RUK) ZHW/=. BEEE
%13 prolyl-phenylalanyl-arginine-4-methylcoumaryl-
7-amide (Pro-Phe-Arg-MCA) (Peptide Institute,
Inc., Japan) ZHWTHU Z LA > OEHRICEST
W #f 3 % 7-amino-4-methylcoumarin (AMC) O 3
g &2 BE L, #% RUK O HIEM 22.1 AU/
mg? /5 RUK BZ2HH L7 (1AUIE, 30°C, pH
8.0 T 1 4312 1 umol @ Pro-Phe-Arg-MCA 7% 7K fi§
JTOMRE).

3. $iRUK 7H#¥mF
DY ZE RNz,

4. MERBRMEROFAN RO RE I
Tang 5 D HiE & —HW AL Tiro 7. 9720
5, T—FI)VREL7ZER1THEHDO S v b X OIB
fFaHi0 H URKNE O RS T THREAZ HO H

L, Dulbecco’s modified Eagle’s medium: Nutrient
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mixture F-12 Ham %#%E#K (DMEM/F12) (Sigma-
Aldrich Co., USA) HIT/NNAY—)LEXy KT 10
FEEXy T 7352 8iIck0fifazniisd
. ZOMagE®RE VA N A F— (70 um)
(BD Biosciences Discovery Labowares, USA) TA
WL7ZDB, A% 500xg T 5oL nEET S
ZEITXRDMfEZEREI L=, MO 1EY% =065
7-Hifa % 5 ml @ 20 ng/ml basic fibroblast growth
factor (bFGF) (PeproTech EC, Ltd., UK), 20 ng/ml
epidermal growth factor (EGF) (Sigma-Aldrich Co.,
USA), N-2 supplement (Invitrogen Co., USA) %<&
¢ DMEM/F12 ¥ %R IC KB S &, RilER & T
neurosphere Z Bk X &5 Z &12 & D MRt &
57z

5. )7L A4 IC& DR sminEiEfEErER
Neurosphere Z 500xg T 1 3 BHE O EEL, L&
ZBELZOB, 100U/ml papain, 0.8 mM EDTA
BN 7 AHESRRA R Z N A 30°C T 20 7
A2 FaXR—=hFL7% 500xg T 1M=L 0EET 5
ZEITKD EEZEBREAELZDS, 200 U/ml DNasel
(Worthington Biochemical Co., USA) %% & DMEM
/F12 85383 1 ml 2N A, /NAY—)LEXy KT 10
BIERYy T 27952 ik OfifgzEs S S/,
500xg, 1 /DR LTl ZSREO DS, 20
ng/ml bFGF, 20 ng/ml EGF, N-2 supplement % 3 &}
DMEM/FI12 B 3 R I FF R L, 8 X 10° cells/ well
KRAEDICRVYP>—F3=2>a—bL7Y 9%
KT L — MW, 24 R, B53%WIC RUK %
IR 10, 50, 100ng/ml 2725 XD ICHRMLU T
Bk . HEROZLHIL 3 H:IZ RUK D5
F&IEEE A 10, 50, 100 ng/ml 12725 & 5 IC RUK 2R
U 7=88KZEH W T 2. A OHENE X
Cell Counting Kit-8 (Wako Pure Chemical Indus-
tries, Ltd., Japan) ZHWTITo7%. £z, H5H
C®, RUK &R (10ug/ml) ZZE&EFEOH RUK
UHFIMEE 30C TS, >Fax—rLAEBDE
RUK DK EEA 100 ng/ml 12725 XD IZHML
THRRICER LUz, £/, Wl E LU TRBRITHR
U7=PiiiE 2R L CTRRIZEZ L2, Jlligic &
D RUK OF = VEEHEESNHES N TNWS 2 &
i, REELTIy o) =7 2 ANWT, fEE
ENBHF=2E Ty bTFEMIHEICEIODHET 5
EITKOERL 7=

6. WNXBBHEBEE HIATv—L—ITH
N=T I 2%HE, RIVP>—F3=2>a— ML
PR %17 > /=. Neurosphere 7» 5 DMEM/F12 23§
CHBEETIE 4 OHEHO HIETHT 2205,
22X 10%cells/cm? I272 5 K D ICHifd 2k =, K&
L7z, TH#, IN—=TI3ZXZWOML, ¥iEIZEK
DMifdORtaziTok. I8bs, 77 CEE
%, —XPURELTO0.5ug/mlIZFHML /2 anti-pIII
tubulin mouse IgG (Promega Co., USA), anti-nestin
mouse IgG (Chemicon International Inc., USA) %%
PUA, IS H 758 anti-glial fibrillary acidic
protein (GFAP) rabbit IgG (Dako, Denmark), —
KHifkE LT 1ug/ml @ Alexa Fluor 488 goat anti-
rabbit IgG (Invitrogen Co., USA), Alexa Fluor 594
goat anti-mouse IgG (Invitrogen Co., USA) 7% W
THILOREZTT > /. BRAIZI3 4,6-diamidino-
2-phenylindole (DAPI) 7% W /=,

] R

1. RSO RLREEEEE A0
ZECHRB L 2Ty 1Rt e M A A 13 BT nestin $1
KM TH O (Fig. 1 (A)), Pl GFAP, #i Bl
tubulin §ifk CIXaETH >/~ (Fig. 1(B)) Z &,
5270 7 HiE, MR ORAE MO ThRnHD
EEZONS.

2. RUK O#RepifiintgiE(e£FA RUK &
LI 10 ng/ml B | T RUK 3 & (& 77 112 1Rt g
ARG D BHE 7R A FEEHE YRR H 4, 100 ng/ml Tl
11 HHTHHIED 2.6 50 #EEMNED 5Nz (Fig.
2). ZOH T LA ORISR R O
HBMEZMET 572012, BO3EOERT v Ry
SRR IS U 7= i e id & F D TRAKIR 100
ng/ml @ RUK TH;#% 7 HH Ofla i & thig L 7=
ZORER, WTNOMREBMEZEHWTS RUKIC
X2 3155 fFOHEERMEMEENRD 5N
(Table 1). ZDHY VLA > OHEFEEEERIZ,
PLRUK U FMmiEIC XMk ENE (Fig. 3). %
7z, T @ RUK 1T & 2 1 i i e S 5 e 1 U,
RUK EFFFICF 2 By /KT > T AR TH
% D-arginyl- [Hyp3, Thi’, D-Tic’, Oic8-bradykinin
(Hoel40, Peptide Institute, Inc., Japan) % Gk
1uM IZ72 5 KO BEEWICIHRIIML THEEL 255,
Hifl S N7s/no 7= (data not shown).
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Fig. 1. Immunocytochemical Analysis of Rat Neural Stem Cell Preparations
A: Immunocytochemistry for nestin (red), B: Immunocytochemistry for GFAP (green) and BIII tubulin (red). Nuclei were stained with DAPI (blue) .
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Fig. 2. Growth-stimulating Effect of Kallikrein on the Rat Neural Stem Cells

Each point and the vertical bars are the mean and S. E., respectively ( n=3).

Table 1. The Reproducibility of the Growth-stimulating
Effect of Kallikrein on Rat Neural Stem Cells

Amounts of cells (Agyso/ml)

Pregnant Ratio
rat no. _RUK +RUK +RUK/—RUK
1 0.068+0.012 0.298£0.052 4.4
2 0.129+0.043 0.405+0.038 3.1
3 0.048+0.010 0.262+0.056 5.5

Neural stem cells obtained from three different pregnant rats were cul-
tured in the presence or absence of RUK. Seven days after the first addition
of RUK (100 ng/ml at the final concentration) to the cell culture medium,
the number of cells were counted using Cell Counting Kit-8. Values are the
mean+S.E. (n=3).

1 =

F72 % 4 DO RS (Fig. 2, Table 1)
EZHWT, Wb EHER RUK OBEFHIEEER N
ROLNI EMNS, BU T LA R AE
JHIEHEIER 2B T 5 2 EDHLNITR S . D
FEMEEER A T = X L OIS RHTH % 2,
Hoeld0 IZ K D ZORENIF S NIzho> T &
5, AT LA > OREREERICIE, F2 Gk
BEEL TWianwso &EEbnhs, £/, $iRUK
TYFMIET, T Ol i s fe HE E AN 2k
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Fig. 3 Suppression of the Growth-stimulating Effect of Kallikrein by Antiserum against Rat Kallikrein
Each point and the vertical bars are the mean and S.E., respectively (n=3).

LizZlds, REOQODP—BMBTHIZ LA > ERER
FEE YGRS & 3 % BEH O BEFE K 13 31 % A8 [H ¥
D & % hepatocyte growth factor activator 7=V} T &
Sl M, ol EA T, A
WU 7 LA EERITIRIET 50 LR WARA
OHRTFOEHATIERLS, UV LA HHICKDHE
BEH, XX, BV 7 LA ORRERT, £z, M
REHEE LoF = ) =7 DA ORBEITERL &
fEREEZASND. B AT & MDY 5 7500
INFEZEZSNDMEBOMBIEN Y 7 L1 20
BLTWAZEN NS> TBO, DV SOHFAL)T
vt A THIELZIER T v Mo gsErEr Y 7 LA
CPEEEY 47.1+£1.7 ng/ml, ' 6.1+£2.1 ng/ml'Y TH
L5EDOH|END D, £z, BERGEREETHEL
Ty MR A 7 LA > ER&IE, 03—
1.0ng/g MiEBY LWOMMETHS. LoL,

NI RNZT OEL THIIE L 72 & & Of# D15
OUEMTHO, BT LA ERTIE 7 FIIX
TF RESEA L, D EARITHY U LA 35
WE NIV BETHDHZ ENG, EAKRNTIL auto-
crine WIZHATCZDREXDITEZNITEWRET
FEHLES b DEEAZONS. L5 T, K%
TR R AR R SRR SN2 U J LA R
EIABENRETTHAIERLESRETHD, &

U7 LA 2RO BEE R RARERERE I 8D > T
BT ENRKEND. —77, MiREEIIRE, R
fEtMiETE, BARBRMASICHEEZMETH S
N, AMFETHREESNA) 7 LA > OFERIZAER
PREEBZE S 13RI OBIEN S, fiigEsle 2R & <
RS 272D DL L TORBEENIIFHTE 5.
AWFZEE, FRERLKE OB RERIESHTHE L TTT
b
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