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Effects of Cathepsin K on spatial learning and memory in rats
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[ ABSTRACT] Objective: To investigate the effects of Cathepsin K(CatK) on spatial learning and memory in rat hippocampus and
its mechanisms. Methods: Twenty male SD rats were randomly divided into Control group and CatK inhibitor group( CatK Il group) ,
which were microinjected with Cathepsin K specific inhibitor(0.5 pg/pl) and artificial cerebrospinal fluid in hippocampal DG area re-
spectively with 5 days. The cultured hippocampal neuron cells were divided into control group ( CON group) , negative control group
(NC group) , siRNA interference group(siCatK group). Three re-wells were set for each group, and samples were collected 18 ~20 h
after siRNA transfection. Morris water maze was used to evaluate spatial learning and memory function of rats. Meanwhile, dynamic
changes of glutamate (Glu) content in extracellular fluid of DG region during learning and memory were observed by microdialysis and
high performance liquid chromatography in conscious rats. Western blot was used to detect CatK-mediated Notchl activation and other
signal molecules. Results: Animal experiments showed that compared with the control group, the spatial learning and memory ability
were decreased significantly in CatKII group, and the hippocampus protein expressions of c-Notchl, p-Akt, p-CREB and BDNF were
also decreased significantly ( P<0.05) ; the levels of Glu in DG area of control group and CatK II group were increased significantly with
Morris water maze training days, but the increase of CatK IT group was significantly weaker than that of control group(P< 0.05). The
results of cell experiment showed that the expressions of CatK, c-Notchl, p-CREB and BDNF in siCatK group were significantly lower
than other groups (P<0.05). Conclusion; CatK can affect the spatial learning and memory function of rats by activating Notchl and
its memory related signal protein in hippocampus.
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Gene ID; 29175 Sense(5°-37)

Antisense(5°-3")

RNAL1: CatK-Rat-205
RNA2: CatK-Rat-335
RNA3: CatK-Rat-446
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Fig. 1 Effects of CatK on the spatial learning and memory a-
bilities in rats
a; The escape latency in place navigation trial of MWM
test(x+s, n=10); b: Representative swimming traces in
spatial probe trial of MWM test
“P<0.05 vs control group
Tab. 2 The number of platform crossing and the swimming
speed in spatial probe trial of MWM test (x+s, n =
10)

The number of

The swimming  Total swimming

Group  platform crossing i

(times/120 5) speed(em/s) distance ( cm)
Control 8.33+1.37 28.12+2.56 3142.82+150.21
CatKII 3.33+1.03™ 30.78+2.74 3152.50+258.71

“P<0.01 vs control group
2.2 Catk X85 DG K Glu EE8&0m

AW AERER MWM SE 56 25 30 A I
PRI RIS DG X 4TI AMNE A Glu & i, 54
PIIFIA MWM S2IGHTRY Glu & LAl E ly 100% |, it
BHARINGE N &R LE, 4558 278, Control
H Glu & FEREE M (2. 0420. 25) pg/ul, CatKIT £
H(2.02+0.19) pg/wl, B4R JCH i 22 % (P>
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Tab. 3 Effects of CatKII on Glu levels in the hippocampal DG during MWM test( % , x+s, n=10)

Group 1d 2d

3d 4d 5d

168.10+43.30 205.80+35. 60
134.20+38. 30 159.90+31. 10

Control
CatKII

274.60+41.50
181.50+38.20

354.30+39.10 283.40+52.30
201.30+29.70" 144.60+41.40"

"P<0.05 vs control group
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mE 2 F2 4 fias, 5 Control 414 H, CatKII £ c-
Notchl BYZRIAIEE T (P<0.01) ;Notchl fFATT
WELA,

Control CatK1I
GAPDIT A

Fig. 2 Representative bands of Notchl, c-Notchl, GAPDH
expression in rat hippocampus
Tab. 4 Western blot analyses for Notchl, c-Notchl expres-

sions in hippocampus(x£s, n=5)

Notchl protein level ~ c-Notchl protein level

G
roup (Notchl/GAPDH)  (¢e-Notchl/GAPDH)

Control 0.49+0. 05 0.39+0. 04

CatKII 0.46+0. 06 0.15+0.02 "

c-Notchl : cleaved Notchl
“P<0.01 vs control group

2.4 % Catk X EHEHXESEARIENHIT
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PCRED - ——
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Fig. 3 Representative bands of p-Akt, Akt, p-CREB, CREB,
BDNF, GAPDH expression in rat hippocampus

Tab. 5 Western blot analyses for p-Akt, Akt, p-CREB, CREB, BDNF expressions in hippocampus(x+s, n=5)

p-Akt protein level Akt protein level

p-CREB protein level

CREB protein level BDNF protein level

G
Toup (p-Akt/GAPDH) ( Akt/GAPDH) (p-CREB/GAPDH)  (CREB/GAPDH) (BDNF/GAPDH)

Control 0.840.05 0.29+0.02 0.500.05 0.590.05 0.79+0.04

CatKII 0.31x0.04 ™ 0.300. 02 0.26+0.02* 0.560.08 0.64+0.08"

CREB: cAMP response element-binding proteins; BDNF'; Brain-derived neurotrophic factor

"P<0.05, "P<0.01 vs control group
2.5 Catk #NESMETTHA Notchl HIFEER
HETHEARNRIE

I FH/N T3 RNA (siRNA-CatK ) 410 il ¥ T pft 22
T M CatK 3231k, 431 c-Notchl |, Notchl | p-CREB

F1 BDNF %5{5 S5 AW FRIBEN , 455388, 5 NC
ZHF CON 41 #H kb, siCatK 41 c-Notchl , p-CREB
BDNF Rk N (K 4,3 6),
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Tab. 6 Western blot analyses for CatK, c-Notchl, Notchl, p-CREB and BDNF expressions in neurons(x+s, n=3)

CatK protein level
Group

c-Notchl protein level Notchl protein level

p-CREB protein level BDNF protein level

(CatK/GAPDH)  (c-Notchl/GAPDH)  (Notchl/GAPDH)  (p-CREB/GAPDH) ( BDNF/GAPDH)
CON 0.77+0.06 0.44£0. 02 0.830.01 0.81+0.05 0.59+0. 03
NC 0.78+0. 06" 0.40£0. 04" 0.79+0.05 0.78+0. 05" 0.6120.05"
siCatK 0.33+0.02" 0.3120.03 0.78+0.06 0.62+0.04 ™ 0.5320.03

CON: Control; NC: Negative control

*P<0.01 vs CON; *P<0.05,"P<0.01 vs siCatK
CON NC siCatK

cak TR e oo

c-Notchl

S— . o |0KDa
o

Notchl —A— S a— |20 kDa

D-CREB  +—— s— s 43 kDa

BDNF A S e 14 kDa

GAPDH e i — 7 | D2

Fig. 4 Representative bands of CatK, c-Notchl, Notchl, p-
CREB, BDNF, GAPDH expression in primary hippocam-

pal neurons
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