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Cdk4/cyclin D1 &% 57525 C & Niemann-Pic f&

INBRFREE

IEN OKFL %K B I 4

N2

T

(Eh R KR FERFEZRRFER LR, HiK 430030)

®E A Balb/c nih npe-1/s RAER At %, & 595 40 L340 5 A o 95 EP i X R AR K cdkd/
cyclin D1/Rb2 i@ 3449 38& 5Av 2 AAPZ L E G ) TR BAPZAXMNGMEX L, KT CH
Niemann-Pick 7 (NPC)# B HARAY 2 40 RA R AGHLE] . EI £, cdkd/cyclin D1 2% SAER
ARk 2R P FERE, £ T#E-F Rb2/p130 2T B BB A £ LK R
F . EAE A R KBS e BTN T KB el G R R RRAA BTG T ERSZT—
AL ERBRAAYELEZE, €5 cdkd 90 H AR T BA FHEMH—8 ., T cdkd/cyclin DI/Rb2
BHEYESRE NPCAHE AR Z SRR, FENELEOOFFTHBRILKZ T, ZEHRT
4 F AP Z AT MG — AN e S R IR AT G2 T,

KA

C %! Niemann-Pick Ji(NPC) & —Figtf& 1. 3
i P AR N G BRTAR MR, A& oo AR PR
TETR FEBEBEME R K2, NPC B3 il H I ph &
JiR 21 4fE 45 45 Fo K B 1 s BE A BROIR #2558 (axonal
spheroids, AS)ZH 2845 P i 9% FERFME ). balb/c
nih npc-1 /) ERARTY(FRTFR npe 7N ) A —FF B AR R R
AR R, HORE R KRR IS A2 NPC o4 A
L, WA M E T Bz MR . &
TRTIAC 28 UF 58 T 40 & 38 8 7 % SRR AL AE npe
/N AS HAYSCBEPESE T, IR cdk5/p25 iB RS
npe /) B AHE T E SE R H A tau, MPELEE
(neurofilament, NF) X% #X & [ 2(microtubule-
associated protein, MAP2) 7 H R 1L )& ) R4S,
H T 7 2 I B4 A R 9388 (cell division kinases,
cdks) eSS 5 T iR a3 E A BRRIGIRE, mH
IATERT cdks K T PEFIHIF roscovitine f& I % H 58
W FRE 2L A R BERRALDY, WO H A
cdks 41 cdk4 KR EVELB AT eSS T IX—HBAE
. ARG T npe /DT cdk4 557
FRILNF J AS JERZ A KRR o

1 #MR5E7RE
L1 ##

1.1.1  npc-1 & M3 E Jackson Laboratory 4

MU, MLy, PR KR R A, BORMHAHR, Purkinje 412

SEH)—%F 24 %Y Balb/c nih npc-1 /) il (npe* ) HF iR
HA RS 21 KRFH PCR #HARBATRERAE E . ¥
npc-1 /MR (npe HIE NI G, R EF A B4/
(npc ™ ERX . EENRER DB 4. 5. 64
7. 8. 10, 12 .

1.1.2 D RABEARRG S &5 KA ¥R A COo,
FRIEE . Wraiabst, RIEEH AR, KRV A
LIPS, AN -80 CLRIFVEEDIN S ot
H. ZMEN 4% £ R T /PBS W+ —Rja, H
AEEEIE . RAtEERAUVI AP 6 pm KA
VI A #E47 e i H A 2 A 9T .

1.1.3  #Ak  cdk4(/D R IgG1 #¥H0). cyclin D1(Z»
W IgG1 $.350) B iR 7 B R A AL N R £ 40 o 988 2
(retinoblastoma protein, Rb)HIHiI#A Rb2/p130(HR% 7E
% $114K) M Santa Cruz Biotechnologies Inc 478, T
EIRFER 1 ng/ml. RAIBERRI S 7 FREMAEZLEH
(H-NF)HJ .51 SMI31 M Sternberger Monoclonals Inc I
T, TAEMREEH1:2000, Streptavidin-conjugated
Cy-3(£fh, 1 500 F4%)F Alexa Fluor 488 (4%,
1 1500 #%) 4> 5 B Amersham Biosciences &
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Molecular Probes(Eugene). DAB(diaminobenzidine) /2
DAPI(4,6-diamino-2-phenyliodole, TAEWJE 1 ug/ml)
M Sigma A @]

1.2 A&

1.2.1 AR BBACT B A LA HAk
BAETE I IRAT AT W 7 ik e,

122 L FBA FH3%E#: 3| Nikon ./ 8% [¥) Spot
7 FAEYIREUE o JR 4G #E 28 Adobe Photoshop
BIY). bRiE, XA A S REATEME AR B
123 £HEPPE ¥ -80 CLRAFHIMILIZ FI SR
WA R 5 7 BB RE IR AF . EHEAT Western ENIZE 4
MTRUARUR . S B2 ) ELAR A BRAR AR FRAT T LA AT R 77
%@, %fcdk4. cyclin D1 & Rb2/p130 (143 #7, &
F i LAE R4 100 pg, SMI31 4 10 pg.

1.2.4  ZHEMNEHH G2 EN L (1) 384 58 6 Ak 2
(enhanced chemiluminescence, ECL)M F BRI
i % B NIH B & pri il e HB R ME. S5
M1 K F Microsoft Excel #14 t 15 .

2 #R
2.1 cdk4 % cyclin D1 £ npc™ /pRERERFRIE £
AH L E T RIBHETRIR 0L 5 R

B 5INE B W& cdk4 7€ npe /MR T FE
T SR /INIG A BR P AS P 7% R (R 1C 7 ik
Br, BT R KM ER AR, XS A S 40
¥, THEAEKE 1C /MEE). tsh, 75/
IR R 5r TR W IE A R B 2 1R G 10 B vk 4
My, AR e oS Az 1A, §3k),
T Purkinje 4 Bl AN AFAE . TE B A A% R0 K i B2 i
W, ATRKEME TR EREEACRRE
7R)e TE 4 K npe /N BRI B 35T P B A W 5% 2
2 cdk4 BRI AS, 5RZH/DREIAME RGE
R EEAHF] . Cdk4 FAMERI AS 7E 6 A npe” /M
K2R A AR M2 (B 1D), 1ME) 10 B
FEAM B 5t A A 8¢ B BTE /Y cdk4 FHPER) AS (B
13). cdk4 fEEFAERUNRIRIEN LR, XK
i 157 2 e B AT AZ B 308 43 4o 22 TG AT P99 1) 4 e e N (1
1D 7R fiitF) . 76/, Purkinje 20 MU (R B 55 4%, W
WA AR RS A (B 1B, Hisk). FEBFAERY
INERAR B cdk4 PHME IR IR .

T cdk4 HITEMEZ cyclin D1 Y EMERET, &
fI1XF eyclin D1 RIAWIHAT T, 15 cdk4 75 npc™””
HIFIEE AR, cyclin D1 {XfE7E T AS (A& 1E,

W), MEMLTTHRARKREE1G, Fkr—
A TCHARIN KX cdk4), M HABKEE S cdk4
L AS PR REESE BB 16, MaErA),
RRTHENEERR. ERAR/NRES, LT
KW cyclin D1 £is(E 1F), ALY cdk4 HA7(&
1H, Bi&EHA).
2.2 cdk4/cyclin D1 @S5 npe’ NRHEHZTT
BIRRE TR

T EEBFRRIL NF 4 AS I EE 2 —45, i
T cdk4 FHPE AS KER 3 43 AT A npe ™ /I BRUHS 15T
W, BATERTHIFFR ORI AS K& SMI31 BHE AS th
FEGMEA IR TR AN, SBATHEN
cdkd/cyclin D1 [ ¢ 2 51875 NF FIBfR{L. 15 cdk4
FEM 5T AS I AR (BT 2A, IERERE M) =
FEABL, SMI31 HudkthAf L IA cdk4 FEYE AS [R5 5%
R (B 2C, wHEEm), HERF TS —HMTE
MRS A (K 2B, @A F). SMI31BHM: AS 55 cdk4/
cyclin D1 {734 B2 L —8k. SR e K
B TR 43 44 48 TG I B R R A A edkd FOEETE 4
AR % SMI31 #fE R NECRER). 1E
RPN, cdk4 N MHAETTIRERIL (K
2B), SMI31 ff KEMIMAELT4E B (K 2D), H
EHFARGFTFHE—AREX (K 2F, BEMA).

RbEAESHAMRAMATHEERN FZ—,
Rb2/p130 A HKIEM FE A, 52 cdk4/cyclin D1
S cde2/cyclin B1 I BERRAL ST, pRb2/p130 HLik
5 M RS BEER AL Rb2/p130, JLAE npe /)N BRI &5
HEUKE AS 8 8 5% REWE 2G I i), H
AS Wl BIARE (A 2 I 2 B (B 2G /M Bl . X4t
pRb2/p130 Atk AS M F B ALER T HIKMHE
MR KRB A . E AL R A
pRb2/p130 4eft. pRb2/p130 FBHME S [ S AE npe ™
/N ER 43 AR 5 cdk4/cyclin D1 #4234 K BUH A
MR AERNR, HoarfmllseaARmE, UED>EH
EmesEa(E 2H, ).
2.3 Npc™’ /)ERINER cdk4/cyclin D1 BEF LR
Rb2/p130 FIHZ L EH R EHERIL.

H T EF LR Z LR ER R, BAT
M ERGUARAT T HRIZENEDHT. cdkd HUIRBT IS
f) 34 kDa 557l 4 cdk4 o> T8, SEAERUNRAAL,
HABAE npe /U R 2~3 5L LB s (A 3,
P<0.01, n=8). [Aff, cyclin D1 7E npc’ /N
EE S BN 50% UL E(E 3, P<0.05, n=8). %
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E1 cdk4/cyclin D1 7E npc™ /NRBRKER B F E Tk
8 FEl& H npe ~ /NEU(A, C, E, G)s 6 & 10 BEl# npc’ /NR(TAIANT K T), LK 8JH
WIAER(B, D, F, H)/MNRABY A RRALMFELREA. A By T XTI A cdkd
B (DAB 264, FFfA)F hematoxylin EH (K E). C~H A HRZE=(EIRid(cy-3 4
4 cdk4, Alexa-488 525 cyclin D1, DAPI B A4MHI%). BORMEE: A~H

L wwEox,

I~J 8510 X o ZEnpc~ /MR, cdkd FUAF RN T (BRIEERE. v

Gl BRI MR KR ER B RA RS B AS RERR(C, RifFEMAR: 1, X
,:'j_;..,; fEBR) . NEELRERSY FEARTZANAREREARELRSH, FEESHH

SEEE BE(A, #ik), Purkinje MR R . BFAE RN RUBGHRANE S ML T(D, IR

) % Purkinje Z0HI(B, /PMFER, FBEEEG, RERKREMSEH. 76 A npe’ MRRER TH cdkd4 MR HLEAE,
SR K 2 BREVE 7% BRI, #D), 7€ 10 F#S npe - DNEURANEBRH B I T HIER AS &84T, #irt, #k). Cyclin D1
fEnpe™ /NEUIE AS ARERE, EMETHREARERE, W), 75 cdkd £ AS WILTF(G, MEMA). GHFkER
AT cdkd Ris. /MEER cdkd/cyclin D1 E—E K AS AESES. i cyclin D1 EEF AR/ R L RA R

IL(F, H, Ritf).

F BN s R AL = RRAH —2L,  cdkd/cyclin D1
SELE npe /N R BB 7 R AR .

Rb /& cdk4/cyclin D1 4, HEFRLFEER
RTIZHEE AV EYEEREE . pRb2/p130 Hi
IR K SRR 1L Rb2/p130, H &AW REHHE R
FEFARUNF (B 3, pRb2, P<0.05, n=8). SMI31
PUATRGIH 220 kDa 547 AR BER 1L H-NF, HEE
fEnpc /AR BE 2 FU LR E(EA,

SMI31, P<0.01, n=8). Wr5i4: R FEHIBEER1L Rb2/
p130 % H-NF 7E npc ™/~ /] FiU i 5 th 7 o R 4R .

G ENE B 1 EAE R cdkS #ATARHEAL(B
3B), WASELER(P>0.1),

3 ifig
1A S B 5% 40 FUAIE SE cdk4/cyclin D1 & &I 5 40 A
W KB, EEEMS TR WERNERER
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B2 Cdk4BIRFFESASHERK
8 El# npe (A, C, E, G)KBFAEI(B, D, F, Hy/MR AR HPLERE. Hidk: cdkd A6, SMI3L HAE, MR AER.
DAB B NG, MMHMIZN hematoxylin HR(HEE). BMAMGH: Y5 40 X. A B8 cdk4 7E npe/ i TCEREIEM G ) AS 157
WRE, MAEERNEAFAAE RS LT EREEGB). BB NF SMI31 HifkfE npe DMRKFRE AS HREEHEC H
FEREREM), 5 cdk4 FATE AS A5ES ~B(E, BAEE). EFER/NEME, SMI31UEREMST4EC D ~EEEEM, A
R 5HARIEN cdkd FAEF, MAEB). pRb2/p130 HiihfE npe ~ PRBIEFAN KE AS BEEE(G &M, /NMEER— pRb2/
pl30 FHYE AS &/, ANEMMZ. MR, ZHESUEBF A 89/ 5 o 70 40 B 1) 30 2 0 LA R 59 8 B (|, P ) &

FRIOI, AR SRIR T cdk4 B H 5 NPC & 0B
WEART KRN LRIFRLER, NAREREY
A2 W 7 LSS T edkd/cyclin D1 i 5%k 5 AS &
RN B E MR AL NF 76 AS BEM X R, HERT
cdk4/cyclin D1 @ E#ETERG NG S 2T HKY Rb2 1)
it FE R ER AL .

Npc /NRIEHAERBEEER, A4 HEL
LB KA EGINLS, £ 11~12 AEAE#E
RIMETIFET . ASHIF 57 B 2 WL R 1) B e 1) A5k BRAS
48, BIE8/R" T cdkd/cyclin D1 7E npc /) UK &6
M S H REM AS Uk, HI 5% Y LK AL

BERECKTER, X5/ M EEHIBEAERED
BIER R BAEY) G U2, 7E npe /N RO R Bz i 42
TG, cdk4 7040 M S MRz i FE 4k fH R L eyclin D1
Rk, HEPAER/NR LS I REFEAAELL,
PRX—WEE AT R F B A N RIERBER . i
SRR B A FTUE B NPC #14 J0aE T2 My F I8 it
FRB AR AZ I, TR A A 2 i A P i
FETCILTHINLE], (HEFFIR AEIE S NPC #H£4 JT Ak
TRBETECY., AT T NPC HE K npe”’
/INERGZH 4R TUNEL #R1c & caspase-3 4l 34k 2#hRic
WAR R IA JE T HIUEYE CR o), Wi tH NPC #i4e
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(A) Immunoblotting
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B3 ®REENERLGITHHR
(A) Npc KB AR (npe++) /) BUINA £ K (IR M4 SDS-PAGE /3 & JG ## % nitrocellulose B8, $RJ&G AT RALENL 5347 & ECL .
LR RM -, cdk4 Kcyclin D1 FEE npe /- DMEUNSEE S TEAR/NR. R, BEE1LRb2/p130 & SMI31 H7 K BERR
£ H-NF 7€ npc / MRERBK 2 FLL MR HAFK LR BB cdks FRIITIRAEN . (B) BB RN & W14 )5 22 NIH 417

BT R ¢ K346 . Cdk4. cyclin DI,

pRb/p130 K SMI31 7E npc ™ /MRBFHH S B L E & TE AR/ (P<0.05, n=8), Ifi Cdk5

AHAPHTREEENER(P>0.1, n=8). HUIRRERERFHTIRENIME.

TCAET AT RE R — PRI IS T, RIRF AR ] B
el FHRR AU, HALHITT Re S 2 Fh 4 A
EAMSERHRLAE K. BATSUEH T cdk5/p25
J cdc2/cyclin B1 7 NPC B3 E A R H BRI R
YRR, (R IR P9 & & M I R e 58 2 TH Bk
npe /NELUI A2 g B R R AE AR A IE WAL, R
HIEFERMHEIS S . FiEERES LR
2 uE N4 A A T B B B & n AR uee,
G,/S #A K BEPER cdk A cdk4/cyclin D1 K FiFE
KT Rb KR (EHE Rb2/p107 K Rb2/p130)™, #k
A B AR NPC 2 M 28 T . [R] i 223 cdk4 i
BEIbrE. SRRUIE AS WA ZME T
cdk4/cyclin D1 &5 Rb2/p130 377, BEnTHAEA
RN ERIEEEER . KEFFRKRHEMZLITH Rb &
I 5 L 2 0 R T B b Y — AN R 10 200,
BRAHE P A (IR YR A A] #E 48 1) cdk4/cyclin D1/
Rb i 2% 5 B0 M JE LRI A AE, (B N BER) 2
BATE A AEAT I 2 20 A TR

Cdk4/cyclin D1 J2& 15 it H R L NF iR WAR
1B, WERIL NF & cdk4/cyclin D1 7F npc™ /)N B &6
AS W& R, RERMPMEKREEL T REE
1k cdk4/cyclin D1 g1 2 Fh 4 o 45 74 J D Re B2 E it
SH MR NAE A, HEAXRGRHT—

BT BRI P E R AR D R AL T ik
HAKAE, FREAEIREST, NFAJREARZ cdk4
R -

7€ npc /N /MK Purkinje 40 MU Mo AR R R IRE
cdk4/cyclin D1/Rb ()57 Rk, WAL ERER
Y NF. 70, EM38ENNER AS §RKENF
WRLE, M H cdkd BAYER EM: 45 F 8 HELTE /M B2
iy F2, RFX—EREMETHRT TR ERE
YEF . 7F Purkinje 4 UL A7 1) 4~6 A& npe” /N,
AN SRR B S B2 AE, B a R
¥ Purkinje 4 I+ 4 58 K A% 5SA%) i AR AT RS T4
fAkm AR 02, X EEE PR R T BRATH Bk, B
NPC #£ 0 AT RERC IR TP ik, HmENLH
AREEEERE NN WS TR E AR
R HE B (RIEBRRIL) . AN cdks MR H G
WAERT M BB A e R AL T AR Pt B SC B
YER . npc /N EUAY/MiB Purkinje 40 s 2 — AN EH
BEMEAMKEAR, WKW ERE RIS cdks
(B35 cdkd)iEME G Xt R AS TR B/ AT A2
KM, DL ERAERT cdkd/cyclin D1 #0E FIALH]
Mes5H A REREAREBRRALZ KRR,

FTLA, cdk4/cyclin D1/Rb2 %% {2 5 NPC
M TTAEMSRE, 5% ME 4 E A NF i e



440 R

@Pc‘ﬁ%{tﬂ#{ﬂf, Eﬁﬁjﬁg{@ﬁéﬁ\{gEB@%%T [8] Katayama K et al. Anticancer Res, 2003, 23: 235

o . . v — 9] Park DS et al. J Cell Biol, 1998, 143: 457
i & ] a1y A LA o l
L SR B NPC 22 ) pi e 7 [10] McShea A ef al. Am J Pathol, 1997, 150: 1933

[11] Tsujioka Y et al. Dement Geriatr Cogn Disord, 1999, 10: 192
[12]) Ong WY et al. Exp Brain Res, 2001, 141: 218

S E 3R (References) [13] LiuY et al. Hum Mol Genet, 2000, 9: 1087
[1]  Vanier MT et al. Brain Pathol, 1998, 8: 163 [14] Camargo F et al. Life Sci, 2001, 70: 131
[2] Elleder M et al. Acta Neuropathol (Berl), 1985, 66: 325 [15] Erickson RP et al. J Neurosci Res, 2002, 68: 738
[31 Loftus SK et al. Science, 1997, 277: 232 [16] Vincent] et al. J Neurosci, 1997, 17: 3588
[4] Bu B et al. J Neurosci, 2002, 22: 6515 17] McShea A et al. Med Hypotheses, 1999, 52: 525
[5]1 Zhang M et al. Am J Pathol, 2004, 165: 843 [18] Husseman JW et al. Neurobiol Aging, 2000, 21: 815
[6] Bu B et al. Neurobiol Dis, 2002, 11: 285 [19] Hou ST et al. J Biol Chem, 2002, 277: 48764
[7]1 Johnson DG. Oncogene, 1995, 11: 1685 [20] Liu DX et al. Cell Tissue Res, 2001, 305: 217

Activation of Cdk4/cyclin D1 Pathway Participates in the Neuronal
Degeneration of Murine Niemann-Pick Disease Type C

Bi-Tao Bu*, Xue-Zhen Wang, Yu-Hong Zhang, Min Zhang, Wei Wang
(Department of Neurology, Tongji Hospital, Tongji Medical College, Huazhong University of
Science and Technology, Wuhan 430030, China )

Abstract To investigate pathogenesis of pathological axonal spheroids in Niemann-Pick disease type C
(NPC), a murine model of NPC, the Balb/c nih npc-1 mouse strain, has been studied using immunohistochemical
and immunoblot techniques, to explore activation of cdk4/cyclin D1/Rb2 pathway and its association with
neurodegeneration and hyperphosphorylated neurofilament. Expressions of cdk4 and cyclin D1 were prominent in
the abnormally expanded axonal spheroids, distributed in the white matter of the brainstem, basal ganglia, cerebellum
and cerebrum of npc”~ mice aged 4 to 12 weeks. The initial accumulation of cdk4 and cyclin D1 was found to be in
the brainstem at the age of 4 weeks, and than to slowly involve the other regions of the white matter with advance
of age. Rb2/p130, a member of retinoblastoma protein (Rb) family, was observed to be abnormally hyperphospho-
rylated and enriched in the axonal spheroids as well. The distribution of phosphorylated neurofilament, detected by
SMI31 monoclonal antibody, was in a perfect colocalization with cdk4 immunoreactivity in time and space. The up-
regulation of cdk4/cyclin D1/Rb2 was further substantiated by immunoblotting analyses, to be increased by up to 2-
folds (P<0.05, ¢ test). In conclusion, abnormal activation of cdk4/cyclin D1 is closely associated with formation of
the axonal spheroids in the murine model of Niemann-Pick disease type C, and with abnormal phosphorylation of
neurofilament as well. The pathway could be a target for intervention to save the degenerating neurons in NPC.

Key words neurodegeneration; neurofilament; retinoblastoma protein (Rb); axonal spheroid; Purkinje cell
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