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[ Abstract] Objective To investigate the distribution of histone deacetylase 2 ( HDAC2) in the hippocampus of
adult C57BL/6 mice and the co-localizations of HDAC2 and PSD components, such as N-methyl-D-aspartate ( NMDA )
receptor 1 (NR1) and PSD-95, and provide morphological evidence for inherent relationship between postsynaptic density
(PSD) components in synapses and HDAC2 in nucleus. Methods The morphology and distribution of HDAC2 positive
neurons in the hippocampus were observed by immunohistochemistry. The hippocampal distributions of NR1 and PSD-95,

as well as co-location with HDAC2 were detected using double immunofluorescence staining. Results HDAC2
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immunoreactivity was mainly observed in hippocampal CA1-CA3 pyramidal cells and dentate gyrus granule cells. The

scattered positive cells were accidentally present in the oriens layer, radiate layer and lacunosum-moleculare layer of CAl-

CA3 and molecular layer and polymorphic layer of dentate gyrus. The distributions of NR1 and PSD-95 positive neurons are

similar to that of HDAC2 positive neurons in the hippocampus. The co-location analysis showed that almost all HDAC2

immunoreactive neurons observed in pyramidal cells of CA1-CA3 and granule cells of dentate gyrus. Conclusions

HDAC2 is rich in hippocampal pyramidal cell layer and granule cell layer, and co-located with PSD proteins. The results

provide a morphological clue to explain the role of HDAC2 in postsynaptic glutamatergic neuron-dependent synaptic

plasticity.
[ Key words]

%% fih J5 2% X ( postsynaptic density,, PSD ) J& +5
TEHLVEE T oA Bl 28 22 8 P9 T 298 il s S J5 T O A
F— b 2 53 T B0 1 A IR B BIR G . A R
#725 ~50 nm, F 225250 ~500 nm'" , H T IR
R, KBy PSD & A7 1461 Tl 1, £ 45 5 b 28
5T 52 f& (NMDA 52 f& AMPA %2 {& mGlut 52 {&
85) 7 9 H 11 (CaMKIL, SynGAP 45) | SC SR & A
(PSD-95 Homer ,Shank %5) . 40 4 & 22 & 19 ( tubulin
S5 ) U W B K8 i BE & (CaN | PKC | PKA 45)
Y RUEERABRAE-BERNEALADE
T EAT 2 8] AR AR T RIS PR A T 4 58 Al S 1R
S PR IR S L 1) D B R A% A% 3k DL SE e 2
JBT G 8 5 fih T 8 T A AZIE

HEH L CWALE (HDACs) fE#8 /r S H H
MR PR AR FE 25 LR, T BOHF I HL Ay O 0 PR Bk
5 d i i) DNA Jp ¥ Z A i 455 T 350 e 4 5
KA AR BTN B A R s AR o 4, AT
MR o FRTCLU 0 HDACs 403 DU R 26 18
AR, oA T 26 HDAC2 X 8 fih v] 98 1 2% 2
ICIZRE Jy B W3 0 o AR D BAR 4 7 L
il R B B, L, A o6 HDAC2 76 ¥ I 3 7 )
I3AE B PSD HEH B W) R A TEAH BEAE T Y
RIEE D, ATLE XS CSTBL/6 /)N [ Dy ) HDAC2
15040 b Hoo 5 5 Z A PSD 4 H Ol 6L B A L3k
KRARIATIE AW W5, LAk iF— 25 505
HDAC2 5 PSD & &Y Z 8] (9 N 78 15 5 K AE 1
LhAH DGRy 2 21 102 ok F2 vh ] B RS B /Y O 45 1R 4
B B =K .

1 #efnzE
1.1 KBz
3 W e MEE CSTBL/6 /NEL 7T 2, A b

BB B A RA R R (20 £2) g, &
HAUES 23 SCXK (51) 2009-0007 . 3h ¥ 1] 57 F 16 i

Postsynaptic density; PSD-95; Synaptic plasticity; HDAC; Mice

(25°C) sh¥y 5 Ak 5738 R 48 (TVC-TT 8 504 Tl 95
PRt de M A BRAFE) , G RE 14 h BHEE 10 h, H H
POKBUE o /INEUBE FIL AL BE J5 B4 i, ATE ¥ VKR
F#L(Leica CMI850 , 7 [ ) 4T 10 pm i 2% 56 4R 1 )
A, W3 RELF . VIR T 4% £ 5 B W E 2
20 min, f-7£ 0. 01 mol/L PBS it & 30 min, )54
ali £ B K 2 min, LA - 20°C VKA PR H o
1.2 ZIKF

/NEBT /N B HDAC2 2 58 B Bt AR S S bt /) B
NMDA 3Z K 47 1 (NR1) £ 5 BEHt ik ¥ A
Abcam A7 PR3 &), i/ B PSD-95 £ v BT 4 il 1
HBERFR b = R B B 2 KA B E e, B A
RGN R 20 Pk il R & O DAB B AR & 5
T E 2¢ J6 Z (FITC) Aric 19 1L E Hit R 1G . & 1+ B
(TRITC) #ic i L2400 B 1gG &% 4 DAPL () /K %
PEE R R T A S A BER A R A
1.3 ®EHELERE

HDAC2 1 20 £k Y €0 12 HR 3k 35 &5 Ut B 5 20 B F
17, HDAC2 —$i fi B L o 1: 50, G40 R Je 4y
BT 1 FH ProgRes CCD 545 3k Ko 43 A 1 44 o
1.4 SEWANRER

VKR Y) R 28 20% 11 2F 1l 2% R B 20 min J5
LA T R R A 0 P S — Bt (O R AR 8 kR
HDAC2 NR1 ,PSD-95 [ %3 B¢ Lt 451 53 53 24 1:50 . 1:
100 .1:100,4°C 33 . YK H 0.01 mol/L PBS ¥tk )5
IR A 76 B 0 28 e i id — 0 (B B L 35 o 1+
100) ,37°C/K ¥ #8 NIE & 30 min (7 & #EDE) ,0. 01
mol/L PBS 7840 ¥k & J5 474 DAPI(353 nm i K i
RSN KM B R B X R
A3 IE B SR/ B i A — b, Ky 5 Lk P
BEAER o A o R 0O 28 3R 48 B B R 4 (Leica
TCS-SP5) X e 56 e 4. U1 v #E 47 43 Bt M4A |, O
V5450 488 nm 1 550 nm I K (030G R & G
ML ese e, FHli 7 B 1 024 x 1024 pixel, it



o A BE 2 A 2012 4E 4 H A5 22 555 4 ) Chin J Comp Med, April 2012, Vol. 22. No. 4 3

AAHLEE R BT R

2 HR

2.1 E5 K HDAC2 [HEWEZTH S

HDAC2 3% 20 £k S 7 BH 1 200 Jf 422 4 e, DD g
BT, /NS CAL ~ CA3 [X kIR 40 )2
A R [l 507 200 i 2 1 A 22 T L % I, HDAG2 ¥
BRI R DSR2 RN R T2
Gy ¥ R M ZIE 28 53 4 & 2 = 1 HDAC2 [ M 20
JHL 5 71T 6 T T A AV T G A HDAC2 PHE &
e
2.2 NR1.PSD-95 H4#METHEBS NS

H FITC 2% {5 58 3 AR i i NR1 DL 25 €5
NERBIRG . HER AW ST FEE DR
CATL ~ CA3 DXHEMR A A K 44 IR 8] (DG ) B0RL 20 i v,
IR)ZE RS R -5 TR 208 )2 W0 b i
A E PR 2 o0 (& 1) . PSD-95 Sy Jifd ot 25 1,
FITC 2 {058 5 56 B A ic i BHPE il &0 B2 0 F
25 DX A 20 B )2 R4 AR [ SB0RE 40 B )2 I A1 4R 2
WAE R0 TR M EZ IR 2RI B RS (E
2) o [HAE 3 PR AN < 4h ff rf 2 20 WA NR1
PSD-95 BH M5 e A fe o3 A (1,2 DURAE 1) o
2.3 HDAC2 5 NR1.PSD-95 ff§# &%

UG i R Z AL B & B, an i 1 2 o,
NR1 ,PSD-95 i JHM: (2% (1) By 5 CAl ~ CA3 X
B A 200 623 O ER: [ R A 2 A b 28 O i A 2
£ HDAC2 ik (£115) , HAE CAl ~ CA3 XIR)Z .
R I J2 RN R =43 )2 N AT D b i CFE 43 AT XL
eI, A, DAPT & e 4 i A% B 1 85 €5 X Sl
2T (0 X Y A E 52 HDAC2 T3 36 TN .

3 g

M5 JE Tihg R g, & NS Rl 2L 3 ¥ K
i 1) TS A B A o R R A S AR R I AR R
KW, Mg 25 4 15 2% a] AR A0 12 % P A e
C57BL/6 /N ERUH WA “ ARl I 22 R /DR, 7f
R VE 2 B R TR 3 it 3 A% T . Eml i BE Y
R, CSTBL/6 /NG 5 7E 3 A% 5 A K F
BT N, AR R e 3 A iy CSTBL/6 /Ui D
YR58 NMDA 2244k  PSD-95 HDAC2 3 ik & 4t 5%
PS54 el . NMDA 3Z (K J& F o5 B 7 A A R %
T 8 T 28 fol s B0 X B 4 A 4> Z — o NMDA %
SR HARES G, 8 NMDA 32 K 85+ fL i o (19 B

B 7 i $T I NMDA 324K fLi ,Na* 55 Ca’" NI
i 5 fil J5 A 2600 N Ca® " MR BE TG BTG 2 b Ca " K
(5 S SR AR, I Ca™ " /4% 8 2B 1M 1 B 1
VA 11 CaMKIL) | J5 2 3006 40 M A% N 5% s I 71 &
B DR 1 R ok T BB R B R AR O feh T VB M i %
Vi Uz L ORE VAN 4§ Pt B R TR VA
FAMZPLHE S, PSD-95 J& £ T 58 il )5 B X 19
— PP R AL R T A SE 0 1 T R O R
PSD-95 REAZ I i 2 H Ak 5 NMDA 52 1A W 50 A 45
B IEEE T2 il J5 0 5 e F AL, Tl 5 NMDA 52
HWESHEE D - RINMAXREALSEGHES ST
TR AR A LR A T A AR RE 2 i 25
HIE WA 5 & A 1, 5 w2 fik 45 44 Fn 2 5 n] 99
PR BIESE R R I AR B0 2 RO A2 B i
i NMDA 52 {& 3V #.{7 NR1, NR2A F1 PSD-95 7] %k
TR 55 25 5 fh A58 8 18T, LA 4 3 5% fioh v 9 o R o 2 ik
56 e o Jf H PSD-95 i 4 B T NMDA /4
RSl E " . ARSI BF Y & Bl NMDA 57 {4 F
M NR1 1 PSD-95 78 7 H 4 /NG D CAlL ~
CA3 DX A bt 28 0 15 bR o] 8RR #if 22 o0 N E A T
T, X 5 B MR A — 3 %] PSD K
FIE A W AR I D A8 0 2 > Fe A2 3 B Pl 5
BER

UL AF SR, Yoo i 71 08 X6 2 2 S0 12 A 1A 4 A R
Sk I A B ST PR S ARRFSE & B, HDAC2 15 7
FUNRUEE S CAT ~ CA3 DX HEAAR I R 11k bR (=] 30 67 41
Mok A E ik, H 5 NRL,PSD-95 7778 W i
SEE B4, Guan %7 % B 9 HDAC2 i % ik
i, 70N BRI T i 28 o0 A 28 0 B IR AT L 2% ik T i Uk
> (CAL X LTP JE pf B 5 25 R 12 F T AR 8 12 b
3. 1 HDAC2 B 5k 45 3 7 HDACs i 71 (1 /1>
RONZIE 75 FR A e As, X478 HDAC2
XiF 2 il vl 9B MR AN AE 200 A O EEAE . Bl
AUBIFSEIE S, IE /0 R4 24 D42 47 Ml 4 5 i
M1 22559 PSD-95 . CaMKITa . CREB %5 2 fih 1] ¥ 44 4
KIEH G 8 F X AFAE 41 8 1 H3 Fi/3% He 1 2 ik Ak
PB4, R, I A HDAC2 1 3K 9 /)
BRRBE R0 H 530  5% fh T 9 1 A 56 3 IR 36 X 41 2R
i H3 Fl/5k H4 1 2 A K7 T B 5 | RS AT Y 26 1 3%
R I T B Mol v 9 PR B RS . M, 7F HDAC2
o B 25 7 HDACs 10 550 14 /08 BURG o, T v 11 401 26
1 Z Btk 7Kk S fi PSD-95  CaMKITow %5 28 fish 7] 3 1 4
ORI R IR 3G i, dee 2 A2 F 5% i 285+ R ) i 1 R] 98



4 O A 2 A 2012 4E 4 H 55 22 555 4 ) Chin J Comp Med, April 2012, Vol. 22. No. 4

PE o MR A N RO 24 2 e A2 B v, PSD B
WA FE S5 FIRAETRES 5 T X HDAC2 {f
PERIE T . B k4L CpG 455 8 1 2(MeCP2) I 4%
AT 3R 3 F X 3554 REST ,CoREST Il HDAG2
SETE BUE G A B R ) e S B NMDDA 32 {4 i
T (415 5 3 [ AT 36 £k CaMKIL, J5 & AT 1 A M 4% 75
T MeCP2 @i AL , T 25 AN 52 5 W) A Fa e e
O A7 B, AT e R DR ST AR B F O R
P, C57BL/6 /N TE 16 J1 % W g I 20 25 11 H3 Al
H4 Z iKY b 2 B I O BLAR S5 2 IR e 12 A7 7 B
B, HE0 FE HDACs ({345 HDAC2 ) () 2 3k Fl/ 5 1
A PR

H AT A7 ¢ HDAC2 X 2 2] 1242 iy P 2= AL 61 w6 A7
2 N BT B R AE ST, B, HDAC2 2 15 3 2
5 il w38 M AH OC 5L R ) 3R 3K DL K HDACG2 (% I 1
(555 SOl B R . 454 O A 1 Sk % kR
TR S S5 S, TR A5 2 AR 3 4 U A 2 2] Rid 12 3
Ferfr, PSD & [ AR 51 T BB o 15 5 i 55 AN
HDAC2 % A & G Wy 1 2% I 1 42 2F 58 il w98 44
AH 2 3 A 2638, I FL X — ML AT A8 Sk R 5
PSD 4 1 51 1 38 7K1, d5c 26 5 3058 b 435 4 A 2
fiE B9 A8 A6 LR 5 24 ) 82 T B . AR 58 o0 3R
0 ST i 7 2% 21 1042 T i R T VR B R AR T 40 i A
R, 3T A LA CSTBL/6 /N B A 8t 45 45 5 HAT LA
B i e B i SE R S ) I I T 4R I TIE B2 K

SE

[1] My, ams, . RAeESFEX SmrT 8 [T].
B 22240, 2010,31(1) .84 - 87.

ERAYIS

[2] Bayés A, van de Lagemaat LN, et al. Characterization of the
proteome, diseases and evolution of the human postsynaptic
density [J]. Nat Neurosc, 2011, 14(1) ;19 —21.

[ 3] Husi H, Ward MA, Choudhary JS, et al. Proteomic analysis of
NMDA receptor-adhesion protein signaling complexes [ J]. Nat
Neurosci, 2000, 3(7) :661 —669.

[ 4] MRARTL BRI B R SR A & 5 L 5 2 WL 33t 4% 2 F 5% 3k
B[], hEZGEE AR, 2010, 26(5) 1570 - 573.

[ 5] GuanJS, Haggarty SJ, Giacometti E, et al. HDAC2 negatively

regulates memory formation and synaptic plasticity [ J]. Nature,
2009, 459(7243) .55 - 60.
[ 6 ] Broadbent NJ, Squire LR, Clark RE. Spatial memory,

(7]

(8]

(9]

[10]

[12]

[13]

[14]

[15]

[16]

[17]

recognition memory, and the hippocampus [ J]. Proc Natl Acad
Sci USA, 2004, 101(40) :14515 - 14520.

A, BT, B C57/BL6 NI SRR E MEE [1].
VG 22 32 38 K2 2R (440 L2010, 31(5) 1544 - 547.
Josselyn SA, Nguyen PV. CREB, synapses and memory
disorders: past progress and future challenges [ J]. Curr Drug
Targets CNS Neurol Disord, 2005, 4(5) :481 -497.

Lee I, Kesner RP. Differential contribution of NMDA receptors
in hippocampal subregions to spatial working memory [ J]. Nat
Neurosci, 2002, 5(2) :162 — 168.

Delint-Ramirez I, Salcedo-Tello P, Bermudez-Rattoni F. Spatial
memory formation induces recruitment of NMDA receptor and
PSD-95 to synaptic lipid rafts [ J]. J Neurochem, 2008, 106
(4):1658 —668.

Lim TA, Merrill MA, Chen Y, et al. Disruption of the NMDA
receptor-PSD-95 interaction in hippocampal neurons with no
obvious physiological short-term effect [ J]. Neuropharmacology,
2003, 45(6) ;738 - 754.

Maekawa M, Namba T, Suzuki E, et al. NMDA receptor
antagonist memantine promotes cell proliferation and production of
mature granule neurons in the adult hippocampus [ J]. Neurosci
Res, 2009, 63(4) :259 -266.

Shao CY, Mirra SS, Sait HB, et al. Postsynaptic degeneration as
revealed by PSD-95 reduction occurs after advanced AR and tau
pathology in transgenic mouse models of Alzheimers disease [ J].
Acta Neuropathol, 2011, 122(3) ;285 -292.

BER 1. R AL SRR R IEBR TR [T]. s E
Z AP S IRl 25 2 J 5k, 2010, 17(6) :395 - 398.

Wang L, Lv Z, Hu Z, et al. Chronic cocaine-induced H3
acetylation and transcriptional activation of CaMKIIalpha in the
critical for motivation for drug

nucleus accumbens is

reinforcement [ J]. Neuropsychopharmacology, 2010, 35(4) .
913 -928.

Shibasaki M, Mizuno K, Kurokawa K, et al. Enhancement of
histone acetylation in midbrain of mice with ethanol physical
dependence and its withdrawal [ J]. Synapse, 2011. doi;
10. 1002/ syn. 20947.

Zhou Z, Hong EJ, Cohen S, et al. Brain-specific
phosphorylation of MeCP2 regulates activity-dependent Bdnf
transcription, dendritic growth, and spine maturation [ J].
Neuron, 2006, 52(2) :255 -269.

Peleg S, Sananbenesi F, Zovoilis A, et al. Altered histone
acetylation is associated with age-dependent memory impairment
in mice [ J]. Science, 2010, 328(5979) :753 - 756.

(& E B #5)2011-12-27



