IREYES#HE www.shengwuyixue.com Progress in Modern Biomedicine Vol15 NO.9 MAR.2015 - 1613 ¢

doi: 10.13241/j.cnki.pmb.2015.09.003

Homer1a J&PRIeBroxt /I B sy kPR ik i =401 5 i 1 H

BRE MOF N wik Kk FOAS
(BB DUEE KAV st BB SN v v % 710032)

BE BHAY: B AR homerla 2 B g ) R insk fn BB 24 B D R MR &4 2 B AT, K3t homerla £ B
A J B e AR5 P 69 4E A BALE . Frik: B4 homerla 2 B &% (Knock Out, KO )-8 R & F % % 4 A1 (Wild Type, WT) ) #.%& 15
2,4 5 B 3R AR F K48 (Sham Knock Out, SKO,n=3) JA B A S do 2 h B3 72 24 h 28 (Model Knock Out, MKO,n=12) . %
4 B F AR 28(Sham Wild Type, SWT,n=3 ) Z % 4 A &k o 2 h Fi# 24h 28(Model Wild Type, MWT,n=12), £ # &M £ R K&
P 3l Bk ) A 5 B fo -3 72 3545 227 (middle cerebral artery occlusion and reperfusion , MCAO/R ), 7 & fn B3 2 345 57(0 h) Z 4k
F#EJE 3h.6h 120 24 h 53 4Tk B sAh 24545 = £ 4F 5 (modified Neurological severity scores, mNSS) 2,3, 5—& AL =%
J vg &4 (2,3,5triphenyltetrazolium chloride, TTC )# &, . 7 K ZF—47 4 4 & (Hematoxylin-eosin staining , HE ) . R 4% K 3% 4645 B AR 32
# K (terminal deoxynucleotidyl transferase (TdT)-mediated deoxyuridine triphosphate (dUTP) nick end labeling, TUNEL ) #- | %&_ %, J&
B ENEE DL R R TN ba JoAb 22 4F 483 12 & & (Glial Fibrillary Acidic Protein, GFAP)#& % , £58:SKO 41 SWT 447 4 %
mNSS #4553 %4 0 %5, TTC % & A JLAR )t . TUNLE % GFAP % & Atk s sk y B A M4t 5 £ 57 (P>0.05), ik F i iz
24 h & ,MKO 28 mNSS #F 5% MWT 21 ; TTC 4 & MKO 2848 MWT 204% 5t & 4t 5 ; MKO 4848 MWT 22 TUNEL 8 T— % % ;
GFAP %% 3 b4 & fa bk 4 MKO 28 F MWT 241, B354 it 5 2 7(P<0.05), £5if:homerla £ B stk inE T /s K sk fo F
EB, EMBR M TR AL R K AR R
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Effect of Homerla Knockout on Ischemia Reperfusion Brain Injury induced
by Middle Cerebral Artery Ischemia Reperfusion Model in Mice*
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ABSTRACT Objective: To investigate effect of homerla and observe Astrocyte activation in hippocampus through homerla gene
knockout (KO) mice with focal cerebral ischemia-reperfusion insult. Methods: 15 male homerla gene KO mice and 15 male wild-type
(WT) mice were randomly divided into four groups. sham operated group (SKO, n=3; SWT, n=3); model groups (MKO, n=12; MWT,
n=12). Mice were subjected to transient middle cerebral artery occlusion (MCAOQO) for 2 h, followed by 24 h reperfusion with model
group. Sham group were subjected to the same surgical procedure without MCAO. The neurological function was evaluated with the
modified neurological severity scores (mNSS) at 0 h, 3 h, 6 h, 12 h, 24 h. after MCAO/R. It was marked 0 h before MCAO operation;
Brain slices were observed for infarction by 2,3,5 triphenyltetrazolium chloride(TTC); Histomorphology of brain slices were observed by
HE-staining; The cell apoptosis were determined by using terminal deoxynucleotidyl transferase (TdT)-mediated deoxyuridine
triphosphate (dUTP) nick end labeling (TUNEL); and the specific markers glial fibrillary acidic protein(GFAP) of astrocyte(Ast) was
measured by immunofluorescence. Results: It was almost 0 score point that mNSS scores of mice in SKO group and SWT group; No
ischemic lesion was found in SKO group and SWT group; There was not significant differences in rations of tunel-positive cells, number
of GFAP-positive cells between SKO group and SWT group. (P>0.05) The mNSS score raised in the MKO group versus those in the
MWT group at 24 h point (P<0.05); TTC staining showed increased infarct volume in MKO group compared with MWT group (P<0.05);
The percentage of TUNEL-positive cells was higher in MKO group than MWT group (P<0.05); But,the expression of GFAP was
declined in MKO group than MWT group (P<0.05). Conclusion: Homerla KO mice exacerbated focal cerebral ischemia reperfusion
injury and Ast maybe paly a role via homerla in this process.
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1:100,4 C BEEFE 117, PBS ¥ 3% 5 min, Jil 1:1000 255¢—
PEIREE 1 /e, PBS 3k 3% 5 min, fil HOECHST10 min,
PBS ¥ 3% 5 min HME ], 506 W00 T W%,
L4 GEit=Z4hiE

JIT A B2 ] SPSS16.0 3R EA TR 434, LA EE AR
M2 (x x s) R, Tt R BRI, P<0.05 A 2= 5 HAA 5 it

2 R

2.1 EEEEER

PCR LK 5 PR P LUK 45 R 4%, WL 1 (Fig 1), 4
A 608 bp Z&7 (4 AR A, HIBL 608 bp (441 bp A5 2%
BT SUHEL 441 bp S N B R . JRMEE 142
Horh Bl 42 H 20 G1 79 HOBEERRE 21 H

M 1 2 3 4 5 6 7 8 91011121314151617

HI1F1--H1

2000bp —

H1F2--H1R

2000bp ___ [
1000bp
750b,

1 DNA PCR 2 H ik
Fig. 1 Agarose gel electrophoresis of PCR products amplified from DNA
isolated from filial generation mice
Note: M is DNA makr; 1-17 is Number of mice, Differential banding
patterns of genes isolated from homerla KO and WT mouse, only 441bp
band indicates KO mice( such as 15).

2.2 HERGITAZEIES

FITA S8/ AT mNSS £7 2404y, 4551 UL 2(Fig.
2), Hrr, SWT SKO U A /MRITAJLF R 0 43, IR ZH 7E
6 h B B S TE A B =, RIS 2818 T B, #E SR P 24 h A
MKO ZHiF433 MWT 21 & , 22 5 A ST (P<0.05).
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Fig. 2 Results of behavioral functional tests
Note: Modified Neurological Severity Score (mNSS) test before and after
middle cerebral artery occlusion/reperfusion (MCAO/R). 24h after
MCAO/R, Ischemia-induced neurological deficits were significantly
aggravated in mice that MKO group with MWT group (P<0.05).

23 TTC B RIEFMERENLITE

TTC Jea R, RFARY SWT . SKO 43 iR IE #41 ,
T EAAEFELL, BEIZH MWT MKO 4547 [ 45 58 AL, MKO
2H(45.60 2.483)% MWT 4H(35.39% 2261 FIFERFL i & 1 4%
i, HEA G222 7 (P<0.05), WLIE 3,
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Fig. 3 A, TTC staining; B, Comparison of ischemia infarct ratios among
different groups
Note: * P<0.05MKO compared with group MWT.
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Yuta /b TEALR B IY I BT A b, 1 MWT MKO 4 3#5%¢ S 41
GFAP [HME Y ik 2 1l WK 2L R IRANAE . 1R
MKO 5 MWT 4, B TGtk 2R IR AN 8 2 5, A 58
P12 X (P<0.05) ,MKO #H(35.83% 3.219) % ki A4k 19 B I e
FAH T MWT 20 (46.83+ 3.646),
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Model(ischemia / reperfusion)
necrotic areas around necrotic cores

i - ; 5 ¥ e 2, » o - 4

B 4 REXEA HE $#
Fig. 4 HE-stained brain sections
Note: A, Sections showed normal neurons in sham group. B, Sections at 24 h after ischemia/ reperfusion showed partial cell death,

neuronal loss, cell shrinkage, nuclear condensation, and fragmentation. C, Sections showed ischemic penumbra.
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Fig. 5 TUNEL staining
Note: E, TUNEL staining as an indicator of ischemic cell death, in the cortex (A-D) of MCAO/R and sham animals. TUNEL positive
cells appeared as green fluorescent, DAPI staining appeared as blue fluorescent.(scale=100 wm). F,The apoptosis rate of TUNEL
positive cells was counted. MKO increased the number of TUNEL positive cells compared with MWT group. * P<0.05.
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Fig. 6 Immunofluorescent staining for GFAP of Ast

G,GFAP expression in coronal brain sections. Immunofluorescent staining for GFAP (green, A-D), and HOECHST (blue) in
the hippocampus of KO and WT mice after MCAO/R and sham group.(scale=20 pm). H, Quantification of the GFAP positive
cells (average number of cells/ field of view) in sham and MCAO/R group. *P<0.05 compared with sham group, **P<0.05
MKO compared with MWT group.

3 9tig

FI & 3 homer 2 U2 S il 5 BUBE MR AR G5 , H—H 2
XL REE AT SIS . B ATE &3 homerl (2.3 =2t
17 i, Forp homerl & .43}y homerla homerlb/c, homer 7§
N B &5F — M) EVHI (Ena/VASP homologyl ) [ %1],
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homer1b/c™, 1T homerlb/c Ay CC 4iteal LIE A A 5 — 3
A, BT LA AT AR RO AR C - i s 2 IR 9 2R 1 4 A2
BB 5{5 55 9985, homer 5K homer 7E45 4 C - Ui &

IR R &5 # s B 38 4tk L {BJ2 E homer iy TI%7 CC 4%
W TCIETE BRI B — 8844, ik homerla % homerl b/c B4 17 14: 1
FEAER , W0 K35 f# homerl b/e Z5IE UM E AR, ML
TCAN AR I AR S0 v ask B RN 4 S Il o 5 A i
AR Z & mGIuRS £56 7= A= 24a sk , AR i o i 3 477 v
KAEFZAEM, @il CC 45#9JE ALY Homerlb/e — T4 442
mGIuR5 #1 IP3R, FiIE B 12 A R EE R R 4 stk 5
5F5%%, EARSK P, 4558 BRI homerla fiINE T /N
R I-FERE T AR 4035 A TR 2B, TTC R IRAMORURE &
Yy, 5 TF H 220 1 IR S R 7 22 £, T e 1T 2H 2 P i
TGP N e, ASRE RN AR &= AR R 1, LR s R,
SKO .SWT H %A F @M, Mize MKO MWT 4 ¥a] il
EAEELL, H MKO 4URAEAT (5 15 MWT 25K, T2
Mk R MKO 2H4 MWT AN T S o X S5



- 1618 -

IREYES#E wwwshengwuyixue.com Progressin Modern Biomedicine Vol15 NO.9 MAR.2015

SERULHT, RER homerla J PRIJS /)N A i dofe il P 450 4
0, XGRS AT A R S T SR A SRR,
homerla F [ 7GR I P K451 £ Hh 2 ik BT+, i 7 homerla
7] LA homerlb/e 354454 mGluRS | IP3R HIAFESE K — 3K
TRZERY , BTCHE 4 #E mGluRS (IP3R JE U G450, BLIE T4
RREE A ZIRIG RS 5, R 2 7 2 ) R 47
U FEA LI R homerla JE[A , ANE L homerla [,
WA 4 A P B MR AR . SC50 P homerla FYBRZHAT >
5 RESEAATR K A T30 ) LU AR U2 oy A s S,
— P UESE homer la X AR 1L P-4 1451 05 5A DA 1

BV AN , & Al 28 RGP iR E A BT A . 2y
A BB 50% , Xl e TR B S RE IR N BRRRRE HO1E
U, 5 3 BT o 20 L 52 S5 ) 1 240 L o e o #4598
TER G e PEREE Y B4 2R ( glutamic acid , GLU ) iof BE B¢
B, 25X G T AR B AR o TG ALY BRI SR A, T
DABEHGE ) GLU BRI . fEA SR, AT B, M
R 21 R JoT 20 i 2 B A T AR AL T A e B s o
homerla FE& P i B 2H 52 T 105 J5 20 B 1) 0 1 B 4 2 L BB A U 21
Bb, ST R AR 2 ROE I S AR b, [RTEE S mGluRS
N homer 25 445 G, A STk, AE SR IR IR )5 , IR
AN mGluRS £k Thm HS5 1 RIE BN A4 U8 7 A0
WA, L mGluRS K PH wils AT A= B0/ LB i P46 403 )5 &
I mGluRS &K m R 2H A 4 TE 2 0 IR SR A7 1520 7EA
S homerla 6 R R 2H B2 TR I o 4 R 35 AL 4 A /T B A4
TUZH . IR homerla BEIRS , BRI MMt /5 homerla AN
Fik o BOREEXT mGluR5-homerlb/c-IP3R & A 13 s 5 S 411 il
KAFefie, Bt LN T RIE BB TR FE . i A S Ak 1
BRIV TR, s 1 BRI A i R GLU M
W, SN T GLU X 2870 R e o 240 i B % Ao P
YERT o (B2 TR 08 5t 240 M X it o, 794 400 45 BAT 5 2 4B
FH i BE 0 A1 A A e 5 4 i ST AL IS S U O o
B AANE I 7, S 0 S R B AFIZ =, il Tk S5
K ABIER AR S 25 51, BT LA ZE i — 20 8 W] homerla i
i ke i, PR 453495 B % B2 T MG Jo 24 L 74 4 AT 5 R == B BTHIE
Ui

£ % 3L Hi(References)

[1] Saraf MK, Prabhakar S, Anand A. Neuroprotective effect of Bacopa
monniera on ischemia induced brain injury [J]. Pharmacol Biochem
Behav, 2010, 97(2): 192-197
Brakeman PR, Lanahan AA, O'Brien R, et al. Homer: a protein that

—
N4
—

selectively binds metabotropic glutamate receptors [J]. Nature, 1997,
386(6622): 284-288

[3] Jimenez A, Bonastre M, Aguilar E, et al. Effect of the metabotropic
glutamate antagonist MPEP on striatal expression of the Homer
family proteins in levodopa-treated hemiparkinsonian rats [J].
Psychopharmacology (Berl), 2009, 206(2): 233-242

[4] Luo P, Li X, Fei Z, et al. Scaffold protein Homer 1: implications for
neurological diseases[J]. Neurochem Int, 2012, 61(5): 731-738

[5] Zhang Lei, Liu Wen-bo, Fei Zhou, et al. Relationship between Homer
and protein and glutamate and GABA associated with hypoxic-

ischemic damage[J]. Chin J Nuerosurg Dis Res, 2009, 8(3): 248-251

(In Chinese)

[6] Ouyang YB, Xu L, Yue S, et al. Neuroprotection by astrocytes in brain
ischemia: importance of microRNAs [J]. Neurosci Lett, 2014, 56(5):
53-58

[7] Steiner B, Roch M, Holtkamp N, et al. Systemically administered
human bone marrow-derived mesenchymal stem home into peripheral
organs but do not induce neuroprotective effects in the MCAo-mouse
model for cerebral ischemia[J]. Neurosci Lett, 2012, 513(1): 25-30

[8] Longa EZ, Weinstein PR, Carlson S, et al. Reversible middle cerebral
artery occlusion without craniectomy in rats [J]. Stroke, 1989, 20(1):
84-91

[9] Yang W, Shen Y, Chen Y, et al. Mesencephalic astrocyte-derived
neurotrophic factor prevents neuron loss via inhibiting ischemia-
induced apoptosis[J]. J Neurol Sci, 2014, 344(1-2): 129-138

[10] Mao L, Jia J, Zhou X, et al. Delayed administration of a PTEN
inhibitor BPV improves functional recovery after experimental stroke
[J]. Neuroscience, 2013, 23(1): 272-281

[11] Spellmann I, Rujescu D, Musil R, et al. Homer-1 polymorphisms are
associated with psychopathology and response to treatment in
schizophrenic patients[J]. J Psychiatr Res, 2011, 45(2): 234-241

[12] Foa L, Gasperini R. Developmental roles for Homer: more than just a
pretty scaffold[J]. J Neurochem, 2009, 108(1): 1-10

[13] Murotomi K, Takagi N, Muroyama A, et al. Transient focal cerebral
ischemia differentially decreases Homerla and 1b/c contents in the
postsynaptic density[J]. Neurosci Lett, 2012, 515(1): 92-96

[14] Yang ZZ, Li J, Li SX, et al. Effect of ginkgolide B on striatal
extracellular amino acids in middle cerebral artery occluded rats[J]. J
Ethnopharmacol, 2011, 136(1): 117-122

[15] Jliang Min, Ma Zheng-liang, Gu Xiao-ping, et al. Neurological
impairment and expression of Homerl protein in rats brain with
ischemia-reperfusion injury [J]. J Southeast Univ, 2010, 29 (5):
546-549(In Chinese)

[16] Bertaso F, Roussignol G, Worley P, et al. Homerla-dependent
crosstalk between NMDA and metabotropic glutamate receptors in
mouse neurons[J]. PLoS One, 2010, 5(3): €9755

[17] Lv MM, Cheng YC, Xiao ZB, et al. Down-regulation of Homerlb/c
attenuates group I metabotropic glutamate receptors dependent Ca(2)
(+) signaling through regulating endoplasmic reticulum Ca (2)(+)
release in PC12 cells [J]. Biochem Biophys Res Commun, 2014, 450
(4): 1568-1574

[18] Chen T, Fei F, Jiang XF, et al. Down-regulation of Homerlb/c
attenuates glutamate-mediated excitotoxicity through endoplasmic
reticulum and mitochondria pathways in rat cortical neurons [J]. Free
Radic Biol Med, 2012, 52(1): 208-217

[19] Wang N, Zhang Y, Wu L, et al. Puerarin protected the brain from
cerebral ischemia injury via astrocyte apoptosis inhibition [J].
Neuropharmacology, 2014, 7(9): 282-289

[20] Paquet M, Ribeiro FM, Guadagno J, et al. Role of metabotropic
glutamate receptor 5 signaling and homer in oxygen glucose
deprivation-mediated astrocyte apoptosis[J]. Mol Brain, 2013, 6: 9

[21] Koyama Y. Signaling molecules regulating phenotypic conversions
of astrocytes and glial scar formation in damaged nerve tissues [J].
Neurochem Int, 2014, 78C: 35-42



