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Microarray Analysis of Gene Expression in Rat Hippocampus
of Maternal Social Separation Model”
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| ABSTRACT I

O bjectives : Alteration of hippocampus was demonstrated in the maternal social separation(MSS) pups, se-

parated from dams on postnatal day(pnd) 14 and placed alone. Therefore, to understand the molecular
events involved in the MSS, we have initiated a search for gene profiles that are up or down—regulated in
the hippocampus of MSS pups.
Methods : Analysis of cDNA microarray was performed by using total RNA extracted from the hippocampus of
control and MSS pups on pnd 17. Also, passive—avoidance test was demonstrated on pnd 35.
Results : Up—regulation of Nedd4a was observed in the hippocampus of MSS pups. Also, MSS rats showed
less elongation of latency in passive avoidance test.
Conclusion : We suggest that environmental effects of MSS may be altered the neural and/or glial differentiation
and synapse formation—related genes which may lead cognitive alterations in MSS rats.
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719 B4 ®e](maternal separation), A}]/3
social separation), &l (abuse) 5] o1 A=
B o] e ol k] Thekel Al AR
7} o] ok MakE it 5 Qrkl? A% %
of ojn|2RE e AH AES thdoE o A3y
TEoM ] ddulye T35 vkt Algjshy] w3l
]
o]
Ao AT et Y o] ofu|RRE|] A=
o] W FE A= AR IS FAskES 5t
u? A% mad %e) 24 ke (maternal deprivation),
¥ A% (early handling) 53} 0] A7153 oA
ForETtel b, E2 A7 As 3 e 2
et AIZE 52 vhekel 2215l uebA BARYE o)1
© AAAETA Al~Ee] o] ] Af-ollA TRk
aA 2kl 5 gkt

# el glucocorticoid 4] S7tel wpE 417542
<7}, neurogenesis®] A, 18]l A7 7S] B
5] monoamine 7Mde] Bg SHsRs 7ol
BE= A 3 gk ol2id WA, Lee 5
A% (postnatal day ; ©13}F pnd) 14LAel] WA 2715
oju]9} ) A|7)153 whE £2] (maternal social se-
paration ; ©|3} MSS) ¢t =R AL 7|4l FE5
A2 ARSI ol5 AT A3, pnd 14 W MSSE 7
A7F S WA Aj71EE] A9 W9 aHRglelA Al
Z2)(cell proliferation) 2 TAEZ(granule cell layer)
Fylo] 7k 81 JHAE (granule cel) 5] A FAF
" (apoptosis) ©] F7FI0H, o] EH=E &4
AZ<2 fluoxetine AAE T3l okslele Ao defsl
t}. &3k Cho 512 nitric oxide synthase®] o]
MSS 9] paraventricular nucleus®l|4] vz T2} 2+
2H 0SS Husiginh FHTolls 77 Eeldk MSS +
o]l 4] neuropeptide Y] ¥l 7hasl!® Wiz sjn}o]
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1. MYTE X NA|

B ATE Sl o4 Y] 9 ] vl A el
(Sprague—Dawley, 250~300 g ; Dae han Bio Link,
Umsong, Korea) 5+ T3] amAzch A35E
7% LE(22+27C) sl 3 124171 9) v/ =
718 FAS EE s B ARE AlTetEA] AR
BT e Al At ERIESICH Al &7 &
ks g7bA] Bty EA4F 98 S (postnatal
day ; |3} pnd) 0Y4E A3} Pnd 147k = o]
o} 3 ARFEE -, AWEe] A7) ofn]2RE 2 o
U ZF ARl & mil ARSIl o (MSS), Y
WA A7E (2T S AT 7 ofule} 3 o AR
T & ARkl d] wlels ofnle} ejsto] ARGaI3l
ol BE A9e2 vE SR AXS AdE
5 ] 9@ AR (NIH publications No. 8—23) 2] #|

A FES9

2. RNA =&

Pnd 178 MSS (n=4) %} thz ¥ (h=4) W75
Zoletil 50™(0.5ml/kg, i.p. ; Virbac Labs, Carros,
France) Z PIEHAIZ] &, oA dlutE ZZ3H0tk Total
RNA= Mini RNA isolation ™ kit (ZYMO Research,
Orange, CA, USA) S AH&-ato] 3latell A Algdhz A
FubiE webA] FESIIch FE9 RNAS A4 9 4
AL Agilent 2100 bioanalyzer (Agilent Technolo-
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gies, Palo Alto, CA, USA) & o433t}

3. cDNA microarray
Minoally Post DNA labeling kit (Digital—Genomics,
Seoul, Korea) & AHg-3te] thxa3} MSSwellA &
gk 10 g9 total RNACZHE] 3% cDNA probeEs
AZalth thZ27-9) total RNA AZo&= Cy3 dyeE
E9om MSST9 total RNA MZofl= Cy5 dyes &
olth. Twinchip ™-rat 5.0k m1croarray(Digital—Ge—
nomics) © Z}2+2] &4 probes= 45T 14417 5
et withybridization) 3t51.2™, H]5°]4 Z3 probe &
S AA%E & ScanArray 5000 scanner (Gsi Lumno-
nics, Ottawa, Japan) & AFEEA S| =5 A0 1%
t} ZF dE2 Cy39 Cyb 3% A7]= GenePix Pro
software (Axon Instruments, Foster city, CA, USA)
£ ARSI FAsIiT) digx|e
= YA internal control geneS2] Ay} X|¢} 7} dye
£9] A Het A7) v (average intensity ratio ; Cy3/
Cy5=1.0)9] HAE& S3lA olFoARltt 2 FelA T
o] Z7F B AlE FRAES Aue AA Bt A7l
H7} 2 o]l A5 7IFoE Stk A oA
< H3 2 T dyed WA W AES st
Fomn F Adox BF AX|et Ae HFTAoF A
33Tk

4, AWN FBRA Y Ht3(Reverse transcription-

polymerase chain reaction ; RT-PCR)

7} 9] RNAZRE| cDNAS dHdab7] e, 1 4g9
total RNA, 2.5 #M oligo(dT), ImM dNTP, 20U¢]
RNasin, 100unit®] AMV reverse transcriptase (Pro-
mega, Madison, W1, USA), Z22]1 RT reaction buf-
fer (50mM Tris—HCI, pH 8.3, 50mM KCI, 5mM MgCly)
it ﬁ%}oﬂ 427CoIA] 2413 B2k AR 2 A4S

¥=3H(normalization)

=0 0

E9) Uk §8-2 glyceraldehydes—3—phosphate de-

hydrogenase (Gapdh) 3% 5% J=&5 M 1A

JE2
ket

Nedd4a 7372 83
10pmol®] AIEA|(F : 5’ —ggtatgggagttctgtetgg—3’,

R : 5’ —gagagggacatccacttgac—3), 250 «M dNTP,
1X reaction buffer (7.5mM Tris—HC, pH 9.0, 1.5mM
Ammonium sulfate, 0.1mg/ml BSA, and 2.5mM MgCly),

1U Hot—start Tag DNA polymerase (Intron biotech-
L 95CeM 5
olo], 94°C 30%, 59C 30%, 72C 30%%

nology, Sungnam, Korea) 5= &£§3t &
w7 HAG
o] =
(Applied Biosystem, Singapore, Singapore) & AR-3]
A P SEFE AEEE 2% 3 AddA 7]
FES T3 T ethidium bromide®.Z G238 t}2-
AR 55 FaA ZHAIERIALE TS SEES] oF
9] A% imaging densitometer (Bio—Rad, Hercules,
CA, USA) & Algsto] S4319idk

5. £% 9|0 ¥F A(Passive avoidance test)

Passive avoidance test 717-(Gemini, SD Instruments,
San Diego, CA, USA) & F 712 7H25X 25X 35cm)
o] 7k & T o= AZAE FxE Hof it g EH2
100W o] B ¥ zlo, oh& &2 ohR wo] )
on vlg2 7] Z2 w719 AZEo] 9l HEow
TEC] Atk BA 9 ALY FElE 3] 3T 5
7y AE (22 n:9)—3— pre—training trial® 2> 7t
4AIZE F TRA] 8RS hef] 9 o}
= o2 Tl ‘5017}“# g3 &5 23 ImA scram-
bled foot shockZ 2§7P 78Itk T 24/\]7}
Oéfi} Ho”ﬂi’i Z% & 7t ‘%1 o Zto® —‘é‘oﬁ

510

RE B71%-2408 SPSS ver 12.0(SPSS Inc, Chicago,

USA) & o]43fo] 859itt, RT-PCRE 53t &
Z 2 vl B4 student’s t—testE o] g3o] 753}
9o passive avoidance testol]A2] &4 AL
Mann—Whitney’s U test® 534 AAsIAL =5
p valueZ} 0.05 ©]gtd A SAHOZ Fost A=
Agaelet. Ay A= A AT 2AHS.EM) ZE A
Erd=g

1. SNAL A Bk BN HI

Ay 9] Sfw} Folea] BA] 2l ALs)Ad
nal social separation : ©]&}F MSS) ¢l 2]3+

2] (mater-
]
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dye® zhdl F|glom MSS¥~EB} I AHE thxTt
o] fFHARE | aL, kA ﬁeﬁ Cy5 dyez =h2

L”D} L HEE o :fLJJr MSS+* "}O] of| A B A
= Aot e fdAksel. o Ay A& RSt &
normalized intensity ratio?] x}o|7} 2 o]Akl 2 &

ot o7 dsto] wale] Aol Yehlls A=
2 Agsiact
—glutamyl carboxylase (Ggex), neural precursor

cell expressed developmentally down—regulated gene

Fig. 1. Expression patterns of hippocampal genes bet-
ween controls and maternal social separation
(MSS) group in a 5.0k Rat cDNA microarray 3
days after MSS. Cy3 : Vehicle group, Cy5 : MSS
group.

4A (Nedd4a), dihydropyrimidinase—
ATP synthase (4fp50), biglycan(Bgn) 5 ©Hl /1<)
ARE9] ¥ S=3o] g2y} vlws] MSSFoll =
7¥et Aoz YERTHGE 1), v @

phoid or mixed—li

like 3(Dpysi3),

$HH, myeloid/lym-
ineage leukemia translocated to 3
(M11t3), mannosyl(a—1, 6—) —glycoprotein f—1, 2—
N—acetylglucosaminyltransferase (Mgat2), peroxisome
proliferators activated receptor gamma(Pparg), hy-
droxyl— 6—5—steroid dehydrogenase, 3 f—and ste-
roid d—isomerase 1(Hsbd3bl) 5 Ul 72 FAAE2
W o] vz w3 vlaeld MSSrellM ZHask A
o7 VERITHGE 2).

MSSrollA] A8k = 81 28 S 7hedl &
AR 765 A A, A7 7139 7H Aadol
Qe NedddaS A8 ©r, RT-PCR #41& F3)
Ay 3o Al gk A Hee T8It 11 2
A Bol= niel o] FAk o A Axel Ak
87 Neddda L& 0] MSS ol tiz ek 5
7FeiSict. il Wi S 2 A dix 9k MSS T
Alelel frefgh xjo]7F A ATHMSS/controls (mean =+
S.D), 3,444.2+21.2% ; p<0.001].

2. % 30| ¥ MB(Passive avoidance test) B}
B4 9 A 2o Gt sisal 7] pixE o
, 37 HEE HES A 5
39 g% S sk AelH oz W 4
Aol Soiz wizkA] 2] 7 AlRte] o

el vlal MSS o] frolskAl #otthp=0.026).

Table 1. List of up-regulated genes after 3 days in hippocampus of maternal social separation group

Symbol Gene name Cytoband  M-value
Ggcex Gamma-glutamyl carboxylase 4933 1.60
Nedd4a Neural precursor cell expressed, developmentally down-regulated gene 4A 8924 1.40
Dpysi3 Dihydropyrimidinase-like 3 18p11 1.30
ATP50 ATP synthase, H+ transporting, mitochondrial F1 complex, O subunit 11911 1.23
Bgn Biglycan Xq37.2 1.14

Table 2. List of down-regulated genes after 3 days in hippocampus of maternal social separation group

Symbol Gene name Cytoband  M-value
MIIt3 Trithorax (Drosphila) homolog 5032 —-1.53
Mgat2  Mannosyl( e -1,6-)-glycoprotein A-1, 2-N-acetylglucosaminyltransferase 6q24 —1.45
Pparg Peroxisome proliferator activated receptor 4942 —-1.22
Hsd3b1 Hydroxyl-§-5-steroid dehydrogenase, 3 8 -and steroid ¢ isomerase 1 2934 —-107
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Nedd4a

Gapdh

Fig. 2. Confirmation of cDNA microarray results of Ned-
d4a by RT-PCR. As an internal control, glyceral-
dehydes-3-phosphate dehydrogenase (Gapdh)
was amplified.

Latency (sec)
I
o
T

Con MSS

Fig. 3. Comparison between controls(Con) and mater-
nal social separation(MSS) group on the passive
avoidance test. * : p=0.026 (Mann-Whitney U-
test).
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