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ABSTRACT

Lffects of 14 days of hindlimb suspension and
14 days of ambulation recovery on the hippocampts pro-
teome were investigated in 3-week old male Wistar Han-
nover rats during postnatal developing stage. Hindlimb
suspension caused increased and decreased expression of
4 and 6 proteins, respectively.  All of these proteins are
reported to have functions related to cellular protection,
cell death, neurogenesis, neural activity, or neuronal cir-
cuitry formation.  In order to reveal whether post-trans-
lational modifications are altered, we further studied 130-
electric point profiles of the 3 proteins (protein disulfide
isomerase A3, triosephosphate isomerase 1, and sirtuin
2) involved in cell death or neuronal circuiiry formation.
sach of the 3 proteins indicated different spot patterns
hetween the control and hindlimb-suspended groups.
Furthermore, the altered profiles of proteins were not
normalized to the age-matched control levels after 14
days of recovery. These results suggest that hindlimb
suspension during the postnatal development of the brain
might induce an inappropriate cell survival and abnermal
neuronal circuitry, followed by disorder in the hippocam-

pus function.
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INTRODUCTION
Exposure to actual and/or simulated microgravity
environment causes various physiotogical adaptations,

5,6.8.1%

including m the central nervous system " and anti-

gravity muscle™*"

of human and rats. For example, 16
days of spaceflight leads to a change in the synaptic cir-
cuitry at the hindlimb cortex of the postnatal developing
rats®, Therefore, understanding of the mechanism
responsible for the molecular adaptation to inhibited anti-
gravity activity in space or during prolonged bed rest is
important,

The hindlimb suspension model in rats is widely used
to study the effects of simulated microgravity
environment. This model induces a redistribution of
fluid in the body” and atrophy of soleus muscle, an anti-
gravity hindlimb muscie®*, In terms of the nervous
system, the hindlimb suspension causes the decrease of
electromyogram activity in soleus muscle, afferent neu-
rogram in spinal cord®, GABAergic neurons in the
hindlimb somatosensory cortex”, and neurogenesis i
rats',  Recently, proteomic analyses of the hippocam-
pus®” and the hypothalamus™, as well as a microarray

gene expression analysis of mouse brain'',

were per-
formed to elucidate the mechanism responsible for the
adaptation to gravitational unloading. After 7 days of
hindlimb suspension, the expression of cytoskeletal pro-
teins, such as tubulin, and metabolic proteins in hippo-
campus of adult mice was changed (7 spots were
decreased and 4 spols were increased), and biomarkers

of oxidative stress in hypothalamus of mice were
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increased™,  Therefore, exposure to simulated micro-
gravity environments by the hindlimb suspension might
induce distinct changes spectfic to the regions of the
brain or the different species.

The hippocampus 1s an important brain region to inte-
grate the information arriving from didferent sensory
organs and o relate with memory formation. On the
postsynaptic density m the hippocampus, protein commpo-
sttion, such as the developmental switch in N-methyl-D-
aspartate (NMBA) receptor type and the receptor-asso-
ciated proteins, changes during the early development in
rats from postnatal day 2 to 35", These alternations
contribute to the maturation of learning and memory.
Hence, there is a possibility that the development of rat
hippocampus could be susceptible to microgravity during
the postnatal developmg stage of the brain.  However, it
remains unclear how antigravity activity of museles influ-
ence the postnatal development of hrain. Therefore,
this study was performed to mvestigate the effects of
hindlimb suspension during postnatal development on
hoth expression levels and post-transhational modifica-
tions of hippocampal proteins in rats. Effects of ambula-
tion recovery were also investigated.

MATERIALS AND METHODS
A, Animal cave and experimental procedures

All experimental procedures were conducted in accor-
dance with the Japanese Physiological Society Guide for
the Care and Use of Laboratory Antmals and followed the
guiding principles of the American Physiological Society,
This study was also approved by the Committee on Ani-
mal Care and Use at Osaka University.

Male Wistar Hannover rats (Nihon CLEA, ‘Tokyo,
Japan) with the age of 3-week old were used in this study
The rats were randomly separated mto cage-control
(n=15) and hindlimb-suspended group (#=10). Lach
rat was housed in a cage {3030 cm with 30 em height).
Temperature and humidity in the animal room with
12 12 hr light : dark cycle were maintained at ~23°C
Sohd food (CE-2, Nihon

CLIEA) and water were supplied ad libitum.

and ~55%, respectively.

On the first day of the experiment, brains were sam-

pled from 5 rats anesthetized with intraperitoneal injec-

tion of pentobarhital sodium (5 mg/100 g hody weight)
alter perfusion using phesphate huffered saline to remove
the bloed from the brain and these samples served as the
pre-experimental contrels.  Hippocampus was sampled,
minced, frozen in liquid nitrogen, and stored at —80°C,
The hindlimb suspension was performed as described
previously®™.  Breifly, three picces of sticky tape with
good cushion were placed longitudinally on 3 sides of the
mid-tail of the rat. The attached tapes were loosely
wrapped with another {ape cross-sectionally to keep the
blood flow intact. A string was inserted through the gap
between the tail and sticky tapes. The string was fas-
tened to a horizontal bar on the top of a plastic cage (30
X300 cm and 30 cm height) and manipulated to elevate
the hindlimbs to avoid touching the floor and walls of the
cage. The rats could reach food and water freely using
their forelimbs,  After 14 days, both cage conirol and the
hindlimb-suspended rats (7 =5 in cach group)} were sacri-
ficed and the hippocampus was sampled.  Ambulation
recovery was allowed for the remammg rats and hippo-
campus was sampled after 14 days.

B.  Preparation of hippocampal protein extracts

Frozen hippocampus was powdered in stainless steel
mortar cooled by liquid nitrogen and suspended in lyses
buffer (20 mM Tris-HCI with pH 7.6, 150 mM Na(l, 50
mM NaF 1 mM NazVO,, 1% Triton X-100, and 1% prote-
ase mhibitor cocktail I (Millipore, MA, USA).  The sus-
pension was gently rotated to oxtract proteins from pow-
dered tissue for 16 h at 4°C and centrifuged at 20,000 xg
The

Ultrafree-MC centrifugal filter umts (Millipore).

for 10 min. supernatant was filtered with
The
protein content in the extracts was determined using
BCA Protein Assay Kit (Thermo Scientific, MA, USA).

C.  2-Dimensional gel electrophoresis (2-DE)

Equal amount {110 pg) of hippocampal protein
extracted from 3 rats at day 14 was mixed {total 330 ng
for each group). Each mixture was desalted by using
2-1y Clean-Up Kit (GE Healthcare, Buckinghamshire,
UK) and disselved in DeStreak Rehydration Solution with
2% TPG huffer for pH 3-10 NL (GE Healthcare). The
samples were applied on immaobilized pH 3-10 nonlinear

gradient dry strip gels (7 ¢m, GE Healthcare). After
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12 h rehydration, the isometric focusing was performed
at constant 500 V for 1 h (20°C) in Ettan 1PGphor H (GE
Healthcare), ‘The voltage was then raised to 1,000V for
1h and finally to 5,000 V for 3 h.

were washed twice in deionized distilled water for 1 h

The focused strips

(total 2 h) and equilibrated for 15 min in 50 mM Tris-HCI
with pH 8.8, 6 M urea, 30% glycerol, 2% sodiun dodecyl
sulfate (SDS), and 0.05% hromophenol blie, containing
H mg/mL dithiothreitol, followed by 25 mg/ml 1odoacet-
amide m the same buffer for 15 min at 23°C. The sec-
ond-dimensional separation was performed on 12.5%
SDS-polyacrylamide gel electrophoresis (SDS-PAGE).
The gels were stained with coomassie hrilliant blue
R-250 for 30 min and the excess dye was washed out
from the gels by destaining with 20% methanot and 5%
acetic acid. Molecular masses were determined by run-
ning standard protein marker (Bio-Rad laboratories, CA,
JSA) and isoelectric point (pf) values were provided by
the supplier of the dry strip gels. The experiments
were repeated 3 times and the results were reproducible.

. In-gel digestion and peplide fragments

Spots were excised, destained with 50% methanol in
50 mM ammonitm bicarbonate at 40°C, and dnied by
reduced-pressured centrifugaiion. Each piece of dried
gel was rehydrated with 20 pL of 50 mM Fris-HCH (pH
8.8) containing 1 pmol trypsin (Promega, WE, USA} for 10
min at 4°C.  After removal of excess rehydrate solution,
15 uL of 50 mM Tris-TICI (pH 8.8) were added to the gel
piece and the mixture was incubated for 10h at 37°C.
Then, 100 ul. of 0.1% trifluoroacetic acid (TFA) were
added to the mixture. The peptide fragments were col-
lected as the supernatant and further eluted from the
residue of the gel by 10 min-sonication (twice} in 100 ul.
of 50% acetonitrite (ACN) containing 0.19% TFA, followed
by 10-min sonication (once) in 80% ACN with 0.1% TFA,
The mixture of the eluted peptides was filtered with
Uttrafree-MC centrifugal filter units and concentrated by
Next, the peptides
The Zip-
Tip was pre-wet by aspivating 10 pL of 80% ACN with
0.1% TFA 3 times) and 10 ul of 0.1% TFA (twice).

Then, the peptides were absorbed to ZipTip by pipetting

reduced -pressured cenfrifugation.

were desalted using C18 Zip'lips (Millipore).

20 times.  After the ZipTip was washed with 0.1% TEFA,
the peptides were eluted in 50% ACN with 0.1% TFA.
The eluate was diluted with 10 nL of 0.1% TFA, and ACN
was evaporated by reduced-pressured centrifugation.

E. Matrix-assisted laser desorption ionization tine-of-

flight mass spectrometry (MALDL-TOF/MS)

Each purified peptide fraction (1 pL) was mixed with
the matrix solution (1 ul) containing du-cyano-4-
hydroxycinnamic acid (Bruker Daltonics) in 33% ACN
with 0.06% TFA, and the mixture (2 nL.) was applied onto
a target plate (MTP 384 target plate ground steel TE
Bruker Dalionics, MA, USA).
lyzed with peptide mass fingerprinting by using Ultraflex
MASCOT

search in the NCBI database was performed with the

The samples were ana-

mass spectrometry (Bruker Daltonics).

obtained mass of peptides.

¥ Western blotting

Western blotting was performed as described
previously™.  Briefly, hippocampal protein extracts were
dissolved in equal volumes of 2x3DS sample buffer (209%
glycerol, 12% 2-mercaptoethanol, 4% S5DS, 100 mM
Tris-HCl with pH 6.7, 0.05% bromophenol blue) and
adjusted to a final concentration of (1.4 (for triosephos-
phate isomerase 1, TPID), 2 (for protein disulfide-1somer-
ase associated 3, PDIAZ), or 0.16 pg/ul (for sirtum 2,
SIRT2) by 1 SDS sample buffer.

All samples of 10 ul. were separated by 10% SDS-
PAGE and transferred to polyvinylidene difluoride
(PVDI} membranes (Bio-Rad laboratories). The memn-
hranes were blocked in 5% skimmed milk (Nacalai
Tesque, Kyolo, Japan) with 0.1% Tween 20 in Tris-buff-
ered saline (TTBS) for 1 I at 23°C and incubated with
anti-TPIL (1 : 30,000, Abnova, Taipei City, Taiwan), anti-
PDIA3 (1 : 2,000, Abnova) or anti-SIRTF2 (1 : 2,000, Cell
Signaling Technology, MA,USA) in TTBS containing 5%
bovine albumin (Nacalai Tesque) for 12 h at 4°C. Then,
the blots were incubated with horseradish peroxidase
conjugated secondary antibody to goai (1: 5000, Santa
Cruz Biotechnology, CA, USA) or rabbit immunoglobulin
G {1:5000, Cell Signating TFechnology) for 1 h. The
proteins reacted with antibodies were detected by incu-
bation of the blots with ECL plus Kit {GE Healtheare)
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and followed by cxposing to panchromatic film (FP-
30008, Fup Photo Film, Tokvo, Japan).

ses, the bound antibodies were stripped from the meni-

After the analy-

branes by 15 min-incubation in stripping solution (Nacalai
Tesque) at 23°C,
and incubated with anti-B-actin (1 : 5,000, Santa Cruz

The membranes were blocked again

Biotechnology) in TTES containing 5% skimmed milk for
12 ly at 4°C.

peroxidase-conjugated secondary antibody to mouse

The blots were incubated with horseradish

mnsnoglobulin G (1 @ 5,000, Cell Signaling Technology)
for 1 h.

was stated above,

The detection of the bands was performed as

5

The analyses were performed in
rats withm each group, and the results were reproduc-
ible,

For 2-DE western blotting analysis of TPI1, PDIA3
and SIRTZ, luppocampal protein extracts from 5 rats in
each group were mixed and adjusted to 2, 5, and 16 pg
protein, respectively. Each mixture was desalted and
dissolved i DeStreak Rehydration Solution with 0.5%
IPG buffer for pH 3-10 NL. Al of the 2-DE western
blotting analyses were repeated twice, and the results
were reproducible,

RESULTS
A, Z2-DE analysis of hippocampal proteins

To investigate whether the hindhimb suspension during
the postnatal development affects the protein expression
profile inn the hippocampus of rat, 2-DE maps of overall

proteins were compared between the control and

Control iDay 14)

37

S 25

pl 5 6 P8 8

Fig. 1.

hindlimb-suspended group.  Representative 2-DE maps

of 2 groups are shown in Figure 1. Differentially-dis-
played proteins in the hippocampus of rats after 14 days
of hindlimb suspension were examined by visual map
matching. In comparison with the control group, 4
weaker spots and 6 stronger spots were detected in the
All of

the 10 spots were identified by peptide mass fingerprint-

hindlimb-suspended group (Fig. 1 and Table 1),

ing and the results including their Molecular Weight
Search scores are shown in Table 1. The levels of dihy-
dropyrimidinase-like 2 (DPYSL2), actin-related protein 1
homelog A, centractin alpha, and phosphatidylethanol-
amine binding protein (PEBP) in the hindlimb-suspended
group were lower than controls, In contrast, the ievels
of SIRT2, TPl and peroxiredoxin 2 (PRDX2) in the
hindimb-suspended group were higher than controls.
PDIAS (Spot 2 and 3 i1 Fig. 1 and Table 1) and glutamine
synthetase 1 (Glul) (Spot b and 6 in Tig. 1 and Table 1)
The PDIA3
spot with a lower pf (Spot 2 in Fig. 1 and Table 1)

were respectively detected as two spots.

increased and the spot with a higher pf decreased by
hindlimb suspension, on the contrary (Spot 3 in Fig. 1
and Table 1). The densities of both Glul spots were
higher in the hindlimb-suspended group than conirols

{Spot 5 and 6 1n Fig. I and ‘Table 1),

kDa
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Representative 2-dimensional gel electrophoresis maps of hippocampal proteins in control and suspended rats just after

Differentially expressed protein spots hetween the contral and
Pl isoelectric point.

the 14 days of cage housing or hindhmb suspension.
suspended rats are marked with arrows and numbers.
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Table 1. Alternation in hippocampal protein expressions by the tail-suspension

Spot # Protein name

Predicted MOWSE A (Spot of Sus

Accession # MW (kDay Score  vs Cont at R+)

i Dihydropyrimidinase-like 2 (DPYSLE2)

2 Protein disulfide-isomerase A3 (PDIA3)

3 Protein disullide-isomerase A3 (PRIA3)

4 Actin-related protein ¥ homolog A, centractin alpha

5  Glutamine synthetase 1 (Glal)

6 Glutamine synthetase 1 (Glul}

7 Sirtuin 2 (SIRT2)

8 Triosephosphate isomerase 1 (TP}

9 Phosphatidylethanolamine binding protein (PEBP)
10 Peroxiredoxin 2 (PRIDX2)

gi] 402545495 63 83 Down
] 1352384 57 127 Up
#118393322 57 201 Daswn
i} 5031569 42 36 [own
o} 142349612 3 168 Up
] 142349612 43 212 Up
g1 56605812 40 128 Up
i1 117935064 27 328 Up
g1 18393910 21 108 [own
g1} 8384432 22 95 thy

All spot numbers are consistent with the numbers described in Figure 1.

B.  Wésfern blotiing analyses of protein disulfide-isomerase
associaied 3, triosephosphate isomerase 1 and Sir-
tutn 2

There were not significant differences in the total

expression levels of PDIA3, TPI1, and SIRTZ among all
groups, except the 37 kD-form SIRTZ, which mtensities
were significantly increased at day 14 and 28 vs. pre-
experimental basal level, respectively (Figs. 24, 3A, and
4A).  However, by using 2-DE western blotting analysis,
the data suggested that the pf profiles of TPI1, PDIA3,
and 37 kD-form SIRT2 could be greatly influenced by the
hindlimb suspension (Figs. 2B, 3B, and 4C). As i
shown in Figure 2B, 4 spots with a different pf were
detected as PDIA3 by using 2-DE western blotting.
Before the initiation of experiment, 2 spots of PDIA3
with a lower pf were clearty observed (Spot 3 and 4), but
other 2 spots with a higher pJ were hardly detected (Spot
} and 2).

higher p/ were clearly noted and other 2 spots with a

In the control group at day 14, 2 spots with a
lower pl almost disappeared. In the control group at day
28, the 2 spots with a lower pf were clearly observed
again.  Interestingly, the patterns of PDIA3 spots in the
hindlimb-suspended group at day 14 were similar to
those seen before experiment.  Those in the ambulation
recovery group at day 28 were similar to those in the
control group at day 14.

As for TPIL, 3 spots with different pI were detected

{Iig. 3B). At the age of 3 weck, the greafest expression

was noted in the spot with the highest pf (Spot 1), In
the control groups both at day 14 and 28, the greatest
expression was observed in the spot with the second
highest pf (Spot 2).

pended group at day 14 and 28, the order of expression

However, in the hindlimb-sus-

levels was similar to the pre-experimental controls.
SIRT2 showed 2 isoforms, 43 kD-form and 37 kD-
form (Fig. 4A). The pl profile of 43 kD-form SIRTZ was
not influenced by the hindlimb suspension or the postna-
tal growth during week 3 to 7 after birth (Fig. 4B). On
the other hang, the pf profile of 37 kD-form SIRTZ
changed in response to the postnatal development and
hindlimb suspension (Fig. 4C). In 3-week old rats, only
2 spots of 37 kD-form SIRT2 with lower p/ were detected
(Spot 3 and 4).

2 spots with higher pI appeared, but these 2 spots, espe-

In the control group at day 14, additional

cially with the highest p/, decreased during the next 14
days (Spot 1 and 2).  During the postnatal development
of the brain, the expression of the spot with the lowest pf
(No. 4) increased gradually in the control group,  How-
ever, 2 spots with higher pf increased progressively in
response to 14 days of unloading and reloading in the
experimental group. At the end of ambulation recovery,
the spot with the lowest p/ became negligible.
DISCUSSION

Gravitational unloading during the postnatal devel-

opment inhibited the normal growth-associated changes

of hippocampal protein expression in rats. Further,
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Day 14

Day 28

c R

LExpression level and 2-dimensional gel electiophoresis (2-DI2) profile of protein disulfide-isomerase associated 3
(A) The representative 1-DE western blotting patterns of PDIA3 are shown., (B)

Fig. 2.
(PDIA3) i the hippocampus.

PDIA3 proteir spots were verified by 2-DE western blotting analysis.
Pre, pre-suspension control ; Day 14, 14 days after cage housing (C) or hindlimb suspension
(5); Day 28, 28 days after cage housing {C) or 14 days after ambulation recovery foliowing 14-day hindlimb suspension

highest isoelectric point.

(R).  See figure 1 for other abbhreviation.

14 days of ambulation recovery from the hindlimb sus-
pension could not restore the hippocampal protein pro-
files to the age-matched control level, To our knowl-
edge, this is the first report concerning the eifects of
gravitational unloading and rejoacing on the hippocampal
expression of protens n the postnatal developing rats,
although the effects of hindlimb suspension on the hippo-
campal protein profiles m adult mice were reported else-
where'”,

The hippocampal proteins, which showed different

expressions between the control and the hindlimb-sus-

4 3 2 1

Spots of PIMAS are numbered heginning at the

pended group at day 14, have functions related to celtular
protection, cell death, neurogenesis, neural activity or
neuronal circuitry formation, as will be described in detail
below. The data suggested that inhibition of antigravity
activity of hindlimbs during early growing period might
impamr the normal postnatal development and normal
function of the hippocampus.

A, Cell swrvival — cellidar protection, cell death and

HEUTOYCENESIS
The nindhimb suspension of mice causes oxidative

stress in the brain and lipid peroxidation in the
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Day 14 Day 28
Pre C S C R

Pre C C

3 2 1 3 2 1 3 2
plB.1 e pf 8.1
S R
3 02 1 3 2 1

Fig. 3. Expression level and 2-DE profile of triosephosphate isomerase 1 {TT11) in the hippocampus.  (A) The representative
1-DE western blotting analysis of TPI1 is shown. (B) TPH protein spots were verified by 2-DE western biotting

analysis.  Spots of TPT1 are numbered beginning af the highest isoelectric point.  See figure 1 and 2 for other abbrevi-

ations.

hippocampus™.  Hence, various reactions, such as adap-
tive response to the stress, cell dysfunction or celi death,
may occur in the hippocampus of the hindlimb-suspended
mice and rats,  Furthermore, the hindlimb suspension
suppresses neurogenesis in the hippocampus of the post-
natal developing rats®”, as well as adult rats*,

The up-regulation of PRDX2 and the change of post-
translational modifications of ?’DIA3 might be induced in
response to cellular stresses i the hippocampus.
PRDX2 contributes to elimination of peroxides.  Actu-
ally, over-expression of PRDX2 rescues PC12 cells and
cortical neuronal culture from celt death caused hy oxida-
tive mjury®*,  PRDX2 may also play an importani role
in the defense against neuwrodegeneraitve diseases,
because the expression levels of PRDXZ increase in
postinortem brain of patients with Bown’s syndrome,

Alzhieimer's, Parkinson’s, and Pick's diseases, im which

oxidative stress is a common element®”, Therefore, it
s speculated that PRDX2 might be up-regulaied (o
defend hippocampal cells against oxidative stress, when
the hindlimb suspension was performed in the postna-
tally developing rags. Responses of other stress mark-
ers, other than PRIXZ, were not investigated in the
present study.

PDIAS assists the chaperon function and disulfide
shufiling of glycoproteins'®.  In addition, PDIA3 may act
as a neuroprofective factor against neurotoxicity at an
carty stage of cell damage’™.  In Newro-Za (N2a) neuro-
blastoma cells, siRNA inhibition of PRIA3 sigmficantly
enhances prion toxicily, which induces newronal apopto-
sis via activation of the endoplasmic reticulum stress
pathway, and over-expression of PDIA3 protects cells
against the toxicity by reduction of caspase-12 activity'”,

Moreover, the pI of PDIA3 in lung tissue shifts to lower
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(A) Day 14 Day 28

Pre C S C R

- 43kD

SIRT2 ~ 43D

-actin

(B) Day 14 Day 28
Pre C C

43 21 43 21 43 2 1
pl45 ——— pl51

Pre C C

1
pIB6 e pl 6.7

4 3 21 4

w &
N

1

< 37kD >

Fig. 4. Expression levet and 2 DE profile of Sirtuin 2 (SIRT2) in the hippocampus.  (A) The representative 1-DE western
blotting patterns of SIRTZ ave shown.  SIT2 protein spots with 43 kD (B) and 37 k1) (C) were respectively verified by
2-DE western blotting analysis.  Spots of SIRT2 with either 43 k1D or 37 kD are numbered heginning at the highest
isoelectric point,  See figare 1 and 2 for other abbreviations.

This document is provided by JAXA.



Vol. 48, No. 3, 2011 _ 31

level after exposure of neonatal rats to hyperoxic condi-
tion, in which apoptotic cell death of lung cells can be
induced by reactive oxygen species™.  Similar PDIA3
spot pattern between the hindiimb-suspended group at
day 14 (Fig. 2B) and the hyperoxia-exposed lung tissue
was observed. Thus, the hindlimb suspension might
trigger apoptotic cell death via cell stress in the
hippocampus,  Furthermore, smmlarities of spot pat-
terns were noted hetween the ambulation recovery group
at day 28 and the control group at day 14, as well as the
hindlimb-suspended group at day 14 and the pre-experi-
mental controls. 1t is suggested that the hindimb sus-
pension could temporarily inhibit the growth-related
change of post-translational modifications of PDIA3, but
this inhibition could be reversible after the termination of
hindlimb suspension.

There are relationships hetween cell death and cellular
The

expression of centractin is down-regulated in Down's

functions in several degenerative diseases™™,

syndrome patients'™ and mutations of TPL1 cause triose-
phosphate isomerase enzymopathy, which is a unique
glycolytic enzyme deficiency coupled with neurodegene-
rafion®™.  Centractin mediates the retrograde axonal
transport of newrotrophines™ and acts as a regulator for
various dynein-mediate [unctions during mitosis™.
Therefore, reduction of centractin in the hindlimb sus-
pended rats at day 14 might be implicated in an increase
of cell death or a decrease of the newogenesis (Fig. 1,
Spot 4).

were not noted in the volume of hippocampus.

However, prominent unloading-related changes

TPI1 is inactivated by cyclnA/Cdk2-dependent phos-
phorytation®™ or nitrotyrosination from amyloid
B-peptide-induced nitro-oxidative damage™.  The phos-
phorylation of TPI1 occurs during etoposide-induced
apoptosis and the nitro-TPI1 induces tau aggregation to
form paired helical filaments, the characteristic intracel-
lular hathnark of brain in patient with Alzheimer's
disease., Generally, these post-translational maodifica-
tions shift the pf of protein to lower level. Then, shifts
of pf of TPl toward the lower level are considered to
lead to cell death. Since TPI1 spots with lower pf

increased in all groups at day 14 and 28 as compared to

the pre-experiment control (Fig. 3, Spot 2 in the control
group and Spot 3 in the hinglimb-suspended group and
the ambulation recovery group), the rates of cell death
might be increased in these groups at day 14 and 28
although the molecular manners for the death might be
different between the control and the hindlimb-sus-
pended groups.  In addition, since the spot patterns of
TP 1, which were altered by hindlimb suspension, was
maintained even after the 2-week ambulation recovery, it
is suggested that the inhibited post-translaiional modifi-
cations may not be restored to the age-matched control
level.

B.  Newetransmission — newronal crreuityy and neu-

ral activity —

DPYSL2 is a key molecule for axon guidance and neu-

Dissoctation of DPYSLZ

from tubulin after its phosphorylation leads to induction

1342}

ronal growth cone collapse

of growth cone collapse™™,  On the other hand, hyper-
phosphorylation of DPYSL2 is implicated n some pathol-
ogy, such as Alzheimer’'s disease”. TFurthermore,

DPYSL2 expression decreases in the frontal cortex of

psychiatric patients, such as schizophrene®,

Therefore,
less expression of DPYSLZ after hindiimb suspension
might indicate that formation of normal neuronal circuitry
in the lppocampus is inhibited and subsequently cogni-
tive function may be impaired.

The expression of PEBP mRNA in the bramn of
Alzheimer’s isease patients decreases, particularly in
the hippocampal CAL field of patients with late-onset
Alzheimer's disease®, And the decrease in PEBP pro-
tein expression correlates with amyloid [ accumulation
in the mouse model of Alzheimer's disease™. PEBP is
the precursor of the hippocampal cholinergic neurostimu-
lating peptide, which increases the production of choline

' Recently, reduction in rat PEBE

acetyltransferase
which 1s paralleled with cognitive nmpairment after
chronic corticosterone treatment, is reported”.  There-
fore, reduction of PEBP in the hippocampus after
hindlimb suspension may cause cholinergic impairment
and cogmiive dysfunction.

Glul is exclusively expressed in astrocyte and plays a

central role in the metabolic regulation of glutamate, the
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major excitatory brain newrotransmitter”.  Glutamate is
taken up by astrocytes through the astrocyte-specific
glutamate transporter-1 and transformed into glutamine
by Glul. It is reported that the mcrease in hippocampal
Glul actsvity and the mild impairment of memory forma-
tion are induced by chronic exposure to glufosinate-
ammmonium, which is an inhibitor of glutamine synthe-
tase in planis®. Thus, higher expression of Glul in
hindlimb-suspended animal at day 14 suggests that the
hindlimb suspension might induce a disturbance of the
glutanate-glutamine cycle in the hippocampus and an
impairment of memory formation.

SIRTZ 1s a multifunctional bram protein, which can
mhibit cellular events implicated i neuwronal circwitry
formation, such as cyloskeletal growth cene dynamics,
neurite outgrowth, and oligodendrocyte arborization'™*!,
The activated SIRT2 also enhances neurodegeneration*”.
SIRTZ is inactivated by its phosphorylation and acetyla-
tion, which are induced by various cyclin-Cdk complexs
and p300/CBE
profile of 37 kD-form SIRTZ in the present study. The
expression of 37 kD-form SIRTZ with highest pf (Fig. 4C,
That in 3-week

Hindlimb suspension affected only pf

Spot 1) was stimulated by suspension.
old confrol rats was not detected, although it was
mcreased at day 14. However, in the hindhimb-sus-
pended group with or without ambulation recovery, the
expression was increased.  Therefore, SIRT2-dependent
neurodegeneration or mhibition of cellular events related
with neuwronal circuitry formation might be enhanced at
both postnatal week 5 with hindlimb suspension and
week 7 after the ambulation recovery, although those
might be enhanced only around postnatal week 5 under
normal condition. Hence, the hindlimb suspension dur-
g postnatal development of the brain may have a risk of
neurodegeneration or disturbance of neuronal circuitry
formation.
CONCLUSION

Faken together, it was suggested that hindlimb
unloading might trigger cell death signal via celi stress or
form an abnormal neuronal circuifry in the hippocampus
of the posinatal developing brain, which might cause

adverse effects on hippocampal function. In addition,

Vol 48, No. 3, 2011

there 18 a possibility that the effects caused hy hindlimb
suspension might be maintained for long periods or irre-
versible, hecause the spot patterns of TPIT and SIRT?
were not normalized to the age-matched control levels

after 14 days of ambulation. Although it remains

unknown whether these alternations of protein profiles
would be beneficial or not for the hrain function, the
results obtaimed in this study provided some new insights
that post-translational modifications, as well as expres-
sion levels of proteins, are changed in the hippocampus
of the postnatal developing rats in response to mhibited
gravitational unloading.
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