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Abstract: Spinal cord injury (SCI), one of the highest disability diseases, has well been documented in the world. 
However, the complicated mechanism underlying SCI is waiting to be elusive. Here, we established spinal cord 
transection (SCT, T10) model, and confirmed that glyoxylase 1 (Glo-1) was extensively downregulated in injured 
spinal cord by 2-DE, PDQuest analysis and western blotting. Moreover, to address the role of Glo-1 in injured spinal 
cord, we constructed HIV-Vector carrying shRNA to knockdown Glo-1 level. In C6 cell line, knockdown of Glo-1 could 
increase the cell viability, which indicated by MTT assay. Knockdown of Glo-1 not only decreased the cell size and 
neurite length of astrocytes, but also increased that of neurons. These findings therefore indicated that Glo-1, as a 
crucial neuroprotective factor, played a crucial role in improving proliferation in neurons and astrocytes. Our finding 
therefore paved a new strategy which suggested that Glo-1 might be a target naive protein for the treatment of SCI.
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Introduction

Following the spinal cord injury, in the most of 
cases, the patients are faced to problematic 
neurological status, which mostly can cause 
the palsy of the limbs. And injured spinal cord 
shows little capacity for functional recovery 
involving regeneration of axonal protrusions. 
Results of some experiments which have been 
gained by recruit of stem cells, nerve and spinal 
cord segments, growth factors and scaffolds 
show that the regeneration of spinal cord fibers 
across the spinal cord lesion is probable. Mean- 
while, it may provide new therapeutic measures 
[1-5].

But for the repair of spinal cord injury, currently 
the biggest problem is whether the regenera-
tion of nerve fibers and recycled fibers could 
construct the new neural connections around 
the site of injury. The clinical use of neurotroph-
ic factors is difficult due to side effects and 
elevated costs, but other molecules might be 
effective and more easily obtained [6]. So we 
revealed that the regeneration of injured spi- 

nal cord associated genes can be categoriz- 
ed into several groups, containing cytoskele- 
tal proteins, neurotransmitter metabolizing en- 
zymes, neuropeptides, growth factors, and sig-
nal transduction molecules in the spinal cord, 
as well as genes encoding proteins involved in 
inflammation, proliferation, and myelination in 
the spinal cord by proteomic analysis of the pro-
tein expression.

Another problem is that the recovery of spinal 
cord is interrelated to both neurons and astro-
cytes after injury. Previously studies indicated 
that astrocytes were considered as adverse 
effects on recovery of the injured spinal cord. 
But now some new results showed that reactive 
astrocytes provide essential activities that pro-
tect tissue and preserve function after mild  
or moderate SCI [7]. Astrocytes play a role in 
inflammation and one previous study revealed 
that tumor necrosis factor-induced modulation 
of glyoxalase I activities through phosphoryla-
tion by PKA results in cell death [8]. So we 
hypothesize that after injury, the recovery of spi-
nal cord is relative to spinal cord neurons and 
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astrocytes by some molecules like GLO1, PKA 
and so on.

In the present study, using two-dimensional gel 
electrophoresis, we analyzed and identified the 
discrepancy protein expression profiles in spi-
nal cord rostral to the injury. So we pay our 
attention to these proteins and the relationship 
between function and effect.

Method

Animals and animal feed

Twenty five adult female Sprague-Dawley (SD) 
rats, aging approximate 3 months and weigh- 
ing 220-250 g, were provided by Animal Ex- 
perimental Center of Si Chuan University. All 
animals were housed in clean cage and main-
tained on a 12 h on-12 h off light-dark cycle. 
Ambient temperature was kept at 25±2°C and 
humidity was kept at 55% to 70%. Food and 
water were given and ad libitum.

Surgery and spinal cord injury

All rats, randomly divided into two groups: 
Sham group and SCT group, were anaesthe-
tized by intraperitoneal injection of 3.6% chlo-
ral-hydrate (36 mg/100 g). All rats were fixed 
on the operating table in the prone position, 
and the hair on the back area was shaved. A 
longitudinal incision was made through the 
back skin to expose the underlying muscula-
ture and the T9-T11 vertebrae identified. Rats 
in Sham group received only laminutesectomy; 
however, the cord was transected with iridec-
tomy scissors at T10 in the other groups. The 
muscle and skin were sutured in layers with 3-0 
silk. Then all animals were warmed, and when 
they became active, returned to the cages dis-
tinguished into two groups. All rats received  
an intraperitoneal injection of penicillin (12.5 
mg/200 g) for two days after operation. Manual 
emptying of the bladders was performed third 
daily for a week, then two times per one day  
till sample harvesting in SCT group containing 
3dpo, 14dpo, 28dpo, five rats in each group [9].

Two-dimensional (2D) gel electrophoresis

Proteins were precipitated by using the 2D Kit, 
and resuspended a mixture of 7 M urea, 2 M 
thiourea, 4% CHAPS, 1 mM PMSF, 20 μg/ml 
DNase, 50 μg/ml RNase and MnCl2 (isovolu-
metric with DNase). The computer analysis of 

the 2-DE image was carried out by using 
PDQUEST 7.40 (Bio-Rad) software. Samples of 
spinal cord weighing 200 mg were left on ice for 
15 minutes followed by centrifugation at 4°C. 
The samples were centrifuged for 30 minutes 
at 12,000 r/min. The supernatant was discard-
ed and protein content was measured by the 
Bradford Coomassie blue colorimetric assay. 
Samples were allowed to keep at room temper-
ature for about 1 hour with DTT (0.02 g/ml) and 
Bio-lyte (0.0025 μl/ml), centrifuged for 10 min-
utes at 25,000 r/min. For overnight in-gel rehy-
dration into IPG strips (18 cm, pH 3-10 NL) 
(BioRad, Hercules, USA), each lysate containing 
150 µg protein was dissolved in 315 µl rehydra-
tion buffer (7 M urea, 2 M thiourea, 0.4% DTT, 
4% CHAPS, 0.5% Bio-Lyte 3/10 ampholytes 
(BioRad, Hercules, USA), 0.001% bromphenol 
blue). Focusing was performed using the IEF- 
100 Isoelectric Focusing Unit (Hofer, Holliston, 
USA) to a total of 50000 Vh (50 V low 0.5 h, 
250 V low 1 h, 500 V rapid 1.5 h, 1000 V rapid 
1 h, 4000 V linear 3 h, 9000 V linear 3 h, 9000 
V rapid 50000 Vh, 500 V rapid 30 minutes.). 
After isoelectric focusing, strips were equilibrat-
ed in 6 M urea, 2% SDS, 30% glycerol, 50 mM 
Tris-HCl (pH 8.8) supplemented with 3% DTT for 
15 minutes, and then with 2.5% iodoacetamide 
for additional 15 minutes. For second-dimen-
sion electrophoresis, IPG strips were subjected 
to SDS-PAGE using 12% polyacrylamide gels, 
until the dye front reached the end of the gel. 
The gels were stained by using CBB G-250. Only 
those spots that changed consistently and sig-
nificantly (more than 1.5-fold) were selected by 
TOF/TOFTM analysis. Each of the paired sam-
ples was run three times to ensure the consis-
tency of the data at 2-DE analysis [10].

In-gel tryptic digestion

Visual inspection of the gels was done to 
choose the best from the triplicates based on 
the highest image resolution and number of 
spots. The gel spots were destained twice with 
0.1 ml of 50 mM NH4HCO3, and 50% acetoni-
trile in 20 minutes and dehydrated in 100% 
acetonitrile in 10 minutes. After complete de- 
staining, gels were washed twice and shrunk  
by dehydration in ACN. Then the samples were 
puffed in a digestion buffer containing 20 mM 
ammonium bicarbonate and 12.5 ng/ml tryp-
sin at 48°C. After 30 minutes incubation, the 
gels were digested overnight at 37°C. Peptides 
were then extracted twice using 0.1% TFA in 
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50% ACN. At last mixtures of the peptide were 
redissolved in 0.8 μl of matrix solution which 
was a mixture of α-cyano-4-hydroxycinnamic 
acid (Sigma, St. Louis, MO, USA) in 0.1% TFA, 
and 50% CAN [11].

Mass spectrum and database search

MS analysis and protein identification were per-
formed as reported previously [12, 13]. Spots 
with relatively higher intensities on 2-DE gels 
were excised, dried, analyzed on a 4700 pro-
teomics analyzer (Applied Bio systems, Foster 
City, CA, USA). Data interpretation of acquired 
MS and MS/MS peptide spectra was carried 
out with Data Explorer™ software version 4.5 
(Applied Bio systems) in default mode. The gen-
erated MS and MS/MS spectra were subse-
quently submitted to MASCOT (version 2.1, 
Matrix Science, London, UK) by GPS Explorer 
software (version 3.6, Applied Bio systems). On 
the basis of peptide-mass matching, peptide 
peaks obtained from mass mapping were iden-
tified using the NCBI database. All spots were 
examined by methionine oxidation, for iodo-
acetamide modification, and, with no-limita-
tion, for pI. The confidence of identification was 
indicated by the number of matching peptides, 
and the percent of the acid-sequence cover-
age. Proteins were accepted on the basis of 
four or more peptides having matched.

PCR

The primer sequences and the expected sizes 
of PCR products were as follows: GLO1, sense 
5’-CAGCGTCCAGTGGTCTT-3’ and antisense 5’- 
CTGCGTCTCGTCATCTTC-3’; Total RNA was ex- 

For real-time PCR, the primer sequences de- 
scribed as follows: GLO1, sense 5’-TCAAGTT- 
TGTGAAGAAGCCT-3’; antisense 5’-GTTGCCATT- 
TTGTTAGGATT-3’; TM: 5’FAM-CTCCTCCTTCTTC- 
TTGATGCC-TAMARA3’. PCR was performed in a 
DNA thermal cycler (ABI 7300) according to the 
standard protocol as the same as the RT-PCR.

Western blot analysis

Equal amounts of protein lysates (RIPA lysis 
buffer, Beyotime, Jiangsu, China) were separat-
ed by one dimensional SDS-PAGE and blotted 
onto PVDF membranes. Protein detection was 
performed by incubation with respective anti-
bodies (Table 2), and proteins were visualized 
in Alpha Innotech (Bio-Rad) with ECL.

Immunofluorescence staining

The samples were processed for double immu-
nofluorescence staining to find out whether 
GLO1 were co-localized with neurons or astro-
cytes. The free-floating sections of the medulla 
oblongata were simultaneously incubated with 
two primary antibodies, rat anti-Neun (ZSGB-
BIO, 1:50)/rat anti-GFAP (ABcom, 1:100) or rab-
bit anti-GLO1 (EPITOMICS, 1:100). The same 
sections were concurrently incubated with two 
appropriate secondary antibodies, goat anti-
rabbit IgG conjugated with Cy3 (1:200) for 
GLO1, and goat anti-rat IgG conjugated with 
Alexa 488 (1:100) for Neun or GFAP. Counter- 
staining was performed with DAPI (1:1,000) 
(Invitrogen) in PBS, and sections were cover-
slipped which were viewed under the laser 
scanning confocal microscope (Leica Micro- 
systems, Germany) [14, 15].

Table 1. Proteomic identification information of rostral spinal cord at 
sham and 28dpo group

Name ID pI/MW  
(obversed)

pI/MW  
(calculated) Score Coverage

Glyoxylase 1 gi︱46485429 5.12/20806 5.15/24100 306 63%

Table 2. Information of antibodies
Antibody Catalog Supplier Host Application
NEUN Ab104225 ABcom Rabbit 1:50
GFAP 50 imunostar Rabbit 1:100
GLO-1 6778-1 Epitmic Rabbit 1:50
Cy3 17 Jackson Goat anti-rabbit 1:200
Alexa 488 A11006 invitrogen Goat anti-rat 1:100

utes; then amplification for 45 cycles 
at 95°C for 0.5 minutes, annealing at 
52°C 0.5 minutes, and extension at 
60°C for 0.5 minutes; and then a ter-
minutesal elongation step at 60°C for 
10 minutes and a final holding stage 
at 4°C. The PCR products were ana-
lyzed by electrophoresis through 1% 
agarose gel and visualized by Gold- 
View with Alpha Innotech (Bio-Rad). 

tracted using TRIzol reagent 
(Invitrogen), and RT-PCR was 
performed with conditions 
as follows: reverse transcrip-
tion was done with the kit 
instruction (ferments). Dena- 
turation at 95°C for 3 min-
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Cell culture

PC12 and 293 Tα cells were maintained in 
Dulbecco’s modified Eagle medium (DMEM, 
Thermo Scientific, USA) containing 10% fetal 
bovine serum (FBS, Thermo Scientific, USA) 
and 1% antibiotic solution (mixture of 10 U/ml 
penicillin G and 10 mg/ml streptomycin). Cell 
cultures were maintained in 6-well plates at 
37°C in a humidified atmosphere of 5% CO2.

In brief, cells dissociated from the spinal cord 
of 2 day old postnatal rat Sprague-Dawley were 
seeded at a density of 2.4 × 105 cells/ml in 
Dulbecco’s modified Eagle’s medium (DMEM; 
Thermo Scientific, USA) containing 10% FBS 
(Thermo Scientific, USA) and 1% antibiotic solu-
tion (mixture of 10 U/ml penicillin G and 10 mg/
ml streptomycin) at 37°C, under a humidified 
5% CO2/95% air atmosphere. After 1 week, 
neurons and astrocytes were isolated and cul-

tured and, plating at a final density of 2 × 105 
cells/well on a 6 well culture plate. On the fol-
lowing day, cells were subjected to various 
treatments [16].

Lentivirus production and infection of cells

The cDNA sequence of GLO1 was obtained 
from GenBank (accession number: NM_2075- 
94). Four kinds of shRNA for GLO1 were insert-
ed into the lentivirus expression plasmid psi-
HIV-U6 (guangzhou genecopoeia, China). Non-
silencing shRNA was used as a control. In order 
to generate GLO1-shRNA and control lentivirus, 
lentiviral shRNA plasmids targeting GLO1 or a 
control were transfected into 293Tα cells using 
EndoFectin Lenti reagent (guangzhou geneco-
poeia, China) together with the gag/pol packag-
ing vector (guangzhou genecopoeia, China). For 
lentivirus infection, when the cells grew 60% (a 
density of 3 × 104 cells/well), the lentivirus of 

Figure 1. 2D protein profiles of sham group and 28dpo group of rostral spinal cord lesion from SCT rats. A. Localiza-
tion of identified proteins on two-dimension electrophoresis (2-DE) gel. B. The up-related protein spot was amplified. 
C. Quantification of protein spot in sham group and 28dpo group SCT rats. Proteins were resolved by 2D-PAGE elec-
trophoresis and stained with Coomassie Blue. Two parallel experiments were run. Horizontal axes, isoelectric points 
(pI); vertical axes, molecular masses (kDa).
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GLO1-shRNA or control lentivirus were trans-
fected into these cells with 1% polybrene and 
5% FBS in DMEN at a MOI of 2.3. 48 h after 
transfection, the medium was changed to the 
original medium. The pictures of growth of spi-
nal cord neurons were photographed by micro-
scope before transfection as 0 day, 2 day and 7 
day after transfection [17].

Effective interference fragments screening

Transient transfection of PC12 cells for shRNA 
screening. PC12 cells were plated in 6-well 
plate and transfected with a total of 2 mg of 
GLO1-shRNA per well, using the SuperFectin™II 
DNA transfection reagent (Shanghai Pufei Bio- 
tech Co.). Culture medium was removed 12 
hours after transfection and replaced with fre- 
sh medium. After 48 hours cell culture, TRIzol 

reagent was used to extract mRNA and contin-
ued to synthesis related cDNA for PCR. At last 
the production of PCR was run to Agarose  
gel electrophoresis and taken photos by Gel 
Imager. The software Image J was used to cal-
culate the gray value. Statistical comparisons 
were done using an oneway ANOVA. Significance 
was accepted at P<0.05.

MTT cell viability assay

In brief, both uninfected and infected PC12 cells 
(4 × 104 cells/well) were seeded in 96-well 
plates. After 1, 2, 3, 4, or 5 days of infection, 20 
μl MTT (5 mg/ml, Sigma, St. Louis, MO) was 
added, followed by incubation for another 4 h 
at 37°C. 150 μl of dimethylsulfoxide was added 
to the MTT-treated wells for 10-15 minutes and 
for colorimetric analysis the absorption was 
determined at 570 nm using an automated 
plate reader. The optical of sample bands were 
analyzed with Quantity One analysis software 
(Bio-Rad, USA). Each assay was repeated at 
least three times [18].

Results

Quantitative analysis of 2D protein maps and 
mass spectrum analysis of specific proteins

To study regeneration or apoptosis of spinal 
cord rostral to transection, we used proteome 
analysis to perform at sham and 28 day post-
operation (dpo) after SCT to screen differential 
proteins expressed in the spinal cord. The pro-
teome contained about 849 detectable protein 
spots staining in 2D gel by CBB R-250 [442 
(sham group rats) and 407 (SCT rats)]. Com- 
paring 28dpo to sham, we found a spot that 
was decreased in intensity (Figure 1). This spot 
was identified by mass spectrometry (Figure 2). 
Spectrum analysis showed that this differential 
protein spot was successfully identified and list 
in Table 1. And it was homologous between 
human and rat. This protein which may play a 
role in neuronal plasticity was abundantly ex- 

Figure 2. Mass spectra for protein identifications with searching score or single-peptide matching. A. PMF of the 
2-DE spot glyoxylase 1. The arrow indicates the position of a precursor ion of m/z 838.4209. B. The MS/MS spec-
trum of precursor ion of m/z 838.4209. The database searching with this MS/MS spectrum results in the identifica-
tion of peptide, which was also identified with a score of 306 based on PMF. C. The probability based on molecular 
weight search score. Ions score  is  -10*Log (P), where P is the probability that the observed match is a random 
event. Protein scores being more than 56 are significant (P<0.05). Matched peptides are shown in Bold Red and 
the sequence coverage is 63%. So this protein is glyoxylase 1.

Figure 3. Validating the levels of glyoxylase 1 after 
SCT. A. Tissues from rostral to spinal cord lesion of 
sham, 3dpo, 14dpo and 28dpo group SCT rats were 
analyzed by Western blot. Each blotting strip was de-
termined by Image J software. B. Analysis of verifi-
cation of glyoxylase 1. The horizontal axes showed 
the average change fold of five parallel experimental 
runs. The results were quantified and normalized in 
relation to the β-actin content. Data are expressed 
as mean ± SD and were analyzed by One-Way ANOVA 
(*P<0.05, **P<0.01).
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pressed in the brain and spinal cord. This result 
led us to infer that this factor could have an 

important role in regeneration or apoptosis of 
spinal cord transaction.

Figure 4. Various expressions of neuronal cells and astrocytes makers and glyoxylase 1 positive cells were mainly 
found at the neuronal cells and astrocytes. A. Glyoxylase 1 expressed in the neuronal cells. B. Glyoxylase 1 ex-
pressed in the astrocytes. Arrow indicates co-localization of glyoxylase 1 and Neun/GFAP expression. Scale bar 20 
μm.

Figure 5. Screening of shRNAs for silencing expression of glyoxylase 1 and lentiviral production of glyoxylase 1. A. 
The skeleton information of SH glyoxylase 1. Enhance green fluorescent protein (eGFP) is reporter gene for identifi-
cation. The framework also contains antibiotic: ampicillin and stable selection marker: puromycin. CMV and U6 are 
promoters for plasmid expression. B. The PCR product of the glyoxylase 1 (above) and β-actin (below) expression af-
ter transfected relative plasmids into PC12 cells. From left to right, each lane was DNA marker, normal, transfection, 
control, F1 (Interference Fragment 1), F2 (Interference Fragment 2), F3 (Interference Fragment 3), F4 (Interference 
Fragment 4). C. Results were expressed as the relative OD value of RT-PCR determined by Image J software after 
48h transfection (Data were expressed as mean ± SD, #P<0.001, One-Way ANOVA). D. Lentiviral production of the 
shRNA expression plasmid of the glyoxylase 1 in 293Tα cells. The green fluorescent light showed the lentivirus of 
shRNA of the glyoxylase 1 was successfully produced.
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Validating the levels of glyoxylase 1 by WB

To validate the changes of the protein level of 
glyoxylase 1, western blotting was used to 
determine the changes of glyoxylase 1 in trans-
lation levels. Western blot analysis showed that 
comparing to sham group, the protein level of 
glyoxylase 1 was significant lower in 3dpo, 
14dpo and 28dpo (P<0.01). As time went on, 
the relative expression of protein level of glyox-
ylase 1 decreased (3dpo: 0.1499±0.0550, 14- 
dpo: 0.1033±0.0478, 28dpo: 0.0757±0.0240) 
(Figure 3). And comparing 28dpo to sham, the 
expression of protein of glyoxylase 1 signifi-
cantly decreased 2.7-fold (P<0.01).

Identification of the spinal cord neuron cells 
and spinal cord astrocytes expressing glyoxyl-
ase 1

The result of double immunofluorescence stud-
ies showed that performed with antibodies 
against glyoxylase 1 and the antibodies that 
recognize reactive neurons (NeuN) and astro-
cytes (GFAP) in spinal cord neuron cells (Figure 
4A) and spinal cord astrocytes (Figure 4B). 
From the data we found that glyoxylase 1 was 
expressed in neurons and in astrocytes in the 
spinal cord.

Schematic of lentiviral plasmids used in this 
study

To construct a new transgene lentiviral vector 
that could interfere the target gene expression 
yet retaining gene transduction efficiency for 

following experiments, the coding sequence of 
rattus glyoxylase 1 was cloned into the opti-
mized lentiviral backbone psiHIV-glyoxylase 
1-eGFP-U6 (Figure 5A). The four lentiviral con-
structs harboring different shRNAs (F1, F2, F3 
and F4) were used to transfect PC12 cells. In 
parallel, a negative control was run. After 48 h 
of transfection, the mRNA levels of glyoxylase 1 
was measured by RT-PCR in the subgroups and 
the RT-PCR assay showed that all constructs, 
except F1, could significantly down-regulate gly-
oxylase 1 gene expression in PC12 cells (Figure 
5B). The relative OD value was 0.3567±0.1253, 
0.3612±0.1276, 0.3475±0.1409, 0.2731±0. 
0832, 0.1650±0.1312, 0.1953±0.0808, 0. 
2251±0.0832, 0.1650±0.1312, 0.1953±0. 
0808, 0.3612±0.1276, 0.3475±d by 52.52%, 
43.80%, 35.22% excluding F1, P<0.05) (Figure 
5C). The highest knockdown efficiency was 
achieved using F2 which was subsequently 
designated as psiHIV-glyoxylase 1-eGFP-U6-F3. 
The results suggest that the use of psiHIV-GLY-
OXYLASE 1-eGFP-U6-F3 is appropriate for the 
following experiments. The psiHIV-GLYOXYLASE 
1-eGFP-U6 was used to transfect the 293T 
cells, at the same time transfecting packing 
mix plasmids containing gag, pol and env plas-
mids, and the viral particles were collected 48 
hours later., the fluorescent proteins expressed 
by 293Tα cells were detected using the fluores-
cent microscopy. 293Tα cells transfected with 
SH plasmid demonstrate abundant cytoplas-
mic green fluorescence, consistent with expres-
sion of the green fluorescence fusion protein 
(Figure 5D).

Figure 6. Results of function of glyoxylase 1 in vitro experiments. A. Fluorescence micrographs of formation of PC12 
cell from MTT assay. B. The effect of lentiviral glyoxylase 1 SH on PC12 cell viability by MTT assay. The cell viability 
from three independent experiments is expressed as mean ± standard deviation.



Proliferation of neurons and astrocytes by glyoxylase 1

489	 Int J Clin Exp Pathol 2016;9(2):481-495

Figure 7. Glyoxylase 1 played an important role in growth of neuronal cells in vitro experiments. A. The picture 
showed the growth of the spinal cord neuron at 0 day, 2 day, 7 day, being transfected by glyoxylase 1 SH. B. After 
being transfected, green fluorescence was seen in the spinal cord neurons. That mean the lentivirus of glyoxylase 1 
was successfully transfected into the neurons. C. The effect of lentiviral glyoxylase 1 SH transfected in primary spi-
nal cord neuron on the number of cells. The results of 0 day were expressed as standard and the rest results were 
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Viability of PC12 cells after treatment with SH 
lentiviral production of glyoxylase 1

The cell viability was assessed by MTT assay. 
As shown in Figure 6A, green fluorescence was 
captured by the fluorescent microscopy that 
mean the lentivirus of glyoxylase 1 interference 
fragment was successfully transfected into 
PC12 cells. There was a dramatic increase in 
cell viability of glyoxylase 1 SH compared to 
that in controls and the OD (Optical density) 
value of cells increased from 1.5388±0.0687 
to 1.7739±0.1330 (P<0.001) (Figure 6). It re- 
vealed that the SH could promote cell viability.

Interfering glyoxylase 1 increased neurite out-
growth and area of neuronal cellular body.

We wanted to know whether glyoxylase 1 pro-
motes growth and area of cultured spinal cord 
neurons. Dissociated spinal cord neurons cul-
tured from new born rats were treated with 
negative vectors lentivirus, sh vector of glyoxyl-
ase 1 lentivirus (Figure 7A, 7B). As a result, 
comparing with control group, sh vector of gly-
oxylase 1 increased the neurite outgrowth and 
area of cellular body at 2 day and 7 day. At 2 
day and 7 day, sh group significantly increased 
43.7% and 44.6% of neurite outgrowth com-
pared to control (Figure 7E, P<0.05). For the 
area of cellular body test, sh group significantly 
increased 21.5% of area of cellular body com-
pared to control group at 7 day (Figure 7D, 
P<0.05). Thus, glyoxylase 1 inactivation signifi-
cantly promotes neurite outgrowth and area of 
cellular body in spinal cord neurons under per-
missive conditions.

Interfering glyoxylase 1 decreased neurite out-
growth

On the other hand, whether glyoxylase 1 pro-
motes growth and area of cultured spinal cord 
astrocytes is a key problem in vitro experiment. 
Dissociated spinal cord astrocytes cultured 
from new born rats were treated with negative 
vectors lentivirus, sh vector of glyoxylase 1 len-

tivirus (Figure 8A, 8B). From the data of results, 
we got the information described as below: 
comparing with control group, sh vector of gly-
oxylase 1 decreased the number of cells, neu-
rite outgrowth and area of cellular body at 2 
day and 7 day. At 2 day and 7 day, sh group 
significantly decreased 14.8% and 22.3% of 
neurite outgrowth compared to control (Figure 
8E, P<0.05). For the number of cells and area 
of cellular body test, sh group decreased com-
pared to control group at 2 day and 7 day, but 
had no significances (Figure 7C, 7D). Thus, gly-
oxylase 1 inactivation significantly inhibited 
neurite outgrowth in spinal cord astrocytes 
under permissive conditions.

Discussion

Right now in clinic, the patients who suffering 
from spinal cord injury have poor prognosis 
such as severance of axons, loss of neurons 
and glia, and demyelination. Many treatments 
of spinal cord injury have been established, but 
we don’t find the best one. So the primary 
objective of this study is to apply proteomic 
analysis to identify changes in protein expres-
sion in response to spinal cord transection, one 
the most serious kind of SCI. And in these pro-
teins we find the most important one and focus 
on it for our other aim to discover the relation-
ship between the effect of this protein and the 
recovery of sensory and behavior function 
through regeneration or apoptosis.

The present study employed an electrophoretic 
technique, which allows rapid separation and 
visualization of many proteins within the pro-
teome [19] including identification of possible 
post-translational modifications as suggested 
by changes in their pI/MW and/or molecular 
mass. This was important in the way of identifi-
cation of several proteins, where the possibility 
of post-translational modifications was repre-
sented by identification of the same protein in 
different fractions [20]. From the proteomic 
analysis of the spinal cord segment rostral to 

standardized with that of 0 day. The numbers from five independent experiments were expressed as mean ± stan-
dard deviation. D. The effect of lentiviral glyoxylase 1 SH transfected in primary spinal cord neuron on the area of 
neuron. The results of 0 day were expressed as standard and the rest results were standardized with that of 0 day. 
The data from five independent experiments was expressed as mean ± standard deviation. E. The effect of lentiviral 
glyoxylase 1 SH transfected in primary spinal cord neuron on the neurite outgrowth of cells. The results of 0 day were 
express as standard and the rest results were standardized with that of 0 day. The lengths from five independent 
experiments were expressed as mean ± standard deviation. All data were expressed as mean ± standard deviation 
and were analyzed by One-Way ANOVA (*P<0.05, **P<0.01, #P<0.005). Bar 15 μm.
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the injury site, we found one unique proteins 
that responded to spinal injury and all results 
were validated by using western blotting.

From the result of proteomic analysis, we lucki-
ly focus on one of the most important proteins, 
glyoxalase I (Glo-1), which is an enzyme encod-
ed by this gene being responsible for the cataly-
sis and formation of S-lactoyl-glutathione from 
methylglyoxal condensation and reduced gluta-
thione [21, 22]. In previous studies, more atten-
tion was put on the effect of glyoxalase I on 
metabolic diseases and cancer therapy such 
as that Glo-1 could be associated with the risk 
for breast cancer [23], Glo-I over-expression 
reduces hyperglycemia-induced levels of car-
bonyl stress, AGEs, and oxidative stress [24] 
and disturbed neuronal glyoxalase 1 activity 
under conditions of hyperglycaemia in the pres-
ence of impaired endothelium-dependent re- 
laxation and cognitive function [25]. Another 
study showed that Glo-1 is a resistant factor to 
antitumor agent-induced apoptosis in human 
leukemia cells and that the Glo-1 inhibitor could 
be a drug resistance-reversing agent [26]. But 
in our previous researches, we found that Glo- 
1 not only expressed in spinal cord neurons  
but also expressed in spinal cord astrocytes. 
Interestingly, the changes of the expression  
of Glo-1 might have some relationship to the 
changes of recovery function after spinal cord 
injury.

So we assumed that Glo-1 played an important 
role on the function or mechanism of neuro-
recovery after spinal cord injury. This led us to 
the present study. Using proteome and shRNA 
interference, we found that after SCT Glo-1 in 
the rostral site to spinal cord lesion was down-
regulated (Figures 1 and 2). When Glo-1 was 
down-regulated by shRNA treatment in vitro, we 
found that Glo-1 increase the neuronal neurite 
outgrowth and area of cellular body on neurons 

but have a decreasing trend of that on astro-
cytes (Figures 7 and 8). This finding should 
open a new arena for researches in the improve-
ment of recovery function after SCT. More and 
more studies paid attention on the relationship 
between spinal cord injury and the formation  
of scar, because astrogliosis following spinal 
cord injury (SCI) involves an early hypertrophic 
response that serves to repair damaged blood-
brain barrier and a subsequent hyperplastic 
response that results in a dense scar that 
impedes axon regeneration [27-29]. Luckily, in 
our study we also found that expression of 
Glo-1 was effected in astrogliosis which had an 
important role on the relationship among the 
scar, inflammation and the recovery of the inju-
ry of spinal cord. Glo-1 is a resistant factor to 
antitumor agent-induced apoptosis in human 
leukemia cells and that the Glo-1 inhibitor could 
be a drug resistance-reversing agent [26], so 
it’s a chance to change this protein into a new 
drug in the future.

On the other hand, the other question is how 
the Glo-1 exerts its’ function and which factors 
regulates the Glo-1. Though we didn’t do this 
study, we could presume and make an infer-
ence from the previous studies. Glo-1 had its’ 
peculiar signal transduction pathways which 
was relative to angiogenesis and antiapoptotic 
[30, 31]. One of evidences showed that the 
TNF-induced phosphorylation of GLO1 is the 
dominated factor for cell death [32, 33]. This 
phenomenon indicated that Glo-1 may have 
some effect in biological effects of astrocytes. 
But for spinal cord transection, there are no 
more evidences. Luckily in our study we discov-
er that low expression of Glo-1 is beneficial for 
the proliferation of neurons after SCT and low 
expression of Glo-1 impedes that of the astro-
cytes. So it might be indicated that inhibiting 
Glo-1 could obstruct some kind of inflammation 
factors to reduce the formation of the scar in 

Figure 8. Glyoxylase 1 played an important role in growth of astrocytes in vitro experiments. A. The picture showed 
the growth of the spinal cord astrocytes at 0 day, 2 day, 7 day, being transfected by glyoxylase 1 SH. B. After being 
transfected, green fluorescence was seen in the spinal cord astrocytes. That mean the lentivirus of glyoxylase 1 was 
successfully transfected into the astrocytes. C. The effect of lentiviral glyoxylase 1 SH transfected in primary spinal 
cord astrocytes on the number of cells. The results of 0 day were expressed as standard and the rest results were 
standardized with that of 0 day. The data was from three independent experiments. D. The effect of lentiviral glyox-
ylase 1 SH transfected in primary spinal cord astrocytes on the area of cells. The results of 0 day were expressed 
as standard and the rest results were standardized with that of 0 day. The data was from three independent ex-
periments. E. The effect of lentiviral glyoxylase 1 SH transfected in primary spinal cord astrocytes on the neurite 
outgrowth of cells. The results of 0 day were express as standard and the rest results were standardized with that 
of 0 day. The data was from three independent experiments. All data were expressed as mean ± standard deviation 
and were analyzed by One-Way ANOVA (*P<0.05, **P<0.01, #P<0.005). Bar 15 μm.



Proliferation of neurons and astrocytes by glyoxylase 1

493	 Int J Clin Exp Pathol 2016;9(2):481-495

injured lesion. Some studies revealed that Glo- 
1 had some neuroprotection through advanced 
glycation endproduct (AGE) pathway regulated 
by methylation [34-37]. So these data gave us 
a new direction to find out the mechanism of 
the Glo-1 in the recovery of spinal cord injury in 
our future researches.

Our finding reveals that Glo-1 is an important 
molecule in recovery of function on neurons 
and astrocytes. However, it is still unclear as to 
work on which particular signal pathways or 
neurotrophic factor in the rostral spinal cord 
lesion, which requires further investigation.

Conclusion

By using proteomics analysis, we revealed dif-
ferentially expressed protein spots, in the ros-
tra spinal cord lesion after spinal cord transac-
tion (SCT) comparing with normal rats. Of these 
differential proteins, we focused on the effect 
of Glo-1 in recovery function following SCT. 
After SCT, Glo-1 was down-regulated and then 
the changes of expression of Glo-1 were rela-
tive to the effect on neurite outgrowth and area 
of neuronal cellular body in neurons and astro-
cytes. These finds may provide a novel strategy 
which is targeting Glo-1 for the treatment of 
SCI.
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