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The genetic reference population “ Collaborative Cross” is a
powerful resource for genetic discoveries and
understanding complex genetic traits
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[ Abstract] The Collaborative Cross( CC) is a powerful genetic resource with a wide range of applications in medical
research. It is a multiparental genetic reference population, composed of 200 recombinant inbred mouse strains. It was
designed to be a resource for rapid mapping of genes that mediate complex traits. The CC has been produced following an
intense breeding program that had taken over ten years to complete. It is now becoming available to the research
community. While advances in human genetic technologies over the last decade have been substantial, the CC provides the
ability to make discoveries not possible with other methods or resources. It can be applied to any subject that can be
measured or modelled in the mouse. Here, we discuss a range of applications for which the CC can be used, with examples

taken from the early characterization of this powerful resource.
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Introduction

Diseases such as cancer, cardiovascular disease,
diabetes and dementias pose the greatest public health
challenges the world currently faces. These diseases a-
rise from complex interactions between numerous genet-
ic, developmental and environmental factors. Tremen-
dous progress has been made over the last decade in i-
dentifying thousands of genetic variants that affect the
risk of developing these and other complex genetic dis-
eases ( Welter, 2014 ). However, the mechanisms by
which these variants affect disease are mostly un-
known, and their detailed examination is difficult, es-
pecially in humans. Furthermore, while genome-wide
association studies have been successful in finding dis-
ease genes, the costs of these studies put them beyond
the reach of individual researchers, or for diseases or
traits that cannot attract millions of dollars in research
support. Gene discovery would be much more rapid
and economical if we could circumvent some of the es-
sential tasks that all genetic studies require: 1) recrui-
ting (e. g. patients) or breeding (e. g. F2 animals) a
cohort of subjects; 2) characterizing subjects for traits
of interest; 3) purifying their DNA samples; 4) typing
DNA at informative genetic markers genome-wide; 5)
and analyzing the data to find genetic markers that seg-
regate with the trait more often than expected by
chance.

Over a decade ago, the groundwork was laid to
develop a carefully planned experimental resource that
modelled the genetic structure of human populations
better than existing resources and that would circum-
vent the need for repetitive breeding programs, DNA
sampling and genotyping (i. e. steps 1, 3, and 4 a-
bove). In doing so, it has the potential to trim years of
work and hundreds of thousands of dollars from re-
search programs. This resource is a genetic reference
population based on a leading model organism, the
mouse; it was dubbed The Collaborative Cross ( CC)
( Churchill 2004 ).

The concept behind the CC was to exploit the
power of Recombinant Inbred ( RI) strains, bringing
these to state-of-the-art refinement. In the first descrip-

tion of RI strains, Don Bailey wrote that “genetic seg-

regation and recombination provide the very foundation
of classical genetics but inbreeding engenders their an-
tithesis though providing great utility --- RI strains u-
niquely exploit these processes concomitantly” ( Bai-
ley, 1971). RI strains are produced by crossing two or
more inbred strains, and subsequent full sib mating is
followed to derive independent parallel strains. Genetic
segregation and recombination is achieved in early gen-
erations, and recombinant chromosomes are “ ar-
chived” in later generations as inbreeding proceeds.

Since this insightful paper, Rl strains had proven
an ideal resource for genetic, immunological and be-
havioural studies. Providing a virtually unlimited num-
ber of genetically identical individuals, they offer key
advantages of reproducibility, reduction of genotyping
efforts, and wealth of phenotypic characterization. Re-
producibility is vital in studying effects if different envi-
ronmental factors, and conditions with either large vari-
ation in responsiveness or with low heritability. RI
strains provide the opportunity for reliably testing re-
sponses of the same genotype to different environmental
conditions. In contrast to most other genetic studies,
RI strains need only be genotyped once; these data can
be accessed over years, integrating with increased a-
mounts of phenotypic data. In the case of the BXD RI
strains, there is now a massive amount of phenotypic
and gene expression data available. These data and
those for other RI sets are curated and are publicly ac-
cessible at the GeneNetworkwebsite ( Williams et al. ,
2001, Chesler et al. , 2003).

The rationale for the CC has been discussed ex-
tensively ( Threadgill 2002, Churchill 2004). The CC
was designed to overcome the main limitations of exist-
ing Rl strain sets: constraints on genetic variability and
mapping power. Genetic variability was limited by de-
riving RI strains from two parental strains; moreover,
these parental lines were usually derived from common
ancestors, further limiting the genetic repertoire of the
derived strains. Mapping power depends on the number
of strains available for testing. The resolution of the
most widely used sets was typically on the order of 2 —
4 cM ( ~4 to 8 Mb) ; this was not sufficient for effi-

cient candidate gene analyses in the post-genome era.
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The first problem could be overcome by using eight
founder strains, rather than two, and by including
wild-derived strains from different continents as found-
ers. The second problem could be overcome by produ-
cing larger sets of Rl strains. It was envisaged that by
increasing the number of CC strains to 1,000, over
135,000 recombination events could be captured, pro-
viding a huge increase in mapping resolution, even al-
lowing down-to-the-gene mapping accuracy.
Production of the CC

The CC founder strains were chosen to maximize
genetic diversity. Strains whose genomes had just been
sequenced (C57BL/6]J, A/J, 129S1/Svim]) were se-
lected, as were strains originating from Japan and New
Zealand, and which provided models for autoimmunity
and obesity (NOD/Lt] and NZO). These were supple-
mented with wild-derived strains from all three major
Mus subspecies; PWK/Ph] a Mus musculus musculus
strain sourced from Prague; WSB/EiJ, a Mus musculus
domesticus strain derived from Baltimore; and the Mus
musculus castaneus-derived CAST/Ei] originating from
Thailand. Selection of these founders captured over
90% of the common allelic diversity of the mouse spe-
cies and across all 1Mb intervals of the genome ( Ro-
berts et al. 2007). With the sequencing of the founder
strains’ genomes, we now know that on average three
non-synonymous polymorphisms are found in over 16,
000 genes ( Yalcin et al. 2011 ; Keane et al. , 2011).
Furthermore , the ECCO database, which integrates the
mouse ENCODE data with the CC genomic data has
defined over 300,000 variable transcriptional regulato-
ry elements; the eight CC founder strains have more
variable sites than the other nine strains that had been
sequenced ( Nguyen et al. 2013). Thus, natural ge-
netic variation among the strains is a unrivalled source
of phenotypic diversity and unlike mutagenesis or
knockout programs does not generate debilitating muta-
tions.

An overview of the breeding program is shown in
Fig 1. The eight founders were crossed in 56 reciprocal
combinations. F1 mice from these crosses were bred at
The Jackson Laboratory and used to initiate independ-

ent breeding “funnels” at three sites. The breeding

scheme was carefully designed to ensure that the strains
were derived independently, and that potential genomic
interactions between strains were minimized. Each CC
strain originated from unique matings of pairs of G2
mice; i. e. no G2 mouse was the ancestor of more than
one CC strain.

The three production sites for the CC were in Aus-
tralia, USA, and Kenya. A total of 916 funnels were
established in the Australian site ( Morahan, 2008 ).
These strains are currently being moved to Beijing. At
ORNL, 650 funnels were initiated; these were later
moved to UNC ( Chessler, 2008 ). Supported by the
Wellcome Trust, a total of ~ 120 strains were bred in
Kenya, and later moved to Tel Aviv University, Israel
(Traqi, 2008). Although it was anticipated that there
would be loss of lines as a result of inbreeding depres-
sion, the extent of the loss was unexpected, with less
than 200 strains available worldwide. The excessive
loss of lines was due in part to lack of funds constrai-
ning the number of breeding boxes available for each
strain. Nevertheless, a combined total of ~ 200 CC
strains provides a very powerful resource, as discussed
below.

The strains were genotyped ( Collaborative Cross
Consortium, 2012) at 7,500 SNPs using the “Mouse
Universal Genotyping Array” ( MUGA); the current
version of this array provides greater resolution by typ-
ing 76, 000 SNPs. For each chromosomal segment,
founder haplotypes were imputed from the SNP geno-
types using tools such as HAPPY ( Mott, 2000 ) or
based on normalized intensity values from the genoty-
ping array ( Collaborative Cross Consortium, 2012).
An example of an imputed genome is shown in Fig 2.

Key findings from studying genotypes of 350 inde-
pendent CC strains from all three sites were as follows.
Founder haplotypes were inherited across strains from
all three sites at the expected frequencies, and the de-
cay of linkage disequilibrium was also as expected. Im-
portantly , there was no evidence of gametic disequilib-
rium in 500 kb windows across the genome. In con-
trast, common inbred strains showed high and perva-
sive gametic disequilibrium (i. e. alleles of loci on

separate chromosomes could be co-inherited from these
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Founders
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Fig.1 Production of The Collaborative Cross. Upper panel : Founder strains were selected from over 100 in-

bred strains ( colored to indicate diversity of their genomes) to maximize genetic diversity. Lower Panel ; This

panel shows the breeding strategy to produce one of a potential ~40,000 “funnels” that would lead to a Re-

combinant Inbred CC strain. The founder strains could be considered as “great-grandparents” of each of the

“cousin” CC strains that are produced.

strains) that likely resulted from the limiting founder
populations from which these strains were derived. A-
mong the inbred strains, no 500 — kb window could be
guaranteed not to have at least one SNP with very high
LD (over 0.75) with unlinked loci in the panel,
meaning that association mapping in inbred strains
would have high false positive rates. The observed in-
dependent inheritance of all genomic intervals vindica-

ted the design of the CC breeding program and indi-

cates that the CC provide an ideal resource for associa-
tion studies ( Collaborative Cross Consortium, 2012).
Capturing extensive genetic diversity results in a
wide range of phenotypic variation. The strains are
widely variable in the vast majority of all traits exam-
ined. This was evident even in the “Pre-CC” 1. e.
mice characterized during the early phases of the

breeding program.
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ments inherited from all eight founders. Bottom panel: genomes of 30 CC strains illustrate the mosaic genomes of the CC strains.
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Uses For Rapid Gene Mapping

The CC resource comprises around 200 strains.
Will this number be sufficient to meet the aim of not
only mapping genes, but doing so with sufficient reso-
lution to identify the causative genetic variants? Simu-
lation studies had been performed using 500 strains,
and suggested this could map to within 0. 96 cMa sin-
gle additive locus accounting for 5% of phenotypic var-
iation ( Valdar, 2006). It was important to establish
whether a smaller number of strains could provide suffi-
cient power for gene mapping. Ram et al. performed a
proof-of-principle study, using coat colour data for 120
strains ( Ram et al. 2014). Using either a SNP-based
approach or an approach based on QTL mapping using
founder-derived haplotypes, all four genes mediating
six coat colour phenotypes could be mapped. Further-
more, the causative SNP could be identified for three
of these genes (the fourth was due to a retroviral inser-
tion). This ability to identify causative variants within
minutes of obtaining phenotype data is unprecedented
and one of the most powerful features of the CC.
Modifier Genes

Perhaps the most powerful and unique aspect of
the CC is its potential to identify genes that protect a-
gainst diseases. Genes which do not predispose to a
disease but which can influence its course or severity
are known as “modifier genes” ; these are notoriously
difficult to identify ( Nadeau, J. 2001). However, RI
mice are very useful for identification of modifier
genes. An outstanding example of this approach comes
from a study of modifier genes of breast cancer metasta-
sis. A relevant transgenic mouse was crossed with each
of 27 RI lines derived from two parental strains ( Lifst-
ed 1998). Despite the smaller size and lower genetic
heterogeneity of this panel compared to the CC, this
work discovered a gene named “ Diasporin” with fur-
ther work uncovering a set of interacting genes that
marked a metastasis-promoting pathway ( Crawford
2008). When alleles of human Diaspora orthologues
were investigated in breast cancer patients, differential
survival outcomes were successfully found based on pa-
tients’ genotypes of these Diaspora genes (24 ). These

results indicate that modifier genes discovered in the

mouse can be directly relevant to human disease.

Ferguson et al. (2013) applied the CC to reveal
genes that modified the melanoma-causing effects of
two mutant human oncogenes. By careful characteriza-
tion of various stages of melanoma development, they
showed that each step of the pathway was subject to ge-
netic regulation. Some CC strains had median survival
times four times higher than the susceptible strains;
their naturally occurring genetic variants could prevent
the action of multiple copy number mutant transgenes
together with the UV mutagen. The CC has the poten-
tial for finding protective modifier genes in the many
other diseases for which there are established transgen-
ic or otherwise genetically modified mouse models, in-
cluding a wide range of cancers and neurological disea-
ses. This is another powerful application of the CC,
and one that is difficult if not impossible to perform in
other systems.

Novel Animal Models

Many researchers would have heard someone de-
clare “the mouse is not a good model” for a particular
disease, or that it differs from humans because it does
not develop some disease endophenotype. These claims
are based on a fallacy; insofar as mice do not display a
particular phenotype, this would usually have been as-
certained on a small panel of closely related strains.
An example of the fallacy is that mice “do not develop
type 1 diabetes” but the discovery of the NOD/Lt
mouse strain in the 1980s ( Makino et al. 1980) has
led directly to many insights into the genetics and biol-
ogy of Type 1 diabetes (reviewed in Driver et al.
2012 ) reported in over 10,000 publications.

By bringing over 90% of the common genetic rep-
ertoire into a single population, and allowing these va-
riants to combine in many different ways, the CC is
likely to contain particular combinations of alleles that
will predispose to diseases for which there were no pre-
vious models. There are already two good examples of
novel animal disease models arising from the CC; ul-
cerative colitis (Rogala et al. , 2014 ) and diabetic ret-
inopathy ( Weerasekeraet al. 2015). Other CC strains
have been observed to display right ventricular cardio-

myopathy, aortic stenosis, achalasia, hypertension and
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several other conditions ( Arnolda, Nguyen, Morahan,
unpublished ). Tt should be emphasized that these dis-
eases occur from the interaction of naturally occurring
genetic variants, just as common human diseases do,
and not from the introduction of crippling genetic modi-
fications. Whenresearchers with expertise in specific
disorders characterize more CC strains, doubtless more
animal models will be recognized.
New Biological Insights

A unique feature of the Rl strains is that each re-
presents a genetically defined individual who is effec-

tively immortal. Unlike outbred populations, phenotyp-

ic data can be obtained from any tissue at any develop-
mental stage, under any environmental condition, or
induced disease state. The CC can facilitate integration
of datafor as wide a range of traits as can be ascer-
tained in the mouse-including but not limited to physi-
ology, immunology, behaviour, immune responses,
metabolism, pharmacokinetics, proteomics, develop-
mental variation, disease endophenotypes, epigenetic
modifications, microbiome variation, gene expression,
etc. Data can be compiled for the same individuals and
compared across decades and by researchers around the

world. In this respect, the CC facilitates collaborations
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the trait of interest. Figures were kindly provided by Dr Ramesh Ram ( University of Western Australia) .
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across time and space. As phenotypic data accumulate
in extensive databases, the opportunity arises for obser-
vations made by different groups at different times to be
correlated and trigger new biological insights.

The largest current dataset is of the BXD RI strain
set, and it currently comprises approximately 5,000
phenotypic measurements, including gene expression
data for over 30 tissues and cell types. Tools imple-
mented in the WebQTL suite at the GeneNetworkweb-
site allow extensive exploration of these data, including
mapping genes regulating each of these phenotypes
( Williams et al. , 2001 and Chesler et al. , 2003 ).
For more details, see www. genenetwork. org.

While characterization of the CC is still in its ear-
liest phases, correlation of data has already revealed
surprising observations. As an example, bone density
measurements of CC strains revealed that, although
there was an overall correlation of bone density between
male and female mice of the same strain, there were
some strains in which the males were osteoporotic and
the females osteopetrotic, and vice versa ( Figure 3).
Obviously, results such as this would not be possible
from human studies. Strains which show such strong
departure from the expected pattern will provide the ba-
sis for further investigations into the molecular basis of
the trait of interest, in this case, bone density.
Bioinformatics/Systems Genetics

Systems Genetics ( Morahan et al. 2008 ) analyses
integrate gene expression and higher order phenotypic
data with underlying genetic variation to define genes
and genetic networks that mediate complex traits. The
GeneNetwork site has WebQTL tools that allow exten-
sive systems genetics analyses on archived datasets
from mouse and other species.

We have integrated the founder strains’ genome
sequence variation with data from the ENCODE consor-
tium. The resulting Encode Collaborative Consortium
Omnibus ( ECCO ) databasepermits interrogation of
specific chromosome regions, providing custom dis-
plays of genetic variation in ENCODE-defined regulato-
ry elements in user-specified sets of strains including
the CC founders (Nguyen et al. 2013). This is a use-

ful tool for exploration if a trait has been mapped to a

particular locus that contains no nonsynonymous poly-
morphisms. Complex genetic diseases like type 1 dia-
betes appear to be mediated by variants that affect tran-
scription of nearby genes rather than changing amino
acids in encoded proteins (Ram et al. 2016).

Software tools have been developed for mapping
genes and identifying the founder (s) haplotypes that
contribute to the trait of interest among CC strains
(Ram et al. , 2015). Further tools are in develop-
ment. These include selection of strains with specific
founder haplotypes in a region of interest, and integra-
tion with the Sanger database of founder genome se-
quences (www. sysgen. org/ GeneMiner). The CC will
provide challenges to incorporate new data and inspire
further bioinformatic developments.
The Diversity Outcross

A limitation of the CC is the resolution of gene
mapping it currently supports: the projected target of
1,000 strains was not reached and the opportunity for
recombination events became limiting in the first few
generations of inbreeding. This resulted in most strains
having large founder haplotypes on most chromosomal
regions. A way to increase gene resolution while main-
taining the genetic contribution of the same founder
strains was to establish a colony of outbred mice de-
rived from CC strains. These “ Diversity Outcross”
(DO) mice have the advantage over other mouse out-
cross populations that the only segregating polymor-
phisms come from the same founders as the CC. This
means that the genome sequences of each mouse can be
imputed ( Svenson, 2012 ). Compared to the CC
strains, they have a high degree of heterozygosity and
will harbour shorter founder haplotypes. This feature
makes the DO mice useful for high resolution gene
mapping applications. They will provide a useful tool
to complement studies of the CC. For example, if a
QTL is mapped to a region containing many candidate
genes, DO mice with recombination events in that re-
gion can be selected and tested. This will allow further
localization and discrimination of the candidate gene.

The CC as a forerunner of Multi-parental Popula-
tions in other species

Recognizing the power of The Collaborative Cross,
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Fig.4 Correlation of Bone Density in Male and Female Mice of CC strains.

Femurs from 60 CC strains were characterized by micro-CT and average bone density measurements were calculated for male and female

mice for each CC strain from the Australian colony. Data were entered into a modified WebQTL database and traits were correlated. The

dotted blue line indicates expected correlation if male and female mice had the same bone density; the green line indicates the actual

correlation. Though the overall correlation is significant, it is reduced from the expected due to outlier strains such as JAFFA and ZIF2.

These strains have osteopetrotic males but osteoporotic females, and osteopetrotic females but osteoporotic males, respectively. Bone

density data were kindly provided by Prof JiakeXu and Jinbo Yuan ( University of Western Australia) .

researchers began production of multiparental popula-
tions in other model species. Having the advantage of
shorter generation times, these crosses were finished in
advance of the CC. Multiparental populations of RI
lines have been produced forDrosophila, (King et al. ,
2012) and many plant species including Arabidopsis,
maize, wheat, rice, and chickpea ( see review by
Huang et al. 2015). Plant versions of the CC are com-
monlyreferred to asMulti-parent Advanced Generation
Intercrosses ( MAGIC) and by rapidly identifying genes
of agricultural importance, they offer the prospect of
improved yields of many crop species.
Concluding Remarks

The CC will be especially valuable to study traits
that can only be ascertained by studying the whole ani-
mal, in vivo. The 200 extant RI strains provide the op-
portunity to generate ~ 40,000 genotype combinations
each fully defined, reproducible and isogenic within an
F1 animal. Such F1 mice will provide even greater op-
portunities for discovery because unlike the parental

CC strains, they will be heterozygous atmost loci, pro-

viding the opportunity for investigating effects of hetero-
sis, which is rarely observed at the molecular level
(Morahan et al. 2002), and the genetic architecture
of particular traits. There is also the prospect of obtai-
ning mice withspecific combinations of genes to create
custom genotypes (e. g. heterozygous at loci A, B and
C but homozygous for a certain founder strain at loci D
and E).

The CC is an extremely powerful and valuable re-
source. It is not limited to the example applications
presented here; its applications are limited by the i-
magination (and budget!) of researchers. It will pro-
vide an enormous amount of data that can be interroga-
ted systematically to enable new insights into mammali-
an biology that would not be feasible in other systems.
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The Collaborative Cross mice resource information and application
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Peking Union Medical College, Key Laboratory of Human Disease Comparative Medicine, Ministry of Health;
Key Laboratory of Human Diseases Animal Model, State Administration of Traditional Chinese Medicine, Beijing 100021, China)

[ Abstract] Collaborative Cross mice ( CC mice) are series of inbred mice strains generated from hybrid strains of
mice with different genetic background which used for human complex diseases and genetic diversity diseases studies.
Genetic diversity of CC mice can reflect different mouse subspecies, the single nucleotide polymorphism is four times than
traditional inbred mice. CC mice are more and more widely used in the field of life science and medical research. Based on
information retrieval of CC mice, we introduced the related information resources of CC mice origin, database, application
tools, and research results, to promote CC mice resources to be used widely in China.

Collaborative Cross mice ; Mouse strain; Resource ; Database ; Human disease
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[ Abstract)
in the APP™/PS1*® mouse model of Alzheimer’ s disease (AD). Methods

Objective To investigate the effect of cyaniding-3-glucoside (Cy3G) on glucose and lipid metabolism
Seven-month-old APP™/PS1*® ( PAP)
mice were randomly divided into model group (PAP), Cy3G treatment group (PAPCy, 5 mg/kg/d) and negative-control
group (nPAP). In addition, age-matched and normal wild-type of C57BL/6]J mice were selected and divided into vehicle
group (WT), Cy3G intervention group (WTCy, 5 mg/kg/d). Each group containing 12 mice, with equal number of male
and female mice. After 8-week Cy3G supplementation, microPET/CT was used to measure cerebral glucose metabolism rate
of mice in each group. Biochemical methods were used to detect the liver / kidney function as well as indicators associated
with lipid metabolism. After weighting brain tissue, the brain coefficient was tested and pathological examination was used
to observe tissues changes. Transmission electron microscope was used to observe neuropathological amyloid plaques
deposition. Western- blot was used to determine protein levels of AKT and JNK. Results Compared with the WT group,
PAP mice had low levels of "F-FDG uptake rates, especially in the regions of the frontal lobe and hippocampus
accompanied by the decreased brain coefficient and amyloid plaques deposition in hippocampus. And levels of aspartate
transaminase ( AST) and lactic dehydrogenase (LDH) were also increased in PAP mice, but lipid metabolism index was
relatively normal. In addition, the expression of JNK was decreased and AKT was increased in mice of PAP. However, in
the PAPCy group, "F-FDG uptake rates were obviously increased in the regions of the frontal lobe and hippocampus
compared with those in the PAP mice. And the reduction of brain atrophy and amyloid plaques deposition, normal lipid
metabolism and no obvious liver/kidney toxicity were also observed. Cy3G also could reverse the changes of JNK and AKT
protein. Conclusions Cy3G can improve glucose metabolism disorders instead of lipid metabolism, inhibit the senile
plaques deposition in hippocampus and regulate insulin resistance and inflammatory reaction associated with JNK/AKT

pathway. Thus, Cy3G has a good safety profile and may be used as an ideal alternative to traditional disease-modifying

treatments against AD.

[ Key words]

BA] /R PRV 2R ( Alzheimer's disease, AD ) /E B H
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o7 FH B AR F) S

1 #RFn7E*

1.1 ##
1.1.1 SE53hW
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IR PR B /)N BRSSPy AR T st A h o M B
ZELLL C5STBL/6) /NS 5, & A N APP Fi i
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B (AE9) 2453 o5, FHF 50 1% B AE M CS7BL/
6] /NI A b 5t A B A P BB O A BR A
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B B 22 S50 sl W ik 5% BT JRé [ SYXK - (52) 2011 -
0022) . FFHESCEE sh ¥ FH Y 3R TR 45 7 G 1
1.1.2 SEEe 25 RN

Cy3G W H (4l =99% ) W [ 75 >~ Polyphenols
AS 3] s RIPA 24 (9 T T VL3 38 = KA #)
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N -SI7F 35 SN s T T R0 TN s 196 e I 1) 95 [ Bio-
Rad 2\ w5 B il 410 1 550 04 [ 28 [E Thermo 23 8] ; 4%
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21 IR I A A E A B R A R Bk B
W4 F 3% Biotech /Al ; B AR M EE ( DTT) W4 FH At 7
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Marker 5 ECL & Y630 & F 32 & Pierce 24 Al ; it
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R 12 HOMEMERE Cy3G HEE 8 L HE B AR
0.2 mlL/ H 5 B SR FUEE K
1.2.2  MicroPET/CT il iy 25 B K

T o5, BEHL A 4L e 2 3 FU/NER (M
PE) HIRRTAE R 2K K 12 h, 5256 i 45 B v &
SE IR,

) /NI AR 1.5% ~2% 5500 i 4l 8 2k 47
WARIE (1 ~2 L/min) , R/ BURREE 5¢ 42 )5, I8 18
TS P 7S BE S F-FDG, VE SR AE 14.5 ~21.9
MBq 2 [8], % i =0. 5 mCi,

2) WS 1 hJE BN B RMOE [ ZE R
SRR B S A KA R R AT B AR 4 2
EFIN

3) FIH PET/CT #E47 BME R4 B Al 72
H/ NSRS E | IR/ N — B TR S

4)Micro-PET SARE £ . ORI UE 5 55 53 1k
A CT Y6 F 0 1E F A AR, /5 3] 10min (14 511

EEE

5) JEANE LR X (region of interest, ROI) FEHL
T SR ROGER X (3DROT) BEA, 78 /) B 4 A6 Do
T R R LR T T 50 35 S5 /N G A1 79 57 4 kg
3DROI, 15 ROT P -F- 34 43 o Jiki 20 21"° F-FDG 1) £
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1.2.3 Ak KRR ARG br

TELI 45 G, #5241/ BR 2 AR BEE 3 kR ., 4%
W ARG UL |, I8 4= B sl AR Ak o B AL kAT
1187 L P | B A S A A = T S e A R 2 <N
(ALT) R PREL =M (AST) 5 JRACBHE bR L 5 7L
R SRS (LDH) | H ik =g (TG) . @& E k& G
(HDL) KA BB & 11 (LDL)
1.2.4  JiEds BB K A

H5 /I8 BRURR I &8 ok BB AL 5, #9A E 11 A B, Bk 4
i B AR Y AR TSR AR A, MERR R
= (ERS /K E) x 100% 5 U5 ik K W7 1 M b 47
T, AMEA VKA DT B HLAT 10 um 74 22 465 W 1 U0 A
W3 B 1, VAT 4% 2 W BT B E 20 min,
FH7E 0. 01mol/L PBS i & 30 min, fi J5 &4 £ ¥
K 2 min AZEMRK, #4T HE Je o, B BEK
1.2.5 BESTHRBIMEZAER TR

BUNEIEE CA1L X B AZUE 1 mm x 1 mm
x 1 mm KNI P61 2. 5% 156 B 11 1 5 W
1 4°C [#5%E 2 h,0.1 mol/L PBS ¥k =¥, &K 10
min ;1% #IR 4°C [E 52 2 h, SEEAK PR =K, FHIX 10
min ; 56 B 05 45 i 7K (50% ,70% ,90% ) 4% 10 min,
100% 4E 2 ¥, 4% 15 min; FREMNE Epon812 fL 1 |
TR TR I TR L 46l B A T i LS 8, 375 I3 Pl
BEWLEL (JEOL JEM-1400) .
1.2.6  Western-blot Kill] JNK Al AKT £ 1 5% ik )
34k,

PRI A SV ORI B R, LR A 60
we B 1 AIRE A (AR BRER AR B SRR R AL S x
ARG, 100°C B KB ZAEYE 5 min, BT UK E IR
P Ja T 10% SDS 5 VN M Ik Jiie 458 11 Pl Uk | 1R 5% v
BRI 5% i BE W5 k3 5 HAT 2 b, 4300 i A H R 4
B HE 4 INK (1:500) . AKT (1:500) #1 GADPH
(1:15000) ; THERBEF ,4°C i, K HFHE—
P, TBST FEIR LR 3 YK, 10 min/K, N ARG BE4F
B —PL(1:15000) , EIRIFE 1 h, IMALLFE L
BRI B T R EE 2= &% & 4t ( Tannon 5500 )
A%, IF H Image J #F 47 554 K BEAE 43 B, B



18

rpE A B A4 7 2016 4F 7 A 5526 %5 7 1 Chin J Comp Med, July 2016, Vol. 26. No. 7

HEEA S NS E A K6 E

R AI R R
1.2.7 BdEsHr

KR O 32 R PR+ BRifEZE (2 +5)
gt ot 45k

o FRHGETHHAE SPSS 20. 0 i

KRR ZE 7 22 5501 ( One-way ANOVA) |1 K 5,
wilcox B AR5 FI Tukey Fox 5 73 #7720 18] 2% 57 2 75

=4

%,P<0.05 INAERAGIT AR X,

A

il
%ﬁnml:ll lo

(B 5 H 1Y @
2.1 Cy3G XF PAP /) 5B o8 2 #4325 0

& 1A B R, MicroPET/CT #5071 BR &5 i
(frontal lobe ) | T I ( parietal lobe ) | i i ( temporal
lobe ) F17 b (hippocampus ) X X" F-FDG $5 HUR 1)
WAL, SRR, A EAN R ROL P 8- 24 45 v fik
BV F-FDG WBICR (% ID/g) FAAE B 25 5, A

bb

bb bb b b

PAP

WT

45

= Frontal lobe

\’\ TCy n]“\lJ ]“\I’l }

‘ Tint ot o

» Parietal lobe = Temporal lobe » Hippocampus

T . W+ D

Parietal I Temporal

1 (A) Cy3G X} PAP /NEUR A ROT PISF-34 45 ST 42 B F-FDG A48 I0CR (% ID/g) RYFE

5 WT 4118, °P < 0.05,P < 0.01;5 PAP 4 [L4%,
"P < 0.05,""P < 0.01;(B)#40/NEURAIE XS WI MicroPET/CT 5214,
Bl 1 Cy3G X PAP /INEUI A A AR A 52 (n = 3)
Note. (A) Comparison of ' F-FDG uptake rates in the ROI of mice brains after Cy3G

supplementation for 8 weeks (n =3; closely age-matched). Compared with WT group,
“P < 0.05, “P < 0.01; Compared with PAP group, P < 0.05,"P < 0.01.
(B) MicroPET/CT imaging of mice after Cy3G supplementation for 8 weeks.

Fig.1 Effects of Cy3G on cerebral glucose metabolism in PAP mice.
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5 WT A H, PAP 4/ B F-FDG A9 £ UK G
EREL(P < 0.05) , JLIAER AR 2 X R R
W ;5 PAP 20 AH Lb , PAPCy 41 /)N BRUA6 - Al 5 (X
' F-FDG 1 8% BU% 1 3 s, P (40 518 0.019
0. 036,

TEREWT T PET 5214 0% 1D/ ¢ fifi FIAR IR B4, €2
PR EER 23 BIER & L AR F-FDG $3BUK -
AENE A r A 2 A KT, 25 SR o (1A
1B) ,WT 411 WTCy ZH /N B R M B4 85 X (it | T
M BRI 5 X)) S F-FDG By BUR R 5, PAP 4
/NP F-FDG £ R AL, 1 PAPCy 2 /)N BRI A fr

G it
2.2 Cy3G xf PAP /IR I A 48 B BB AR 151 B =2 i
GBI 1 P, 5 WT AR, PAP 4/ Blif
THH AST #1 LDH KV R E HH i (P < 0.05), 1M
LDL REH Tt (H2: RR W2, 5 PAP 414H
L, PAPCy 41 1M1 3% LDH /K- ZFER (P < 0.05),
BEAN, 3G o ALT ZKSF-AE 25 2 /0N BR324 0 J 8 ik 2
5o $27n  PAP /N BAFAE ST E ThBe s, E IR A
WHAHXT IEH 5 Cy3G T 10 4% 2 /N BRJC B S 1) B 43
1, 7 HABAR EH

Fz 1 AR/ R A AT
Tab.1 Blood biochemical tests among groups of mice

20
(;E” J ALT(U/L) AST(U/L) LDH(U/L) TG ( mmol/L) HDL( mmol/L) LDL( mmol/L)

Toup

WT 59.7 £13.8 136.0 +23.2 711.3 +122.1 0. 807 +0. 204 1.31 £0.229 0. 308 0. 060
WTCy 60.4 7.5 137.9 +29. 4" 720. 3 +323. 40P 0.810 +0. 176 1.35£0.173 0. 304 +0. 056
PAP 64.7+22.31 178.1 £53.9 = 1337.9 +104. 32 0.848 +0.192 T 1.12 £0.206 | 0.332+0.075 1
nPAP 53.9 £14.3 144.4 +20.7" 1105. 0 £291. 8*2b 0.818 +0.254 1.34 +0.248 0.312 +0. 037
PAPCy 56.6 £15.6 149.5 +21. 4 1115.9 £204. 722 0.781 +0. 088 1.23 £0.389 0.301 +0. 039

W5 W4 EHE,*P < 0.05,“P < 0.01,*P < 0.001;5 PAP 4% ,"P < 0.05,"*P < 0.01,"*P < 0.001,
Note. Compared with WT group, *P < 0.05, ®*P < 0.01, “*P < 0.001; Compared with PAP group, P < 0.05, P < 0.01, " P < 0.001.

2.3 Cy3G xt PAP /MR I R B I R R 1B 5
TRy

M REEAIR W (22) , 5 WT AR, PAP 4]
NN R BRI, 2R BEASIHFE (P <
0.001) ;5 PAP ZHAH H, PAPCy #H/)N BUIN 2 B0 %
T, EZREASIEE (P < 0.01), HE §+f1
SEULRUA | 4% 4N BRI 2H 20 BRURG A oR LB g
W ARG S ZEA RN e (E 2) .

F2  AHME/NEUGRE
Tab.2 Body weight and brain index among groups of mice
2551 i
Group Brain
WT 0.0213 = 0.0022
WTCy 0.0207 = 0.0004 "
PAP 0.0158 = 0.0022 **
nPAP 0.0204 + 0.0013 *
PAPCy 0.0186 = 0.0021 *

W5 WT4HE,*P < 0.05,°P < 0.01,*®P < 0.001;55 PAP 4
H# PP < 0.05,"*P < 0.01,**"P < 0.001,

Note. Compared with PAP group, *P < 0.05, “P < 0.01, **P <
0.001; Compared with PAP group, *P < 0.05, **P < 0.01, ""PP <
0.001.

2.4 Cy3G xf PAP /MNRIEDZEBTE KA N
RIS AR TTRUE LAY AR B AD Y 2%
PRAFEZ — 38 3 35 59 L 50 WA [m] Ak 3 2 /) B
T P AR B AR U O, B 3 s, BE AR /N R
(B35 WT 40 f1 WTCy 2H) K [R) &5 BH 4 X B 4i

(nPAP) 1 B YA DA B AEBREIE A, J] 16 437 8 2R
TREEFIIE R ;1 AD BERL/NEL(PAP 4) /NERUE S h
AR B BAEBE DR, FLRE BBl A R R —
LAY FWE/NMA, 1T PAPCy 41708 BRI 5 ip B4R BEDL
UG P
2.5 Cy3G Xt PAP /MNRANZHZR JNK #1 AKT & H
E3rN: Al

ZERLANPE 4 TR INK 8 1 BB S RAE RN,
5 WT 4itt, PAP 4 INK 3 K B EREAIR, 2257
HAE G ¥ B X (P < 0.01); 5 PAP 4 H It,
PAPCy 2 INK FEH & T, 2 7 B A G 8 X
(P <0.05), AKT 2T RS RMMWEN, 5
WT Fl WTCy ZAH LG, PAP 20 AKT % [ 7K F .35 T+
L EREAGIHE (P < 0.05) ;5 PAP 41#
Lt PAPCy ZH AKT 28 H /K1 & B, 22 57 A 48
B (P <0.01),

3 it

BA[JR 2% 163 R 9% ( Alzheimer’ s disease, AD)AEN
ST b DL — Fh S AR TR AR, 78 T [ AR AL
WE#IT 600 J7,60 2 AHEH AD 1 B R 3%
~5% JFBEE N O IR B R FIH a2
i 5 B I 22 o AR S R RN IR TR YT AD
F14) = S 245 2 L P 410 ) 5] I BB DR AR IR
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PAPHL

nPAP4L

B2 MiZHSUGEREK A ( x40 ,bar =100 wm,n =6)

Fig.2 Pathological examination on tissue of mice.
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Fig.3 Representative electron microscopy of senile plaques surrounded by dystrophic

neuritis and autophagic vacuoles in hippocampus of each group
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Note. (A) The immunoreactive bands ( JNK, 46/54 kDa; AKT, 60 kDa) were detected using chemiluminescence reagents. (B) The relative

density of the detected bands was measured and calculated by an automatic chemiluminescence imaging analysis system
Compared with PAP group, *P < 0.05, ®P < 0.01; Compared with PAP group,”P < 0.05, P < 0.01.
Fig.4 Effect of Cy3G on the expression of JNK and AKT in different groups.
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[ Abstract)
Japanese big-ear white rabbits. Methods

Objective To evaluate the safety of Light emitting diode (LED) source through irradiating the skin of
Animals were randomly divided into irradiated group and control group.
Animals in the two groups were irradiated with LED light source after eliminating back hair (50mw/cm”) and the ordinary
fluorescent lamp, respectively. The animals were irradiated for 5 hours every day for 3 months. The changes of animal skin
symptoms, feeding, body weight, and temperature were observed and detected; the blood routine and biochemical indexes
were tested; the changes of haematological immune cells and cytokines were analyzed by ELISA ; histopathology and elastic
fibers of skin were detected; the levels of C-myc, P53, and cyclin DI in skin were tested by immunohistochemistry.
Results The skin of rabbits in irradiated group showed no abnormal change; the weight was higher than the control group
animals at the 6th week, and the temperature had difference at the 3rd and 6th week, the diet showed no abnormal. Blood
routine showed white blood cells increased; biochemical detection manifested urea and creatinine levels increased, but the
indexes are in normal range; the hematological CD3T cells, cytokines IL-6, TNF-a and IFN-vy in the two group animals had
no significant difference. The levels of CD19B cell and IL-4 level increased in irradiated group; The viscera histopathology
structure and skin elastic fibers distribution in irradiated group animals showed normal ; the expression of cell cycle protein
After

irradiating 3 months, the LED light source had not caused the obvious pathology damage of tissues and change of skin tumor

1 (CCND1), c-myc protein and P53 protein in skin of irradiated group had no difference with control. Conclusions

related factors to the rabbits.
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Fig.1 The weight, diet and body temperature of animals changed with time
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Fig.2 Blood routine test
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Fig.3 Hemorheological biochemical detection
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Fig.4 Hemorheological immunologic changes
2.4 JRIBH (Cyclin D1,CCNDI1) , C-Myc J& 3K 1, P53 198
HIUFHIRAR PR O BRI Sk BERRAEAMAY T 2R, (K6,7)
RREERR DL 58 WU R RTE R, DB R

N L T Ve T
(1 5) LA P T s A L S LED S678 F 555 sk 2 1 L B
B ko 2 4 K 055 S R B 1 ol AR T B R

it Control

(Gomori)

B 5 FRkIRARE - (HE) A LF 444 4 (Bar = 100 um)
Fig.5 The htoxylin-eosin( HE) and elastic fiber staining of skin
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Fig.6 The immunohistochemical staining of skin
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Fig.7 The statistical results of immunohistochemical staining in skin
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HAZ IR B GV394-Nurrl fFH T ] %

HER RERE RLHE”
(YT 22 BE IR R 2ABE , I AR YT 261053)

[{#ZE] B EE AEME Nurl 35 B FRIAER GV394-Nurrl , R0 H Ik e 22 25 X6 41 P9 76 1 1 25
Fi(ROS) K FEWsEMm, ik PCR ¥ A Nurrl B, FEREE T 404K, W7 IE 65 5 B AZ Kk GV394 —ie, &
BamHI F1 Xhol 3], T4 DNA ¥ 52 M HE GV394-Nurrl 3 5% IS A GV394-Nurrl IR A Y bt 2558 41 i 96
SH-SYSY 4iiJfl, RT-PCR 4 Nurrl % H mRNA 7K, i3 DCFH-DA Y2 @6 Nurrl XTAIHE P ROS /K HI5E 0
ZHE  PCR JIWFIESZA Nurrl JEF IR 0 5 B 2235 204K GV394; RT-PCR 7K Nuwrrl JEH mRNA 7K V15 B
2 4% 16 4 0 T S 89 15 s DCFH-DA 3 (0 58 R BRI H5 U Nurrl (1048 2253 40 [ I8 40 0 540 240 B8 9 Y ROS 7K - 16 R 5
MR R AERE, i R AURTE Nurl BUZEMA  WAE SH-SYSY 4l 33k T/ 40 M iy ROS /KF-, 20
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The construction and identification of eukaryotic
expression vector GV394-Nurrl

FAN Xiu-shuang, GUO Jun-tang, CHEN An-qi*
(Clinical College , Weifang Medical University , Weifang 261053 , China)

[ Abstract] Objective To construct the eukaryotic expression vector GV394-Nurrl containing human Nurrl gene
and to study the effects of transient transfection of Nurrl on intracellular reactive oxygen species level. Methods
The full-length of human Nurrl gene amplified by PCR was subcloned into T vector and sequenced. GV394-Nurrl vector
was constructed by BamHI and Xhol double digestion and then T4 DNA ligase conjunction. GV394-Nurrl was transfected
into SH-SY5Y cells by liposome transfection technique; The mRNA of Nurrl was detected by RT-PCR; The effect of Nurrl
expression on intracellular reactive oxygen species ( ROS) was detected by ( DCFH-DA) staining. Results PCR and
sequencing confirmed that the Nurrl gene was correctly cloned into eukaryotic expression vector GV394. The RT-PCR
results showed that the Nurrl mRNA expression in the neuroblastoma SH-SYSY cells transiently transfected Nurrl was
higher than that in the control group. DCFH-DA staining showed that the level of reactive oxygen peak in neuroblastoma
cells transiently transfected Nurrl obviously shifted to the left compared to the control group. Conclusions The human
Nurrl gene eukaryotic expression vector was successfully established and its high expression in the neuroblastoma SH-SYSY
cell line significantly decreased the ROS level. This provide the basis for further study on the function of Nurrl in vitro and
its relationship with the protective effect of dopaminergic neurons.

[ Key words] Nurrl; Eukaryotic expression vector; Parkinson disease; Reactive oxygen species
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1 #RFnTTE

1.1 FEKHF

KIGHFFE DHS o A SE S ORAF ; iUk GV394 R
il VTR, A cDNA SCIE [ s PR R A
PR\ ] 5 Liptap BE BT /v Bkl £ 120500 & 0 9 34
=R ] PCR 519 ~F-3i DNA Jm A X0 &, T %%
&Y A T Trizol iR 7 | PrimeScript™ 11 1st
Strand ¢DNA Synthesis Kit, PrimeSTAR HS DNA
polymerase X7 & YW A AW T2 KEARA
"] ; DCFH-DA Y 3050 & [ T Sigma 23 A5 A
A 2E R Sy g 1 B = 2 A 4t
1.2 XEHE
1.2.1 BERFRIERIK GV394-Nurrl AIKIHE S %5E

#4 NCBI NM_006186. 3 NR4A2 K [H {5 & i%
it 5%, 5 -TTGGTACCGAGCTCGGATCCCGCCACC
ATGCCTTGTGTTCAGGCGCAG-3", R if ol ¥ 5°-
ACGGGCCCTCTAGACTCGAGTTAGAAAGGTAAAG
TGTCCA GG-3" . LK ¢DNA SCZE WA, dE 47
PCR:98°C #iiZ5 £ 5 min,98°C 251 10 s,57°CiE .k 10
s,72°C ZEff 90 s, 4L 30 NEI, Fe 5 72°C LEAH 8
min, J& BB PCR 7= FLH F- i DNA il A 3
FEHIT A" JF Y5 pUCm- T AKX % 91 % 1k
DHS5o 32 40T, /N 4R UKL DNA #£47 PCR
S BamHI il Xhol XXPY)4E % 3% g A T 47

¥, I8 5 B Ay 24 M AR pCUm-T- Nurrl , BamHI 1
Xhol XUEEYI AR GV394 ki Kz pCUm-T- Nurrl , K
alifb [ 1541bp KNG H 09 R B S BV fe 4t
ALI% GV394 FFORLH T 4DNA ¥4 32 B 714 391 544k
DHS o JERAZ A4, PCR i 07 %5 5 Bk A5 11 1Y) v
4N GV394-Nurrl

1.2.2 WAy

KRR M 2 BE 20 B R A e SH-SYSY %% i %]
80% A=A, T T AN, 15 4 FL 200 i 235 36 1) 2
-6 x10°, ¥513 R0 %] 6 fLARH , BT 37°C 5% CO,
HIBEFRAR rh R B DRSS R A I % B g A 31 70 -
80% ., Fiz BENG 5T 1A 5% e 3 500 U B 43, o GV394-
Nurrl 9% SH-SYSY 4iifi, [T 25 2k GV394 k)
WAZH Y% 24 h J5 , JH Trizol RNA 42 BURFH] & Hh 2
&L RNA, 38 #F RT-PCR £l Nurrl mRNA A9 K5,
Nurrl f) PCR 546 1.2. 1, N2 B-actin 514 E
5145 ¢ GACCCAGATCATGTTTGAGA 3 ° FiiE5]
¥.5 GCTTGCTGATCCACATCTGC3 ° , PCR 1F¥5,;
98°C 1AL 5 min,98°C A8 M 10 5,55°C iR k 10 s,
72°C FEAH 60 s, 3 30 MEFF 5 72°C HEH 8 min,
1.2.3 DCFH-DA ZL 35Kl Nurrl XF 40N ROS
TR ]

BRI T 26 21 K XoF A 4 400 e, W F T R 4 i A
#,1000 rpm B0 5 min, B0 2 K,500 pl [ PBS
BRI H B YUE, A TAEM 10 wmol/L Y DCFH-DA
PEYRE 1 pl, ZE R EOEIEE 15 min, i S0
L*ﬂ*ﬁ‘{ﬂ‘ﬂ,}ﬁfgﬁk&ﬁ 488 nm,jigf{ﬂzﬁﬁ‘j 525 nm
MDA E S ANE L, EE R
1.3 SitFEaE

BT A S5 B0 R HGE v SPSS17. 0 43, 44
KB £ FRifE 22 (2 £5) Ron, KL P < 0.05 £R
At m X,

2 FR

2.1 £ A Nurrl # PCR ¥ 1%

WE 1A Fizs, PCR ¥ 18 5 WU ™= P K /h—
Y 1541 bp A Nurrl DNA FE% .
2.2 pCUm-T- Nurrl HEE

WE 1B FiR, /N EUTORL S , PCR ¥ 34 )5 15
B —4%5 1541 bp A W&, S HUH R /N—3, @
& 1C Js, Bk 2e BamHI F1 Xhol B i1 P L) i il
YIT5 8] —4% 1500 bp Z2 45 1 H 19 4545 F1 2700 bp 7
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£ K pCUm-T RS54, 5 R /h—3, X} PCR
FNEED) Y B pCUmM-T- Nurrl FefEs il T
AT, M 251 5 Genebank A% 3 ¥ 51 5¢ 4=
—3,
2.3 GV39%4-Nurrl HEE

FH TR PCR WS NEWEEE e IR 45 21, an (&
1D ffi7R,7E 1.5 kb ZE47 235 Nurrl 205 K/MAE
T DNA 2577, 85 RUFSE N Nurrl J K BG4 A A%
GV394 #fkrf

3 M M 4
C D
7£:(M)DNA Marker; (1) Nurrl PCR ;=¥ ;
(2) pCUm-T-Nurrl PCR /=¥,
(3)pCUm - T- Nurrl £ BamH 1 1 X hol B4 ;
(4)GV394-Nurrl PCR /¥,
Bl 1 BUIRHEER vk S

Note. (M) DNA Marker; (1) Nurrl PCR products;
(2) pCUm-T-Nurrl PCR products; (3) pCUm - T- Nurrl

——1541 bp

2773 bp —

1541 bp — 1541 bp

by I BamH and hol X enzyme digestion products;
(4)GV394-Nurrl PCR products.
Fig.1 Agarose gel electrophoresis
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AL 2R ] DCFH-DA Y, 38 i i £ 40 42
K ROS WAAEL A4 28 Ak RS B 52 107 200 Jt PR 9% P 487 o
Ak, ROS WE{E 22 4% B 7 0 1 410 L 9 ROS 23k, 4n
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ARG Nurrl o] LUGR AP 2 L2 M 4290 % 3% 1LPS Al
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1:: (A)RT-PCR &5 (B) JEEFI 43 HT I (1) SE50 4 Nurrl 5 (2) X B2 Nurrl ;
(3) B0 2H B-acting (4) XFHEZH B-actin; (5) DNA Marker, SXIBZ %, * P < 0.05,
2 Nurrl mRNA ik
Note. (A) RT-PCR image; (B) The result of gray scale analysis; (1) Experimental group;

(2) Control group; (3 ) Experimental group( B-actin) ; (4 ) Control group( B-actin) ;
(5)DNA Marker. “ P < 0.05,Compared with control group.
Fig.2 The expression of Nurrl mRNA
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Fig.3 Flow cytometry detection the effect of transient expression of Nurrl on the intracellular
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HtREEH5T i Lmxlb 3K 1 Pitx3 ( paired-like
homeodomain transcription factor 3) 4 5 4% Z L%
WAITCRE AFNE " T8 e R bR A ik
K Nurrl FEDRIZRIR A /N BRIEI 2 B PCR 45 R,
HAR N EE 2R R ALl (TH) 19338 & = TR, IE PRk
FREAR, 22 T e & /D, 22 U i BB P 28 0 B D
D UINERRBL S X MPTP 8 2R (19 BUSE 3G, SR B %
I Nurrl 3235 R HR P, 2R 25 17 0 2 I RE M 22 7T
MOERBPEFT N 21 Nurrl FA R HE 2 T e RE M 25T
RE AT AT w0 R B 7 E WA, B2
Nurrl AT 25 45 W A AR AL

AWFFELI NN cDNA SCEE AN, 2 4 1
NAK Nurrl JEB ) IF A H T 20K 40 i 46 35 801K

GV394-Nurrl , R BH &S A BT A5 e A L
F| SH-SYSY 4N, & 3% 3 [ RE 8 £ SH-SYSY
ML N 235, HREREFEAX T 40 i N ) ROS /K-F-, iX
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bel-2 J DSBS T 4 22 1 20 B A% A 18 52 K IR B 46

KoM R Ema E E RMA L, E F K
(1. BT TCEERE, WAL L 0630002, HEm S EERE, Jb5T 100028)

[#ZE] B8 40 bel2 FEBMZ T AR RO G B8 3G K B G ST Re I E g m . Fik K
SMEFER BAET U, 4 Ad-EGFP R#ARN- T3 B Ik E AR -2 FE (bel-2) R Yt 2T 4/, 434 3 4.
tAEZH B PR YL d bel-2 #5942, Western-blot #6022 T AERL YLnii 5 bel2 AR FRIA, AUAFMEME SD K
85 L YEBIRGTH 72 2 BEAHLA 4 R4 NSCs 4, bel-2-NSCs 41, 24 H/4H 4= IRI LAY Allen 4T 5 B8 37 KRBk
HREBAALTY , i@t BBB 3P4 AR TS S DI RETEE . 1S 7 d 3 RT-PCR ) Western-blot 6 I kil &
BED G X JE [l HSP27 | c-fos JEIH (19335 , TUNEL S A AL IR T 15 00, & A8 IS 4 R AT #Y) i HE Y6 158
6 MBI EGFP AT HY NSC FE 1 KA A i I i 1k SEP Fl MEP WLEZ R B AR 2 i AR VK S 1K 00, SR bel-2
TR YR R 2T MG , bel 2 FE YL 50 R BAPERE YL AR 1L bel-2 £ IR KA Rk (P < 0.05);
KB T BB ST RETEHT bel-2-NSCs 4L T NSCs 2H ,NSCs ZH40 T X IRZH . 35K 72 h, bel-2-NSCs 20 41 I8 T %34
A AR X R R NSCs 4H(P < 0.05) . A5 7 d, 5% R NSCs 4AH H , bel -2-NSCs 41 HSP27 3 AR 4 1)
REHHBETE (P < 0.05) ,bcl-2-NSCs 4 c-fos IEHFIE AR BHBEEM(P < 0.05), #EHF 4 &, HE
Yo eyt M2 W] DL 20 2R SR A TR A, TEAI R E ) , NSCs 445 475 X ] WL/ i e R AR 45 4,
23RN, bel-2-NSCs 2H 7T DAL 22 i 22 AR FE AL, R DU 6251 . EGFP AR 1C (% P 40 45 bel-2-NSCs i £,
NSCs 2k X REZH R HAHZ 22 RA B &M (P < 0.05) , &5 4 J&,SEP Al MEP f# R4 : bel-2-NSCs
ZH < NSCs 2H < %R, B &2 A2 594 BEME(P < 0.05) ;I8 . bel-2-NSCs 4H > NSCs 2H > % JRZH | H 44 2 [A]
ERAWHEEREL(P <0.05), &i it Ad-EGFP AR Tk B k4L -2 3L (bel -2 ) J R % e ffi
25T 240 M BEAS IR BRSNS 00 B 28 T 2 ML B8 58 bel-2 5 DR T et 25 T 4 L A% L vl A2 5 4514 R e 22 2
fil T2, TR A BEIA X HSP27 o3k, AR BE0 X bel-2 5 R A F2 ik A 2 i i 0 T, e 38 ok B L 1A iz 3
e AR H AR
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Bcl-2 gene-modified neural stem cell transplantation for
spinal cord injury in rats
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[ Abstract] Objective To investigate the bcl-2 gene modification on neurological function recovery in rats with
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spinal cord injury in neural stem cell transplantation. Methods  Cultured rat neural stem cells by Ad-EGFP as vector-

mediated side B-cell lymphoma 2 gene (bcl-2) gene transfection of neural stem cells were divided into 3 groups: control
group, negative transfection group, bel-2 transfection group. Use western-blot to detect the expression of bel-2 protein in
neural stem cells before and after transfection. 85 adult female SD rats, successful model 72, were randomly divided into
control group, NSCs group, bcl-2-NSCs groups, 24/group, rat acute spinal cord injury model in accordance with a
modified Allen’ s method. Assess the motor function by BBB rating and the swash plate test. 7 days after modeling by RT-
PCR and Western blot detection of spinal cord injury around HSP27, ¢ - fos gene expression, TUNEL assay apoptosis. Four
weeks after model drawn line HE staining and fluorescence microscopy EGFP-labeled NSC survival and distribution of the
rats neurophysiological recovery by SEP and MEP. Results  bcl-2 gene transfection of rat neural stem cells, bcl-2
transfection group and control group, negative transfection group compared to bcl-2 mRNA and protein levels were

expressed (P < 0.05);

group than the control group. 72 hours after modeling, bcl-2-NSCs number of apoptotic cells were significantly lower than

lower extremity motor function in rats evaluation of bel-2-NSCs group than NSCs group, NSCs

the control group and NSCs group (P < 0.05). 7 days after modeling, compared with the control group and NSCs group,
bel-2-NSCs group HSP27 gene and protein expression was significantly higher than that (P < 0.05), bel-2-NSCs group c-
fos mRNA and protein expression was significantly reduced compared (P < 0.05). 4 weeks after modeling, HE staining
control group showed spinal cord tissue loss and the formation of syringomyelia, no axonal through. NSCs group damage
zone few of neuraxis-like structures, syringomyelia smaller, bel-2-NSCs group showed more nerve axon-like structure, no
syringomyelia. EGFP-positive cells labeled: bel-2-NSCs group the most, NSCs group followed, no control group, and the
difference between the groups was statistically significant (P < 0.05). After the 4th week, SEP and MEP latency period ;
bcl-2-NSCs group < NSCs group < control group, and between groups difference was significant (P < 0.05) ; Volatility:
bel-2-NSCs group > NSCs group > control group, and between the groups was significant difference (P < 0.05).
Conclusions By Ad-EGFP as vector-mediated side B-cell lymphoma 2 gene (bcl-2) gene transfection make neural stem
cells can promote cultured rat neural stem cells. bcl-2 gene-modified neural stem cell transplantation can promote the
regeneration of spinal cord injury synaptic elevated HSP27 expression after spinal cord injury, reduced expression and
neural cell apoptosis after spinal cord injury bel-2 gene and improve limb movement in rats function and electrophysiological
function.

[ Key words ] Modification

Spinal cord injury; Bel-2 gene; Neural stem cells; Transplantation; Repair; Rat;

Nerve function

HHE 173 (spinal cord injury, SCI) f& —Ff 47
(17 FE A 5 T%ﬁzﬁlﬂﬁi{mUTDﬂﬁuM%ﬂLm
DIREMIAS AT 53 407, FLB = A 80 0B 97 ik, e
13 DX AT T 0 08 T A RO R R B
SR, H T SCT A4 5 B AR BEALSH] 14 &2 2k B 2278 |

WA A N R 25 ) s AR AR R IR A ser
R, %5 SCL I TEIRYT J7 vk iy R AmA5 38 76 A BE

PR T4 (NSC) S48 B A b 4o, b
2 ¢ I 441 A L R e e A B B 0, ELRE RS F R T H
%ﬁ;ﬁmﬁ‘%éﬂ R4’ NSC HA 1 5E [T 7%

R B e 0 ke , (o LA 03 O B A 5 v AR
ﬁiﬁé’amﬁ HAFFEEAIESE NSC BB AH 24 A 3L, X7
U IEH A K A B0 B,

B Itk EL A0SR -2 FEpR 2 R GE S HA Z R 21
ARk, SCLJE,Bel2 SEHTERFMATTh R B E
W, PR TR R e R H B R R
T HFE LI, Bel2 AT 3215 AE0E il v A ph 22

Yk R MR IR, S TS AE A S i R
Wi, ASSCHF Bel-2 JE[AIFE Y NSC 4, K5l NSC 48
M B A= R 1, IF i — 25 3 Bel-2-NSC XF K iR
SCI TR 520

1 MG E

1.1 SEIEEhY

TR SD KR 85 H, 1 Ay, ARH (230 ~270)
go WO H JEILEZE A9 TR BR 2 |l [ SCXK ()
2010 -0 -055], 1L TN B B SPF L5 sl =
HHE IR SYXK (#2)2011 -0012] .
1.2 FERAFESNE

Ji 4 B ( 95 [F Santa Cruz /A H]) ; PBS 22 i
B (FRMEFT) ; Western-blot 25 AR50 &7 (3£
Santa Cruz 7y F]); BCA £ ¥k BE I 2 i 55 &
(Beyotime 2y H] ) 5 40 Hfd 1% 32 46 ( 3 [E] Thermo Forma
o)) sAeER R ORI & (L 1 Pierce) ;Bel-2 MR
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SeREHUAR (LRt A F]) s TUNEL Z% 683050 &
( Promega ) ; Trizol i 7| ( 32 E Invitrogen 2\ H] ) ;
QuantiTect ¥ % 5% i 57 & (2 E QIAGEN 22 H] ) ;
HSP-27 (3 [E Abcam A H]) ; KEYPOINT 4 i & Hi i/
AT R BT e i A BR A 7] ) s o Bk
Z 4 (Labworks Analysis Software , J2[E )
1.3 ZWHE
1.3.1 M TaifsssR S Fric  \NSC & bel-2-
NSC B il 5

B 14 d 19 SD K ALY, 75% W08 AR 1= 6L TH
o VB BRI, 12 i AE DMEM/F12 i, 2Bk
NG HSERIT I A5, K 2 83 M R R ot A ) i I IR I T
DMEM/F12 &, FH W A8 [ &2 AT B, 2 100
H AL P, 4o 08 0 B 2 A0 T 15 32 b, i EGF,
bFGF ,N2 #0571 ,37°C ,5% CO, B R #, 72
h JGH, BEFRME T4 3 d JR R 2R 2 R
AR T 8% F I, A—3T Brdu 1400 14 EL B, i
TresE ik 2z e, 31 DAB B, XHE R p
ZLBRIT nestin S PE UL R Y o, AT, KR8
FEAT 2 d 2 XFECAE KA NSC #E47T 8.0, U inks 77
W, W FT 28 B2 R VRO iR A B, e A
FEPHE R 1 x 10°/mL, FESE IR A B 55
(MOI) iy 200PFU/ 4l i 3% 1% bel-2-Ad-EGFP Uk i)
SEAEWE, THFRATPIR T 48 h G .0, IF 5% il
W, FRIRFT 28 S0 i B YR AT B, B A
JEWHE R 2 x 107 A/, TR £ Pl NSC B
(WRFEEHN 2 %107 A~/ul) o
1.3.2 Western-blot £ Bel-2 £ FH # ik

FEYLIS 48 h, H I 3 ALA0 M SR IUE R ,5% Yk
A 40 V M5 1 h,10% 53 #5160 VK 3.5 h, i
B 14 VIHE 14 h,37°CHEIREFH 2 h, PEAE 10 min,
3K, BT Bax 5 BCL-2(1:800)4°C 7 ; 3t
Kl B-actin(1:1 000)4°C iF 7, TBST YL 5 min x4
U WEER L SRBTAR 1: 700,37 CHEPRIFE 1.5 h, TBST
VBN 5 min x4 K, Pz A TBS PEEE 10 min /5
DAB {4 BCL-2 5 B-actin K FE R4 0 oAl #E4T
A3HT NEN BCL-2 B A #RIA N & .
1.3.3 KB SCI Bl £ S 1

W SD K ERIFAT IR | [ 2 I 61 6, 2 58 K U
GEANHEMR , 4 T8-9 B 5 Ko &R 4 MEAR I B3, I
WA UIER, 6% A AR, F PR R Allen 1EHRAE
TR BT fRE 5o 10 ¢, TR E R 2.5
em PEATABETT 5, B SOV B AT DL Ee 2 M 1 A

ZJ5 Xt Fe R dE RN D) , 7% Zlokovie % (47
P RIS 3 d SOOI S 21T A ML A%
ML BEWLAY 9 3 40, B4 24 R SO T 3 ANET
B RFEh Y R DA &0, Rr LA B RE,
ISk, Hb SR SCIJFHEA 5 wL AR
ERIKVS WL ;NSCs 41 1 A 551 NSC & 5 bel-2-NSCs
2 EAEH bel-2-NSC B (40 M35k 2 x 107
A/ul) o
1.3.4 z3hTIReiFir

3 AR FITF SCI 5 A [ B 512k BBB 3
gy ARG I8 I 32 s Zh ik, BBB 4D 3k 22
9% .,0 9. J5 B oE A ERE 21 2. THREIEH, T W%
FEARFE G T IE Sk B, 32 s T far VUL, TR )R
Jie KT e R A B R AR B, AR . KR
B ARG A AR L A BT AR B, R
ARG AR G A EE RGN 5 B, 24 5 K A B IR R BT
158 5 B0, WA A DhRe A,
1.3.5 RT-PCR K Western-blot £l HSP-27 |, c-fos
TR IR

A% A R AR DX B B4 2L 50 mg, Trizol ¥
FEHUE RNA, H RT-PCR Wi 457 &K mRNA 3
5518 cDNA K ¢DNA 47 PCR 9734, HSP27 5]
Y. i 57 -GGCGCTCAACCGGCAACTCA-3
T 5 -CTCAGGGACAGGGAAGAG-3" , GAPDH ; I
% 5’ -ACCTGACCTGCCGTCTAGAA-3 ", T .5 -
TCCACCACCCTGTTGCTGTA-3 *, c-fos: | i 5°-
GAC AGC CTT TCC TAC TAC CAT TTC C-3”, F i
5’ -CCA TCT TAT TCC TTT CCC TTC-3’ 2w 14
94°C 5 min ZJ5,94°C 2214 30 s,56°C iR K 30 s,
72°C M 45 5,23 NG R JE i 72°C ZEff 10 min,
PCR 74>k F B JE WH 5E B B 7K . RT-PCR 42 HUS
BT A4 1500 v/min .0 30 min J5 , B EIE N
AR, Bradford Y5 S E MR EE . 5% W
M40 VAR 1 h,10% 73 B 60 V fEE 3.5 h,
MRFE 14 V 1E E 14 h,37CHE IR M 2 h, P
10 min,3 K, RPTRITIAR HSP-27 5 c-fos(1:800)
4°C 337% ;41 Bl GAPDH (1:1000)4°C it %%, TBST
PEAE 5 min x4 K, ISEPTRPTIAR 1:700,37°C FE IR
B 7 1.5 h, TBST PEME 5 min x 4 R, iz H
TBS ¥ i 10 min J5 DAB i {1, HSP-27 | c-fos 5
GAPDH K B #2419 L ABL 47 20 #r , i HSP-27 |
c-fos R HFRIEME,
1.3.6  TUNEL 7:46 0 20 ff i T~ 2%
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BUEBEA 24T A M5 U) 4 B, TUNEL ¥ K2
MFZFEE Roche 23 WA & W EAE, K1k .37C
A FE AR K WAL 10 min, HATFRICIRARICS ,
37°CF, &M R ACH = 3 S 30 min, /il SABC,
DAB 2 0, H5F 55 X R AR 6 0N 1Y 41 i
L
1.3.7 HE 38 KXot BB M4 EGFP 47 1Y
NSC 736 Koy #i

3AHAAFEHLEL S HORR, BSOS BE4L 2L, [ & H
4% Z R WEE o A HER K, DO AR R A7 B 24
1 em [5EREHE, LB R ITVWOR K, b |,
JEZ20 wm,#1T HE Je o FEALER 10 LS, H
B iU BE ( x 20) WLEZ EGFP #RiCHY NSC Y
FEWE B A AL
1.3.8  Kuilliz sl A v v FIMA RS 2 FEL A

FABEHLIC S HKE, F| KEYPOINT 4 5% H
PSR IN Ji5 Ji 1A JE% K 3z sl i e A, K R RREA T
JRIRE [ 5, IFHERR 2 2% B sk ik, 15 I
L ik e S 0Tt .3 He BME 0.2 ms IR T,
5 ~15 mA FUHLTHREE 50 ~ 60 175 BBk 8, 5 ik
AR E A SEOT R4, WA IR iC SR AU A
k. RIRER D5 A6 32 203 & Ao e 5
1.4 FitFERZE

K HI SPSS17. 0 #EA740Hr, SEU0 % LA 2L + 4%
ME2E (x +5) FOR, BRI 20T T A R 2 22 (1)

®1 BAKRFEY

ZRILE,IP < 0.05 NESHEGIIFE X,
2 H#R

2.1 NSCs {k5MEFR LEERIRD

G 2H 2R B AR T RE RIS 1 h, K
ML ITRRTEIRNE , S BB oo, [l i ml DL 3|
/N AT, o NSCs a5/, 1 d J5 NSCs
W2 BN JEARAFII, 2N 4 B A W BE 55 d S
NSCs 2 | AR TR 3kTE . e sze 20 fh G
43075, NSCs BREE Nestin 3R FHPEFRIA
2.2 Western-blot

FERTEREYL 3 d K 14 d J5 , bel -2 FeYe e i ph 2
T2 AN 2] bel-2 A 223k B A, i XoF BE 2 i )
PERE YL bel-2 A TCHRIAN VLW T bel-2 B 42
A A bel-2 FYL i ph 2T aif b, Bl AT H Y
HEARFRE RS, WK 2A-B iR,
2.3 EFSRITEELER

TR A K BUEY BBB 1143 AR IR I PE 43 2%
ST EME L (P < 0.05), BG4 8, NSCs
2H ,bel-2-NSCs HMWIPE I EP S5 2 ~ 4 JE 3Rt
ML AR B3, 2 R A B EMEE L (P < 0.05),
bel-2-NSCs HM I3 FE MG S 2 ~ 4 Ji#2 NSCs
HP B, ZRA R EHEZEL(P < 0.05), 1L
#1,

REVFESS R (n=5)

Tab.1 Evaluation results of motor function of rats in each group

iRl EULVTi )

TERE (After modeling)

(group) (prior to the injury) F(1 day) 3 K(3 day)

1 JE(1 weeks) 2 JE(2 weeks) 3 J&(3 weeks) 4 J&(4 weeks)

BBB 143 ( Basso, Beattie & Bresnahan locomotor rating scale, BBB scale)
X HEZH

. 21.00 £0. 00 0.00 +£0. 00 1.41 £0.27
( Comparison group)

NSCs 41
(NSCs group)

21.00 £0. 00 0.00 +£0. 00 2.63 £0.22*

bel-2-NSCs 2H
(bel-2-NSCs group)
FH L5 ( Swash plate test)
X HEZH

( Comparison group)

42.37 £2.20 15.60 =2.30 16.7 +2.39

NSCs 41
(NSCs group)

42.42 £3.75 15.77 £2.66" 19.33 £3.17*

bel-2-NSCs 2
(bel-2-NSCs group)

21.00 +0. 00 0.00 =0. 00 3.88 £0.34"

42.38 +3.34 15.86 +3.28" 23.70 +£3.45"

2.71 £0. 81 8.30+1.52 11.29 £2.26  13.60 +1.26

4.52 +0. 34* 10.3 £2.42*  12.68 £1.87* 15.61 +1.12°

6.91 £0.38" 12.88 +2.53" 15.52 +£2.20" 17.53 +0.30"

20.27 £3.41 23.46 £4.23  26.44 +£2.76  28.37 £2.47

25.11 £4.85" 30.31 £6.38" 32.88 +3.16" 36.52 £2.44*

29.31 +6.27" 33.75+5.11" 36.52 £4.39" 40.30 +3.36"

. SXHBAAL, 2P < 0.05;5 NSCs ZHAH L P < 0.05,

Note. Compared with the control group,®P <0. 05 ; Compared with NSCs group P <0. 05.
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TE: (TA) B B30 F W TR B M & TAIHIE S ( x40) 5
(1B) M2 T4IHE Nestin T REHTE( x40) ; (1C) EGFP FRICHY NSCs( % 100)
El1 #hETaMmER e Lhrid
Note. (1A) primary neural stem cell morphology was observed under inverted microscope cultured( x40) ;
(1B) neural stem cells Nestin immunofluorescence staining( x40) ; (1C) EGFP-labeled NSCs( x 100).

Fig.1 Culture, identification and labeling of neural stem cells

A B
o A Bt el bel-24% Pl okl B Yl bel -2 Yudll

— ]2 T (-2

D SR — i i

(A Y3 d; (B) Bk 14 d,
B2 bel2 &HAMEMZ T AN IEE A
Note. (A) Transfection 3 days; ( B) Transfection 14 days.

Fig.2 Bcl-2 protein was stably expressed in neural stem cells

3A 3B 3C

. (3A) XA ; (3B) NSCs 41 ; (3C) bel 2-NSCs 4.,
B3 HE J @SS A ML EIE Y ( x40)
Note. (3A) The control group; (3B)NSCs group; (3C) bel-2-NSCs group.
Fig.3 HE staining in each group of neural cell-like morphology

e (4A) XTHEZ ; (4B) NSCs 4H 5 (4C) bel -2-NSCs 4,
B4 FOLRMBIINE EGFP bRt isk (A3 LAAE ( x20)
Note. (4A) The control group; (4B)NSCs group; (4C)bel-2-NSCs group.

Fig.4 Fluorescence microscopy of GFP-tagged green fluorescent cells



40 [ LA R 224 2016 4E 7 4526 4545 7] Chin J Comp Med, July 2016, Vol. 26. No. 7

2.4 HE #£BFKAXBRENE

Yi)5 4 J&  HE Yo%) B8 20 nT UL A8t 45 Ak A 4 4
LU ROR S, A RS TRIE R (B 3A).,
NSCs 4175 5% 5B o7 2H 2 23 3l 38 X BR A /1N, 55 bel -
2-NSCs 4K (# 3B) . bel-2-NSCs £H 53 i 11 2k (&
3C) ., NSCs 4K bel-2-NSCs 2] F w2 0] WL A
(1) EGFP Fric i) FH 4 19 28 €5 ) (Tl 4A-C) - X i
414 (0 +£0.00) A/ F 5 LEF , NSCs 410 (12. 15 =
3.24) /5 A5 M B, bel-2-NSCs 4H b (27.34 =+
AN/ EREE, S A2 H 2R B FE (P <
0.01),
2.5 HSP-27 .c-fos EEFEBRFRIE

WERLE 7 K, 5 XYL AT NSCs 414 L, bel-2-
NSCs ZH HSP27 KL Y K3k & T+, P < 0.05, c-
fos FEH MY FTE B FREIC P < 0.05; 5%F R4 He g,
NSCs 2 GSP27 FHH MR L B EF &, P < 0.05,c-
fos HAMRILREREML P < 0.05, WA 5,

_ 2= Control 3 SCs#1 B bel-2-5Cs#L
X
®
b <
% 11
o
(“I'l
2
0 T .
HSP-27 o8

2.6 TUNEL %3l 28 fa i 1=

R T 25 20 LAY 4 A PN AT D R S AR
WRL, TUNEL 35100 %2 , NSCs 2H | S s 4 4k 2 4 o
£ OB R T 40 BB (20. 41 4. 38) B /b T X AR
2H(30.12 +3.44) (P < 0.05) ,bcl-2-NSCs ZH 7=
AffE /> (9.57 £2.31), WKE 6,
2.7 KRIFEBAFIEENFLBA

Fota)E 4 J8, % B2 A 875 kvl o Filis B ik &
(/D K 5 bel-2-NSCs 41847 & v 57 Fliz 517
KA RS B A A KBRS R
DRI AR, W2 2, NSCs 41 5% BE2H L #5 2
SHBENEE (P < 0.05), bel-2-NSCs 2H 5 %
MAHKERAIEFEEEZE L (P < 0.01),
NSCs 415 bel-2-NSCs 4l b 2 5 B MW E L (P
< 0.05), 7 bel-2-NSCs 2H F 55 MU B33k Jz
A S I 8] B JH: At 2H P 4, % S i & 2 i, Pk A

25 , ,
_ “°7] =3 Control 1 SCs#4 B bel-2-SCs#i
X 2.0 -
#w
=
o 1.5 =
B -
< 1.04
%
G 05-
&
T 00 T r
HSP-27 c-fos

5 EEIIGEIX HSP-27 c-fos S 5B FINFEE

Fig.5 Expression of HSP-27  c-fos gene and protein in spinal cord injury

. (6A) X IEZH ; (6B) NSCs 2H ; (6C) bel-2-NSCs 4H .
Bl 6 TUNEL Gl LA g T2 ( x 20)
Note. (6A) The control group; (6B) NSCs group; (6C) bel-2-NSCs group.

Fig. 6 TUNEL staining of each group
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R2 BT 4 252K BUASRGS Rl L FE Sl A AR (x +5,n=6)

Tab.2 Somatosensory evoked potentials and motor evoked potentials in rats at 4 weeks after transplantation

» TR AR
( = ) ('somatosensory evoked potential , SEP) ('motor evoked potentials, MEP)
group TN I N I
TR (ms) PelE (V) I (ms) PR (V)
X B&2H ( comparison group) 32.241 £2.457 1.236 £0. 116 16. 227 +£0. 347 1. 635 £0. 121

NSCs 2 (NSCs group) 26. 821 +2.530*
bel-2-NSCs 4 (bel-2-NSCs group) 17.237 £1. 418"

1.727 +0. 117*
2.231 £0. 125"

12. 436 +0. 244*
8.741 +0.329"

2.447 £0.319*
3.738 0. 445"

W SR ERAAIL, P < 0.05; 5 NSCs AL P < 0.05,

Note. Compared with the control group,*P <0. 05 ; Compared with NSCs group,”P <0. 05.

SCIL 1 %5 B 43 4 43 b it & Pk SCT Fn 4t % P
SCI™ , BART# B, 40 1B BE 4L 212 & 1w 42
JUIRTS RAE S 4R EFR P 45 S5 1 IR M R T 2
FASBE SR, )8 ARG, J5E N2
AT B & (0 — 2R 5 1 220 BEAR AL, 25 T BB R34
Sr BT kA R, B T R s e, BT A
H B4k & v SCTE M IFFTAYFE T 03K, Bel 2
R K M SCL AR BOR B 5 | 2 67, B T B
T-UIRESN , — e 5T R |, i 3k 1Y Bel-2 RERSRH IR
AR B B = KRR R 2T Ak
770 $2R Bel-2 X # 22 D) RE R AR P VE FH R 2 07
TSR

Bel-2 JE K G5 A0 45 {2 #F ( Bax ) N4 ( Bel-2)
AR T AR A B, S SCT Je 4 8 - Y B %2
PN BFSEIAK , Bel2 5 Bax ML RIKHIE R
FEVRN B FEVE T, — 3 0 e et s Al A7 T 0 5
B MESIEE ST R, Bel2 R IRFEAS A
AfA] 5 5% SCIUNSC 40 I 3 £ | T Ak, A
SLUE FHZ T A W58 T Bel-2-NSC iA77 /MR SCI
JEALIR 9K 52 1% I, 183 Ad-EGFP Ry Ak N &
Bel-2 3 R G e fii 4o 22 41 Bt R 4% B 2 400 ) &40 s 9%
T MEHE R 25 4l 1 58 K AE 5, 5 R B A 9T 45
R—H,

HSP EH AP HEEN—/R, FES 5REME T
R PRGN R B HSP (heat shock proteins , FfK
s, @ PR A HSP) AT Y5 APaf-1 454, BH1ETE &
APaf-1/Cyt-c/ casPase-9 P T-5 & &, 1t ifif BH 1E 21 g
AT BB 2 REWGER, 75925 3R
IR 2], Bel-2 & 2R 5 /N R BB #4s A< L HSP 1Y
FEIR B Th g, X $E i R 1 I K | T A2 g i 5k
A A R A A,

AR SRR o WA AT TR, MAAE s £
ARZA BT BT — T, (ALK
R EVEFERH AR 518 T8 A B A R %,

VIEAR AR R 2 A T [ B AT, TR I A 224K
FIFeBH B NSC B AE R YT SCI g /K F
T, DT 5L PRE Y7 R H O F IR, &
AT — 058 (IR R RN 8% 1 (09 7 1)
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NeuroProtective mechanisms of ProPofol to retinal ganglion
cells in a Partial oPtic nerve crush rat model

LI Xue-Dong,CHEN Jia-Kang* , QIN Jun,MAI Yong-Jun,XIAO Zhen-Yong
(Liuzhou Worker’ s Hospital,, Liuzhou 545000, China)

[ Abstract] Objective To investigate the Protective effect of propofol on the retinal ganglion cells of the rat optic
nerve crush model. Methods 67 SD rats. Randomly selected 20 rats, don’t do any processing for the normal group.
With more than 47 rats optic clamps for optic nerve contusion model, legal system building 5 failure, success of 42 rats
were randomly divided into the optic nerve damage and propofol group, 21 / group. Will not be any treatment after optic
nerve injury group building, 4 hours after propofol group for propofol therapy. After 4 days of successful modeling, the
apoptosis of retinal ganglion cells were detected by TUNEL staining. After 7 days of successful modeling, the expression of
Caspase-3, BCL-2 in retina and optic nerve cells of rats were detected by RT-PCR and Western-blot. After 14 days of
successful modeling, The amplitude and latent period of P1 wave of flash visual evoked potential were detected. The animals
were sacrificed and the optic nerve was taken to observe the pathological morphology of retina and optic nerve in rats, and

the retinal ganglion cells (RGC) were counted. Results After 4 days of successful modeling, the apoptosis of the propofol

[
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group was significantly lower than that of the optic nerve injury group (P < 0.05). After 7 days of successful modeling, the

expression of Caspase-3 in the propofol group was significantly lower than that in the propofol group (P < 0.05), the

expression of BCL-2 in the propofol group was significantly higher than that in the propofol group (P < 0.05). After 14

days of successful modeling, FG Positive RGC numbers: normal group > propofol group > optic nerve injury group and

between groups difference was statistically significant (P < 0.05). The flash visual evoked potential of the rats in propofol

group was significantly shorter than that in the optic nerve injury group (P < 0.05) and the amplitude of the visual evoked

Potential was significantly higher than that of the optic nerve injury group (P < 0.05). Conclusions Propofol treatment

can through an early reduction in rats after optic nerve crush RGCs apoptosis, decreased Caspase-3 expression, increased

BCL-2 expression and improve number of optic nerve crush of RGCs survival.

[ Key words)

WU 2451 1 K I A AT 1 i, ] BE R 5 1
KR ETINEG, A2 5 B R R R
MR A 3 22 | 25 KB 0 2 300 R AR R )
WIS 2 R TR 4 R G R 28 B 4
T AR 15 e A 18 52 A TR R R R R
LA Ui R R U 2T Bt A7 100, LASE Rt 13 i
PR ZE MR 22735 M T SCROR Aok, INTH I AR
HARX M 22 AR GE A3 B R SN T S R P Y P
SRR BN R R TARF R EA 7 BRI
PRI X e P8 3 0 0 A R ) DR 1 1, X
Z RN A TR — s R AR, ERER
A R SR e ot P A B TNE A9 0 TR
TF B Hd B A A IS ) L 573 it g e T kL e 2
BRSPS IR O E B, B ATE A BT 7R W
PR o 45 0 ) R 28 B A T A AT — 7 ) R 3
PERIE 00 SRR I IR 7 2 6 RF O A 22 B
DX AL A ) TR 35, 2 T 81 P R ot 22 4 1
(9, BARGRIPRCR ey, 55— 4R

1 #eFnrE

1.1 S

TG SD Mtk KB 67 2, 1 AR, AR (250
~270) g W T V5 EERF R 2% 5L 5 2 ) o [ SCXK
(#)20090006 | ; 304 37 T 10 T TN B= B A
SR IR [ SYXK(#H:)20100014 ], Fr i K B 7E
12h A% (7 :00~19 ;00) /12 h 5%, IRE R
22°C ~25°C MM EE I 3%, e 50 56 3 W 4f 1Y)
“IR”JFINZA LANGE = AR,
1.2 FERAFENSE

GAPDH , Caspase-3 .BCL-2 %t K R £ v bt
PR (S Sigma 23 7)) ; Tl #PE TagDNA R4 i RT-
PCR {7 £ ( TaKaRa 23 7] ) ; M-MLV 3 5% S5 fiff ( 55
[7] Promega 2y F] ;=i ) ;100 bPDNA ladder (#23E4:

Rats ; Optic nerve damage ; Propofol ; Retinal ganglion cells ; Caspase-3 ; BCL-2

Yy TN D) 59864 (35 H Biotium 23] ) ; TUNEL
AT & (F5E Roche 23 A]) ; TNYHEY (20 mL ;200
mg SR ILARTE 2 AT PR/ ] ) s BCL-2 Fil Caspase-3 #)
H4E Genebank FEkE, FIH Primer 5. 0 51473 14Kk {4
e RS Y, RG24 Blast VLX), LA TAY)
FRRAF A S IRBHFAR B ( LB By %
FABRAT ) s SEAREAAL (H AR ) 5 IRBHL 5
HL AR B (72 Roland 22 A]) 5 I3 J2 (B4 BRIT 4%
WA FRA R 5 2= s (AR W] )
1.3 HHE
13,1 AR 24 15K BR A5 e PR 19 1 13

WHES SCHRR F B A E AN w AR A
ZoJe PR R AR ) 67 KRR L BT A AG:
AR B8 A Jee DG R] ST b, AR IR TS A2 . B HILHR 20 H
KEMIEFH , AN TAR M, 447 REfriipps
B AL (A IR , A FRANT  10% 1K & & IE
SRR S (0.3 mL/kg) , S HE AR FIG S,
T TS M syIF, T b PO S A B oK B ek
LRI AP, BRBRW N Oy e, Bl
BNVAE  5E G0 il G5 P, B T R ER AR 2, TR
J& 2.5 mm AbBKIE I RFARALE 6 s, WLESA AR i
FLEBOK LTGRO RE HS 0, 35 2 4% 5 T T 45 M5 40 P 1
FIRIGIRLIHERIRE . KEUFIEG , WA 2
LR, HR VS JC A0 o B i1 i, LK BRI HR Bk 58 13
SRR P A AN 4 RIS R A S8, 5 R
SIS, T LAAIER 4% 42 RN SES . ¥ b
BLor oy BEARUXS BRZH 21 2 IR 21 2, BEAIRE
PR R BRTCIR YT, W FUAR 3, DY TR 9 20 K B A s
4 W LAPIABNIGYT , 82k FE ik i A SR i
TESTR (2 mL/kg/h) F§252 4 h ELHAYT 2 d,
1.3.2 AT 4i s

B 4 R&HR R RIFEHLIR S H, #Hi
IR 7R RIS 2 S d AT 200 & E SIS, LA
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4% 1) 22 B IEVE AT I8 22 o 475 BUHR 33K A A 5 27
J, TUNEL 345 3125, #% 75 [E Roche 28wl iR 7] &
MR, Rk AL . 37°C 5 F & A B K W1k 10
min, FTARICIRARIC IS, 37°C T, &Y E iy b
SN 30 min, T SABC, DAB W {5, & H, il 45 IX
JE B BEMLE B A 6 > 5 AUET o A2 35
GRSk TR AR IR e
1.3.3 RT-PCR %l

WG 7T REH KB MEEHLER 5 2,

BT AT R IR B, 73 25t LB, L Trizol 56 BH 457548
HCULRI AR B RNA B RNA 75 HHI05E SR 22410
JGEETHE  FH RT ~ PCR W5 50A7) £ (TaKaRa A F)
B mRNA G555 cDNA |, 335 754 ¢DNA 17 PCR ¥
W LT 519 W3 1, B 5 =4 T LTk, HL vk 2
Sl AT 8 AR oy BT R R AT 0 i
BCL-2, Caspase-3 15 GAPDH F{ /% B8 FH 43 1 U AH
Y BCL-2, Caspase-3 mRNA FRik 4515,

x1 39F5
Tab.1 Primer sequences
5% J¥51 T SV T
( Primers) ('sequence ) (bP) (c)
BCL2 J:m’? 5'-TGAACCGGCATCTGCACAC-3 115 56
Ui 5'-CGTCTTCAGAGACAGCCAGGAG-3’
Camse 3 L 5'-AGAGCTGGACTGCGGTATTGAG-3" 148 s
aspase T 5'-GAACCATGACCCGTCCCTTG-3'
GAPDH _F3i# 5'-ATCTTCCAGGAGCGAGAT-3 248 56

TU#S5 -TAAGCAGTTGGTGGTGCA-3’

1.3.4 Western-blot £l

RT-PCR #2855 09 % 2 #) 48 1500 1/min, 5.0
30 min J& , U E3E M HARSE A, Bradford S0 2 L
B, 5% W46 40 V #5151 h,10% 7 B 1’
60 V fEHJE 3.5 h, {85 14 V 1HJE 14 h,37°CHE R E ]
2 h, YEAE 10 min, 3 K, Pt R PTIA Caspase-3 1k
BCL-2(1:800)4°C i ; Pkl GAPDH(1:1000)4C
&, TBST YEHE 5 min x4 K, IWFEPLRPTIR 1:
700,37°CHERBEE 1.5 h, TBST PEME 5 min x4 ¥R,
FEYGZ ] TBS YEE 10 min J§ DAB .4, % Quantity
one R IAT M F5E , Caspase-3 .BCL-2 5 GAPDH
YK B R4 1 FUABL#E 47 43 M , /E A Caspase-3 \BCL-2
EEESSINIUNT
1.3.5 @t t4etrid

WAF S 9 R KB BIFEHLE S H, HeHT
IR RRIR R, S A LA TE R (H A% ) K
S SL S, IE T YTk Bz, o B e N2, R
P, AR A bRk T4 2 2l B 7 B 3R
AR B (BT S J5 6.0 mm, 55T 1.4 mm, R
4.0 mm ) BT AR I 55 0 5, A T4 TES 3%
5E64 3 pl, MG 14 K, LLSUME B F vE 2 2E
B LT A FRic 1 KR, T B A IR AR R
IRERT 4% 2 2 B EEBEIR b [ 2 h, AR RSk wp
DB, B S AR T T RT3 A 2 B HR PR B s SR
PIET 4 A~ (A0 D0 R385 448 43 B3 i 1140 400 Do s 2%
P LoV, B AR R L, ES AP AR T

Je , A5 P IO 5 I 55 3% I I e S o R E AT B A
it FH 2 s 5 HE B L FL K P 2 mm &b, 435
R ALK, IR 4 AR R RGC
T, AR E S AT RGC FEATHHEN &
1.3.6 NG GE 5 A& Ha A A A

Z IR ISCEV #rifE™) I HAEH Roland #5E HL A=
PRAG A (B A AHBEPLER 5 RK R T f558
14 RiEAT F-VEP ¥4, 10% 7K £ S0 IE s v
RIS (0.3 ml/kg) , KB R A8 B2 J5 , % 7Rk LY
G A ER 2o DN A N T RE RS U S T A S A Tl
ST AR, A IR [ 5030 3 A kg 2 2 W A, A A 52
oA, BHBTRRHES Q LR, 4058 15 min J&, 28
AR 52 4 B N 375 O DA HIR B8 30 35 3 3o i AR BEAY, LED
HIR B8 PR BR300 38, 6 . 3. 93 ed/m’”, Ji>% . 1.9 Hz, il
WA 58 . 1 ~ 100 Hz, 53 HritE] 250 ms, B h01.100 K,
HESM 5 YK, BOE N NS85 & LA PL Y
TR S TR AR
1.3.7 PRI RS B2 222 58

DA K35 58 B 80 4% R R SME I A 9 A
BE 4 RS IRER M2 5 mm KRR 25 ) AR 3K b
S0 E WG T FAA B2 EE 48 h, &85
SRR, B FF AR BR AT B 25 4 i R AR S, —H oK
B AL TR 47 AT A 1) AT I TR R T A 2 4
wm YIHH M HE Je(0, 6 MEE,
1.4 SZitAx

28 SPSSI2. 0 B4, S Bl LA EL + bn it
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Z(x + )R, ZHBEBRREWLLEBEHBRREZ T
2000, EAT L R A LA ¢ K58, LA P o< 0.05
REFHGIEFE L,

2 FR

2.1 TUNEL % 48 B f 1=

R T4 25 A0 T A A P RT UL AR S AR
WU, BT T AT L IE 4 AL O IS A DL A B R
FY) RGCs (B 1A) ; BEARLXS BRA] n] WA 25 o
WOk YL RGCs (I T8 ) (1B ) s TNTH B 41
AT UL /D e A B €5 UKL 44 1% RGCs , FLBS U A Al
XHHRZHA (B 1C) , BARILR 2, WM LR, %
FREP <0.01),
2.2 Caspase-3 .BCL-2 EF &%

ZE0 (2,33 ) B ph 2 s i 43 )5 26 7
K, IAB K B Caspase-3 & [N iK% 1E
B, BCL2 R RISBIEH AL, 22 54 W&k
(P < 0.05) ; M Caspase-3 K KA
Py 2H AR R ZE A L B S FAIG, BCL-2 JE R e 3k

T, 25 A REEE (P < 0.05),
2.3 Caspase-3 ,BCL-2 Protein &ix

iR (3. 3%3) Wonilpp s msigie s 7
K, PITH 2 A B A KR B 1Y) Caspase-3 £ FH R Ik 5
IER AR, BCL2 SEARBHIEFAMN, Z5H B F
PR (P < 0.05) ; ML Caspase-3 8 A IA
PRIFT I 2 5 455 U X B A A B B S A, BCL-2 BB
H ek T, Z 5 A BEHE (P < 0.05),
2.4 KB FG FH% RGCs it#1

HARRAEY FG BHTE RGCs £ .5 2 5
(P<0.05), IEH XA FG FHM: RGCs B3 EN
T B A ARSI FRZH 22 (P <0.05) , A4 FG FH
PEM) RGCs BUBIRINT FRA £ (P <0.05) , LA
AL AL BB 2 FG FEME RGCs 1B (B 4A , £155 fr
F8) s NIA B 4 L X B 20 20 FG BHAE RGCs 315k (B
4B, LI T ES ) 5 IEH LM AL 40 FG FHE RGCs
(B 4C, 2L85 rds ), BARDLER 2 25 4 L sy
B¢ X (P< 0.05),

F2 AHKE TUNEL A TR FG Bk RGCs T (x +5,n =5)
Tab.2 Number of apoptosis cells and FG positive RGCs number in each group

2051 ( Group) MMIPA T8 ( Cell apoptosis ) FG BHYE RGCs 1144 ( Positive RGCs counting)
ALY FEZH ( Model control group) 31.23 +5. 74% 9.8 +2.2%
PRYA 2 ( Propofol group) 14.65 +3.86 " 23.6+3.4"
1E % 2H ( Normal group) 00. 00 0. 00 36.8 4.8
T SO A, © P < 0.05; 5IEWAIAALP < 0.05,

Note. Compared with the model control group, * P < 0.05 compared with the normal group *P < 0. 05.

T (TA) IEH AL (1 B) BRI IRAL; (1 C) PIIATAL,
Bl 1 TUNEL #0241 441 ( % 20)
Note. (1A) Normal group; (1B)Model control group; ( 1C) Propofol group.

Fig.1 TUNEL staining of each group

T3 HHKF Caspase-3 . BCL-2 Fe[RH M E A FRIF M (2 5,0 =5)
Tab.3 Rats Caspase-3, BCL-2 gene and protein expression

Caspase-3 BCL-2mRNA

Caspase-3 \BCL-2 Protein

A Group) Caspase-3 BCL-2 Caspase-3 BCL-2
FEH X} B 2H ( Model control group) 2.34 £0.46 0.21 £0. 04* 3.46 +0. 34* 0.36 0. 10*
NIA R 2 ( Propofol group) 1.26 £0.27 " 0.57 £0.12°* 2.38+0.26" 0.83£0.19"
IE% 2H (Normal group) 0.65 0. 11 0.94 £0. 13 0.96 £0. 08 1.38 £0.24

SRR IR, " P < 0.05; SIEWHAMIL*P < 0.05,

Note. Compared with the model control group, * P <0.05 compared with the normal group *P < 0.05.
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Model control group  Propofol grou
groug g

[RiELAEA WA

Normal group

Caspase-3

BCL-2

GAPDH

2 FHKH Caspase-3 .BCL-2 m RNA i34
Fig.2 The rats Caspase-3, BCL-2 m RNA of expression
R x4l P 4L IEH A

Model control group Propofol group  Normal group

R W

A . T D

B3 4K Caspase-3 .BCL-2 A
Fig.3 The rats Caspase-3, BCL-2 Protein of expression

2.5 FHHAKRF-VEP RELER

FEXERS 14 d,3 ALK 5 H, #6147 F-
VEP f #r , 45 R WA M 20 KB P13 i 5
BEARUNT FRZ AR LG A, VR AR I B 78 %of R 2 B
i, NIAB A SR RRAH L 2 7 B (P <
0.05), RIS HEZH R B 062 375 & F A ph 0 D)
JE AL AT G L 2 B R YA B AL, R TN
AT ZH A 1% 530 I G A 0 S R 2 ol , R Ao 22 43 40
W EF (WK 4) .
2.6 LME HE $faME

IERA(5A) KA HE YL n] U 3 J245
g, B R O 1) AR R R SO 20 2 | RO 41 i
2] RGC 2, Z JZHEF I 2 Bt 20 i J2 RSO 248 i
JZ,RGC JZ M2 M i) &2 s )2 HES , 85 14 d, B
RS REZH (5C) BAA IR FE 285 A0 s R 7 E, 00 W) B 11 52
JE B Sl AR RO A A Y B 2 R R A Y
AT LG MOAZ KT 4% | 1 RGC )2 4H A 1) el
R AR BT, PNIATZH (5B) RGC iR 5 1E % 41
FK/NTE I X, (EEH w2 BG4I B B Py Ah T
FETE M2 A0 A 5 B8 10 K i 45 2 i A 1, HoHE
IFHETL(ELS) .

TE: (4A) SR HRAL ; (4B) THIATRAL; (4C) IEH 4L,
4 KR FG BHME RGCs THELE ( x20)
Note. (4A) Model control group; (4 B) Propofol group; (4C) Normal group.

Fig.4 The rats FG-positive RGCs count comparator

el s mdetes i e, Sy (-

B TN T e B AW D - cn joanw

~ e gt - A e pee ey

-

TE: (5A) IEHW4L; (5B) NIABIAL; (5C) BRI HEAL
ES ARSI 14 d AL x20)
Note. (5A) Normal group; (5 B) Propofol group; (5C) Model control group.

Fig.5 Rats 14 d after modeling Retinal tissue
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R4 BAHAKRK P PR AERIIILE (x 5,0 =5)

Tab.4 Rats in each group Pl wave amplitude and latency comparison

2H 5 ( Group) R (ms) PR (V)
RNt FEZH ( Model control group) 115.34 +6. 827 3.04 £0.48"
PHAE} 2 ( Propofol group) 76.48 £5.46 8.75+1.12"
1E# 41 ( Normal group) 64.26 £2.53 14.30 £2.36

. SR IEAM L, " P < 0.05; 5IEWAMLP < 0.05,

Note. Compared with the model control group, *P < 0.05 compared with the normal group,*P < 0.05.
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Effect of dezocine post conditioning on acute lung injury
induced by intestinal ischemia-reperfusion in rats

LI Juan, CAI Yuan-xing, WANG Bin~
(Department of Anesthesiology, China Meitan General Hospital, Beijing 100028, China)

[ Abstract] Objective To explore dezocine post conditioning on acute lung injury induced by intestinal ischemia
and reperfusion induced in rats. Methods  According to the random number seed, the healthy male SD rats were
randomly divided into 4 groups : Rats in Control group ( CON group) were subjected to separate the superior mesenteric
artery without being obstructed. Rats in intestinal ischemia-reperfusion group (II/R group) were set intestinal ischemia-
reperfusion model and administered saline 0. 6 mL intravenously after occlusion. In dezocine post conditioning group (Dez
group ) rats were administered dezocine 0. 6 mL 3 mg intravenously after occlusion. In 5-hydroxydecanoate sodium group (5-
HD group) rats were administered 5-hydroxydecanoate sodium (10 mg/kg) by peritoneal injection 30min before occlusion
then operated as group Dez. The animals were killed at 1 h of reperfusion with the intestinal tissue removed to calculate the

index of quantitative assessment of intestinal mucous membrane injury. Tissues of left lung were obtained for observation of

[TEEBN 161985 - ) Lo, 0o A W7 1] KBRS 06 . Email ; huoniaolijuan@ sina. com,
[BREE] EM (1978 - ) & AR-EREGE A 5877 )RR 5 0% . Email: 13911836447@ 163. com,,
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histopathology with light microscope and the index of quantitative assessment of histologic lung injury was calculated. The
concentrations of malondialdehyde ( MDA) , superoxide dismutase (SOD) activation and myeloperoxidase level in each
group were detected via tissues of left lung. The concentrations of TNF-a and IL-6 were also examined. Results Acute
lung injury induced by intestinal ischemia and reperfusion induced in rats was improved by dezocine post conditioning. Chiu
score, lung injure score, malondialdehyde (MDA) content, myeloperoxidase( MPO) level and the concentrations of TNF-a
and IL-6 were descended while superoxide dismutase (SOD) activation was rised. The protective effects of dezocine post

conditioning were attenuated by injecting 5-hydroxydecanoate sodium via peritoneal cavity which was a selective

49

mitochondrial ATP-sensitive potassium channel antagonist. Conclusions Dezocine post-conditioning protects against lung

injury induced by intestinal ischemia-reperfusion in rats.

mitochondrial ATP-sensitive potassium channel.
[ Key words ]

sensitive potassium channel; Oxidative stress
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Tab.1 Chiu score and lung injure score of four groups

205 CON 4 II/R 4 Dez 2 5-HD 4
group CON group II/R group Dez group 5-HD group
%', =1 c: /—i"/ 4
BB (5) 0 8.16 +1.31° 2.93 +1.06" 5.81+1.07"
Chiu score
": /‘-‘V/ YA
MR (53) 1.2+0.3 17.2 0. 4* 10.4 +0.3" 12.5 0. 4%

Lung injure score

.5 CON 4H#,°P < 0.05; 5 T/R A HIK,"P < 0.05;5 Dez 41103 ,°P <0.05,
Note. *P < 0.05, compared with the group CON; *P < 0.05, compared with the group I/R; P < 0.05, compared with the group Dez.

R2 ULIRFEMZZ MDA F ik SOD I P \MPO 1% 4 1L TNF-o FI TL-6 ¥ £ ) He
Tab.2 Malondialdehyde (MDA) content, myeloperoxidase( MPO) level and the concentrations of TNF-a and IL-6 of four groups

ikl MDA SOD MPO TNF-a IL6
group (pmol/g) (10°pn/g) (10°p/g) (ng/L) (ng/L)
CON 4 5217 +4.81 145.92 +0. 04 4.33 +0.05 0.87 +0.02 19.40 £5. 16
CON group T
II/R 41 ) . . .
73.65 +3.21° 75.13 0. 38" 11.09 +0. 27* 2.13 £0. 19° 63.23 +4.31°
II/R group
Dez 41 al I al al al
61.33 +1.54* 99.80 +0. 16™ 6.97 £0.39* 1.15 £0. 06*" 25.6 +3.81*
Dez group
5-HD 41 abe be be be abe
70.26 + 1. 80*" 62.43 £0. 90" 9.01 £0. 75" 1.94 +£0.22%° 32.4 £4.79%°
5-HD group

. 5 CONHILEL,"P < 0.05; 5 IR HILE,"P < 0.05;5 Dez HHLEL, P < 0.05,
Note. *P < 0.05, compared with the group CON; "P < 0.05, compared with the group II/R; °P < 0.05, compared with the group Dez.
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::A y CON4l; B II/R 4l; C 4 Dez 41, HE; D 2y 5-HD 41
(A: x40,bar =20 pm;B .C.D; x20,bar =40 pm)
Bl 1 &2 K R R R 205 PR AE I 0
Note. (A) CON group; (B) II/R group; (C) Dez group; (D) 5-HD group.

Fig.1 Pathological changes of the intestinal tissue in four groups

WA CON4; Bl I/R4; CH Dez 45 D 2l 5-HD 4,
B2 KRN ZRE AR B ( x 20, bar =40 pm)
Note. (A)CON group; (B)II/R group; (C)Dez group; (D)5-HD group.

Fig.2 Pathological changes of the lung tissue in four groups
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Effects of MicroRNA-137 and Ang Il on cardiac remodeling in
spontaneously hypertensive rats

HOU Yong-lan ™ ,LI Shi-lin, LIU Ling-ling
( Department of Cardiology, Xinxiang Central Hospital , Xinxiang 453000, China)

[ Abstract] Objective To investigate the role of small RNA 195 ( MicroRNA-137), TGF-B1/Smads signal
transduction pathway and angiotensin II ( Ang II') in cardiac remodeling in spontaneously hypertensive rats ( SHR).
Methods 16 SHR male rats were randomly divided into intervention group SHR ( captopril 10 mg/kg+-d) and SHR control
group (distilled water) , the other 8 Wistar rats were normal control group, rats were given captopril 10 mg/kg-d or
distilled water for 8 weeks. Caudal arterial pressure was measured before and after the intervention, intervention after 8
weeks rats were killed by exsanguination, HE staining was used to observe the morphological changes of rat heart, qRT-

PCR method was used to detect the expression of miRNA-137 in rat heart, Western-blot detection of TGF-B1 and Ang II,

B AR 15K 22 (1980 — ) Lo M-EAFSE AR VR BRI, R 5807 1)« o U, Se O, O 1 RS A 25 3R 97, DA 2R A TR 9T 55 . E-
mail ; houyonglan62@ 163. com,
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Smad 3, Col- I and Col-III protein. Results

Compared to the normal control groups,the miRNA-137, Ang I , TGF-B1,

Smad3, Col- I and Col-Ill were higher expressed in SHR treatment group and SHR control groups( P <0.01 or P <0.05) ;

Compared to the SHR control group,the cardiomyocyte of SB group becomes smaller and arranged more closely and orderly,
the miRNA-137,Ang Il , TGF-B1, Smad3, Col- I and Col-Ill were significantly lower expressed (P <0.01 or P <0.05).
Conclusions MiRNA-137 may promote SHR cardiac remodeling by up regulation of Ang II and TGF-B1/Smads signaling

pathway ; the captopril intervention can inhibit miRNA-137 expression.

[ Key words]
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H bR AZ G R B o e S s ) R0 [ SCXK (9F)
2013 — 0013 ], KT (215 ~245) g, AF A K B 78 5T
il B B B W) S B = [ SYXK () 2011 -
0076 ] BT TR FIaFR AR, F il 20°C ~24°C
AR NP SR 1 RS R $R S s s i I Y
“BR” I G LANGE E SCR
1.2 FERFRAZFE

Trizol 11 Lipofectamine2000 ¥% %435 ( Invitrogen
NH) ) ;10 x Annealing Buffer HH H 2L W SDS-
PAGE BEMCHCE 0 & W ( Bl = RAEYHEARL
H)) s ABI-7500 % 52 B % & PCR Y ( 32 [E ABI A
F]) ; PVDF BEFNER H &G (32 E Millipore 22 ) ;
miR-137 inhibitor F1H: X} &3] ( 7 GenePharma A
PR/ D) s DMEM 3% 5% 38 A1 iR 4 103 (32 B Hyclone
NH]) 3 TGF-B1 —3iL |, Angiotensin Il — 3T, Smad3 —
P . Collagen I —¥T . Collagen I — P, —Hi ( £
Assay Biotechnology /A F]) ; ALC-NIBP %4 I A BRI

Heart Remodeling; miRNA-137; SHR; TGF-B1/Smads signaling pathway

FEC 38 e A (B R BHRE A YR A BR A A ) 5
I A A (9 it B R 25 A BRA FD, 2y
HEF H20084569 ) ; ZHO6-T16 UK LHE B 41 (h b 4E
) s RM2155 708 38 45 35 U1 A #L (72 [ LEICA 24
A]) 5 AllegraTM 64R 5 =X AIG i 1 2 25 0 ML (1 [
Beckman /A 7] ) ; Image Pro plus 5% R E% 50 B B4k
( Z[E Media Cybernetics 2N H]) o
1.3 Hh¥aHd

HEbE SHR KB 16 H, BE#L4r 4 SHR +#i 4
(RFEEF 10 mg/kg-d) il SHR X FELL (F&I8K ) %5
8 H, 55 Wistar KB 8 HoMIEHXTHRAL, 45147
SHR KB AR #6358 A (b 25 i it 5% 6 il 254 R
A))10 mg/kg-d FIZEIRKHENR , JedpEE 8 JH
1.4 XWHZE
141 i HE Bt IEREA 3R AR

FAKBR T AT &1 8 Ji J5 Ak 58 A I
SRR B0 ik 1L, SR R G B R R R O SR a2 A
(ALC-NIBP, [ LR B A YR A BR A ] ) $4 i
ASCES U BH A5 19 2SR R B R RS T U
KA R 547 (mmHg) . K BRALBE 5 7 BIE
HCM R, 20 0] B RN A s 5 0 5 RE BT R /NER | B
AT A0 B B RE B RK , A WAL HE e o
FRRHLARI , HARUI U - 80°C UKFE R URIRAT
1.4.2  Western-Blot ¥ {ill TGF-B1, Ang Il | Smad3 .
Col- T .Col-TI & HHKikKF

PR B IEZH 20 0 5 B 1, MR 0 0 5 A 2 1
WRERH LR AR, RIES A B EAE 816
100°CHN#A 10 min D8R A B4R 4, BV, K&
YA E PVDF B, 5% (W NGRS W3 k3 B 2 h, mA
TGF-B1 Ang Il ,Smad3 . Col- I , Col-ll %5 —%$1,4°C
WFE A, PEPE TGF-B1  Ang I ,Smad3 , Col- I . Col-
I 45 Rghs —PrRFs BRI W E 1 h, UEI R fh2% &
6, AR A, HA 88, FHE 2717 LA Gel-prod. 0 3K {443
GIRTA- 7 i
1.4.3 Real-time PCR ¥l miRNA-137 3Rik7K-

PG mRNA J751, 331519, miRNA-137 5]
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Y. E#%.5" -AAT CAC ACT ACA ATC GGG CTC-3';
.5 -CAT CTT CCT CCT TTC TCG ATT-3' ;74
K256 bp, V=91 2% |, BRI HL K, BE
e AT R B o 45 S B B, R 2 -
AACt 7R 52t E B PCR 45 R kA5 4007, Won
miRNA-137 RNA 3k,
1.5 SitEHZE

fifi ] SPSS 19. 0 Ge it #4148 1 o0 B, S5
Bl IR £ FRifE2E (x = s) Ron AR 80 3%
PRI 2 A FEAR B A 0 5 2550 B S LSD-t &

5,P <0.05 RnEFAGLITFE L,
2 #R

2.1 FHETAEKREsEKMDE b

TWIHT, 5 SHR X B4 L%, SHR 1 2 K B
R4 e B &7 5k e 20 RGE it 2= B X (P >
0.05), T8 Ji)5,5 SHR Xf BBZHAH kL, SHR T
HAK RSP UE R 5 &7 ik EREAIRE R R (P <
0.05), M SIEWHMI, ZERASRITFEL(P
<0.01,5%1),

F 1 RIGER T HATE AR KBRS 3 ( x + s,mmHg)
Tab.1 Comparison of the blood pressure of the tail artery between the two groups before and after the intervention of captopril
RGeS THHTE? 5K R ED TS Gk s
Systolic blood Diastolic blood Systolic blood Diastolic blood
pressure after pressure after

o Group

pressure before pressure before

intervention intervention

intervention intervention

IEH X HRAL 135.7 8.2 82.6+6.5
Normal control group
SHR %} Hi 20 . b
SHR control group 214.7 8.6 156.7 6.6
SHR -T2
FHa 214.2 £7.9* 156.7 =6. 4"

SHR intervention group

133.7 +6.2 84.2 +4.1
215.3 +8.6" 157.2 £9.2"
148.3 +6.9% 120.5 +5. 7%

fE:a B P <0.05,b H P<0.01, FIEHXRALLE ;¢ Jy P <0.01,'5 SHR X R4 L,
Note. a:P < 0.05, b:P < 0.01, compared with the normal control group; c¢:P < 0.01, compared with the SHR control group.

2.2 KROBRESEHEE

SHR X 8 25 B0 JIL 40 e 5 i 0 /0, HE 51
P EKAL, AR K, A AR [ I, SHR 4l K
B ML LA B A /0N | 506 B, 4 B HE 3 5 R %
AT, M IE H X B2 R BRO WL IR 35 16 %, HES)
BEA T, M TR (& 1)
2.3 OBE miRNA-137 RiELLE

1 SHR XFHRZAH [, SHR T 2H A BLCo I 2555
miRNA-137 FHE IR BERAL (P < 0.01, ULE 2) , Pi4d
miRNA-137 FIRHREEE # X AT (P < 0.01)

A

2.4 Angll ZEHRIELLE

1 SHR XF HBZHAH G, SHR T 1 2H K Bl O IE 6 ik
Ang 1 25 I ZRIATHE IR BRI, W4 Ang 1T 25 3R
HREEH X AT = (P < 0.01,1813)
2.5 TGF-pl/Smad3 EHRIELLE

H1SHR % HRZHAH [, SHR T 10 2H K Blcs JJE 3634
TGF-B1/Smad3 % 11 Col- 1 / Col-T % %5 TH
7o R B A%, P4 TGF-B1/Smad3 % H I Col- T/
Col-T 25 2 1A #R 4 IE 7 X AL TH& (P < 0.01,
Kl4),

W (A) IEHXTIRZL; (B) 2 SHR R4 ; (C)2h SHR T4,

E1

FHONEHLIL - ( x40)

Note. (A)normal control group; (B)SHR control group;( C)SHR intervention group.

Fig.1 Comparison of cardiac tissue morphology



o FE A PR 2 7 2016 4E 7 A5 26 #4557 1 Chin J Comp Med, July 2016, Vol. 26. No. 7 55

-]
B
®
7
=
&
g
| 2 3
W (1) IEH X IR ; (2) SHR IR ; (3)SHR T4,
a:P <0.01,5 1F % % Fa4H i,
b:P <0.01,%5 SHR XfMR41 4L,

B2 THURALRRFUOHE miRNA-137 Rk
Note. (1)normal control group;(2)SHR control group;
(3)SHR intervention group. a:P < 0.01, compared
with the normal control group; b:P < 0.01, compared
with the SHR control group.
Fig.2 miRNA-137 expression levels of cardiac

in the rats after intervention

A Angll
[ — —
——

42x10%)
1 2 3

1.57

1.0

0.54

Angll & AR

0.0

1 2 3

¥ : (A) Westen-bolt /i Ang Il 2 1 ik 1H 00 ;
(B) THURARKBCAE Ang T IRIK A,

(1) IEHXTIEZL, (2) SHR XFMEZH, (3) SHR T4,
a:P < 0.01, 51 % % 4L i,
b:P <0.01,%5 SHR X} AL b4,

B3 TSR REOE Ang I H Rk
Note. (A)The expression of proteins Ang Il determined by
Western-blot analysis; (B) Ang Il protein expression
levels of Expression analysis. (1) normal control group;
(2)SHR control group;(3)SHR intervention group.
a:P < 0.01, compared with the normal control group;
b:P < 0.01, compared with the SHR control group.
Fig.3 Angll protein expression profiles levels of

cardiac in the rats after intervention

3 itig

o ML PR e T O Y 2 B R 2 — K0
ey L, /O AL AR 1L 2 51 S B fok A 1k ALC JILET 44

44+1
48+10°

B-actin
— S —— 1
1 2 3

B B TGF-B1
H 157 g smad3
g
& 104 i T
g ab
& ab
5 0.5
=
55 0.0
= 1 2 3

. (A) Westen-bolt K&ill TGF-B1/Smad3
EAHRIEROL; (B) THURALRIKFLHE TGF-B1/Smad3
BT, (1) IEH XL, (2)SHR X HE4H, (3) SHR THid,
a: P <0.01, 51E% %] M2 Lo ;
b:P<0.05,5 SHR Xf A LA,

B4 THURAEKECHE TCF-B1/Smad3 81K IAHE.
Note: (A) The expression of proteins TGF-B1/Smad3
determined by Western-blot analysis; (B) ATGF-B1/Smad3
protein expression levels of Expression analysis. (1) normal
control group; (2) SHR control group; (3)SHR intervention group.
a;P < 0.01, compared with the normal control group;

b:P < 0.01, compared with the SHR control group.
Fig.4 TGF-B1/Smad3 protein expression levels of

cardiac in the rats after intervention

FPEE AR TR B AR TS R miRNA S
fity RNA 1 P8 95 M G A £k, B2 5 IR N — &
S BREART  CAFSEIER , miRNA 5.0 L
ARG T S Ak DDA T S AR miRNA 760>
JULS a0 TLEE 4 2 A v B 1 T B R v B E AL

Liu 25 Bl R 5e 45 R W], miR-195 5 F 3%
B/ CpG 255 /-1 254, SR i 1 O WLAH A Y
Ykt 2, AL, Zhao %5V IS A B miR-9 IR
REsZ O LA AR 1 18 58 5 434k, FLAE S 5 TLX
YA, WP & B miR-97a i@ i TLX 1 1Y)
FEH DLV L UL A0 i g At SR,
miRNA 7EC LT FE) A i 98 55 VR A et — 25T,
ARSI BT R T T miRNA-137 6.0 JJLEE A4
HRSL IR, o 22 B R I B o e U 5 9
() — A IR T A5

RAAS 7 &5 MR B0 WLEF 4L Y & 95 Bk b 4
ZE, WS N, TCR-B 2 51 2 1Y LR 44k 1) 40
MR, Hor TGF-B1 A FH e i —Fh 2 #F5e
7R, TGF-B1 7R PN T B S5 Uk A 4 B I ey 4 0 S
N, HFGE B AESEONIE A, A EkER
(Ang IT ) J2& A W3 P B O RUS K, Ang TT % 35 15 H
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) — BRI TCF-B1 B,
Ang 138 53 305 40 B P ) MAPK % 51 & TGF-
B1 ZF 2L PR 743 W FAH I AL 5T (4N Col- T Fi1 Col-
) Ay kst A58 KB, R0 FIREA 5%
AR U FE AT, A B 2 4 200 b 34 58 % 20 e o ik o
Sy UBSE I ARG I 396 7% v LR T SOAY O 1 A
M, AR, dEAR R T JE i) SHR T34, Ho i
FE A B FEAIG, HE Y mT L HLO WLAR A £k 3 m , 21
RARFRAR /N A0 M HE B 384 T, UE S5 R HE 8 A T T
A LA w3 IR T B O I S A FE A

ARWFFELE R, SHR 76K AT T 19 A4 175 10
T, Hollc s FE RN £F 5K R 2 T, O LA A 280
A CHESN ZEEL, A MR K, A% AR B B, JIE S SHR
SO UEAF 76 B (1 w3 L O U 5 AA) ) AR A A
FEARMEZE , SHR X HRZHFR3K Col- 1 /Col- 1 5555 1
REWTE, SIEE S BARRML, 2R B86%
P1efE S, B Ang Il \TGF-B1 ,Smad3 7£ Col- I Al
Col-MZR A L H IE MM T /EH, 5 Duisters
AR ST SE AR

IEAh  ABEGE R A 259 T HiliY SHR K BRGC e
Fik miRNA-137 W8 E Th& , JF Has 80 T i R 1E#
() 1 6 B2 R RO IE ik = 1 4 5 LA B, 3R BoR
‘5 Ang Il . TGF-B1 . Smad3 Col- I FI Col-Il & 1
FRik Rl YRR RRHE , H Kawano STRRIFSY s RS
A O E miRNA-137 A& O LAAL K, 254
SHR KB5S AZE[FRE Y & 1 e & AR L, FRATTmT LA
DN AE = RS T, Hh T RO A K R
Bl 22 5 (P0G, TS — RSV AH R N -, il TGF-B1/
Smad i #EFE T AN LR Col- 1 1 Col- T K
A R R R o s A UM 1 R R, &
R ER A

T W N B s N S A S B TR O I
miRNA-137 (93R3E 1 T T TGF-B1/Smad 3 4% 1)
S BZANH T Col- T Fl Col-T # M AU ik, 7F
AN T BT A4 s 5, A H] T SHR K B0k
TR, AKX R L 51 GO I EE A B R A
HLAI AR T R s L AR 1 F 52 7 191, 7 miRNA-
137 Ao I TR G ()47 o5 2 (46 52 560 JEL Atk A0 3
WA, B EEAIG R T
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miR — 126 X 240 JURE A6 < 5RO LA BE 98 1= ) 2 Wil

B OB BT
(M Bl A R B B A B 8 % 2% = Be O Mg AR IR 430030)

(HZE] BH Y miR-126 X2 MO HUESE (AMD) RECCIURIEIR T/, ik il R sh bk s i

[ S 4 LR LA 7. AMI BT KL 9 AMI 20 miR-126 mimics negative control (NC)#H % miR-126 20, Hi NC 4
K miR-126 £1 5351 5% 0 VR ZUR SRR S8 R B4 % miR-126 mimics NC A miR-126 mimics , 73 #MBTF A4 2R F
RN AT L L AGESL, IC RO IEIIAE, TCC ¥ K R ARS8 7%k ( TUNEL) K6 IO JULI 745 B0 AR 5T 1
B, AN R A R B 1 /K S 1§ ( Caspase 3) ) Caspase 8 Jii P, Western-blot 346 Bax J Bel-2 23k, [RlHT RT-
PCR #:40 Fas K Fas-L mRNA 35, &8 S5EFARYE, AMI 41K NC 4172 % 550 (LVEF) K 722 %8 KA
ARH T HU(FS) Thi , 22 E AP KA N AR (LVDA) S A2 IR A 948 (LVDs ) BEAK O LA T8 B0t &, -0 IR B8 1
FUHET, Caspase 3 I Caspase 8 & Tt , Bax %Kk & L 1H, Bel-2 Z2 IR IK & T M, Fas & Fas-L. mRNA /K- I
T, 2R BG4 E (P < 0.01), 5 AMI 44 % NC 4 b4, miR-126 HAEHI % ARk, 22 7 A G248 (P
< 0.01), Zit miR-126 FERFEIH] AMI KON T, SRR IE T-HCE AR LA %,

[X#818] miR-126; £ M0 UEAE(AMI) ; 40 JE T

[HE>ZES] R332 [xEftRiRAEE) A [XEHES)1671-7856(2016)07-0057-07

doi: 10.3969. j. issn. 1671 —7856. 2016. 07. 010

Effect of miR-126 on apoptosis of myocardial cells in
rats with acute myocardial infarction

GAO Wei, ZHONG Feng”
( Department of Cardiothoracis Surgery, Puai Hospital, Tongji Medical College, Huazhong University of
Science and Technology , Wuhan 430030, China)

[ Abstract] Objective To explore effect of miR-126 on apoptosis of myocardial cells in rats with acute myocardial
infarction (AMI). Methods AMI model was established by ligation of left anterior descending branch of coronary artery.
The survivors were randomly divided into 3 groups: AMI group, NC group and miR-126 group. the NC group and miR-126
group were injection of lentiviral transfection of miR-126 mimics NC and miR-126 mimics. The sham operation group was
left anterior descending coronary artery without ligation. The rats’ cardiac function was recorded. Apoptosis index and
infarct size of myocardium was detected by TCC method and in situ end method ( TUNEL) , respectively. The activity of
cysteinyl aspartate specific proteinase 3 ( Caspase 3) and Caspase 8 were determinated by colorimetry. The expression of
Bel-2, Bax was assayed by Western-blot. The expression of Fas and Fas-L mRNA was detected by RT-PCR. Results
Compared with sham operation group, left ventricular ejection fraction (LVEF) and left ventricular long axis shortening
fraction (FS) was increased, left ventricular end diastolic diameter (LVDd) and left ventricular end systolic diameter

(LVDs) was decreased, apoptosis index was increased, myocardial infarction area increased, the activity of Caspase 3 and
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Caspase 8 was increased, the expression of Bax protein was upregulated, the expression of Bcl-2 protein was

downregulated, the expression of Fas and Fas-L mRNA was increased in AMI and NC group, the difference was statistically

significant (P < 0.01). Compared with AMI and NC group, miR-126 could reverse the change, the difference was

statistically significant (P < 0.01). Conclusions

miR-126 could inhibit apoptosis of myocardial cells in rats with AMI,

which related to regulation of expression of cell apoptotic related protein.

[ Key words)

2Pk .0 WUAE FE (acute myocardial infarction,
AMT) SR R L8005 B —F , 25 2 B O LA
B, A5 2P IR DT 530 T A P 2, AR
IR R E LI, BT AMI JET- A8k 28k
FEF 0 IS P i B — 2 B AN RIE T
LS RTFN L AMI R 2, AR L TR 7K
ZHCEENTONAEIEE 5 S B O ER , AT
Bl e, BTG Bon, 7E O IURESE R 0
JULAE B8 T A O 5 I P 5 | A 2 EE A R0 T 5
Vi R B A A BT AMT 20> JULASE B8 T 3 7]
O B A mEE P miRNAs & —
FiEAb b BEARSE A SRS /N7 F RNA DUAEXT FE
WF5E EZAL T TR K E 145 b e i, i
SEARRIF Y fili 8L e AT E T Fh miRNA B4R 2 M 3R 1A
TN, I 50 WUAE I, D ULE X, 0 T i,
O USRI PP 3 O JOUARE B0 560 1 7898 s 10 2 2 1)
A0 U Fichtlscherer 25177 & 30 AMI B2 300 L
F I miRNAs AL miR-126 Fik & T, WL 5
WREZEHE Long 48 Hsu 251 ESE [RGB DLW
miR-126 7£ AMI B IR, JF 5 AMI By &K
JEEEVIMG, AT K] miR-126 J&—Fh N
5P miRNA, 76 N 2 i b Rk 5, Rt %
K1 miR-126 XFF AMI shi i 48 P AR 2 A
PEREFEF , N IE D WA SER 50" it Feak
miR-126 J2& 75 AT LU ik 400 O I 448 A 08 1 DA T 410 )
o FLZH L9 T 1 A DL 3, PRI 17T AR S 6 3 ot A A
AMI K FUC USSR | 33 3 12 9 25 7 4 Jmy 38 0 LA
ZUE ST miR-126, 1T B 3F miR-126 1 3 35 X F
AMI A BRC LA YA 1= A AR S HIL T

1 #RFnrE

1.1 SEIeEi¥

SD G AR 52 H,2 Ak, A (180 ~
220) g, W T 1 i 3k v 5256 2h W) A BR 53 AT A A
[SCXK(77)2012 -0002 ], FrA K BRI LEAE PR
K2R F BE 24 BE [ SYXK (%8)2013—0044 ] (175 75 26
BE T mFRWEE, = NIREEESIFE (21 ~ 25) °C, KRR

MiR-126; Acute myocardial infarction ( AMI) ; Cell apoptosis

H R REK . I SE 80 3h 9 3R BRI 457 N iE
HES I
1.2 FIRALES

bl Bax K Bel2 HU @ BE UK A 3
Eptimics 23 7 ; Caspase 3, Caspase 8 i 14 K5 I 1 5]
& ,BCA I &M, /NEBT GAPDH i pEdiik {4
ZRAEYHE ARG PR, | ; TUNEL #6055 & [ &
DU A 15 2R W) £ R A BR 2\ A5 miR-126 mimies
miR-126 mimics negative control (NC) Hi ) i 8¢ 18
VIR R A FIITI G B, R R 3 L HL UK A,
AR ETHL TR AX , ChemiDocTM XRS #E i 845 2 4t
4 A & [# Bio-Rad A ] ; PHILIPS ATL-HDIS000 £ 3%
O E R M A H 35 [ ATL /3 &) ; Tecan Infinite
F200/M200 #4Z D RE R bR (L4 H Hi 1 TECAN £ [
YN
1.3 AMI #8545 H 5760 1

40 FK BUIE T 5 109 /KA SRS RS, 501 K
BT 5 F1 H 38 6 e I LR 3 B 008 B Bk, AT 1T 1
em , FEEE AR A, LT IRAL, R LRI AL S 5K
R A5 R K 120 YR/ min, 1S A 7 ~ 8 mlL, PRI
PRI LG SRy 102 B3 Bz JoR BILER T8 35 05, DA g 38 2 )
554 M E M TFARYIO B JZ P Bk, 0 784
FRR  HE AU 5 T 2 ok Bk 2 Ta] £ 2] S Rk 3 ik A2
HIRESZ , FFE5FL, 8 20 FL e S A b ST Bt iy
] B4R, OB G2 A I A0 % R L U
AMI HIVE L, e 2 AMI 4R 8020 4716 KB 36
HOHVBEENL> S AMI 2H ,NC #H, miR-126 41, £F4H 12
Hoo BT AR A5 IR 3 ik 2e /i B S AN 28 (B
54012 H) . Hr NC 41 #707 GFP 189 i 25 3
A (miR-126 mimics NC) L 4 x 107 J5 7 B0 E47 .0
JULZH 20 50 3 vE 5 %% 4, miR-126 41 #5747 miR-126
mimics 2R EELL 4 x 107 7 B BCRE FEAT 0 WL R
RS 1 AML L S5 FARA B RG T HEAE
HERK . T 7 RASEKER, IR ONALE T -
80°C VKAFTFI
1.4 DREThEER T

KEGARIT 2 JG B RS 10% KA JBEHET
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JRRIR , 1A T R BRAT o0 WIE R A A A, I i SR A DG 4
Fr: 726 28 55 1L 20 80 ( LVEF ) |, 78 28 K fh 45 55 43 %L
(FS) , ZEZEF AR (LVDd) , 22 Wes AR N
#(LVDs) ,
1.5 OAERERANE

AT =R | [ R RN NS e I [5G |
AL BER T mm, JG 28 1% TCC SEAT et IF 4 0 LY
BAT €5, AMI S8R SO LG e, FR RS 48
IMAGE PRO & 453#7 , 3115345 2.0 IUEEFE i FX
NELONER '
1.6 TUNEL iZ#&i0.C A28 A T

KA TUNEL 32500 @A .C LA SR T, P 4
HRR U W] AT #4078 200 A5 T BEALIE
BUS A LB TSR, BE: 20 Bt b e A e, A T
0 RS S R Y LR, O DA 43 He g A A i
o464k,
1.7 Caspase 3 & Caspase 9 i& i

i/ Caspase 3 ) Caspase 9 i PEAG I A7) & 1t
HIF AT 4R, T HE AR AL 405 nm 4Kzl Caspase
.
1.8 Western-blot #& il /s {JL2H 22 & Bax & Bel-2
EH=E 3

B AL O UbR A, 2 KA b B i A &
) RIPA S 240, R B ., R BCA K5
EWER AW, EHAME, L, #E1T SDS #EK
HLUK, SR IBIR R I . fE—PUIA W (Bel2 & Bax, i B
WEEN 1:100) 4°C o WEH ; I H —PUin il h = iR
WEE 1 ~2 h, MR, B R RSt
FH* Quantity one” BAFSETTH& HUR S IKBEAE
1.9 RT-PCR #il#& s ALZA 42§ Fas & Fas-L
mRNA Fix

27 trizol R £ U BH 45 $2 B0 LA 20 8
RNA, #4558 OO BT R RNA gl iff—2
K — 25 1 RT-PCR K 7 &8 RNA 3 5% 5% i
cDNA,JEH 1 9347 W T 2% W B He e rL Uk
FNARZR K . 25 959C , 15 s, 1B K 60C ,20 s, Effi
70°C,60 s, 336 MEFH, SIWUWT, miR-126 Lijf
514.5 - GGCTTCGTACCGTGAGTAAT-3 , FiiF5l
1.5 - GTGCAGGGTCCGAGGT-3" | K J¥ 145 bp, Fas
FUEEI#.5° - GTGAAACCGACAAC AACTGCT-3”
TSI ¥.5° - CAAGGCTCAAGG ATGTCTTCA-3” |
KB 349 bp; Fas-L Li#514).5° - ATAGAGCTGTG
GCTACCGGT-3", Filif5|¥):5" - CTCCAGAGATCA

AAGCAGTTCC-3" , KJ¥ 285 bp; GAPDH L1549 .
5’ -GCTTCGGCAG CACATATAC TAAAAT-3’, Fiif
514 .5 -CGCTTCACGAATTTG CGTGTCAT-3" , K J¥&
314 bp (M B T AN TRARAF A .
1.10 SitZE5aHh

FH SPSS 17. 0 GE 8 A1F 3647 43 B, 55 50 B84l LA
PUE+ FpifE2E (x x5 ) FoR L IE LR EBCR A « Kk,
PLP < 0.05 REEFARIFFE L,

2 &R

2.1 BAKXROAAZL R miR-126 FIFRIE

ST AR A, AMI 41 & NC 41 miR-126
Kk HREIN, ZFHEARIFEEL(P <
0.01) ;5 AMI 41}z NC 4 He %, miR-126 41 71 miR-
126 Rk EF R E, ZRBAHITFEX(P <
0.01), WK1,

2.0+
- Bl T #
P ==
SE o
e
E % %% *E
— — — -
0.5
0.0 T T T L)
BFEARE aAmi4 NC# MiR-1264H
Sham AMI NC miR-126
operation group group group

group

T 5ERFARALE, P < 0.01;
5 AMI 41 % NC 4l 1b%:, %P < 0.01,
B1 A4 RFOHHSF miR-126 AYFEE

Note. Compared with sham operation group, “P < 0.01;
Compared with AMI group and NC group, *P < 0.01.

Fig.1 Expression of miR-126 in each group

2.2 miR-126 3t AMI X RO BEhAE B 2401
S5BRFARY L, AMI & NC 4 LVEF & FS
B R, LVDd M LVDs B 5 2 R HA S
R (P < 0.01); 5 AMI 4 J NC 4 b #%,
miR-126 41+ LVEF K FS B B #£7% , LVDd & LVDs
B AL, 2R EA I E (P < 0.01), L
#1,
2.3 miR-126 3 AMI XROAVATHEHRIERET
b
SR TFARL e, AMI 4 K NC 4o L T
BRI BRI AR I, 22 R R A G E X
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(P<0.01);5 AMI 41 &% NC 4] He%, miR-126 417 AHi#E (P <0.01) , WWE 2,5k 2,
O WUPR T4 B0 5 3 R AIG, B0 28 1 ARk 2D, 22 S 3 2L

£ 1 miR-126 X AMI K FUL LD RE R 2
Tab.1 Effect of miR-126 on heart function in rats with AMI

2151 FEE SN (% ) Fe KA 5B (% ) Ao EFIRAIIN (mm) 2R AIH A (mm)
Groups LVEF(% ) FS(% ) LVDd(mm) LVDs(mm)
PES
Vfﬂzf?k,ﬂ 78. 68 +7.87 48.28 +4.83 4.88 +£0.45 2.58 +0.26
Sham group
AMI 2 - o - .
39.97 £3.95 27.44 £2.74 6.97 £0.70 5.74 +£0.57
AMI group
NC# - - - .
40.02 +3.98 27.43 £2.72 6.95 +0. 69 5.76 £0. 58
NC group
iR-126 41
. 65.73 +6.57* 39.99 +4. 00* 5.47 £0.55% 3.18 £0.29%

miR-126 group
ST ARALLE, P < 0.01; 5 AMI 41K NC 4L HE,*P < 0.01,
Note. Compared with sham operation group, **P < 0.01; Compared with AMI group and NC group, *P < 0.01.

&2 miR-126 X AMI RO UL T HE U SE TR B2 ( % 20)

Tab.2 Effect of miR-126 on apoptosis index and myocardial infarction area in rats with AMI

265 P HEE(% ) HEFETIAR (% )
Groups apoptosis index (% ) infarction area (% )
1 > Q
A 2.37+0.24 0.00 0. 00
Sham group
AMI 41 35.39 £3.35™ 30.36 £3.31 ™
+ +
AMI group U T
NC 241 . o
35.38£3.36™ 30.38 £3.28
NC group
iR-126 4
o i 14.63 £1.67% 20.43 £2.43%

miR-126 group

HHBRFEARLILE, P < 0.01;5 AMI 41K NC 4L, %P < 0.01,
Note. Compared with sham operation group, **P < 0.01; Compared with AMI group and NC group, *P < 0.01.

2.4 miR-126 3f AMI X RO ALEZEA F Bax X Bel- S5RFARA I, AMI 2H & NC 20 9.0 JILZH 21
2 EARIEEN®G M Fas J Fas-L mRNA /KP4y, 2 78 A R

S5BFARL R, AMI 41 K& NC DA 4l B (P < 0.01);5 AMI 41 5% NC 41 H4%, miR-126
HH Bax %‘:ZL%J:WJ‘J, Bel-2 %ﬁ%?ﬂgj,ﬁ%‘i@ﬁﬁ HONEH L) Fas M Fas-1L. mRNA 7J(‘T|ZIW1EE 21
Gl (P < 0.01); 5 AMI 4 & NC Al bdr,  HASGH#EX(P <0.01), WK4,
miR-126 410 IAHZ Bax ik N, Bel2 %315 2.6 miR-126 X AMI X R/ ALZAL F Caspase 3

i i, ULIE 3, & Caspase 8 i& M0
2.5 miR-126 3 AMI kRO ALEZE B Fas & Fas- S5{FARA LT, AMI 241 & NC 210 JILgH 21
L mRNA 7K 3§ 20m H Caspase3 J Caspase8 I ME 1 7y , 2 R ¥ H A 4

F3 miR-126 Xt AMI KWL Caspase 3 J¢ Caspase 8 1 PR32
Tab.3 Effect of miR-126 on the activity of Caspase 3 and Caspase 9 in myocardial tissue of rats with AMI

ZH 5 Groups Caspase 3 (U/mg) Caspase 8 (U/mg)
=} \Q
A 0.78 £0. 08 1.75 0. 18
Sham group
AMI 21 . .
AMI group 7.46 £0.75 5.39 £0.54
NC 41 .
7.45+£0.74™ 5.38+0.51 ™
NC group
iR- 4
miR-126 A1 3.63 £3.36" 2.65 +0.26"

miR-126 group

SR TFARMLLE, “P < 0.01;5 AMI 41K NC 4L HE,*P < 0.01,
Note. Compared with sham operation group, **P < 0.01; Compared with AMI group and NC group, *P < 0.01.
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= - ™ - “'. = - 'g - 3 » - '\1 .*"
\ » v d . Sl =t = Vo, Y e « Yidw's . ) S
- & SRy ' . ..-, o, ] > s:- /) - 59 w = '-A’ﬁ
|e . = ‘0 - - ."' - . - -.‘ v o
S S LR DR L i ] 2NT
g T, R I oD Ly Ly ’ 1S LR e i s i R
% 44 e 1 f. S -~ . 5 .:' - . . _Ce s .:c LR = : '.r”' > “‘ 3 :
[ %. « | o R R | i Lol et -"". r .v .z d
A B B D

W (AP AL ; (B)AMI 2 ; (C)NC 40 ; (D) miR-126 41,
2 miR-126 X AMI KBGO T8 8O AESE IR B0 ( % 20)
Note. ( A) sham operation group; ( B) AMI group; (C) NC group; (D) miR-126 group.
Fig.2 Effect of miR-126 on apoptosis index and myocardial infarction area in rats with AMI( x20)

A A
BFERE AMIA NC# MiR- 1262&
Sham AMI NC miR-126
operation group group group BFEARA AMIS NCH MiR-1264
group Sham AMI NC miR-126
operation group group group
n E=3 Bel-2/GAPDH group
1.5+ E=3 Bax/GAPDH
. B E=] Fas/GAPDH
2 1.0+ E=3 FasL/GAPDH
= E #H
48 ; -é 0.8 2 28
g —— 1 4
e = w2 , -
®E ={ ¥ &3 : :
=2 =0 Sa 969 . .
- —— C
= — = Z 1 1
'E E :. E % L : -l :
& — Rg 044 . "
: =z ®z = e = n
o =] i S 02 —| = w 1
BFEARA  AMIA NC#H MiR-12641 -
Sham AMI NC miR-126 é s
operation group group group 0.0 == laSn == taSn
group BEFERE  AMIA NC# MiR-12644
Sham AMI NC miR-126
7 (A)Bax & Bel2 FEHRIERE operation  group group group
group

(B)Bax } Bel-2 Z& 1A 0T,
SRFARALLE, “P < 0.01;
5 AMI 20 52 NC 4 1L, ™ P < 0.01,
3 miR-126 X AMI KELO AL Bax K
Bel-2 £ R IA Y
Note. (A)Bax and Bel-2 protein expression profiles;
(B) Expression analysis of Bax and Bel-2 protein.
Compared with sham operation group, “P < 0.01;
Compared with AMI group and NC group, *#P < 0.01.
Fig.3 Effect of miR-126 on the expression of Bax and
Bcl-2 in myocardial tissue of rats with AMI

R (P < 0.01) ;5 AMI 412 NC 41 b2,
miR-126 ZH.0 L4 Caspase 3 M Caspase 8 1%
PR, ZR W EA5HT¥2E X (P <0.01),
W23,

3

f9/N RNA RESH & T

¥ (A)Fas } Fas-L mRNA 3k &%
(B)Fas & Fas-L mRNA Fik73H7 K,
HRFARUALLE, "P < 0.01;
5 AMI 20 K NC 24 LB, %P < 0.01,
B4 miR-126 X} AMI KELOIA LU Fas T
Fas-L mRNA /KB 5200
Note. (A) Fas and Fas-L. mRNA expression profiles;
(B) Expression analysis of Fas and Fas-L. mRNA.
Compared with sham operation group, **P < 0.01;
Compared with AMI group and NC group, *P < 0.01.
Fig.4 Effect of miR-126 on the expression of Fas and

Fas-L in myocardial tissue of rats with AMI

wig

miRNAs Z—2R K EL R 18 ~25 nt = EFLRST

HFEFELR 37 -UTR Xk, i
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A PR A R, T S 5 i i AR K B, ik S
TR R, AR Y R B miRNAs 50 LEE
AR B BRI A TN 7 R R N 11 K=
PIR I R AR BEDVIML . miR-126 AU 0 URE
S miRNA , )32 F 3k Tl E o0 E K JH 45 1
EEEEEMALR! ) Heu %ESE ST BHAE
PECUBIZE 835 3 A 12 4> miRNA Kb & b
¥#,13 > miRNA F ik & T, H P45 miR-126,
miR-26a, miR-191 % miRNA, Long %%’ 5% ] ELISA
FABUESE AMI BB I3 miR-126 F ik & T,
Fichtlscherer 257 % 38 AMI 2 % .0 JJLE I miRNAs
LG miR-126 Fik e FH, LEiRBFFE i T
miR-126 7E AMI B #& kKA, I 5 AMI B9 &4 &
JEFYIA OE, 4 Huang £ 1100 9% 3 5 #2315 miR-
126 [1)E B8 T 4i L REVK &2 AMI B4 C57BL/6 ZNER
O WU ZE I IE , 385 A 4 2 B 2 i o i i 4 44
Az, Wang %5 T R W id ik miR-126 g i 12
{5 VEGF 5118 A K 3R , 4] Spred-1 FRikii
PRI A B, 25 R miR-126 LR 574/ BRI 4%
WA FaT R sz BRI, #Em i T miR-126 X T
AMI 4.0 WS B A& 2 AR, A i J2 38 2ot i ik
MR O LA I8 T X T 0 A 5O LR
o LB G By oy 3 0 A5 9 LA O R HL A o A
HH FICAH SR 1 38 miR-126 XF T AMI K
SR LA e 1 s i S ELARAIL )

FIT L AR 7 LAt b, i SR ek sh ik e
FTRF S5 FLAL 2 AMT B AY | 38 o 46 I K B0 LTl
E, IESA 36 H AMI K SUIEE B Ih A7 | iish %
iK90% . HEA I S A 5 SOk R w0
O LA 215 30 1 G 18 K 75 5% 44 miR-126 mimics
NC } miR-126 mimics, 455 & 8 AMI 4 J¢ NC 40>
WIZHZIH miR-126 ik w B E K TR F AL, 52
L i A BRI A B — B, 1T miR-126 458 AMI 20 &
NC 410U miR-126 Fik& i, B LLAHT
T3 R RS %35 miR-126 X T AMI O JJLZH il
PR R ), B 38 A0 JE T BB miR-126 X
AMI KO LT BE Y el 1R F, 285 2R 3R B o ik
miR-126 fi£ i 2 & % LVEF K FS, f&{% LVDd &
LVDs, M 1M 15 B miR-126 AE i 1 2k 3% K B0 J0E 2
fiE, 2F 1M B0 AMI #5245, 424 38 & TUNEL % X
TCC LA INCo LA T 48 £ 8 O U BE TR, 45 SR 3%
B 238 miR-126 e i 2 19 KA AMI K B UL
T-HR B O WU FE T AR, BB 3 3K miR-126 fgil

PR LA LA T TR R B AMT 45473

AL T — 2 o i PR A o B AR A T
X, FLEHNEYERRE LIMEE RN S Hh AN
PR 0 L HIFE T 3Z 4K Fas T/ 5, Fas/Fas-L
RERE R SR TG 7, LM 45 & T Fas F1COE
T-IX4 ( FADD) , ffi FADD 3% , Jf: 5 Caspase 8 ¥4
1%, B A3 Caspase ZeHk S, i & 115 5 1%
A THT AT Caspase 3, TN DNA B AR5,
UM T, BFRC GUESE AMIT K RO LA 2 3
T8 E R R f£E 5 Fas & Fas-L mRNA 7K
MEAR B EE LI Caspase 3 K Caspase
8 7£ AMI K BLC IURESE X 3G M el A 1 0k i 1 2542
=, 24 m Caspase 3 ¢ Caspase 8 R A A N =
IRHSREHCo LR A I T 32 B T LUAS
FLid RT-PCR B He i 73 iR I 1 AMT K By
JILZH 41 Fas ., Fas-L. mRNA 7K *F & Caspase 3 X
Caspase 8 1 PE, 45 522 B0 AMI 410 ILAH 2L Fas |
Fas-L. mRNA 7K J Caspase 3 } Caspase 8 i 1 i
L, M miR-126 4H Fas, Fas-L mRNA 7K 3 &
Caspase 3 J Caspase 8 I b 25 [ A, Ui Bl R ik
miR-126 fEi# i Fas/Fas-L 9 5 0015 5 & 48
il WLAR AR T, M40 A 721852 Bel-2 F%HE A
B R, M T- 8 A Bel-2 BE ST A Bax &5
BB BRI B Bax H B BUEERIK , RS
JHTAG T 1% 245 Caspase 3, ffi Ho & 1 1= PUATAE
o BRI AML K B0 WL 2 Bax FikfE |
P07 Bel2 Ik T 4, i 2o i i AR Ak BE W
AL CoNLARM IR T 71 B UASHE S gk S 3R
FA WAL Bax J Bel-2 ik, 25 R R W it %
i5 miR-126 AE 1 Bel-2 3Rk, T I Bax ik, I
AL WLAE ML T

SE Lk
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Development of fixture device in rear paws experiments for holding mice

SHI Jia, CHEN Jing, RAN Xiao-ku, WANG Xiao-tong, DOU De-qiang *
(College of Pharmacy, Liaoning University of Traditional Chinese Medicine, Dalian 116600, China)

[ Abstract)

To design and make a simple fixture device for holding mice in rear paws experiments as a safe and

convenient experimental tool for sweating and hidroschesis experiments.
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Mice; Rear paws; Fixture device; Production; Application.
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2.1 HMEEX
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Research status of evaluation and application of
locomotion in rats

JI Wei, LIU Xiao-li, QIAO De-cai "

(Exercise Physiology Laboratory, College of Physical Education and Sports, Beijing Normal University, Beijing 100875, China)

[ Abstract ]

performance and characteristics of motion in various experimental animal models, it has an important clinical significance to

Locomotion is one of the most vital and fundamental motor behaviors in rats, which can reflect the

motor dysfunction rating and rehabilitation effect evaluation grade for developing an evaluation method and standard of

locomotion in rats. This article will comprehensively analysis and review the literatures of locomotion in rats on the

evaluation methodology and typical application in order to provide necessary reference for researchers.

[ Key words]
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Note. The horizontal coordinate represents the percentage of gait cycle of rats. Dashed lines indicate a moment in time in the gait cycle,

which is depicted by the rat drawing above each line.

Fig.1 The distribution of stance phase and swing phase as well as the position of the limbs in a gait cycle
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Fig.2 Capturing the gait parameters during rat

locomotion by digital camera
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Comparison of the effects of periphery P2X3 receptors in
different inflammatory pain models
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(' The Third Clinical Medical College,Zhejiang Chinese Medical University , Hangzhou 310053, China)

[ Abstract] P2X3 subunit was one of the P2X receptor family members, which highly selective expressd in the
nociceptors, and involved in the pathological process of inflammatory pain. Currently, animal inflammatory pain models
included formalin inflammatory pain model, Freund’ s adjuvant inflammatory pain model , the carrageenan inflammatory
pain model, bee venom inflammatory pain model, et al. Different inflammatory pain model had different pathological
features, the main features of the formalin pain model is double phase of spontaneous pain, due to different duration time of
inflammation, carrageenan inflammatory pain model is commonly used in sub acute inflammation model, Freund’ s adjuvant
inflammatory pain model , bee venom inflammatory pain model, and turpentine inflammatory pain model are for chronic
inflammatory pain model research, the expression and function of P2X3 may be different. This paper focused on the effects
of P2X3 receptors in different inflammatory pain models.

[ Key words] P2X3 receptors ; Inflammatory pain; Animal models
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Expression levels and targets of more than fifty miRNAs in glioma
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[ Abstract] miRNAs are a class of small endogenous RNAs that degrade target mRNAs or repress their translation
process. Several miRNAs in glioma are up-regulated, while some others down-regulated. Some miRNAs promote
tumorigenesis; some others, however, play a similar function of tumor suppressor genes. Therefore, studies on the
expression profiles of miRNAs in glioma may afford auxiliary basis for early clinical diagnosis and novel srtategies for

therapy of glioma. This paper will review on researches about the expression levels of miRNAs and their targets in glioma.
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Tab.1 Upregulated expression of miRNAs and their targets in glioma
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Tab.2 Down-regulated expression of miRNAs and their targets in glioma
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Research of animal behavior assessment about cognitive functions
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[ Abstract]  Behavior assessment of cognitive function has been widely used in related research on disease models,
especially in physiological mechanism and drug intervention evaluation. Evaluating the function of learning and memory is the
most common one in colourful behavioral experiments. The thesis summarizes the methods of analyzing the common cognitive
behavior about animal models in recent years, briefly introduces the comment contents, advantages and limitations of each

behavior test, and also provides a reference for behavior analysis mainly to the related diseases model of cognitive dysfunction.
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Reform of the laboratory animal science teaching:

combination of course teaching and certificate training

ZHOU Zhi-jun” , YU Yuan-jing, SU Zhi-jie
( Department of Laboratory Animals, Central South University, Changsha 410078, China)

[ Abstract)

The combination of medical laboratory animal science teaching with standardized certificate training is

an effective reform for the laboratory animal science teaching of postgraduates. On the one hand, by the changing of

laboratory animal science teaching mode, which can combine the general knowledge of laboratory animal science with their

respective specialty, it is able to improve their practical ability to carry out animal experiments, the ability to design and

implement independent research and to innovate. On the other hand, by the learning of the national law, regulations and

relevant ethical knowledge, the students can acquire the certificate, which is the threshold for processing the laboratory

animals, and ultimately achieve precise and reliable experimental results, normalized and standardized method, proceeding

in line with the ethical principles.
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