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Abstract

Article history:

Backgroud/Aim: Tropomyosin 4 (TPM4), a marker of growth and regeneration in skeletal muscle,
contributes to the nerve regeneration in vitro, but the role in spinal cord injury (SCI) and probable
mechanism require further to be clarified. Methods: Sprague-Dawley rats were subjected to SCI by Allens
free-fall hammer hitting method, and Basso, Beattie, Bresnahan (BBB ) locomotor rating scale was used
to assess the motor function. The changes of TPM4 and IL-10 were detected by real-time quantitative
polymerase chain reaction (qRT-PCR) and immunohistochemistry (IHC), respectively. The function of
TPM4 and IL-10 in spinal cord was determined by over-expression of TPM4 (TPM4-ORF-LV) and the
inhibition of IL-10 (IL-10-SH-LV) mediated by lentivirus transduction. Lastly, bioinformatic analysis
was used to predict the relationship between IL-10 and TPM4, and their localization and relation were
determined by Immunofluorescence (IF) and qRT-PCR. Results: Rats with SCC exhibited severe motor
dysfunctions indicated by BBB score, and the expression of TPM4 was decreased in spinal cord tissue after
SCI detected by qRT-PCR, the immunoreactive positive reactant of TPM4 was seen in neurons of anterior
horn of spinal cord. Over expression of TPM4 mediated by lentivirus improved not only motor function
(evaluated by BBB score), but also increase the IL-10 expression. Whereas, inhibition of IL-10 expression
did not change the expression level of TPM4. Moreover, the bioinformatical analysis predicted that TPM4
is co-localized with IL-10 through the Prrx1,Cela2a,Vip,Slc23a3 and Sp1, and co-localization stianing
confirmed the prediction, which showed that the IL-10 and TPM4 was co-expressed both neurons and glia.
Conclusion: Our findings confirmed that TPM4 played a vital role in improving the motor function in SCI
rats and the linked mechinsm is involving in the expression of IL-10 .
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Messinger et al. 2005, Anukam, Hayes et al. 2009, Zhou,
Peng et al. 2009, Ishii, Tanabe et al. 2013). After SCI, IL10 is released immediately in response to the pathological
process. Previous studies have showed that IL-10 is involved
in the anti-inflammatory response which inhibits the
production of several pro-inflammatory mediators including
IL-1β, IL-6 and TNF (Tator and Fehlings 1999, Winkelstein,
Rutkowski et al. 2001, Wilkerson, Gentry et al. 2012,
Sacerdote, Franchi et al. 2013). Additionally, IL-10 affects
neural fate through the IL-10 receptor which is involving in
functional recovery (Widenfalk, Lundstromer et al. 2001,
Yamaji, Yamazaki et al. 2008, Zhou, Peng et al. 2009).
Meanwhile, the usage of transplantation of Schwann cell
and olfactory glia cell grafts combined hyperbaric oxygen
and IL-10 for the treatment for SCI has been reported
(Pearse, Marcillo et al. 2004, Thompson, Zurko et al.
2013, Maftei, Marconi et al. 2014). Additionally, numerous

Spinal cord injury (SCI), a serious neuronal disorder,
commonly results in physical inability, motor and sensory
dysfunction below the level of injury (Levi, Hultling et al.
1995, De Nicola, Gonzalez et al. 2006, Sieck and Mantilla
2009, Tator, Minassian et al. 2012). It has been known that
SCI includes primary injury and secondary injury, which
featured by inflammation, haemorrhage, edema, apoptosis
and so on, and inflammation that initiated and regulated by
an array of cytokines plays a vital role (Anson and Gray
1993, Tator and Fehlings 1999, Burr, Shephard et al. 2012).
Therefore, molecular components involved in the complex
network of inflammatory mediators may become the
possible target for the treatment of SCI.
Interleukin-10 (IL-10), a short-lived protein, is usually
located in both microglia cells and neurons (Plunkett,
Yu et al. 2001, Abraham, McMillen et al. 2004, Jackson,
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evidences showed that the neural protective function of
IL-10 was related to the expression of Bcl-2 and Bcl-xL,
cytochrome c release and the caspase 3 cleavage (Genovese,
Esposito et al. 2009, Zhou, Peng et al. 2009, Gao, Ding et
al. 2014). However, the exact role of IL-10 and underlying
mechanism in the recovery of motor neurons in spinal cord
after Spinal Cord Contusion (SCC) is under verifying. In
addition, Tropomyosin 4 (TPM4), a thin filament-associated
protein that composed of dimers of coiled-coilproteins and
polymerized end-to-end along the major groove in most
actin filaments, is worthying to be noticed. In muscle cells,
TPM4 is benefit for stabilizing cytoskeleton actin filaments
(Wilton, Lim et al. 1996, Lawrence, Perez-Atayde et al.
2000, Denz, Zhang et al. 2011, Guven, Gunning et al. 2011),
and several studies confirmed that up-regulation of TPM4 is
involvement in the proliferation and differentiation of breast
cancer cells (Vlahovich, Schevzov et al. 2008). Further, it
has been reported that TPM4 contributes to the regeneration
of nerve in vitro (Guven, Gunning et al. 2011), but what is
the exact role in SCC has not been reported.
In this study, we detected the role of IL-10 and TPM4 in
SCC condition and explored the involving molecular
mechanism. All the findings should provide available
understanding to pave a novel target as an alternative
treatment for SCI remedy.

laminectomy without injury of the spinal cord.

Preparation of lentiviral vector
Information of over-expression vector of TPM4 and siRNA
of IL-10 were provided from GeneCopoeia, GuangZhou,
China after recombinant vector were constructed.
TPM4 over-expression sequences or three target IL-10siRNA sequences (F1:CATAGAAGCCTACGTGACA,
F 2 : A C A A C ATA C T G C T G A C A G A , F 3 :
CCATGAATGAGTTTGACAT) were transfected into 293T
cell line to select the most effective vector by real-time
quantitative PCR and immunofluorescence which performed
as describe below. The rat TPM4 over- expression vector (5
μg) and rat IL-10 expression vector (5 μg) viral packaging
vectors (1 μl, GeneCopoeia, GuangZhou, China) were
incubated, then co-transfected into 293 cells to produce
lentiviral particles. Supernatant containing lentivirus was
centrifuged (1000g, 5 minutes) from 5ml cell suspension.
Then obtained obtviral supernatant was filtered through
a 0.45μm cellulose acetate filter to further filter cells.
Moreover, virus liquid was concentrated then centrifuged
(3500g, 20 minutes) to precipitate virus. Lastly, virus was
re-dissolved in PBS and frozen at -80°C till use.
The negative plasmid was also packaged and used as a
negative control, designated as control group. The lentivirus
vector of TPM4 over-expression (TPM4-ORF-LV) and
lentivirus vector of IL-10 RNA inhibition (IL-10-SH-LV)
were made abundantly and used in later experiments.

Materials and methods

Animals and grouping
Adult female Sprague-Dawley (SD) rats weighing from
200-220g were purchased form Medical Center of Sichuan
University. The rats were individually housed in a 12/12
hour,light/dark, quiet and medium-light condition, free
access to water and food. All rats were randomly grouped
into sham group and SCC group, which include 6 hours
post injury (h), 12h, 1 day post injury (d), 3 d, 5 d, 7 d, 14 d
and 28 d subgroups.The usage of animals and experimental
protocol in the ethics were approved by institutional and
licensing committee of ethics in Chengdu Medical College.
All the procedures were carried out according to the
guidelines of Guide for Care and Use of Laboratory Animals
published by the US National Institutes of Health (NIH
Publication No. 85-23, revised 1996).

Lentivirus vector transducted into the spinal cord
tissue in vivo
Rats were randomly divided intoTPM4-ORF-LV group, IL10-SH-LV group, and control group, which was accepted
injection of the negative vector, plasmid of TPM4 overexpression or lentivirus vector of IL-10 RNA inhibition,
respectively. Animals were deeply anesthetized with 3.6%
chloral hydrate (1ml/100g, intraperitoneal injection) and
fixed in a stereotaxic apparatus. T11 segment of spinal
cord were exposed and lentivirus or negative vector (5μl)
was injected into the spinal cord. Injecting of lentivirus or
negative vector was conducted by microsyringe (Hamilton,
Switzerland). Two injection sites were made at rostral and
caudal end of T11 spinal cord with angle 60 to level. At
each site, twice injection was performed at two different
depth, 2.5 μl of virus mixture was injected into the depth of
1.5mm, then return to the depth of 1mm after stay for a 3
minutes and injected the another 2.5μl. All of injection was
performed at a rate of 0.25 μl/min. Then skin was sutured
after injection. All the animals were given at optimum
temperature and maintained in cage with comfortable.The
rats in control group, TPM4-ORF-LV group or IL-10-SHLV group were accepted spinal cord contusion injury at
48 hours after the injection of lentivirus, the procedure of
operation was described as above.

Spinal Cord Contusion (SCC)
Rats were anesthetized with 3.6% chloral hydrate (1ml/100g,
intraperitoneal injection) and placed in a stereotaxic frame
(Taimeng Instruments, Chengdu, China). laminectomy of
the 10th thoracic vertebrae was conducted. SCC was then
inflicted with an Infinite Horizon device and 150kD force.
The surgical site was closed by suturing the muscle with
fascia and stapling the skin. The animals were injected
subcutaneously with 2 ml of 0.9% sterile saline and placed
on a heating pad to maintain body temperature until
they revived. Then rats were received the adminstration
of analgesic buprenorphin (0.1mg/kg, subcutaneously
injection) and penicillin sodium (80,000U, intramuscular
injection) after operation for 3d and bladders of the animals
were manually emptied twice dailyuntil their function
recovery. The animals in sham group were only accepted

Behavior test
The recovery of hind limbs function in rats was assessed by
Basso, Beattie, Bresnahan (BBB) motor rating scale (Basso,
Beattie et al. 1995).Animals were allowed free movement
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at open-filed and assessed by three experts who blinded
to the treatments of groups. The data were managed by a
professional person.

95 °C for 2 min; 40 cycles of 95 °C for 15 s, annealing for
20s, and 60°C for 40s. Relative expressions were calculated
with normalization to β-actin values by using the 2- △△ Ct
method.

Immunohistochemistry
Animals were anesthetized with 3.6% chloral hydrate
(1ml/100g) by intraperitoneal, then perfused with 4 %
paraformaldehyde in phosphate buffer by cardiac ventricle
after deep anesthetization at 25°C. The epicenter of
injured cord (0.5 cm) were taken and postfix with 4%
paraformaldehyde. Before embedding by paraffin, tissues
were dehydration by gradient ethyl alcohol. Paraffin
sections of spinal cord were cut with 4 μm thickness. The
sections were washed three times with 0.05M phosphate
buffered saline (PBS) and incubated by 3% H2O2 at 37°C
for 30minutes. Those sections were washed again with
0.01M PBS, and then incubated in 5% goat serum which
contained with 0.3% Triton (Triton X-100,boyetime, China)
in PBS for 30 minutes. Primary rabbit anti-IL-10 (Boster,
1:100) and anti-TPM4 antibodies (abcam, 1:100) diluted
in PBS with Triton was incubated for 24 hours at 4°C. The
sections were washed three times by 0.05M PBS again and
incubated with second antibodies IgG (1:200) at 37 °C for 1.5
hours. Finally, diaminobenzidine (DAB) was used to dye for
5 minutes at 25°C, dehydration with gradient ethyl alcohol
and sealed. Then sections from each animal were examined
and the number of stained cells for TPM4 and IL-10 with a
visual microscope (Leica DMI6000 B inverted microscope)
coupled with a computer assisted video camera.

Western blot
Western blot analysis was used to detect the expression of
TPM4 and IL-10. Shortly, the tissue from the lesion site
(0.5cm) was harvested at vector group, TPM4-ORF-LV
group or IL-10-SH-LV group. Rats were deeply anesthetized
with 3.6% chloral hydrate (1ml/100g, intraperitoneal
injection), spinal cords were cut quickly and homogenized
on ice in 400 μl of RIPA buffer (25 mM Tris-HCl pH 7.6,
150 mM NaCl, 1% NP-40, 1% sodium deoxycholate, 0.1%
SDS; Thermo Fisher) containing a cocktail of phosphatase
and protease in SCI bitors, then centrifuged at 12,000g
for 30 minutes. Protein concentration of each sample was
assayed with BCA reagent (Sigma, St. Louis, MO, USA).
A 20 μl aliquot of the samples was loaded on to each lane
and electrophoresed on 5 and 12% SDS-polyacrylamide
gel (SDS-PAGE) for 30min and 1.5 h at a constant voltage
of 120 V, respectively. Proteins were transferred from the
gel to a polyvinylidene fluoride (PVDF) membranes for
120 minutes at 24 V. The membrane was then blocked with
phosphate-buffered saline containing 0.05% Tween-20
(PBST) with 5% non-fat dry milk for 120 minutes at room
temperature. Primary antibody of beta-actin (Santa Cruz
Biotechnology, 1:1,000), rabbit anti-TPM4 antibodies
(abcam, 1:100) or rabbit anti-IL-10 antibodies (Boster,
1:100) was incubated overnight at 4°C. Membrane were
washed with TBST and incubated for 2 hours with a HRPconjugated goat anti-rabbit IgG (1:5,000; ZSGB-BIO)
for 2 hours at room temperature. Finally, the membranes
were repeatedly rinsed in TBST 3 times and the immune
complexes were revealed using Alpha Innotech (Bio-Rad)
with Enhanced ChemiLuminescence (ECL, Perkin Elmer).
Densitometry analysis for the level of beta-actin, IL-10 or
TPM4 protein was performed by Bio-Gel Imagining system
equipped with Genius synaptic gene tool software.

Immunofluorescence
The tissues (0.5cm) obtained from injured spinal cord at
different times and placed in 20% sucrose solution in 0.1
M phosphatebuffer (PB). After the tissue specimens had
been sunk to the bottom of the bottle, they were placed
on a freezing microtome (Leica CM1900, Wetzlar, Hesse,
Germany) and a serial of continuous horizontal sections
were cut with 12 μm thickness. The spinal cord tissues were
washed with 0.2% TritonX-100 in phosphate buffered saline
(PBS), and blocked with 5% normal goat serum in PBS. The
spinal cord was cryoprotected in 30% sucrose and 20μm
cryosections labeled with rabbit anti-IL-10 (Boster, 1:100)
and mouse anti-TPM4 (Santa CruzBiotechnology, 1:100).
Sections were incubated with fluorescence secondary
antibody IgG (anti-rabbit Cy3: red, 1:200; anti-mouse 488:
green, 1:100, alexa) for 4 hours at 37°C after washing. The
slices were examined by fluorescence microscopy.

Bioinformatics
The bioinformatical analysis was used to predict the
relationship of IL-10 and TPM4. It was obtained by an
online internet website (http: //www.genemania.org) for rat
species.

Statistical analysis
All data were managed using SPSS 17.0 (SPSS, Chicago,
IL) and expressed as mean ± standard error of mean (SEM).
Data were analyzed using one-way analysis of variance with
post hoc comparisons. Statistical significance was defined as
p<0.05.

Real time quantitative polymerase chain reaction
Total RNA was extracted from spinal cord tissue (30mg)
which was the epicenter of injury, using Trizol reagent
(superfec TRI) according to manufacturer’s protocol and
reversed transcription to cDNA with the RevertAidTM First
Strand cDNA Synthesis kit (Biotechnology, Dalian, China).
Real time quantitative polymerase chain reaction (qRTPCR) was then performed to determine the expression of
genes, the primer sequences were shown as in Table 1. qRTPCR was performed in a DNA thermal cycler (ABI 7300)
according to the following standard protocol, one cycle of

Results

Neural behavior change and the expression and
localization of TPM4 after SCC
The BBB scores showed that the motor function of hind
limbs in rats fall down to zero immediately after SCC,
then the score increased and reach significant recovery at
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7d, 14 d and 28 d (P < 0.05)(Fig.1A). The expression of
TPM4 mRNA after SCC decreased and reached the lowest
at 3d (P < 0.05), compared to sham group (Fig.1B). IHC
showed the positive reactant for the localization of TPM4 in
spinal cords was seen in the axon of neurons and gliocytes
in the gray matter of spinal cord, as showing in Fig.1Ca-e. Quantitatively, the number of TPM4 immunoreactive
positive cells was decreased at 12h (P<0.05) when compared
to sham group (Fig.1C-f).

increased, compared to vector group.
TPM4 over-expression amelioratives the motor
dysfunction
The BBB scores was increased (P < 0.05) in the TPM4 overexpression group, compared to empty vector group (Fig.2F)
at 14d, 21 d and 28 d, which confirmed that TPM4 over
expressioncontributed to motor function recovery after SCC.

The expression of IL-10 and its role in spinal cord
after SCC
Expressional change of IL-10 in spinal cord after SCC
qRT-PCR showed that the expression of IL-10 mRNA
significantly increased (P < 0.05) at 6 h, 12 h and 24 h after
SCC compared to shamThe localization of IL-10 indicated
by the immunoreactive positive staining, were found in the
soma of neurons and astrocytes in the gray matter of spinal
cord as showing in Fig.3 C. Next, the number of IL-10
positive cells were counted by the Image J, and the results
showed that the number of IL-10 positive cells increased at
3d after SCC (P<0.05).( Fig.3B)

The recombinant of TPM4 construction
To detect the role of TPM4 in SCC, we constructed TPM4
over-expression lentivirus, later. pReceiver-LV127 used as
vector, and the sequences of TPM4 over-expression was
reconstructed into plasmid. Then, TPM4 over-expression
plasmid was enveloped in 293T cell line (Fig.2A-C).
Immunofluorescent staining showed that the expression
of TPM4-SH-LV labeled by RFP (Green) in cells could
be seen, which suggested that the TPM4-SH-LV had
successfully transfected host cells in vitro (Fig.2D). The
transfection effective on the level of TPM4 was determined
by western blotting, shown in Fig.2E. The density of bands
was measured by Image J, and data were normalized to betaactin. As a result, the level of TPM4 protein significantly

The recombinant of IL-10 construction
In order to determine the effect of endogenous IL-10 in SCC

Fiure 1 The BBB scores of SCI and the expression of TPM4 at spinal cord. (A) According to BBB, the scores of rats hind limbs immediately
fall down to zero after SCC, then the score up-rise and it has increased significantly at 7d, 14 d and 28 d. n=8,* P<0.05 when compared to
1 day post injury. (B) Using qRT-PCR to show the relative expression of TPM4 mRNA. The level of TPM4 significantly decreased at 3d after
injury. n=6, * P<0.05 compared to sham group. (C)TPM4 immunoreactive was exhibited, red arrows were point out the positive cells of neuron,
bar=100μm. a, The location of TPM4 was showed at sham group. The TPM4 immunostain was localized at the cytoplasm of neuron. b-e, The
immunoreactive positive substance were found at the cytoplasm of neuron at 12h, 7d, 14d and 28d subgroups. (f)The number of TPM4 positive
cells were counted by the Image J. the number of TPM4 positive cells decreased after 12h. *P<0.05 compared to sham group.n=6.

21

Li SN, et al. / Ibrain 2016;2(1):18-28

Figure 2 The role of TPM4 in vivo. (A-C)we constructed TPM4 over-expression lentivirus, later. pReceiver-LV127 used as vector, and the
sequences of TPM4 over-expression was reconstructed into plasmid. (D)Fluorescent image of TPM4-SH-LV transfected into 293T cells.(D)
The bands were show the immunostaining of TPM4 and beta-actin by western blotting. (E)The density of bands were measured by Image J, data
were normalized to beta-actin, the expression of TPM4 protein increased than vector group. *P<0.05 compared to vector group. n=5. (G)The
comparing of BBB score between TPM4-SH-LV group and vector group were showed. The BBB score in TPM4-SH-LV was higher than in empty
vector group at 14d,21d and 28d ,*P<0.05 compared to vector group. n=6.
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Figure 3 The expression and localization of IL-10 in vivo. (A) Using qRT-PCR to show the relative expression of IL-10 mRNA. The level of
IL-10 significantly increased at 6h, 12h and 24h after injury. n=6, * P<0.05 compared to sham group. (B)The number of IL-10 positive cells
were counted by the Image J. the number of IL-10 positive cells increased at 3d after SCC, *P<0.05 compared to sham group.n=6. (C) IL-10
immunoreactive was exhibited, black arrows were point out the positive cells of neuron, bar=100μm. a, The location of IL-10 was showed at sham
group. The IL-10 immunostain was localized at the cytoplasm of neuron. b-h, The immunoreactive positive substance were found at the cytoplasm
of neuron at 12h, 1d, 3d, 5d, 7d, 14d and 28d subgroups.

Figure 4 The role of IL-10 in vivo. (A)The skeleton information of IL-10-RNAi-LV, enhance red fluorescent protein (mcherryFP) as reporter gene
was inserted in the plasmid, the framework also contains antibiotic: ampicillin, and pUCOri are promoters for vector expression. (B)qRT-PCR
showed the effective interference fragment for IL-10 inhibition, which showed that F1 exhibited the most effective interference effect in the three
tested fragments.(C)Fluorescent image of IL-10-RNAi-LV transfected into 293T cells.(D)The bands were show the immunostaining of IL-10 and
beta-actin by western blotting. (E)The density of bands were measured by Image J, data were normalized to beta-actin, the expression of IL-10
protein decreased than vector group. *P<0.05 compared to vector group. n=5. (G)The comparing of BBB score between IL-10-SH-LV group and
vector group were showed. The BBB score in IL-10-SH-LV was lower than vector group at 5d,7d and 28d ,*P<0.05 compared to vector group.
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Figure 5 The relation between IL-10 and TPM4. (A) Bioinformatic method was used to predict possible correlation between IL-10 and TPM4.
It showed the completely relationship of IL-10 and TPM4. And detailed bioinformatical analysis showed that IL-10 and paired related homeobox
1 were co-expressed, meanwhile, TPM4 and Prrx1 were co-expressed. Furthermore, IL-10 and vasoactive intestinal peptide were co-expressed,
TPM4 and Vip were co-expressed. Abbreviations:Vip(vasoactive intestinal peptide), Prrx1 (paired related homeobox 1), Cela2a (chymotrypsin-like
elastase familymember 2A), Slc23a3 (solute carrier family 23member 3) (B)Showed the IL-10(red) expressed in neuronal cytoplasm, the TPM4
(green) located in cytoplasm, the Neuronal nuclei were showed by DAPI (blue), arrows point out aim cells, and Merge shows IL-10 and TPM4
expressed (organge) in cytoplasm and their double-labelling immunofluorescence in issues of spinal cords after SCC. Bar=100μm. (C) qRT-PCR
to show the relative expression of TPM4 mRNA after IL-10 interference mediated by lentivirus, and there is no difference between IL-10-SH-LV
group and vector group. (D) qRT-PCR to show the relative expression of IL-10 mRNA after TPM4 over-expression mediated by lentivirus, and
the IL-10 mRNA increased significantly inTPM4-ORF-LV group compared with vector group,*P<0.05. (E-a,b)Immunohistochemistry was used to
show the TPM4 positive cells after injection the lentivirus or vector in spinal cord. Arrows point out the positive cells of TPM4,bar=40μm. (E-c)
The number of IL-10 positive substance in TPM4-ORF-LV group was increased at 3d compared to vector group. compared to vector group. n=6.
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model, we constructed the recombinant of IL-10 in advance.
Three siRNA sequences for IL-10 (F1, F2, F3) were
transfected into 293T cell line to select the most effective
siRNA segment by using qRT-PCR. Results showed that
the level of IL-10 expression was respectively decreased at
group subjected F1, F2 and F3 administration. Among them
the level of IL-10 in F1 group was the lowest, supporting F1
segment was the most effective siRNA sequence (Fig.4 A,B).
Immunofluorescent staining showed that the expression of
IL-10 labeled by RFP (red) in cells could be seen, which
suggested that the IL-10-SH-LV had successfully transfected
host cells in vitro (Fig.4 C). The transfection effective on the
level of IL-10 was determined by western blotting, shown in
Fig.4D. The level of IL-10 protein significantly decreased,
compared to vector group (Fig.4E).

expression of TPM4.

Discussion

TPM4, a thin filament-associated protein involved in
the process of cell migration, participates not only in
the contraction of muscle, but also in the growth and
development of cells. Recently, studies have shown that
TPM4 was highly expressed in a variety of malignant
tumors, such as breast cancer, liver cancer and stomach
cancer. But its role in SCC has been unclear. Here, we
performed three steps to study the role of TPM4 in SCC
mode . Firstly, we detected the expression and localization
of TPM4 in the spinal cord of SCC; Secondly, the TPM4
over-expression mediated by lentivirus was used to
determine the effect of TPM4 on motor function of rats;
Lastly, the relative function mechanism was explored by
the bioinformatical analysis, IF and qRT-PCR. All results
showed that TPM4 was co-expressed and co-localized with
IL-10, and TPM4 over-expression could up-regulate the
level of IL-10, which is associated with the improvement of
motor function in SCC rats.

The motor dysfunction aggravated after IL-10
interference
The effect of IL-10 in SCC model was confirmed by
the result of BBB scores. IL-10 interference rsults in a
significant decrease in BBB scores (P < 0.05) in theRNA
interference group, compared to empty vector group
(Fig.4F) at 5 d, 7 d and 28 d, confirming the role of IL-10 in
motor function recovery after SCC.

The implication of TPM4 expression in contusion
spinal cord
We first observed the recovery of motor function after SCI
in this study. Results showed that the BBB scores of hind
limbs in rats immediately fall down to zero after SCC,and
got recovery from day 3, then it increased significantly
at day 7 and day 14, though the level was still lower than
sham group. It suggests that the function of spinal cord
can be partially recovered, but it can't return to the normal
level after SCC. Moreover, QRT-PCR showed that the
expressional level of TPM4 decreased significantly at 1d,
3d, 5d, 7d,14d and 28d in SCC group, compared with the
sham group.. In addition, IHC showed that the protein of
TPM4 was localized on neurons and glial cells in the gray
matter of the spinal cord. The experimental results above
suggest that TPM4 may play a role in the cell function
after SCC. Levine J (Levine, Kwon et al. 2016) confirmed
that when central nervous system suffered a mechanical
trauma, the mechanism for cell survival would be activated
to increase the expressional level of TPM4, supporting the
role of TPM4 in nerve cells. Kabbage MT et al (Kabbage,
Trimeche et al. 2013) detected the expression of TPM4
was significantly increased in invasive ductal carcinoma.
Additionally, some studies reported that TPM4 up-regulation
was also seen in cervical cancer, non-small cell lung cancer
and so on, which suggesting that TPM4 is conducive to
cell growth and proliferation (Zajdel, McLean et al. 2006,
Kopantzev, Monastyrskaya et al. 2008, Lomnytska, Becker
et al. 2011). Therefore, TPM4 can promote the growth
and proliferation of various cells, while the decrease of
TPM4 in the spinal cord after SCC brought out a damage
consequence for the growth and repair of injured neurons in
spinal cord. Therefore, overexpressing TPM4 should be an
available strategy for the repair of SCI.
In addtition, the expressional level of IL-10 was significantly
increased at 6h, compared with sham group, but decreased
at 3d, 5d, 7d, 14d, and 28d, which also suggest IL-10 has

The interrelation between IL10 and TPM4 after SCC
Bioinformatical analysis
In this experiment, bioinformatics method was used to
predict possible correlation between IL-10 and other
molecules. The result showed that IL-10 and paired related
homeobox 1 (Prrx1) were co-expressed, whereas TPM4
and Prrx1 were co-expressed (Fig.5A). Furthermore, IL-10
and vasoactive intestinal peptide (Vip) were co-expressed,
TPM4 and Vip were co-expressed (Fig.5A). Taken together,
it suggested that there iscorrelation between IL-10 and
TPM4.
The co-localization of IL-10 and TPM4 in spinal cord
Immunofluorescence was used to verify the co-localization
of IL-10 and TPM4 in the spinal cord. As shown in Fig.5B,
DAPI were dye the nucleus of cells. IL-10 was observed
in cytoplasm of neuron and astrocyte in the gray matter of
spinal cords. Meanwhile, the TPM4 was seen in cytoplasm
where located in the gray matter of spinal cords, too. The
double immunostaining conformed that IL-10 and TPM4
were co-localized in cytoplasm of neurons in anterior horn
of the spinal cord.
The co-regulation of IL-10 and TPM4
First of all, qRT-PCR confirmed the expression of TPM4
mRNA had no significant difference in IL-10-SH-LV
administrated group in spinal cord (P < 0.05) at 3 d (Fig.5C).
However, the expression of IL-10 mRNA significantly
increased (P<0.01) in TPM4-ORF-LV group, when
compared to vector group (Fig.5D). In addition, IHC showed
that IL-10 positive cells in the TPM4-ORF-LV group was
fairly higher more than control vector group (Fig.5E). These
prompted that IL-10 up-regulation improved the motor
function in rats which was possibly associated with the over
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been involved in the SCI. In our study, the expression of
IL-10 had an instantaneous increase at the early stage of
SCC, and IHC showed that IL-10 was located on the
soma of neurons and astrocytes in the gray matter of spinal
cord.. Jiang MH et al (Jiang, Lim et al. 2013) demonstrated
that substance P injection increased the level of IL-10 in
spinal cord and ameliorated the degree of SCI. In addition,
Wilkerson JL (Wilkerson, Gentry et al. 2012) established
the model of chronic sciatic nerve injury in rats, proving
that the decrease of IL-10 leaded to the deterioration of the
injured sciatic nerve and indicating that IL-10 was beneficial
to the recovery of neurons. Additionally, Winkelstein
(Winkelstein, Rutkowski et al. 2001) proved that intrathecal
injection of IL-10 inhibited the inflammatory response
and reduced neuronal damage of spinal cord in spinal cord
transection injury of rats. Besides, the function of IL-10
with inflammatory inhibition and neuronal protection in
the model of spinal cord ischemia reperfusion injury and
compression injury of T11 segment of spinal cord were also
seen (Fan, Wang et al. 2011, Gao, Ding et al. 2014). Thus,
IL-10 played a role of nerve protection and the neuronal
repair of spinal cord. Therefore, the instantaneously
increasing of IL-10 at the early stage of SCC is beneficial to
inhibit the excessive inflammatory response. The increasing
of IL-10 was related to the recovery of motor function of
rats, while TPM4 decrease is unbeneficial for the recovery
of spinal cord. Therefore, increase the expression of TPM4
and IL-10 could be a potential strategy in the treatment of
SCI.

Therefore, in the pathological process of SCC, TPM4 may
be the upstream factor of the regulation of IL-10 and IL10 as an anti-inflammatory cytokine played an important
role in the inflammatory response inhibition and improved
the secondary injury of spinal cord to affect the recovery of
motor function after SCC (Bethea, Nagashima et al. 1999,
Brewer, Bethea et al. 1999, Oruckaptan, Ozisik et al. 2009,
Koushki, Latifi et al. 2015).
TPM is also an important regulatory protein in the process
of muscle contraction which is widely distributed in a large
number of heterogeneous forms in a variety of eukaryotic
cells.As a kind of acidic proteins with a conservative
type that was involved in cellular function regulating in
the cell, TPM is usually shared 284 amino acids, with
unique properties and functions. To date, four genes of the
mammalian tropomyosin, named TPM1, TPM2, TPM3 and
TPM4, have been identified. (Abouhamed, Reichenberg et
al. 2003, Lomnytska, Becker et al. 2011, Bailey, ShieldArtin et al. 2013). TPM4 not only to participate in the
completion of the contractile function of skeletal muscle
cells, but also to join in the completion of cytokinesis, the
transport of cell membrane (Grieshaber, Ko et al. 2003,
Rostila, Puustinen et al. 2012, Kabbage, Trimeche et al.
2013), cellular structure and specific signal transduction
pathways (Had, Faivre-Sarrailh et al. 1994). As the synaptic
function of the central nervous system is dependent on the
actin cytoskeleton (Guven, Gunning et al. 2011), TPM4
play a vital role in regulating the dynamic changes of actin
filaments in cell migration, morphogenesis and cytoplasmic
movement (Abouhamed, Reichenberg et al. 2003,
Vlahovich, Schevzov et al. 2008). In this study, we reported
that bTPM4 is involved in the functional recovery of SCI.
Guven K has proved that tropomyosin isoforms involved
in central nervous system axonal regeneration and synaptic
remodeling in vitro (Guven, Gunning et al. 2011). TPM4
plays an important role in the stability of the neural network
and the joint function of synapse. In culturing neurons You
ling showed that the number and the volume of neurons was
increased in the TPM4 over-expression group, compared
with the control group in the fourth day of cell culture.
Therefore, TPM4 plays a necessary role in the recovery of
neurological function in rats with SCC.
IL-10, as an important anti-inflammatory factor, plays an
important role in the recovery of SCC. IL-10 can relieve
the secondary spinal cord injury caused by excessive
inflammation after SCC by inhibiting macrophages to
produce TNF- alpha, IL-6 and IL-1 and other inflammatory
factors (Bethea, Nagashima et al. 1999, Tator and Fehlings
1999, Winkelstein, Rutkowski et al. 2001, Wilkerson,
Gentry et al. 2012, Sacerdote, Franchi et al. 2013). Zhou
Z (Zhou, Peng et al. 2009) proved that IL-10 can protect
the neurons by activating its receptor and reduce the toxic
effect of glutamate induced by glutamate in cultured spinal
cord neurons in vitro. In addition, the study of Thompson
(Thompson, Zurko et al. 2013) reported that the exogenous
injection of IL-10 promoted the tissue repair of spinal cord
and improved the motor function of hind limbs in rats after
SCI. All these results supported the beneficial effects of
IL-10 on motor function recovery after SCI in rats. Our

Over-expression of TPM4 up-regulates IL-10 promote
motor function recovery after SCC
To understand the role of TPM4 in SCC, RNA interference
technology mediated by lentivirus was used to overexpressed TPM4 and inhibited IL-10. The experimental
results of BBB score showed that the motor function in
the group of TPM4 over-expression was significantly
higher than in the control group, which suggested that upregulation of TPM4 contributed to the motor functional
recovery of rats. Subsequently, we explored the relationship
between TPM4 and IL-10.. In group of IL-10 interference,
the BBB score was significantly lower than the control
group, suggesting that expressional down-regulating of IL10 can inhibit the recovery of motor function in rats with
SCC. Moreover, over-expression of TPM4 can up-regulate
the expression of IL-10, then promote the motor function
of rats with SCC. In addition, the bioinformatic analysis
showed that co-expression and co-localization between
TPM4 and IL-10 through Prrx1, VIP, Cela2a, Slc23a3 and
Sp1. Whereas, the results of Immunofluorescence doublelabeling staining further confirmed that TPM4 and IL-10 coexpressed in spinal cord anterior horn motor neurons. Thus,
our results indicated that TPM4 and IL-10 were interrelated
with each other. The results of qRT-PCR in which the gene
level of IL-10 had significantly increased after TPM4 overexpressed, suggesting that TPM4 can regulate theexpression
of IL-10. However, the level of TPM4 had no difference
after IL-10 inhibiting, suggesting that the expression of
TPM4 was not related to the expressional level of IL-10.
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experiment also confirmed the effect of IL-10 in spinal cord
contusion model.
In conclusion, this study showed that TPM4 and IL-10
could co-expressin anterior horn motor neurons of spinal
cord with the decrease of TPM4 and increase IL-10 after
injury. Moreover, over-expression of TPM4 that is to help
the recovery can up-regulate the expression of IL-10 the
recovery of motor function after SCC is apperent. Therefore,
TPM4 regulating IL-10 signal in SCC may provide a new
strategy and translational practice for the repair of SCI by
gene therapy
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