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Cytokine expressions of spinal cord injury treated by neurotropin 
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Background: Spinal cord injury (SCI) leads to severe physical disability and sensory dysfunction. 
Neurotropin (NTP) has been used clinically to alleviate neuropathic pain, while nafamostat mesylate (NM) 
used clinical on pancreatitis patients through inhibiting synthetic serine protease. Our previous studies 
showed that NTP and NM were able to repair SCI. However, the underlying mechanism has not been fully 
explored after treatment with these 2 different drugs.
Methods: The drugs NTP and NM were administered on a contusion SCI Wistar rat model. Cytokine 
array analysis was performed to describe the changes of 67 proteins after acute SCI. Hierarchical clustering 
and volcano plot analysis were conducted to clarify protein change profiles. The differently expressed 
proteins related to biological processes were analyzed by functional protein association networks, Gene 
Ontology and pathway analysis. Flow cytometric analysis was detected to reflect the activation of immune 
system after drug intervention, while withdrawal threshold and BBB score were detected to evaluated the 
mechanical allodynia and functional recovery after SCI.
Results: HGF, β-NGF, and activin were the 3 most upregulated proteins, while the receptor for RAGE, 
IL-1α, and TNF-α were the 3 most downregulated proteins after NTP treatment. Adiponectin, decorin 
and CTACK were the 3 most upregulated proteins, while RAGE, IL-1α, and IL-1β were the 3 most 
downregulated proteins in the NM group. Number of lymphocytes was decreased while BBB score was 
increased both in NTP and NM group. But only NTP could improve mechanical pain threshold after SCI.
Conclusions: The PI3K-Akt, Jak-STAT signaling pathway and apoptosis might participate in SCI restoration 
by NTP, while the MAPK and NOD-like receptor signaling pathway may participated in repairing SCI with 
NM. We concluded that NTP regulated the microenvironment via a neuroprotective effect and inhibition of 
inflammation to repair SCI, while NM healed SCI through an anti-inflammatory effect. Both NTP and NM 
could down-regulate the activation of immune system and improve the functional recovery while only NTP could 
improve the pathological neuralgia after SCI. Elucidating the molecular mechanisms of these 2 clinical drugs 
indicates that they their expected to be effective clinical treatment for SCI.
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Introduction

Spinal cord injury (SCI) causes devastating impairment 
to the central nervous system (CNS) and delivers a heavy 
physical and social blow to individuals and their families 
socially. Microenvironment imbalance following SCI 
hinders neuro-regeneration and functional recovery (1). 
There are more than 1 million spinal injury and SCI 
patients in China with a growing rate of 120 thousand 
per year (2). The USA ranks first in the world with the 
prevalence of SCI (906 per million) while it has only 
250 SCI patients per million in Rhone Alpes, France. 
Classification of SCI involves discriminating between 
traumatic and non-traumatic injury. Traumatic SCI is much 
more common than non-traumatic injury and is usually 
caused by an external body impact while non-traumatic 
SCI results from compression by tumor, congenital disease 
or vascular ischemia. The microenvironment balance is 
disrupted following contusion SCI, leading to cascading 
pathological changes including downregulation of beneficial 
factors while upregulation of harmful factors, which hinders 
neuro-regeneration and functional recovery (3). Imbalance 
of the microenvironment consists of molecules, cells and 
tissues levels at different times and locations. The molecular 
level including neurotrophic factors, inflammation factors 
which contributes in rebalancing the microenvironment. 
As to the cellular level, it includes the activation of 
astrocytes, microglia and macrophages which infiltrated to 
the injury site. While the bleeding ischemia, glial scarring, 
demyelination and remyelination are the main changes at 
the tissue level. Changing the expression of cytokines and 
restoring balance to the microenvironment could promote 
functional recovery after SCI (4-6).

Neurotropin (NTP), a non-protein biological mixture 
purified from inflamed rabbit skin injected with vaccinia 
virus, consists of more than 300 ingredients and many 
of them shown the neuroprotective effects, for instance, 
GABA, carnosine and adenosine (unpublished data), and 
it has been used as an analgesic and anti-allergic agent 
in clinical work (7). Moreover, NTP could be effective 
against edema and inhibit hippocampal neuronal damage 
depending on its neuroprotective effects (8). Research 
has shown that NTP could inhibit neuroinflammation 
and reverse the memory loss in Alzheimer’s disease (9). 
Nafamostat mesylate (NM), an inhibitor of synthetic serine 
protease, which plays an important role in inflammation 
as well as CNS degenerative disorders, has been clinically 
used to treat acute pancreatitis, disseminated intravascular 

coagulopathy, and continuous renal replacement therapy. 
Research showed that NM exerted neuroprotective effect 
by preventing neurological damage in the animal model 
of shock. Moreover, it could repair brain injury through 
curbing activation and infiltration of inflammatory cells 
and reducing the brain edema volume. Our previous study 
found that NTP could repair the injured spinal cord to 
some extent by restraining inflammatory response and 
apoptosis (10), while NM could attenuate inflammation and 
improve locomotion recovery after SCI (11).

Previous studies have focused on the effectiveness 
of pharmaceuticals in repairing SCI, however, the 
concrete moderating effect of NTP or NM in relation to 
microenvironment rebalancing after acute SCI has yet to 
be investigated. Thus, we performed system analysis and 
comparison of the expression of various cytokines through 
protein array technology to explain the different effects 
of NTP and NM on SCI microenvironment rebalancing. 
Our study aimed to provide new insight into underlying 
mechanism, novel therapeutic methods, and accelerate 
medical treatment in SCI.

We present the following article in accordance with the 
ARRIVE reporting checklist (available at http://dx.doi.
org/10.21037atm-21-649).

Methods

Animals

The 10-week-old female Wistar rats with the weight of 
250±25 g were provided by Laboratory Animal Center 
of the Academy of Military Medical Sciences and housed 
under continuous humidity conditions in 12 hours day/
night cycles. The experimental processes have been 
approved by the Ethics Committee of Tianjin Institute of 
Radiation Medicine (IRM-DWLL-2019039) and according 
to the National Institutes of Health in the Guide for the 
Care and Use of Laboratory Animals (NIH Publications 
No. 85-23, revised 1996).

Experimental groups

Rats were randomly divided into four groups: Sham group, 
laminectomy and 0.9% NaCl; Injury group, SCI and 0.9% 
NaCl; NTP group, SCI and 50 NU/kg NTP; and NM 
group, SCI and 10 mg/kg NM. Every group has 30 rats. 
Intervention doses of these two drugs were determined 
basing on our previous researches (10,11). Administration of 
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NTP and NM was by intraperitoneal injection immediately 
post-surgery. While Sham group and Injury group treated 
with same dose of 0.9% NaCl.

SCI

The spinal cord contusion model was chosen to simulate 
human spinal cord injury with a New York University 
Impactor device (NYU, New York, USA) (12). Briefly, rats 
were anesthetized with pentobarbital and the spinal cord 
was exposed after T10 laminectomy. The spinal cord was hit 
with a 10 g × 25 mm free dropped node. When the spinal 
cord was injured by the node, the tail was twisted and the 
hindlimbs were shaken immediately. The incision was then 
sutured, and the rats were kept on a warm pad until they 
regained consciousness. While Sham group only received 
laminectomy.

Protein array detection

The proteins of spinal cord samples were extracted 
and detected according to the Rat Cytokine Array 
67 (Raybiotech, Norcross, GA, USA) manufacturer 
instructions. Briefly, the proteins in spinal cord samples 
were extracted with a cell lysis buffer and protease 
inhibitor cocktail (Raybiotech, Norcross, GA, USA). After 
determining the protein concentration of samples with a 
bicinchoninic acid (BCA) protein assay kit (Raybiotech, 
Norcross, GA, USA), the samples were incubated with 
protein array glass slides. Each cell of the glass slides was 
filled with 100 μL sample (500 μg/mL) and incubated at  
4 ℃ overnight. Then, the slides were washed with Thermo 
Scientific Wellwash Versa (Thermo Scientific, Waltham, 
MA, USA) and incubated with biotinylated antibody 
cocktail and Cy3 equivalent dye-streptavidin (Georgia, 
USA, RayBiotech, QA-CY3E). The signals could then 
be visualized through a laser scanner. Serial dilutions of 
a predetermined calibration standard mix were used to 
generate a standard curve for each cytokine. The cytokine 
concentrations in samples were calculated according to the 
standard curve.

Identification of differentially expressed proteins (DEPs)

The raw dataset was preprocessed via using Affy packages in 
R. Then the data transfer to the gene expression matrix of 
the probe. DEPs were screened by R package limma. The 
DEPs with an adjust P value <0.05 and | log2 fold-change 

(log2FC) |≥1. Then screened DEPs were used to create a 
volcano-plot analysis with a standard log2FC to determine 
the expression of DEPs in each sample.

PPI (Protein-Protein -Interaction) network and Function 
Enrichment analysis PPI was used to focus on proteins in 
biochemical processes 

to understand the bioprocess, cellular organization, and 
functions by STRING 11.0. Both GO functional and 
KEGG pathway enrichment analysis for DEPs were 
used the R package. The P value <0.05 was considered 
statistically significant.

Western blot

The proteins in spinal cord samples were extracted with cell 
lysis buffer and a protease inhibitor. Equal amounts of total 
tissue lysate were resolved by SDS-PAFE, and transferred 
them to PVDF membranes. Then, these membranes were 
immunoblotted overnight with the primary antibodies. After 
that, the membranes washed three times with Tris-buffered 
saloine-Tween (TBST), and corresponding secondary 
antibodies was added for 1.5 hours. Finally, the images were 
visualized by using the electrochemiluminescence (ECL) 
method.

Flow cytometric analysis

The injured spinal cord epicenters were isolated and placed 
in Hank’s Balanced Salt Solution (Biyun Biotechnology, 
Shanghai, China). Then the tissue samples were adjusted 
the cell concentration to 2×106/mL after filtering through 
a 70 μm filter. The paraformaldehyde (4%, w/v) in PBS 
was used to fix cells and permeabilized with 0.1% saponin 
at room temperature, and finally added CD4, CD19 
antibodies to the samples in dark and then assessed with a 
flow cytometer (BD Biosciences, san Jose, CA, USA).

Enzyme-linked immunosorbent assay

Spinal cord tissue was dissected 1 cm of injured site at  
3 days following spinal cord contusion (n=6), placed in pre-
cooled PBS buffer, and homogenized. The supernatant 
was collected by centrifugation at 3,000 r/min for 20 min. 
Finally, the total protein of each sample was quantitated 
according to the instructions of the ELISA kits (Biyun 
Biotechnology, Shanghai, China).
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Locomotion recovery assessment

Basso Beattie Bresnahan (BBB) locomotion scale was 
assessed to evaluate the recovery of motor function 
depending on a scale 0–21 points with a total of 22 grades. 
Three tests were taken to obtain an average value for each 
rat. The testing was performed weekly until 4 weeks after 
SCI.

Evaluation of mechanical allodynia

All rats were assessed mechanical allodynia by Von Frey 
device after habituating 30 min. The lowest bending force 
at which the rat withdrew its paw was determined as the 
threshold of nociceptive. The threshold was recorded as an 
average of both hind paws.

Statistical analysis

Experimental data were analyzed using SPSS 20.0 software 
and expressed as the mean ± standard error of the mean. 
The statistical differences in protein expression between 
two groups were evaluated by Student’s unpaired t-test. For 
more than two group, statistical significance was determined 
with one-way analysis of variance (ANOVA) test followed 
by Bonferroni correction. A value of P<0.05 was considered 
statistically significant.

Results

Hierarchical clustering analysis of protein profiles after 
SCI treated by NTP and NM

Hierarchical clustering was conducted to clarify the 67 
proteins changed profiles after SCI, and then NTP and 
NM treatment. Each group has 6 rats and has no adverse 
events. As shown in Figure 1A,B,C, there were different 
changes after SCI and treatment by these 2 kinds of drugs, 
in addition, more protein changes occurred after NTP 
treatment than after NM treatment and those proteins were 
focused on increasing form. There were 15 upregulated and 
9 downregulated proteins after NTP treatment, while 10 
and 9 in the NM treatment group, respectively. We divided 
these 67 proteins into 3 clusters: High expression group 
(≥500 pg/mL), Middle expression group (50< expression 
≤500 pg/mL), and Low expression group (≤50 pg/mL) 
(Table 1). Among the 67 proteins, Low expression proteins 
predominated (n=31), High expression proteins ranked 
second (n=20), and Middle expression proteins number 

were the least common (n=16). The Low expression cluster 
had more changed proteins than the other 2 clusters after 
NTP or NM treatment (Figure 1D).

Protein expression patterns after SCI

We divided these changed proteins into 4 expression 
patterns with the changes after SCI and then treatment 
by NTP: Ns-Increase (NI pattern, 7 proteins, Figure 2),  
Decrease-Increase (DI pattern, 7 proteins, Figure 3), 
Increase-Increase (II pattern, 2 proteins, Figure 4), and 
Increase-Decrease (ID pattern, 9 proteins, Figure 5). 
Among the 4 patterns, NI, DI and II all belonged to the 
Increase group, which indicated increasing was the main 
trend of most proteins after NTP treatment. There were 
3 different patterns in the NM treatment: Ns-Increase 
(NI pattern, 5 proteins, Figure 6), Decrease-Increase (DI 
pattern, 5 proteins, Figure 7), and Increase-Decrease (ID 
pattern, 9 proteins, Figure 8). The changed proteins had a 
different trend in upward and downward regulation after 
NM treatment compared with the NTP treatment group.

DEPs after SCI treated with NTP and NM

Volcano-plot analysis was conducted to better demonstrate 
the DEPs after NTP and NM treatment (Figure 9). The 
proteins were taken into consideration when the FC was 
over 1 or less than −1. After NTP treatment, there were 
15 upregulated and 7 downregulated proteins. Hepatocyte 
growth factor (HGF), beta-nerve growth factor (β-NGF) 
and Activin A were the 3 most upregulated proteins, 
while the receptor for advanced glycation end products 
(RAGE), interleukin 1-alpha (IL-1α), and tumor necrosis 
factor-alpha (TNF-α) were the 3 most downregulated 
proteins. After NM treatment, there were 6 upregulated 
and 4 downregulated proteins. Adiponectin, Decorin, and 
cutaneous T-cell attracting chemokine (CTACK) were the 
3 most upregulated, while RAGE, IL-1α, and IL-1β were 
the 3 most downregulated proteins.

Key proteins analysis in acute phase of SCI treated by NTP 
and NM

To find out the key proteins that might play a pivotal role 
after NTP and NM treatment, the DEPs were shown 
in a Venn plot (Figure 10A). As shown in Figure 10B, 
Decorin, adiponectin, CTACK, HGF, β-NGF, and B7-2 
were all increased in the NTP and NM treatment groups, 



Annals of Translational Medicine, Vol 9, No 6 March 2021 Page 5 of 19

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(6):489 | http://dx.doi.org/10.21037/atm-21-649

and the expression of IL-1α, fractalkine, RAGE, IL-1β, 
LPS-induced CXC chemokine (LIX), TNF-a were all 
decreased in these 2 experimental groups. The only protein 
that was upregulated after NTP treatment while being 
downregulated in NM treatment group was TIMP-1.

Construction of a PPI network and Function Enrichment 
analysis in NTP treatment

To better clarify the biological processes of DEPs at 
different timepoints after SCI, PPI, Kyoto Encyclopedia 
of Genes and Genomes (KEGG), and GO enrichment 

Figure 1 Protein profiles after SCI and treated by NTP and NM. (A,B) Heat-map showing upregulated proteins (red) and downregulated 
proteins (green) between Sham, Injury, NTP, and NM groups. (C) The number of changed proteins in increase and decrease trends of NTP 
and NM group. (D) The number of changed proteins in high, middle, and low trend of NTP and NM group. SCI, spinal cord injury; NTP, 
neurotropin; NM, nafamostat mesylate.
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Table 1 The 3 clusters of the 67 proteins

Cluster Gene symbols

High Decorin, Notch-1, Neuropilin-2, Erythropoietin, Activin A, ICAM-1, Prolactin R, Notch-2, Nope, Adiponectin, Neuropilin-1, 
IL-1 ra, 4-1BB, CNTF, gp130, GFR alpha-1, IL-1 R6, CTACK, TCK-1, Galectin-1

Middle IL-1α, IL-7, CD48, Prolactin, FGF-BP, Gas 1, JAM-A, IL-6, Fractalkine, EphA5, IL-10, HGF, IL-22, PDGF-AA, Galectin-3, B7-1

Low VEGF, IL-4, RAGE, IFNg, TIM-1, RANTES, β-NGF, IL-13, IL-3, IL-1β, LIX, IL-17F, TIMP-2, L-Selectin, CINC-2, MCP-1, MIP-
1a, Flt-3L, IL-2 Ra, SCF, TWEAK R, CINC-3, TREM-1, IL-2, Extoxin, TIMP-1, CINC-1, p-Cadherin, B7-2, TNF-a, GM-CSF
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analyses were established. The interactions of DEPs were 
analyzed with STRING online database to determine PPI 
among nodes underlying SCI (Figure 11A). Then the hub 
genes which including MCP-1, IL-13 and HGF in PPIs 
were verified by western blot and these proteins showed 
the same expressing trends with the results of protein chip 
(Figure 11B,C). Response to stimulus, Positive regulation of 
cellular process, Regulation of signaling receptor activity, 
Regulation of cell population proliferation, Regulation of 
signal transduction, Regulation of multicellular organismal 
development, Positive regulation of cell population 
proliferation, Regulation of signaling receptor activity, 
and Positive regulation of protein phosphorylation were 
the 10 most common GO biological processes. Protein 
binding, Molecular function regulation, Regulation of 

signal transduction, Signal receptor binding, and Cytokine 
receptor binding were the 5 most enriched GO molecular 
functions. Cell, Cell part, and Extracellular region were the 
top 3 enriched GO cellular components (Figure 11D,E,F). 
As shown in Figure 11G, Cytokine-Cytokine receptor 
interaction, PI3K-Akt signaling pathway, Jak-STAT 
signaling pathway, TNF signaling pathway, IL-17 signaling 
pathway, and Apoptosis were the top 6 pathways.

Construction of a protein-protein-interaction (PPI) network 
and Function Enrichment analysis in NM treatment

The PPIs after NM treatment are shown in Figure 12A. 
Then the hub genes which including Fractalkine, timp-
1 and tck-1 in PPIs were verified by western blot and 

Figure 2 The proteins with a ns-increase pattern in NTP group. Protein expression analysis showed 7 proteins presented the ns-increase 
expression trend in NTP group. NTP, neurotropin. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001.
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these proteins showed the same expressing trends with the 
results of protein chip (Figure 12B,C). Different from NTP 
treatment, Response to chemical, Response to organic 
substance, Regulation of cell communication, Regulation 
of signaling, Regulation of response to stimulus, Positive 
regulation of cellular process, Regulation of localization, 
Cell surface receptor signaling pathway, Regulation 
of signaling receptor activity, and Cytokine-mediated 
signaling pathway were the 10 most common GO biological 
processes. Protein binding, molecular function regulation, 

signaling receptor binding, receptor ligand activity, and 
cytokine receptor binding were the 5 most enriched GO 
molecular functions. Extracellular region, Extracellular 
region part, and Extracellular space were the top 3 enriched 
GO cellular components (Figure 12D,E,F). As shown in 
Figure 12G, Chemokine signaling pathway, IL-17 signaling 
pathway, TNF signaling pathway, MAPK signaling pathway, 
NOD-like receptor signaling pathway, and Inflammatory 
mediator regulation of transient receptor potential (TRP) 
channels were the top 6 pathways.

Figure 3 The proteins with decrease-increase pattern in NTP group. Protein expression analysis showed 7 proteins presented the decrease-
increase expression trend in NTP group. NTP, neurotropin. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001.
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Infiltration of CD4+ T cells and CD19+ B cells into the 
spinal cord was decreased after NTP or NM treatment

SCI results in disruption of blood spinal cord barrier, 
number of lymphocytes in the center of SCI was detected 
by flow cytometric analysis which could reflect the 
activation of immune system after drug intervention. As 
is shown in Figure 13, the number of CD4+ T cells and 
CD19+ B cells were significantly reduced by NTP or NM 
treatment. Thus, these results demonstrate that there was 
less lymphocyte infiltration after NTP or NM treatment.

Expressions of key factors after NTP or NM treatment

The ELISA was performed to verify the key factors at  
3 days post-surgery. As shown in Figure 14, TNF-α 
and IL-1β were reduced while HGF and NGF were 
increased after NTP treatment. In contrast, only decreased 
expression of TNF-α and IL-1β could be observed in the 
NM treatment group. The results showed that NTP may 
influence the neurotrophic factors while NM could inhibit 
neuroinflammatory factors to modulate recovery from SCI.

Functional test and mechanical allodynia after SCI by 
NTP or NM

To detect the different efficacy of these 2 drugs in treating 
SCI, BBB score and withdrawal threshold were applicated 
from Day1 until 4 weeks after SCI. BBB score showed a 
significant difference between Injury group and NTP group or 
Injury group and NM group after 2 weeks post-injury, which 
indicated that both them could promote the recovery of motor 
function (Figure 15A). While only NTP treatment could 
improve mechanical pain threshold after SCI (Figure 15B).

Discussion

The internal regeneration ability of neurons (13) and the 
external inhibitory microenvironment were the two major 
factors leading to the failure of axonal regeneration in the 
CNS and the microenvironment imbalance which has tissue, 
cellular and molecular levels could be the biggest obstacle to 
recovery of SCI. No matter what level of microenvironment 
imbalance could aggravate nerve damage to varying 
degrees. Glia scars spatially hinder axon regeneration (14)  
while infiltration of large numbers of macrophages and 
microglia aggravate inflammation of the injury site (15),  
for example.  Balance of the microenvironment is 
destroyed in the wake of SCI, resulting in a series of 
pathophysiological changes, including the downregulation 
of beneficial factors and upregulation of harmful factors. 
Various cellular and hormonal inflammatory factors are 
related to the imbalanced microenvironment following 
SCI (16). It is known that endogenous microglia, T cells, 
astrocytes, and macrophages are involved in the main 
inflammatory response (17). Activation of the inflammatory 
mechanism of cells and hormones directly or indirectly 
affects cell necrosis, apoptosis, free radical production, 
and increased permeability of the blood-brain barrier 
(4,18,19). Cytokines secreted by immune cells, astrocytes, 
and microglia express within minutes following SCI (20). 
Cytokines can be classified into pro-inflammatory or anti-
inflammatory proteins involved in neuroinflammation, 
neuropathic pain and neurodegeneration. Neurons located 
in spinal cord secrete cytokines within 30 minutes after SCI, 
while microglia start express them after 5 hours, however 
the expression activity of both of them become weaker 
by the second day. In addition, astrocytes and epidermal 
cells could express TNFα and IL-6 either. A variety of 

Figure 4 The proteins with an increase-increase pattern in NTP group. Protein expression analysis showed 2 proteins presented the 
increase-increase expression trend in NTP group. NTP, neurotropin. *P<0.05, ***P<0.001.
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cytokines including TNF-α, IL-1, IL-6, GM-CSF, LIF, 
etc. participate in the imbalance and rebalance of the SCI 
microenvironment. It is of great significance to clarify the 
cytokine expression profile after SCI. Unlike PCR, ELISA, 
and western blotting, which can only detect one marker 
one time, cytokine array (21,22) is a sensitive, specific, 
small sample, and multi protein detection method (up to 
500 markers), which makes it an optimal choice to describe 
protein expression profiles after SCI.

The rebalance of the microenvironment is crucial to the 
repair process of SCI (23). Inhibiting the formation of glial 
scar and rebalance the microenvironment at the tissue level 
could remove the spatial obstacle to axon regeneration (24).  

As to the cellular level, the imbalance of the double-
edged sword function of macrophages can be regulated by 
inhibiting activation and promoting the protective effects 
of repairing SCI (25). Reducing the release of inflammatory 
factors and increasing the expression of neurotrophic factors, 
which can rebalance the molecular level microenvironment 
and promote the recovery of sensory and motor function (26).  
The drug NTP is a kind of multicomponent biological 
agent while NM is a chemical agent, which determines 
their own unique functions on microenvironment in SCI 
treatment. A non-protein extract isolated from inflamed 
rabbit skin inoculated with vaccinia virus, NTP is used to 
treat intractable neuropathic pain in clinical work (27,28). 

Figure 5 The proteins with -increase-decrease pattern in NTP group. Protein expression analysis showed 7 proteins presented the decrease-
increase expression trend in NTP group. NTP, neurotropin. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001.
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Analysis of its components showed that NTP was composed 
of more than 300 small molecular compounds and some of 
them have been showed neurotrophic effect, such as GABA, 
carnosine and adenosine. Previous research has reported 
that NTP could reduce neuroinflammation and improve 
cognitive dysfunction through brain derived neurotrophic 
factor/nuclear factor kappa light chain enhance of B 
cells (BDNF/NF-κB) pathway (9,29,30). Moreover, 
NTP had a protective effect on ischemic stroke (31),  
promoted demyelination of demyelinating disease (32), 
and reduced muscular mechanical hyperalgesia (33). 
Treatment with NTP significantly increased the expression 
of BDNF and inhibition of BDNF receptors could abolish 
this effect (9). These studies showed that NTP could 
inhibit neuroinflammation and play a neuroprotective role 
in neurodegenerative diseases which respond to its rich 
ingredients. Our previous study found that NTP could 
promote the functional repair of SCI. Treatment with NTP 
could protect spinal cord tissue, reduce glial proliferation 
and apoptosis, up regulate neurotrophic factor, and down 
regulate pro-inflammatory cytokines after SCI. NM, an 
inhibitor of synthetic serine protease, has been used in 
treating acute pancreatitis, continuous renal replacement 
therapy and disseminated intravascular coagulation (34-36).  
Research showed that thrombin could to upregulate 

proinflammatory cytokines from activating astrocytes and 
microglia (37), while NM was effective in repairing cerebral 
ischemia through inhibiting thrombin activation (38). Our 
previous studies have shown that NM could attenuate 
aggregation of microglia/macrophages, expressions of 
thrombin, and pro-inflammatory cytokines after SCI. 
Application of NM promoted the functional recovery of rats 
with SCI by inhibiting neuroinflammation and apoptosis. 
However, the molecular mechanisms of NTP and NM are 
not completely clear.

The present study demonstrated that NTP treatment 
improved the expressions of HGF, β-NGF, and activin A, 
which belonged to neuroprotective factors. Among them, 
HGF is one of the neurotrophic growth factors and has 
been listed as a candidate medicine for SCI treatment. 
The significant effect of HGF on nerve regeneration is 
related to its anti-inflammatory and anti-fibrosis properties 
(39,40). In addition, HGF has a positive effect on the 
differentiation of transplanted stem cells into neurons (41).  
Mature NGF has a neuroprotective effect, which can 
affect the neural response to injury on cell types displaying 
NGF receptors, such as nociceptive sensory neurons, α 
motor neurons, and Schwann cells in the CNS (42,43). 
Preclinical studies have shown that the introduction of 
NGF-specific antagonists in mice has neuroprotective 

Figure 6 The proteins with a ns-increase pattern in NM group. Protein expression analysis showed 5 proteins presented the ns-increase 
expression trend in NM group. NM, nafamostat mesylate. *P<0.05, **P<0.01, ***P<0.001.
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effects and NGF antagonists also showed positive results 
after SCI or amyotrophic lateral sclerosis (44). A previous 
study investigated the effect of activin A, a member of 
transforming growth factor B ultrasonic family, on healing 
fibular fracture (45). Moreover, activin A has a neurotrophic 
function in repairing brain injury (46,47). Compared with 
the NTP group, adiponectin, Decorin, and CTACK levels 
were up-regulated after NM treatment. Adiponectin, 
induced by homologous receptor, could inhibit glucose 
production in liver, enhance fatty acid oxidation in skeletal 
muscle, and promote beneficial metabolism of whole-body 
energy homeostasis. In addition to its role in metabolism, 
adiponectin could reduce inflammation through receptor 
dependent mechanisms (48). Decorin plays a discrete role 
in the signal transduction pathway of fetal membrane in 
inflammation, leading to changes in the expression of matrix 
metalloproteinase-8 (MMP-8) and collagen α 1 VI, which 
are the roles of the extracellular matrix of fetal membrane 
in the pathophysiology of preterm premature rupture of 
fetal membranes (49). The chemokine CTACK may be 
involved in the basic transport of T cells during normal 
immune monitoring. However, CTACK can be enhanced 
by pro-inflammatory cytokines TNF-α  and IL-1β ,  
which together with the significant up-regulation of vascular 

E-selectin, may recruit memory T cells into the skin during 
the process of cutaneous inflammation (50). Besides, RAGE, 
IL-1α, and TNF-α, participating in pro-inflammation 
after SCI, were the 3most downregulated proteins 
after NTP treatment, while RAGE, IL-1α, and IL-1β  
were downregulated proteins in the NM group. Several 
studies showed that RAGE is a major cellular binding site 
for HMGB1, which acts as a pattern recognition receptor 
and participates in improving inflammation, oxidative stress, 
and neurodegeneration in SCI (51,52). The cytokines IL-1α,  
IL-1β, and TNF-α were typical inflammatory factors 
aggravating the secondary injury of SCI. Above all, NTP 
showed its neuroprotective and anti-inflammation effects 
for recovery from SCI, while NM treated SCI only through 
inhibiting inflammation.

In this study, we found that the PI3K-Akt and JAK-
STAT signaling pathways might participate in the treatment 
of SCI by NTP. Compared with the NTP group, MAPK 
and NOD-like receptor signaling pathways might have 
an important role in the process of NM repairing SCI. 
As previously demonstrated, the PI3K-Akt pathway, 
involved in the repair of SCI, plays an important role 
in the proliferation, development, differentiation, axon 
regeneration, myelination, apoptosis, and synaptic plasticity 

Figure 7 The proteins with decrease-increase pattern in NM group. Protein expression analysis showed 5 proteins presented the decrease-
increase expression trend in NM group. NM, nafamostat mesylate. *P<0.05, **P<0.01, ***P<0.001.
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Figure 8 The proteins with -increase-decrease pattern in NM group. Protein expression analysis showed 7 proteins presented the decrease-
increase expression trend in NTP group. NTP, neurotropin. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001.

Figure 9 Volcano-plot analysis showed DEPs in NTP (Left) and NM (Right) groups. Volcano-plot analysis showed upregulated genes (red) 
and downregulated genes (green) between injury and NTP or NM groups. The X-axis was the logFC, and the 2 dotted lines at X-axis were 
at X=1 and X=−1, (presented upregulating 2 fold and downregulating 2 fold, respectively). The Y-axis was –log10P value, and the dotted line 
at Y-axis was at Y=1.30103 (presented P=0.05). The upper right red dots presented DEPs FC>1 and P<0.05, and the upper left green dots 
presented DEPs FC < -1 and P<0.05. DEPs, differentially expressed proteins; NTP, neurotropin; NM, nafamostat mesylate; FC, fold change.
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Figure 11 The PPIs, KEGG and GO enrichment analyses of the DEPs in NTP group. PPIs, protein-protein interactions; KEGG, Kyoto 
Encyclopedia of Genes and Genomes; GO, Gene Ontology; DEPs, differentially expressed proteins; NTP, neurotropin. *P<0.05, **P<0.01, 
***P<0.001.
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of nerve cells (53-55). The JAK-STAT, MAPK, and NOD-
like receptor signaling pathways are usually involved in 
inflammatory reactions (56-58). The functions of NTP 
(neuroprotection and anti-inflammation), and NM (resisting 
inflammation), in the treatment of SCI have been shown 
again through pathway analysis.

The immune system is a major contributor to the 
pathogenesis of spinal cord injury. T and B lymphocytes 
that respond to the same antigen migrate to the spinal cord 
injury site, resulting in a multifaceted adaptive immune 
response (59). Lymphocyte’s infiltration occurred in the first 
week after SCI and maintained for a long time. In genetic 
mice which lack T-cells could find functional and tissue 
improvement and B-cell knockout mice have improved 

BMS scores associated with decreased lesion following 
SCI (60). This observation may be due to an enhanced 
regenerative response in the absence of lymphocytes, or 
a reduction in immune-mediated tissue injury when T- 
and B-cells are removed. In this study, we found that the 
number of T cells and B cells were significantly reduced 
by NTP or NM treatment which demonstrated that they 
hindered lymphocyte infiltration following SCI.

One of the most common and distressing symptoms 
suffered by patients with SCI is chronic neuropathic 
pain (61). Neuropathic pain can occur weeks, months, or 
years after the trauma, being one of the most significant 
complications where conventional treatments are mostly 
ineffective (62). Although BBB score showed that both 

Figure 12 The PPIs, KEGG and GO enrichment analyses of the DEPs in NM group. PPIs, protein-protein interactions; KEGG, Kyoto 
Encyclopedia of Genes and Genomes; GO, Gene Ontology; DEPs, differentially expressed proteins; NM, nafamostat mesylate. *P<0.05, 
**P<0.01, ***P<0.001.
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NTP and NM could significantly improve motor function 
while only NTP could improve the pathological neuralgia 
after SCI which indicating that NTP may be better for the 
treatment of SCI.

The present study demonstrated that regulation 
of the microenvironment by NTP relied on both its 
neuroprotective effect and inhibition of inflammation 
to repair SCI, and the PI3K-Akt, JAK-STAT signaling 
pathways and apoptosis might also participate in NTP 
treating SCI. The restoration of SCI with NM was via its 
antiinflammation effect, and the MAPK and NOD-like 
receptor signaling pathways might have an important role 
in the process of NM repairing SCI. Both NTP and NM 

Figure 13 The number of lymphocytes in the center of SCI. 
*P<0.05, **P<0.01, ***P<0.001.

Figure 14 Expressions of TNF-α, IL-1β, HGF, and NGF after NTP or NM treatment by ELISA. TNF-α, tumor necrosis factor-alpha; IL-
1β, interleukin 1 beta; HGF, hepatocyte growth factor; NGF, nerve growth factor; NTP, neurotropin; NM, nafamostat mesylate. *P<0.05, 
**P<0.01, ***P<0.001, ****P<0.0001.
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could down-regulate the activation of immune system and 
improve the functional recovery while only NTP could 
improve the pathological neuralgia after SCI. As NTP 
and NM has been used in clinical work, understanding 
the effectiveness and mechanism will accelerate its clinical 
transformation in treating SCI.

Conclusions

The microenvironment was regulated by NTP via 
neuroprotection and inhibition of inflammation to repair 
SCI, and the PI3K-Akt and JAK-STAT signaling pathways 
might participate in NTP treating SCI. The restoration of 
SCI by NM was through an antiinflammation effect, and 
the MAPK and NOD-like receptor signaling pathways 
might have important roles in the process of NM repairing 
SCI. This paper determined the molecular mechanisms 
of these 2 clinical drugs, which revealed their promise for 
translation as an effective therapy for SCI.
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