
www.nrronline.org

1165

NEURAL REGENERATION RESEARCH 
July 2016,Volume 11,Issue 7

RESEARCH ARTICLE

Differential temporal expression of matrix 
metalloproteinases following sciatic nerve crush

*Correspondence to:
Sheng Yi, Ph.D., 
syi@ntu.edu.cn.

#These authors contributed 
equally to this study.

orcid: 
0000-0003-1316-3370 
(Sheng Yi)

doi: 10.4103/1673-5374.187059

Accepted: 2016-05-18

Jing Qin#, Guang-bin Zha#, Jun Yu, Hong-hong Zhang, Sheng Yi*

Jiangsu Key Laboratory of Neuroregeneration, Co-innovation Center of Neuroregeneration, Nantong University, Nantong, Jiangsu Province, China
  

How to cite this article: Qin J, Zha GB, Yu J, Zhang HH, Yi S (2016) Differential temporal expression of matrix metalloproteinases following 
sciatic nerve crush. Neural Regen Res 11(7):1165-1171.

Funding: This study was supported by the Natural Science Foundation of Jiangsu Province of China, No. BK20150409; the Natural Science 
Foundation of Jiangsu Higher Education Institutions of China, No. 15KJB180013; the Scientific Research Foundation of Nantong University in 
China, No. 14R29; the Natural Science Foundation of Nantong City in China, No. MS12015043; the Priority Academic Program Development 
of Jiangsu Higher Education Institutions in China.

Abstract
We previously performed transcriptome sequencing and found that genes for matrix metalloproteinases (MMPs), such as MMP7 and 12, 
seem to be highly upregulated following peripheral nerve injury, and may be involved in nerve repair. In the present study, we systemat-
ically determined the expression levels of MMPs and their regulators at 1, 4, 7 and 14 days after sciatic nerve crush injury. The number 
of differentially expressed genes was elevated at 4 and 7 days after injury, but decreased at 14 days after injury. Among the differentially 
expressed genes, those most up-regulated showed fold changes of more than 214, while those most down-regulated exhibited fold changes 
of more than 2−10. Gene sequencing showed that, at all time points after injury, a variety of MMP genes in the “Inhibition of MMPs” path-
way were up-regulated, and their inhibitor genes were down-regulated. Expression of key up- and down-regulated genes was verified by 
quantitative real-time polymerase chain reaction analysis and found to be consistent with transcriptome sequencing. These results suggest 
that MMP-related genes are strongly involved in the process of peripheral nerve regeneration.

Key Words: nerve regeneration; peripheral nerve injury; sciatic nerve crush; transcriptome sequencing; bioinformatic analysis; canonical pathway; 
extracellular matrix; matrix metalloproteinase; tissue inhibitors of metalloproteinase; disintegrin; repair; neural regeneration

Graphical Abstract

Differential temporal expression of matrix metalloproteinases following sciatic nerve crush

Introduction
Peripheral nerve injury is a common clinical problem that 
greatly compromises a patient’s quality of life, and much 
emerging research is focused on the underlying mechanisms. 

Peripheral nerve injury leads to the damage of axons and 
surrounding connective tissues, and may ultimately lead to 
the death of axotomized neurons (Wu and Murashov, 2013). 
Following injury, the distal stump of the damaged nerve 
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undergoes Wallerian degeneration. Injured axons degener-
ate and then regenerate, and Schwann cells dedifferentiate, 
proliferate and migrate to form bands of Büngner (Gaudet 
et al., 2011; Chen et al., 2015). Meanwhile, Schwann cells ac-
tively produce neurotrophic factors and deposit extracellular 
matrix (ECM) to stimulate axon regeneration and facilitate 
the directed extension of regenerating axons (Frostick et al., 
1998; Gu et al., 2014; Namgung, 2014). 

The ECM is a dynamic and complex network of extracellular 
molecules and provides physical and biochemical support to 
its surrounding cells. During peripheral nerve regeneration, 
the ECM secretes biological cues to effect a neuronal cellular 
response and axonal growth, creates a permissive microenvi-
ronment for nerve regeneration, and thus promotes the regen-
eration of injured nerves (Dubovy, 2004; Chen et al., 2007). 

The dynamic remodeling of the ECM is normally regulated 
by matrix metalloproteinases (MMPs) (Ravanti and Kaha-
ri, 2000; Steffensen et al., 2001). MMPs are a large family of 
zinc-containing endopeptidases and can be grouped into 
collagenases (MMP1, 8, 13, and 18 in Xenopus), gelatinases 
(MMP2 and 9), stromelysins (MMP3, 10, and 11), matrilysins 
(MMP7 and 26), membrane-type MMPs (MMP14, 15, 16, 17, 
24, and 25), and enamelysin (MMP20) (Nagase et al., 2006). 
These proteolytic enzymes are critical in a variety of processes 
associated with tissue remodeling such as morphogenesis, 
angiogenesis, cirrhosis, arthritis, metastasis, and tissue repair. 
MMPs have been implicated in neural development and nu-
merous neurological diseases (Crocker et al., 2004; Agrawal et 
al., 2008; De Groef et al., 2014). However, whether MMPs are 
involved in the biological process of peripheral nerve regener-
ation remains unknown.

In the study of the mechanisms underlying peripheral 
nerve regeneration, especially the involvement of MMPs, 
the rat sciatic nerve crush model is now used to identify the 
expression patterns of MMP-related genes following periph-
eral nerve injury. We previously performed transcriptome 
sequencing to screen out differentially expressed genes in the 
injured sciatic nerve at different time points, analyzed the 
top enriched diseases and functions and canonical signaling 
pathways, and obtained the global transcriptional landscape 
of rat sciatic nerve crush (Yi et al., 2015). 

Since MMPs are critical in tissue remodeling, in the pres-
ent study, using data from transcriptome sequencing, we 
analyze the expression levels of MMPs and their regulators.

Materials and Methods
Animals
Thirty adult male Sprague-Dawley rats, weighing 180–220 
g, were obtained from the Experimental Animal Center of 
Nantong University, China (animal license numbers SCXK 
(Su) 2014-0001 and SYXK (Su) 2012-0031). Animal proce-
dures were performed in accordance with the Institutional 
Animal Care Guideline of Nantong University and were eth-
ically approved by the Administration Committee of Experi-
mental Animals, Jiangsu Province, China. 

Establishing rat models of sciatic nerve crush
The rats were randomized equally into five groups: 1, 4, 7, 

and 14 days after sciatic nerve crush and the uninjured rats 
(control group). The animals were anesthetized intraperi-
toneally with a mixture of 85 mg/kg trichloroacetaldehyde 
monohydrate, 42 mg/kg magnesium sulfate, and 17 mg/kg 
sodium pentobarbital, and underwent left sciatic nerve crush 
surgery as described previously (Yi et al., 2015). In brief, a 
skin incision was made on the lateral aspect of the mid-thigh 
of the left hindlimb, and the sciatic nerve was crushed with 
forceps three times with a force of 54 N (10 seconds each 
time). The muscle and skin were then sutured. Rats were 
sacrificed by cervical dislocation at the allocated time after 
surgery. 

RNA extraction and transcriptome sequencing
Sciatic nerve segments (5 mm in length) were harvest-
ed from the crush site and total RNA was extracted using 
TRIzol (Life Technologies, Carlsbad, CA, USA) according to 
the manufacturer’s instructions. The quality of purified RNA 
samples was evaluated using an Agilent Bioanalyzer 2100 
(Agilent Technologies, Santa Clara, CA, USA). RNA concen-
tration was measured using a NanoDrop ND-1000 spectro-
photometer (Infinigen Biotechnology Inc., City of Industry, 
CA, USA). 

Transcriptome sequencing was performed as described 
previously (Yi et al., 2015). Briefly, mRNA was isolated from 
total RNA using magnetic beads with Oligo(dT) and then 
cut into short fragments. These mRNA fragments were used 
as templates to synthesize cDNA. cDNA fragments of suit-
able sizes were selected, purified, and amplified. The ampli-
fied library was sequenced using Illumina HiSeq™ 2000 to 
produce raw reads, which were subjected to quality control 
to obtain clean reads. Filtered clean reads were then aligned 
to the reference genome using SOAPaligner/SOAP2. The 
alignment data were then used to detect gene expression and 
perform downstream bioinformatic analysis. 

Bioinformatic analysis
Transcriptome sequencing data were normalized using the 
reads per kilobase transcriptome per million mapped reads 
method (Mortazavi et al., 2008) and then used for indepen-
dent comparisons. The fold change of the target gene was 
calculated by comparing its expression at a specific time 
point following sciatic nerve crush to the control group. 
mRNAs with a false discovery rate ≤ 0.001 and a fold change 
≥ 2 (log2 ratio ≥ 1) were identified as differentially expressed 
genes. Online Ingenuity pathway analysis software (Ingenuity 
Systems, Redwood City, CA, USA) was used to investigate the 
differentially expressed genes at 1, 4, 7, and 14 days after sci-
atic nerve crush. The canonical signaling pathway “Inhibition 
of MMPs” was analyzed according to the Ingenuity Pathways 
Knowledge Base. The observation index is the expression of 
the target gene at each time point, relative to (divided by) its 
expression in the control group.

Quantitative real-time polymerase chain reaction 
(qRT-PCR) 
RNA samples were reverse-transcribed to cDNA using the 
Prime-Script reagent Kit (TaKaRa, Dalian, China). qRT-PCR 
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was performed using SYBR Green Premix Ex Taq (TaKaRa) 
on a StepOne Real-Time PCR System (Applied Biosystems, 
Foster City, CA, USA) in triplicate for each sample. The ther-
mocycler program was as follows: 5 minutes at 95°C; 40 cycles 
of 30 seconds at 95°C, 45 seconds at Tanneal, and 30 seconds 
at 72°C; and 5 minutes at 72°C. The expression level of each 
mRNA was calculated as described previously (Yi et al., 2015). 
Relative expression level was calculated using the comparative 
2−∆∆Ct method with GAPDH as the reference gene. Primer 
sequences are listed in Table 1. Expression level of the target 
gene relative to GAPDH was calculated by dividing the Ct val-
ue of the target gene by that of GAPDH at each time point.

Statistical analysis
Statistical analysis was performed as described previously (Yi 
et al., 2015). Statistical analysis was performed using SPSS 
15.0 software (SPSS, Chicago, IL, USA). In brief, experimen-
tal outcomes were expressed as the mean ± SEM for para-
metric data. Groups were compared using one-way analysis 
of variance and the least significant difference test. P < 0.05 
was considered statistically significant.

Results
Top differentially expressed genes following sciatic nerve 
crush 
Transcriptome sequencing demonstrated that a very large 
number of genes showed differential expression patterns at 
1, 4, 7, and 14 days after sciatic nerve crush compared with 
control group (Yi et al., 2015). The number of differential-
ly expressed genes increased slightly at 4 and 7 days, but 
dropped significantly at 14 days. Furthermore, most of the 
differentially expressed genes were up-regulated, suggesting 
that many genes were activated in response to sciatic nerve 
crush (Figure 1).

Among these differentially expressed genes, the most 

Table 1 Primer pairs for quantitative real-time polymerase chain 
reaction

Gene Sequence (5′–3′)

MMP7 Forward: CAG GAA GCC GGA GAA GTG AC
Reverse: TCT CCG GCA AAC CGA AGA AC

MMP12 Forward: CTC CCA TGA ACG AGA GCG AA
Reverse: AGT TGA GGT GTC CAG TTG CC

MMP19 Forward: GCT GGC CTT CTT ACT TCC TGT
Reverse: ACA ACG GGG CTG CTT CAT AC

ADAM17 Forward: ACC AGC TGA GCA TCA ACA CT
Reverse: GGG AAC GGC TTG ATA ATG CG

MMP28 Forward: CGT CTT CAA AGG GAG CCA CT
Reverse: ACC AGC TGA GCA TCA ACA CT

TIMP1 Forward: CGC TAG AGC AGA TAC CAC GA
Reverse: AGC GTC GAA TCC TTT GAG CA

MMP: Matrix metal loproteinase; ADAM: a disintegrin and 
metalloproteinase with thrombospondin motifs; TIMP: tissue 
inhibitors of metalloproteinase. 

Table 2 Top 20 differentially expressed mRNAs 

mRNA

Time after injury (day)

1 4 7 14

Up-regulated CCL12 CD8B CD8B ATP6V0D2

Hmga2 Hmga2 CCL12 MMP12

CD8B CCL12 MMP12 CD8B

CXCL5 REN ATP6V0D2 KRT75

CXCL2 MMP7 REN CCL12

Nppb CELA1 Hmga2 MMP7

DSG3 CCL17 CCL17 CELA1

FCAR Calcb Ins1 REN

CXCL3 MMP12 CELA1 XCL1

MYOG DSG3 MMP7 GZMB

Down-regulated TNMD NTSR1 KRT5 CYP2B1

STE2 CYP2B1 CYP2C22 CYP1A1

TMEM40 Prss32 HPSE2 MRGPRG

NOTUM Lao1 C4BPA CKMT2

CYP2C70 KCNK16 FRMPD4 HIF3A

GDF7 HIF3A HIF3A ALOX15B

OPN4 ADRB3 OXTR NKX6-2

Mill1 OPRK1 FAM163B SHISA6

ADH1 MRGPRG ADH1 AVPR1B

PCK1 MARCELD3 FMO2 KRT72

The 10 most up-regulated and 10 most down-regulated (greatest fold 
change) mRNAs.

Table 3 Expression of genes (log2 ratio) involved in “Inhibition of 
MMPs” pathway at 1, 4, 7, and 14 days following sciatic nerve crush 

Gene

Time after injury (day)

1 4 7 14

ADAM17 1.04 1.51 1.97 1.51

SDC1 2.99 2.79 2.02 1.84

MMP3 8.54 4.46 6.13 5.12

MMP28 –1.22 –1.74 –1.23 –0.94

RECK –1.44 –1.43 –1.12 –0.86

MMP16 –1.74 –0.84 0.03 0.03

MMP15 –1.75 –1.72 –0.73 –0.60

MMP13 4.03 2.07 4.05 1.78

RFPI2 1.40 0.85 0.71 0.26

MMP24 –1.06 –1.15 –0.93 –1.12

MMP27 –4.38 –7.53 –2.95 –0.86

TIMP4 –2.53 –2.83 –1.45 –0.91

MMP23 –1.53 –0.41 –0.13 –0.38

TIMP1 3.09 1.66 1.01 0.08

MMP8 6.26 8.58 9.70 9.25

THBS2 1.59 2.89 2.88 2.33

MMP12 6.34 10.98 11.56 13.18

A2M 1.53 1.39 1.48 0.49

MMP9 7.19 6.22 7.20 7.38

TIMP2 –1.21 –0.65 –0.43 –0.36

MMP19 1.48 1.74 1.15 0.97

TIMP3 –0.49 –1.67 –1.11 –0.92

MMP7 5.27 11.81 10.32 11.43

MMP11 –0.38 1.33 1.72 1.55

MMP17 0.10 1.39 1.91 1.22

MMP2 –0.57 0.45 1.06 1.30

MMP: Matrix metal loproteinase; ADAM: a disintegrin and 
metalloproteinase with thrombospondin motifs; TIMP: tissue 
inhibitors of metalloproteinase. 
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up-regulated genes showed fold changes of more than 214 
(log2 ratio > 14), whereas those most down-regulated showed 
fold changes of more than 2−10 (log2 ratio < −10). The top 10 
up- and down-regulated mRNAs are listed in Table 2. 

Among the top up-regulated mRNAs, several protein-
ase-coding genes, including MMP7 and 12, and chymo-
trypsin-like elastase family member 1 (CELA1), attracted 
our attention. Transcriptome sequencing data revealed that 
MMP7 and 12 were not only highly up-regulated at certain 
time points, but were continuously highly expressed during 
peripheral nerve regeneration. Compared with control group, 
MMP7 was up-regulated to 25.27 fold 1 day after injury, 
211.81 fold at 4 days, 210.32 fold at 7 days, and 211.43 fold 
at 14 days. Expression levels of MMP12 were also markedly 
increased at all time points following nerve crush, reaching 
26.34 fold at 1 day, 210.98 fold at 4 days, 211.56 fold at 7 days, 
and 213.18 fold at 14 days (Figure 2, Table 3). These tran-
scriptome sequencing outcomes suggested that MMPs may 
play central roles during peripheral nerve regeneration.

“Inhibition of MMPs” pathway analysis
To elucidate the involvement of MMPs in the peripheral 

nerve regeneration process, we examined the canonical 
pathway associated with MMP-related genes. The canonical 
“Inhibition of MMPs” pathway describes the cellular move-
ment and organismal growth and development controlled 
by MMPs and their regulators. We therefore chose to study 
this specific canonical pathway in detail. 

MMPs can be regulated by gene transcription, activation 
of the latent enzyme, and inactivation by specific inhibitors 
such as tissue inhibitors of metalloproteinases (TIMPs). 
Differentially expressed or activated MMPs affect proteo-
lytic degradation or activation at the cell surface and in the 
ECM, influence the components as well as dynamics of the 
ECM, modulate cell-cell and cell-ECM interactions, and 
thus regulate cellular growth, organismal development, 
wound repair, and tissue remodeling (Daley et al., 2008; 
Bosse, 2012). In addition to MMPs, the degradation of ECM 

Figure 1 Number of differentially expressed genes after sciatic nerve 
crush. 
Number of up- and down-regulated genes at each time point examined 
following sciatic nerve crush. 

Figure 3 Schematic of “Inhibition of MMPs” pathway. 
TIMPs inhibit membrane-type MMPs, extracellular MMPs, and AD-
AMs, and thus mediate the dynamic remodeling of ECM. TIMP: Tissue 
inhibitors of metalloproteinase; MMPs: matrix metalloproteinases; 
ADAM: a disintegrin and metalloproteinase with thrombospondin mo-
tifs; ECM: extracellular matrix. 

Figure 5 Heatmap and hierarchical clustering of genes involved in 
“Inhibition of MMPs” pathway.
Gene expression levels are indicated by the color bar above the heatmap 
(red, up-regulated; green, down-regulated) compared to day 0 (control). 
MMP: Matrix metalloproteinase; ADAM: a disintegrin and metallopro-
teinase with thrombospondin motifs; TIMP: tissue inhibitors of metal-
loproteinase; d: day(s).

Figure 2 Upregulation of MMP7 and MMP12 mRNA expression
following sciatic nerve injury. 
Relative amounts of MMP7 and MMP12 mRNA at 1, 4, 7, and 14 days 
after sciatic nerve crush. MMP: Matrix metalloproteinase.
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Figure 6 Quantitative real-time polymerase chain reaction analysis of MMP-related genes in the sciatic nerve at 0, 1, 4, 7, and 14 days following 
injury. 
The relative expression of each mRNA was calculated using comparative Ct with GAPDH as the reference gene. *P < 0.05, **P < 0.01, ***P < 0.0001, 
vs. control group (uninjured rats). Data are summarized from 3–4 paired experiments and values are shown as the mean ± SEM (one-way anal-
ysis of variance and the least significant difference test). GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; MMP: matrix metalloproteinase; 
ADAM: a disintegrin and metalloproteinase with thrombospondin motifs; TIMP: tissue inhibitors of metalloproteinase. 

Figure 4 Schematic of “Inhibition of 
MMPs” signaling pathway at 1, 4, 7, and 
14 days after nerve crush injury. 
Differentially expressed genes are shown 
in red (up-regulated) and green (down-
regulated). Stronger colors represent 
higher fold changes. MMP: Matrix 
metalloproteinase; ADAM: a disintegrin 
and metalloproteinase with thrombos-
pondin motifs; TIMP: tissue inhibitors of 
metalloproteinase.

is also regulated by a disintegrin and metalloproteinase with 
thrombospondin motifs (ADAM) family member proteins, 
including ADAM10, 12, and 17 (Lu et al., 2011). 

Analysis of the top enriched canonical pathways according 

to the Ingenuity Pathways Knowledge Base suggested that the 
“Inhibition of MMPs” pathway still ranked highly following 
sciatic nerve crush. It had P values of 10−5.13, 10−4.61, 10−6.91, 
and 10−3.04 at 1, 4, 7, and 14 days post-injury, and affected 
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21, 20, 20, and 12 differentially expressed genes involved in 
the pathway. As the schematic network of the “Inhibition 
of MMPs” pathway shows (Figures 3, 4), mRNA expression 
of MMPs and ADAMs was altered at different time points 
following nerve crush, thus affecting cell-cell and cell-ECM 
interactions. 

A global genome heatmap with hierarchical cluster anal-
ysis was also performed to illustrate the expression of those 
genes involved in the “Inhibition of MMPs” pathway (Figure 
5). Many MMPs, including MMP2, 3, 7, 8, 9, 11, 12, 13, 17, 
and 19, were up-regulated following peripheral nerve injury, 
while some, such as MMP15, 16, 24, 23B, 27, and 28 were 
down-regulated. The expressions of the inhibitors of MMPs 
followed the same pattern, in that that some inhibitors, such 
as TIMP2, 3, and 4, were down-regulated, whereas inhibitor 
TIMP1 was up-regulated following peripheral nerve injury. A 
full list of differentially expressed genes in the “Inhibition of 
MMPs” pathway is provided in Table 3. 

Validation of the expression levels of MMP-related mRNAs
To validate the reliability of outcomes from transcriptome 
sequencing, the expression patterns of several key molecules 
involved in the “Inhibition of MMPs” pathway were selected 
for qRT-PCR examination. Consistent with sequencing data, 
outcomes from qRT-PCR showed that, compared with con-
trol group, MMP7 was notably up-regulated at 1 day after 
nerve crush, and further up-regulated at 4, 7, and 14 days 
(Figure 6A). Elevated expression of MMP12 at 4, 7, and 14 
days post-injury was also observed (Figure 6B). No com-
parison of MMP12 expression to the control was made due 
to non-efficient amplification of MMP12 in the uninjured 
samples (Ct value was not defined). This is in accordance 
with the long reads per kilobase transcriptome per million 
mapped reads of MMP12 in the uninjured samples in tran-
scriptome sequencing. Expression of MMP19 and ADAM-
17 was also measured; consistent with the sequencing data, 
expression of both was significantly elevated (Figure 6C, D). 

In addition to those genes revealed by sequencing data to 
be upregulated, we also measured the amount of MMP28, 
a proteolytic peptidase, that was down-regulated according 
to sequencing data. qRT-PCR results showed that MMP28 
expression decreased following nerve crush, reaching a valley 
at 4 days, and increasing slightly thereafter, but not reaching 
the expression level in the control group (Figure 5E). This 
down-regulation of MMP28 might be correlated with in-
creased TIMP1 expression (Figure 6F). 

Discussion
In the present study, we examined the molecular changes of 
genes involved in the “Inhibition of MMPs” canonical pathway 
in the sciatic nerve at 1, 4, 7, and 14 days following sciatic nerve 
crush. Deep sequencing revealed that a number of genes were 
up-regulated after nerve crush injury. Of these, cytokines and 
chemokines were two important classes, including chemok-
ines (C-C motif) ligand 12 (CCL12) and ligand 17 (CCL17); 
chemokines (C-X-C motif ) ligand 5 (CXCL5), ligand 2 
(CXCL2), and ligand 3 (CXCL3); and chemokine (C motif) 
ligand 1 (XCL1). Other up-regulated mRNAs were related to 

the immune response and include the CD8b molecule (CD8B), 
Fc fragment of IgA receptor (FCAR), and granzyme B (gran-
zyme 2, cytotoxic T-lymphocyte-associated serine esterase 1) 
(GZMB). These observations were consistent with the current 
understanding of the process of peripheral nerve regeneration 
that Schwann cells secrete cytokines and chemokines to pro-
mote the clearance of axonal and myelin debris and to stimu-
late axonal regrowth (Bosse, 2012; Dubovy et al., 2013). These 
observations were also in accordance with our previous finding 
that inflammatory and immune response-related functions 
are the top enriched biological functions following peripheral 
nerve regeneration (Yi et al., 2015).

In addition to the above genes, mRNA levels of MMPs, 
ADAMs, and other genes related to ECM degradation were 
also differentially expressed after peripheral nerve crush 
injury. These genes might modulate the component and dy-
namics of ECM, influence the intracellular interactions and 
the interactions between cell and ECM, and thus affect the 
process of peripheral nerve regeneration. Accordingly, these 
genes became the focus of the present study. 

MMP-related genes influence cell differentiation, migra-
tion, proliferation, and survival, and thus influence a variety 
of tissues and organs, including the nervous system (George 
and Dwivedi, 2004; Kim and Joh, 2012; Apte and Parks, 2015). 
The essential roles of MMPs following ischemia/reperfusion 
have been studied extensively (Dejonckheere et al., 2011; Pal-
ladini et al., 2015). Following cerebral ischemia, MMPs are 
activated and subsequently degrade the ECM and disrupt the 
blood-brain barrier, leading to hemorrhagic damage, infil-
tration of inflammatory cells at the infarct site, and neuronal 
death (Candelario-Jalil et al., 2009; Jin et al., 2010). It has been 
demonstrated that elevated intranuclear MMP2 and 9 disrupt 
tight junctions, decrease the activation of poly (ADP-ribose) 
polymerase, degrade nuclear DNA repair proteins, and medi-
ate neuronal apoptosis (Yang et al., 2007; Hill et al., 2012). It 
has also been shown that MMP3 knockout mice with bilateral 
carotid artery occlusion have fewer microglial cells and less 
neuronal death compared with wild-type mice, suggesting that 
MMP-3 inhibitors can be used to delay inflammation and re-
duce hippocampal neuronal death following ischemia (Walker 
and Rosenberg, 2009). Besides their effects on neuronal viabil-
ity, MMPs also affect the hydrolysis and activation of growth 
factors and neurotrophic factors. MMP2 promotes the conver-
sion of active nerve growth factor from its precursor, and thus 
exhibits beneficial effects during neuronal growth (Saygili et 
al., 2011). MMP3 and 7 mediate the release and activation of 
brain derived neurotrophic factor, and thus promote axonal 
growth (Hwang et al., 2005). These studies suggested that the 
specific roles of MMPs in the nerve regrowth are complicated 
and may be bidirectional.

Although emerging evidence demonstrates the complex 
roles of MMPs in the nervous system, the involvement 
of MMP-related genes in the process of peripheral nerve 
regeneration has not been fully understood. A previous 
study showed that, following sciatic nerve injury, MMP12 
mRNA was markedly increased in both the proximal and 
distal segments of the injured nerve during Wallerian de-
generation, providing preliminary evidence that MMPs are 



1171

Qin J, et al. / Neural Regeneration Research. 2016;11(7):1165-1171.

important for nerve regeneration (Jiang et al., 2014). In the 
present study, for the first time, we systematically measured 
the mRNA expression of MMP-related genes and analyzed 
the “Inhibition of MMPs” signaling pathway following 
peripheral nerve injury. Our data suggest that numerous 
MMP-related genes show temporal differential expression 
following sciatic nerve crush. Most of these differentially 
expressed MMPs were up-regulated, suggesting that elevated 
MMPs may accelerate the degradation and remodeling of 
ECM, promote cellular movement and tissue morphology, 
and build a suitable extracellular environment for periph-
eral nerve regeneration. Conversely, some MMPs, such as 
MMP28, were down-regulated after nerve crush, indicating 
that MMPs have diverse biological functions. Further re-
search will be performed to determine the regulation of each 
MMP on neuronal survival, neurite outgrowth, and pheno-
type modulation of Schwann cells. 

Collectively, in the present study, using transcriptome se-
quencing and bioinformatic analysis, we have gained a better 
understanding of the changes of MMP-related genes following 
rat sciatic nerve crush. These results may advance our compre-
hension of the essential roles of MMPs underlying peripheral 
nerve regeneration, and contribute to the identification of po-
tential targets for treating neurological pathology.
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