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Abstract

Previous research revealed the positive activity of matrix metalloproteinase 7 (MMP7) on migration and myelin regeneration of Schwa
nn cells (SCs). However, understanding of the molecular changes and biological activities induced by increased amounts of MMP?7 in SCs
remains limited. To better understand the underlying molecular events, primary SCs were isolated from the sciatic nerve stump of new-
born rats and cultured with 10 nM human MMP?7 for 24 hours. The results of genetic testing were analyzed at a relatively relaxed threshold
value (fold change > 1.5 and P-value < 0.05). Upon MMP7 exposure, 149 genes were found to be upregulated in SCs, whereas 133 genes
were downregulated. Gene Ontology analysis suggested that many differentially expressed molecules were related to cellular processes, sin-
gle-organism processes, and metabolic processes. Kyoto Enrichment of Genes and Genomes pathway analysis further indicated the critical
involvement of cell signaling and metabolism in MMP7-induced molecular regulation of SCs. Results of Ingenuity Pathway Analysis (IPA)
also revealed that MMP7 regulates biological processes, molecular functions, cellular components, diseases and functions, biosynthesis,
material metabolism, cell movement, and axon guidance. The outcomes of further analysis will deepen our comprehension of MMP7-in-
duced biological changes in SCs. This study was approved by the Laboratory Animal Ethics Committee of Nantong University, China
(approval No. 20190225-004) on February 27, 2019.

Key Words: bioinformatic analysis; ingenuity pathway analysis; matrix metalloproteinase 7; peripheral nerve regeneration; RNA sequencing;
Schwann cells; sciatic nerve injury

Chinese Library Classification No. R447; R741; Q344+.13

2116



Lu PJ, Wang G, Cai XD, Zhang B, Wang HK (2020) Sequencing analysis of matrix metalloproteinase 7-induced genetic changes in Schwann
cells. Neural Regen Res 15(11):2116-2122. doi:10.4103/1673-5374.282263

Introduction

Matrix metalloproteinases (MMPs), also called matrixins,
are members of a family of calcium-dependent zinc-con-
taining endopeptidases (Verma and Hansch, 2007). MMPs
function extracellularly and are capable of degrading extra-
cellular matrix components and cell surface proteins by af-
fecting a large series of proteolytic events (Zhang et al., 2011;
Mirzaie et al., 2018). The proteolytic capabilities of MMPs
make them critical for tissue remodeling, repair, and regen-
eration, as well as wound healing, in both physiological and
pathological circumstances (Visse and Nagase, 2003; Paiva
and Granjeiro, 2014; Ma et al., 2020).

Differential expression or activation of MMPs, or both,
has been associated with many pathological conditions in
the nervous system, including Alzheimer’s disease, multiple
sclerosis, ischemia/reperfusion, Parkinson’s disease, and
central nervous system injury (Agrawal et al., 2008; Kim and
Joh, 2012; Beroun et al., 2019). In addition, recent studies
have shown that MMPs are also altered after peripheral ner-
vous system injury (Qin et al., 2016; Yi et al., 2017; Remacle
et al., 2018). MMP7, an MMP family member also called
matrilysin, pump-1 protease, or uterine metalloproteinase,
was dramatically upregulated in the two nerve ends of rats
after sciatic nerve crush injury (Qin et al., 2016). In a previ-
ous study, we evaluated the biological activities of MMP7 in
peripheral nerve regeneration by determining its effect on
Schwann cells (SCs), the main glial cells in the peripheral
nervous system. Functional analysis suggested that increased
MMP7 encouraged SC migration and the formation of my-
elin sheaths. Moreover, mechanisms underlying the observed
effects of MMP7 on SCs were preliminary examined by RNA
sequencing (Wang et al., 2019).

RNA sequencing is a powerful high-throughput experi-
mental technology for data mining and gene searching, as
it provides a simple way to characterize the abundances of
thousands of genes in one assay (Nagalakshmi et al., 2010;
Stefaniuk and Ropka-Molik, 2016). In our previous study, we
compared gene abundances in primary SCs cultured with or
without exogenous MMP7 protein, and screened a total of
34 differentially expressed genes with a fold change > 2 and
P-value < 0.05 (Wang et al., 2019). This provided some clues
about MMP7-induced genetic modifications in SCs; howev-
er, considering the small amount of identified differentially
expressed genes, the information obtained was limited and
some critical details may have been overlooked.

To achieve a more comprehensive understanding of
MMP7-induced genetic changes, genes with relatively less
robust differential expression might be included and in-
vestigated. Besides a fold change of 2, a fold change of 1.5
is also commonly used as a threshold value (Gong et al,,
2016). Herein, we used the edgeR package to re-set a lower
threshold value (fold change > 1.5 and P-value < 0.05), with
the aim of identifying affected genes with less significant al-
terations of expression. Bioinformatic tools including Gene
Ontology (GO) functions, Kyoto Enrichment of Genes and
Genomes (KEGG) pathway analysis, and Ingenuity Pathway
Analysis (IPA) were applied to analyze the biological mean-

ings of these genetic changes.

Materials and Methods

Ethics statement

A total of 30 neonatal female Sprague-Dawley rats (1-day
old) were acquired from the Experimental Animal Center of
Nantong University [License No. SCXK (Su) 2014-0001 and
SYXK (Su) 2012-0031, No. 20190225-004] for sciatic nerve
collection and SC isolation. Animal procedures were ap-
proved by the Laboratory Animal Ethics Committee of Nan-
tong University, China (No. 20190225-004) on February 27,
2019 and conducted in accordance with Institutional Animal
Care Guidelines of Nantong University (Nantong, China).

Isolation of SCs
Primary SCs were obtained from the sciatic nerve stumps of
newborn rats (Qian et al., 2018). Briefly, sciatic nerves were
carefully dissected, collected, cut, and digested for isolation
and further culture of primary SCs. Mouse anti-Thy1.1
antibody (1:1000; Sigma, St. Louis, MO, USA) and rabbit
complement sera (10 mg/mL; Sigma) were added to remove
contaminating fibroblasts. Rabbit anti-S100 antibody (1:200;
Dako, Carpinteria, CA, USA) and secondary goat anti-rabbit
antibody (1:100; Abcam, Cambridge, UK) were used to de-
termine the purity of SCs by fluorescence microscopy (Axio-
Imager M2, Zeiss, Jena, Germany; Additional Figure 1).
SCs were cultured in Dulbecco’s Modified Eagle Medi-
um (Invitrogen, Carlsbad, CA, USA) containing 10% fetal
bovine serum (Invitrogen), 1% penicillin and streptomycin
(Invitrogen), 2 uM forskolin (Sigma), and 10 ng/mL human
heregulin-p1 (Sigma). SCs were incubated in a humidified
5% CO, incubator at 37°C. Medium was refreshed every
other day. Primary SCs were exposed to 10 nM recombinant
human MMP7 purified protein (Merck Millipore, Billerica,
MA, USA) for 24 hours prior to RNA isolation.

RNA sequencing

Total RNA was isolated from primary SCs using TRIzol
(Invitrogen). RNA sequencing was conducted by Illumina
HiSeq™ (Gene Denovo Biotechnology Co., Guangzhou,
China) as previously described (Wang et al., 2019). Eukary-
otic mRNA was enriched by magnetic beads with Oligo(dT),
fragmented into short pieces, reverse transcribed into cDNA,
and ligated to Illumina sequencing adapters. Raw reads con-
taining adapters or low-quality bases were filtered. Clean
reads were aligned to a reference genome to obtain gene an-
notations and abundances. Gene abundances were quantified
by RNA-Seq by Expectation Maximization (RSEM) software
v1.3.1 (University of Wisconsin-Madison, Madison, WI,
USA) (Li and Dewey, 2011) and normalized as fragments
per kilobase of transcript per million mapped reads (FPKM):
FPKM = 10° C/(NL/10%), where C indicates the number of
fragments mapped to the target gene, N indicates the total
number of fragments mapped to reference genes, and L in-
dicates the number based on target gene. RNA-seq data have
been deposited in the National Center for Biotechnology
Information Sequence Red Archive under the accession code
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SRP173072.

Bioinformatic analysis

The edgeR package (http://www.r-project.org/) was used to
identify differentially expressed genes in the MMP7-treated
group compared with the untreated control group. Genes
with a fold change > 1.5 and P-value < 0.05 were considered
significant differentially expressed genes and are listed in
Additional Table 1.

Differential genes were analyzed with Database for An-
notation, Visualization, and Integrated Discovery (DAVID;
https://david.ncifcrf.gov/) bioinformatic resources and
subjected to enrichment analysis for GO terms (http://
www.geneontology.org) and KEGG pathways (http://www.
genome.ad.jp/kegg/). The number of differentially expressed
genes, including upregulated and downregulated genes, are
displayed for enriched biological processes, molecular func-
tions, cellular components, and signaling pathways. Further-
more, core analysis of differential molecules was conducted
with IPA software (Ingenuity Systems, Redwood City, CA,
USA). Mapped IDs were subjected to IPA for diseases and
functions, networks, and canonical signaling pathways. Sta-
tistically significant diseases and functions, canonical path-
ways, networks, and the involved molecules involved were
identified.

Results

Overview of differentially expressed genes in
MMP7-induced SCs

To obtain a more comprehensive view of MMP7-induced
genetic changes, a relatively relaxed threshold value (fold
change > 1.5 and P-value < 0.05) was set in the current
study compared with our previous study (Wang et al., 2019).
A larger number of molecules exhibited significant changes
in expression at this threshold value (listed in Additional
Table 1). A total of 149 genes were found to be upregulat-
ed in SCs in response to the addition of MMP7 protein.
In addition, 133 genes were found to be downregulated in
MMP7-treated SCs. Genes with significantly different ex-
pression in three biological replicates of MMP7-treated SCs
(MMP7-1, MMP7-2, and MMP7-3) and negative control
SCs (Con-1, Con-2, and Con-3) are displayed in the heat-
map in Figure 1.

Identification of critical GO functions and KEGG
pathways

The DAVID database was applied to annotate functions and
signaling pathways of the 282 up-/down-regulated genes.
Most differentially expressed molecules were categorized
to the GO biological process terms “cellular process”, “sin-
gle-organism process”, and “metabolic process” With regard
to GO molecular function terms, most differentially ex-
pressed genes were categorized to “binding and catalytic ac-
tivity”. For GO cellular component terms, most differentially
expressed genes were categorized to “cell”, “cell part”, and
“organelle” (Figure 2). Enriched KEGG pathways included

» «

“organismal systems”, “environmental information process’,
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“metabolism”, “human diseases”, and “genetic information
processing” (Figure 3). Consistent with the critical involve-
ment of cellular and metabolic processes in GO biological
process terms, KEGG outcomes showed that many differen-
tially expressed genes were involved in signal transduction,
signaling molecules and interactions, and metabolism.

Identification of critical IPA diseases and biological
functions and networks

IPA software was also applied to reveal biological changes
after MMP7 treatment. Gene IDs of differentially expressed
genes were recognized by IPA software for subsequent core
analysis. A total of 211 differentially expressed genes were
mapped to the IPA database and analyzed by Ingenuity
Pathways Knowledge Base. IPA diseases and functions were
ranked by P-value and top 20 of these are listed in Figure
4. These top-enriched IPA diseases and biological functions
could be mainly grouped to cellular behavior (cell death and
survival, cellular compromise, carbohydrate metabolism,
molecular transport, cellular movement, immune cell traf-
ficking, inflammatory response), organ maintenance and
development (endocrine system development and function,
organ morphology, organismal development, hematolog-
ical system development and function, connective tissue
development and function), and dysfunction and disease
(endocrine system disorders, organismal injury and abnor-
malities, connective tissue disorders, development disorder,
hematological disease, infectious diseases, and inflammatory
disease).

IPA networks were also built to clarify the interactions of
differentially expressed genes as well as their biological func-
tions. A total of nine IPA networks were constructed (Table
1). The top three IPA networks obtained a high score > 50,
indicating that the possibility of genes in these IPA networks
not being connected was equal to or less than 10-50 (Lu et
al., 2018). These top IPA networks were principally associat-
ed with cellular behavior, including cell death and survival,
cellular compromise, cellular growth and proliferation, and
cell-to-cell signaling and interaction.

Identification of critical IPA canonical signaling pathways
A total of 18 IPA canonical signaling pathways were identi-
fied for differentially expressed genes (Figure 5). The most
enriched IPA molecular regulatory pathways were “cellular
stress and injury (type II diabetes mellitus signaling and
ultraviolet C-induced mitogen-activated protein kinase
signaling)”, “cellular immune response (granzyme B signal-
ing, tumoricidal function of hepatic natural killer cells, and
cytotoxic T lymphocyte-mediated apoptosis of target cells)”,
“organismal growth and development (axonal guidance
signaling, alanine biosynthesis III, planar cell polarity path-
way, human embryonic stem cell pluripotency, coenzyme
A biosynthesis, proline biosynthesis, molybdenum cofactor
biosynthesis, and factors promoting cardiogenesis in verte-
brates)”, “infectious diseases (guanine and guanosine salvage
I)”, “disease-specific pathways and pathogen-influenced sig-
naling (basal cell carcinoma signaling and mechanisms of vi-
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Table 1 Enriched Ingenuity Pathway Analysis networks

ID  Molecules in network

Focus Top diseases and
Score molecules functions

26s Proteasome, A2M, ADCY, ADGRF5, Akt, Alp, Apl, ARHGAP6, ATPase, AVPR2, BCR (complex), 155 81
C1QTNF2, CACNA1G, CALCOCO1, Calmodulin, calpain, CaMKII, CAMKY, CARD10, caspase, CD3,
CD300LD, CHCHD?2, Cofilin, CYB561, CYCS, cytochrome C, cytochrome-c oxidase, cytokine, DCC,
DNAH12, DNAJC6, DOCK3, DPEP1, DR1, EBNA1BP2, EFNA1, ELOVL2, EPB41L1, ERK, ERK1/2,
FAIM, FSH, GBP7, Gpcr, GPR179, Growth hormone, GTPase, GZMB, HAPLN3, HDL, HIC1, Histone h3,
HMGN1, HPRT1, HSP, Hsp70, Hsp90, Ige, IgG, IgG1, Igg3, Igm, IKK (complex), IL12 (family), IL13RAL,
Immunoglobulin, Insulin, Interferon alpha, JAK1/2, Jnk, KRT19, Laminin (complex), LMX1B, Lnpep,
LOC100911216/Pcsk1, LPAR2, Mapk, MGC108823 (includes others), Mmp, MN1, MYLK2, NDC80,
NFkB (complex), NLRP10, ODF1, P38 MAPK, p70 S6k, Pak2, PCP4, Pdgf (complex), PDGF BB, PDK4,
PHEX, PI3K (complex), PIDD1, PIWIL2, Pkc(s), PLA2G16, PLC, PNPLA2, PP1 protein complex group,
PPP1R14D, PRKAA2, PRKCG, PROM2, PSMB8, PTPN5, Rac, RGS9, RNA polymerase II, RNF112, RPL9,
RSPH1, RSPO3, RUNX3, S1PR1, SEMA3E SENP1, SH2B2, SLC9A2, SMPD3, SNCB, SSTR5, STX7, SYT4,
SYTL3, TCR, TERT, Tgf beta, TIRAP, Tnf (family), UBA7, Ubiquitin, USP43, Vegf, WAS, Wnt, WNT11,
WNT7A

Cell death and
survival, cellular
compromise,
endocrine system
development and
function

2 3, 4-Dihydroxyphenylacetic acid, ABAT, ABCC5, ACSL1, ADPGK, ALDH18A1, ANKRA2, ANKRD49, 76 49 Cell death and
APOE, ARHGAP45, ARHGEF17, ARHGEF37, ASHI1L, ATG2A, beta-estradiol, BICD1, C80rf37, CDNF, survival, cellular
CEP55, CEP72, CKLE CPT1A, CRACR2B, CREB1, CRIM1, CTNND2, DAZ2, DMRT1, DNA]JC13, DPH7, growth and
DYNCI1I1, EGFLAM, EIF4EBP2, ELAVLI, ENOPHI, Ewsrl, FANCD2, FBXL17, FHL5, G0S2, GFRA3, proliferation, cell-
GIPC3, GJA3, Gm12253, GOSR2, GPR25, Hells/LOC100911660, Hist1hla, Hist1h1b, Histlhle, HMGNZ2, to-cell signaling and
HNRNPL, homocysteine, HOXA6, IDH1, IL411, INSM2, ITPRIP, KDM4D, L-dopa, LBH, LHX9, interaction
LINGO3, LMNA, LPL, LYL1, MAST4, MCM2, MIEN1, MOB3B, MOV 10, MTF2, MYO1F, NFS1, NKRE,

NUAKI1, OSBPL2, OTUD6B, PATL1, PKNOX2, PMFBP1, PNMA1, PNRC1, POLR1A, POLR3E, POU2F1,
PPCDC, PRKCD, PRPE31, PTPRR, PTTG1IP, PWP1, PXDN, RALB, RAPSN, RBP4, REXAP, RNF150,
RTL8C, S100A8, SBK1, SCN4B, SEC22B, SIAH3, SLC16A14, SLC17A3, SLC31A1, SLC9A9, SNAPC4,
SNTG2, SPAG4, SRE Srsf5, SYCE2, SYCP1, TCEANC, TCTN3, TESMIN, TIMM29, TLCD2, TMEM109,
TMEM114, TMEM?71, TP53, triacylglycerol lipase, TRIP4, TRMT10A, TRPV5, UPK1B, USE1, VPS37C,
YKT6, ZBTB33, ZDHHC6, ZNF280B, ZNF281, ZNF292, ZNF473, ZRANBI1, ZSWIM4

3 10E, 12Z-octadecadienoic acid, ABCC1, Acotl, ADCY9, ADPGK, Akric19, aldosterone, Apol7e (includes 50 36 Drug metabolism,
others), Apol9a/Apol9b, APP, ARFGEF2, ARHGAP35, ARMH1, ASPH, ASPHD2, ATP6V0A4, ATPase, molecular transport,
AZGP1, BMP, BMP4, Bmp8b, Clorfl116, C7orf31, Ca2 , CBR3, CCDC15, CCKBR, CCL21, CD300A, cell-to-cell signaling
CD300LD, CELSR2, CEP295NL, CERK, CHRNA7, CHST3, CLEC4G, CLIC3, COMMDS5, CPT1B, and interaction
CSF2RB, CTF1, D-erythro-C16-ceramide, Dcc dimer, DDIAS, DDX25, DEDD, DEPP1, DQX1, EIF4EBP2,

ENTPD2, EPB42, ERICH2, EXT1, FGA, FGF9, FOSB, FRMD4B, FZD2, GNA14, GOSR2, GPER1, GRIAI,

HMX2, IF135, IENARI, IENG, IL411, ITGAE, ITGAX, KCNK6, KIR2DL1/KIR2DL3, leukotriene C4,

LIFR, lipoprotein lipase, LMX1B, LOC103690006, LOC103692716, MAC, MAP1LC3, MAPK1, MFAP5,

MIENT1, myosin-light-chain kinase, NEURL3, NFIL3, NLRP10, NPEPL1, NRROS, NSF, Ntp, NUAKI1,

NUDT15, NWD1, PAIP2, PAPPA, PAQR6, PCDH12, PEPCK, phosphatase, PIGG, PIWIL4, PORCN, PP1/

PP2A, PPP1R14D, PSTPIP2, RALB, RASL10B, RBP4, REL, RHOBTB3, ROBO3, RPS6KA4, RPS6KAS5,

S100P, SCCPDH, SCGBI1ALl, Serpinb6b, SERPINF1, SGPP1, SLC14Al1, Slfnl, SLITRKS5, SPINK?7, SPRED],

ST3GALS, STK11, STX16, STX8, SUGT1, SWSAP1, TDRD7, TEX2, TGFB1, THY1, TMEM53, TNE

TNFRSF10A, TRIM25, TRIM56, ZFP42

4 CCDC160, KMT2D 2 1 Cancer, cellular

development,
cellular growth and
proliferation

5 C19orf71, FOXN1 2 1 Cell morphology,

cellular compromise,
cellular development

6 EML2, EXD1 2 1 Cell morphology,

cellular assembly
and organization,
cellular function and
maintenance

7 Hmgn5/Hmgn5b, STXBP5L 2 1 Cellular function

and maintenance,
molecular transport,
protein trafficking

8 Lysine N-acetyltransferase, Nat8b 2 1 -

9 CYB5RL, cytochrome-b5 reductase 2 1 Molecular transport,

cancer, gastrointestinal
disease

ral exit from host cells)”, and “cell cycle regulation (ceramide
signaling)”.

Enriched IPA canonical signaling pathways were over-
lapped to observe their interactions (Figure 6). “Axonal
guidance signaling” was located in the center of the over-

lapped pathway network and strongly associated with other
signaling pathways, such as “human embryonic stem cell
pluripotency”, “factors promoting cardiogenesis in verte-
brates”, “ceramide signaling’, and “ultraviolet C-induced mi-

togen-activated protein kinase signaling”.
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Figure 1 Heatmap of differentially expressed genes in

MMP?7-induced Schwann cells.

Gene abundances are indicated according to the color bar next to the heat-
map. Upregulation is indicated in red, while downregulation is indicated in
green. Con: Control; MMP7: matrix metalloproteinase 7.

Figure 2 Enriched Gene Ontology (GO) biological process, molecular
function, and cellular component terms for differentially expressed
genes in matrix metalloproteinase 7-induced Schwann cells.

GO analysis was applied to analyze the significant functions of target genes,
according to GO (http://www.geneontology.org). The number of differen-
tially expressed genes upregulated and downregulated in each GO biological
process, molecular function, and cellular component terms are listed. The
Y-axis indicates enriched functions, while the X-axis indicates numbers of
genes. Blue and orange indicate upregulated and downregulated genes, re-
spectively.

2120

Figure 3 Enriched Kyoto Enrichment of Genes and Genomes (KEGG)
pathways of differentially expressed genes in matrix metalloproteinase
7-induced Schwann cells.

Pathway analysis was used to reveal the significant pathways of target genes,
according to KEGG (http://www.genome.ad.jp/kegg/). The number of
differentially expressed genes in each KEGG pathway is listed. The Y-axis
indicates enriched pathways, while the X-axis indicates numbers of genes.
Different aspects of items are distinguished by different colors.

Figure 4 Enriched Ingenuity Pathway Analysis (IPA) diseases and
functions.

The IPA database was used to evaluate enriched diseases and functions of
differentially expressed genes. Significant diseases and functions are listed
and ranked by P-value. The Y-axis indicates diseases and functions, while
the X-axis indicates —-LgP. We used Fisher’s exact test to select significant
diseases and functions, and the threshold of significance was defined as P <
0.05.
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Figure 5 Enriched Ingenuity Pathway Analysis (IPA) canonical signaling

pathways.

The IPA database was used to display enriched canonical pathways of dif-
ferentially expressed genes. Significant canonical pathways are listed and
ranked by P-value. The Y-axis indicates canonical pathways, while the X-axis
indicates —-LgP. We used Fisher’s exact test to select significant pathways. The
threshold of significance was defined as P < 0.05. Orange points indicate
the ratio of the number of genes in a given pathway to the total number of
genes in that pathway. Orange lines represent activation of a pathway with a
positive z-score. White represents no activation or the inhibition of a path-
way with a z-score = 0. Gray represents a pathway with no activity pattern
available. Blue represents the inhibition of pathway with a negative z-score.

Figure 6 Overlap of enriched Ingenuity Pathway Analysis (IPA)
canonical pathways.

Interactions of enriched IPA canonical pathways were analyzed and labeled.
Lines connecting canonical pathways indicate interactions. Darkness of IPA
canonical pathways indicates their significance. Significant pathways were
selected using Fisher’s exact test, and the threshold of significance was de-
fined as P < 0.05.

Discussion

RNA sequencing is an advanced high-throughput data
analysis technique capable of directly measuring the ex-
pression of a large number of RNAs, including coding and
non-coding RNAs (Wang et al., 2017, 2018; Wallach et al.,
2020). RNA expression reads obtained from this sequencing
technique have low noise, high reproducibility, and wide dy-
namic range (Nagalakshmi et al., 2010). Therefore, sequenc-
ing has been widely used in biological fields to investigate
the genetic expression of many different systems, such as the
peripheral nerve (Yi et al., 2015; Gong et al., 2016; Zhao and
Yi, 2019). Sequencing outcomes of nerve stumps post-crush
injury demonstrated that many MMPs, especially MMP7
and MMP12, were robustly differentially expressed (Qin et
al., 2016). Subsequent functional evaluation demonstrated
the important effects of MMP7 in nerve regeneration by
exposing SCs to MMP7 (Wang et al., 2019). Furthermore,
genetic changes in SCs after MMP7 exposure were exam-
ined by RNA sequencing of MMP7-treated or untreated SCs
(Wang et al., 2019).

The study of underlying mechanisms, however, was very
preliminary and incomprehensive because only 34 genes
were found to be significantly changed in expression be-
tween MMP7-treated and untreated SCs (Wang et al., 2019).
With that in mind, in the current study, we set a relatively
lower threshold value, screened a total of 149 MMP7-in-
duced differentially expressed genes in SCs, and re-analyzed
these MMP7-induced differentially expressed genes. Con-
sistent with analysis outcomes of our previous study (Wang
et al., 2019), our current results indicated the significant
involvement of metabolism and biosynthesis-related bioac-
tivities and signaling pathways.

Moreover, by examining a larger number of altered genes,
we observed altered expression levels of many extracellu-
lar-related genes, including Psmb8, LOC24906, Clqtnf2,
LOC498222, Ndnf, Hsp90aal, Frmd4b, Rspo3, Egflam, Cklf,
Atp6v0a4, Krt19, Prom2, Dpepl, Wntll1, Cep55, Serpinb6b,
Sytd, Sema3f, Pcdhi2, Efnal, Hapln3, Apol9a, Cdnf, Rp19,
Upkl1b, LOC685067, Was, Lingo3, Bmp8b, LOC100911545,
Hist1hld, and RGD1309808. GO cellular component terms
“extracellular region”, “extracellular region part”, and “ex-
tracellular matrix” were enriched, indicating that MMP7
may conduct its proteolytic effect by degrading extracellular
matrix components and cell surface proteins, thus mod-
ulating the extracellular matrix of SCs. IPA analysis also
demonstrated that “cellular movement” was among the most
enriched IPA diseases and functions. A detailed analysis of
all IPA biological functions revealed the direct involvement
of many cellular movement-related genes, including Nirp10,
Siprl, Was, Mylk2, Sncb, Stx7, Syt4, A2m, Sema3f, Efnal,
Cklf, Lpar2, Prkaa2, Prkcg, Gfra3, Adgrf5, Card10, Gzmb,
Hicl, Krt19, Piwild, Pla2gl6, Runx3, Senpl, Sstr5, Wntll1,
and Mnl.

IPA canonical pathway and pathway overlap analyses
further revealed the critical canonical signaling pathways
in MMP7-mediated changes, especially axonal guidance
signaling. Many genes involved in axonal guidance signal-
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ing, including Efna, Sema3, Dcc, Pak, Wasp, Pkc, Wnt, and
Bmp, were found to be upregulated or downregulated in
MMP7-treated SCs. The directional extension and elonga-
tion of axons from neurons to their synaptic targets is essen-
tial for the regeneration and functional recovery of injured
nerves (Athamneh and Suter, 2015; Suter and Jaworski, 2019;
Liu et al.,, 2020). Receptors located at the leading edge of the
axonal growth cone sense attractive and repulsive guidance
cues that guide axonal extension and elongation (Gujar et al.,
2017; Goulart et al.,, 2018; Kim et al., 2019). Here, we found
that the expression levels of some genes coding for major
guidance cues and receptors, such as Efna, Sema3, and Dcc,
were altered after MMP7 exposure, suggesting that MMP7
may regulate axonal guidance and target reinnervation.

The results of our analysis revealed that MMP7 plays an
important role in the regulation of biosynthesis, metabolism,
cell movement, axon guidance, and other aspects in addition
to acting on extracellular components. However, based on
comprehensive and preliminary displays of our results, key
pathways and molecules involved in the effects of MMP7 on
nerve regeneration need further screening and validation.
Taken together, combined use of many bioinformatic tools
(including GO, KEGG pathway, and IPA network analyses)
for investigation of MMP7-elicited genetic changes in SCs
allowed us to obtain a better understanding of the potential
involvement MMPs in nerve repair and regeneration. More-
over, our findings provide an experimental and theoretical
foundation for the discovery of new therapeutic targets and
clinical approaches.
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1

2 Additional Figure 1 Identification of primary Schwann cells by immunohistochemistry.

3 (A, B) Red is S100 positive (A) and blue is hoechst positive (B). (C) Merge. Scale bars: 50 uym.



