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Abstract  
Surgical brain injury may result in irreversible neurological deficits. Our previous report showed that par-
tial regeneration of a traumatic brain lesion is achieved by implantation of collagen glycosaminoglycan 
(CGM). Matrix metalloproteinases (MMPs) may play an important role in neurogenesis but there is cur-
rently a lack of studies displaying the relationship between the stimulation of MMPs and neurogenesis after 
collagen glycosaminoglycan implantation following surgical brain trauma. The present study was carried 
out to further examine the expression of MMP2 and MMP9 after implantation of collagen glycosamino-
glycan (CGM) following surgical brain trauma. Using the animal model of surgically induced brain lesion, 
we implanted CGM into the surgical trauma. Rats were thus divided into three groups: (1) sham operation 
group: craniotomy only; (2) lesion (L) group: craniotomy + surgical trauma lesion; (3) lesion + CGM (L + 
CGM) group: CGM implanted following craniotomy and surgical trauma lesion. Cells positive for SOX2 
(marker of proliferating neural progenitor cells) and matrix metalloproteinases (MMP2 and MMP9) in 
the lesion boundary zone were assayed and analyzed by immunofluorescence and ELISA commercial kits, 
respectively. Our results demonstrated that following implantation of CGM after surgical brain trauma, 
significant increases in MMP2+/SOX2+ cells and MMP9+/SOX2+ cells were seen within the lesion boundary 
zone in the L + CGM group. Tissue protein concentrations of MMP2 and MMP9 also increased after CGM 
scaffold implantation. These findings suggest that implantation of a CGM scaffold alone after surgical brain 
trauma can enhance the expression of MMP2 and MMP9 accompanied by neurogenesis. 

Key Words: collagen glycosaminoglycan; matrix metalloproteinases; surgical brain trauma; neurogenesis; 
neural regeneration 

Introduction 
Surgical or traumatic brain injury may lead to serious and 
irreversible neurological deficits. Surgical brain trauma (SBT) 
is still inevitable and frequently associated with postoperative 
neurological deficits (Fugate, 2015). Strategies to increase neu-
roregeneration after traumatic or surgical brain injury have 
been reviewed but there is still a lack of effective medical ap-
proaches to promote nerve tissue regeneration following sur-
gical brain trauma. In the damaged areas of the brain, both the 
complicated molecular and cellular environment could con-
tribute to limitations in neural regeneration. Using the animal 
model of surgical brain injury, our previous study demon-
strated that biodegradable collagen glycosaminoglycan matrix 
(CGM) scaffolds (an extracellular matrix (ECM) analogue) 
not only offer physical support but also have beneficial effects 
in serving as a regulator of cell behaviors including adhesion, 
proliferation, and differentiation, the lesions get smaller over 
time and it also contains more neurons in the matrix group 
compared to the injured group (Huang et al., 2012).  

The ECM has been demonstrated to play an essential role 
in preservation of the microenvironment in adult neuronal 

networks and implantation of its analogue, CGM, can have 
a favorable effect on adaptation of connectivity and nervous 
network architecture (Bikbaev et al., 2015). Accumulating 
evidence illustrates the association of the behavior of both 
ECM components and adhesion molecules, which provide a 
microenvironment that may be advantageous for neurogen-
esis (Bikbaev et al., 2015). ECM molecules have been shown 
to construct an microenvironment allowing neurogenesis-as-
sociated processes and ECM remodeling that is principally 
regulated by matrix metalloproteinases (MMPs) (Sirbulescu et 
al., 2015). Earlier reports also revealed that MMPs, especially 
MMP2 and MMP9 (Barkho et al., 2008; Gueye et al., 2011; 
Wojcik-Stanaszek et al., 2011; Lei et al., 2013; Verslegers et al., 
2013) have been correlated with neurogenesis. Furthermore, 
there is evidence that a three-dimensional scaffold with con-
trolled porous size and stiffness can offer an ideal extracellular 
environment for wound healing (Hsu et al., 2000; Harley et al., 
2008; Hsu et al., 2008; Huang et al., 2012). However, there is 
a lack of studies displaying the relationship between the stim-
ulation of MMPs and neuronal regeneration such as prolifer-
ation and/or further differentiation after CGM implantation 
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following surgical brain trauma.
MMPs are zinc-dependent proteases and play essential roles 

in both cell development and pathogenesis. In addition, ECM 
modifying is also regulated by MMPs. Reports also revealed 
that both MMP2 and MMP9 contribute to the cellular response 
which is important for neural maturity. Furthermore, MMP2 
is mainly involved in regulation of the function of neural pre-
cursor cells (NPCs), whereas MMP9 facilitates migration of the 
NPCs (Sirbulescu et al., 2015). However, there are still few stud-
ies demonstrating the role of MMPs in neurogenesis-associated 
processes such as proliferation and further differentiation. The 
aim of the current study is to investigate the role of MMP2 and 
MMP9 in neurogenesis associated processes after CG matrix 
implantation following surgical brain trauma. 

Materials and Methods
Preparation of CGM 
According to the previously described method (Huang et al., 
2012), we synthesized a biodegradable collagen matrix (1% 
collagen (C)/0.02% glycosaminoglycan (GAG) copolymer; 
Taiwan, China as formerly defined) (Yannas et al., 1989; Hsu 
et al., 2000; Harley et al., 2008). We prepared type I CGM as 
a slightly acidic solution and mixed at high speed in order to 
create a mud-like substance. Via thermal dehydration in a vac-
uum, it was cross-linked after lyophilization and then exposed 
to ultraviolet light (Wu et al., 2008). Before implantation, we 
cut the C-GAG copolymer matrix scaffold into 6 mm× 4 mm× 
3 mm (72 mm3) blocks. Optimal degradation time (around 
28 days) was designated based on the reported time course of 
endogenous neural stem cell (NSC) proliferation and differen-
tiation (Kernie and Parent, 2010). 

Animal models of surgically induced brain trauma and 
CGM implantation
All of the animal experimental procedures were approved 
by the Animal Care and Use Committee of Taipei Tzu Chi 
Hospital, Buddhist Tzu Chi Medical Foundation, China (No. 
103-IACUC-002) and conformed to the Guiding Principles 
in the Care and Use of Animals of the American Physiology 
Society. Sprague-Dawley rats (adult male, weighing 300–350 g, 
aged 6–8 weeks) were anesthetized by intraperitoneal injection 
of pentobarbital (65 mg/kg) and then fixed in a stereotaxic 
apparatus (Sigma, St. Louis, MO, USA) after being placed in 
a prone position. The operation was performed under sterile 
conditions and the animals were randomly assigned into three 
groups: (1) Sham group: animals had craniotomy only. (2) 
Lesion (L) group: rats had a right frontal-parietal craniotomy 
with exposure of the underlying brain and a lesion was creat-
ed directly by suction and surgical clamps. The location was 
confirmed by the stereotactic apparatus mentioned previously 
at 1.0 mm anterior to and 4.0 mm posterior to the bregma 
and 1.0 to 5.0 mm lateral to the midline, with a depth of 3 mm 
from the brain surface. (3) Lesion + CGM (L + CGM) group, 
where a 6 mm × 4 mm × 3 mm block of CGM scaffold was 
implanted into the created lesion cavity of the surgical brain 
injury rats. In each group, the rat number was 10 (5 rats used 
for immunofluorescence staining and 5 rats for enzyme-linked 
immunosorbent assay (ELISA)). After all operations, the skin 
was closed with 3-0 silk (Ethicon, Taiwan, Taipei, China). We 

monitored vital signs throughout the procedures.

Double immunofluorescence staining
We perfused all rats (after anesthesia) transcardially with 
phosphate buffered saline and paraformaldehyde (4%). We 
removed the brains, put them in paraformaldehyde (4%) over-
night and fixed them firmly in paraffin blocks. Serial section 
was done every 6 μm. Section area was analyzed in the same 
cross section (2.0 mm anterior to the bregma).

We treated each section with 4% paraformaldehyde in phos-
phate-buffered saline (PBS) at room temperature for 1 hour, 
washed twice with PBS, and then incubated in 2 M HCl at 
37°C for 1 hour for double immunofluorescence labeling. Then, 
sections were incubated in blocking solution with primary an-
tibodies, either (1) a rabbit polyclonal MMP-2 antibody (1:500; 
Abcam, Cambridge, UK), and a mouse monoclonal SOX2 
antibody (1:100; Sigma); (2) a rabbit polyclonal MMP-9 anti-
body (1:250; Abcam), and a mouse monoclonal SOX2 antibody 
(1:100; Sigma); (3) a rabbit polyclonal MMP2 antibody (1:500; 
Abcam), and a  mouse monoclonal anti-GFAP antibody (1:2000; 
Sigma); or (4) a rabbit polyclonal MMP-9 antibody (1:250; Ab-
cam), and a  mouse monoclonal anti-GFAP antibody (1:2000; 
Sigma) at 4°C overnight and with secondary antibodies (Alexa 
Fluor-488 goat anti-mouse immunoglobulin G (IgG; 1:200; 
Invitrogen, Carlsbad, CA, USA) and DyeLight 549 anti-rabbit 
IgG (1:200; Jackson ImmunoResearch, West Grove, PA, USA) 
at room temperature for 2 hours. Sections were mounted with 
Mounting Medium H-1000 (Vector Laboratories, Burlingame, 
CA, USA). Nonspecific staining was visualized by omitting the 
primary antibody and was negative. A Nikon ellipse 80i micro-
scope (Nikon Optical, Tokyo, Japan) and a Nikon Digital Sight 
DS-5M camera using NIS-Elements F 2.30 software (Nikon) 
were used to obtain the fluorescent microscopic images, fol-
lowed with digital image processing performed by Image-pro 
Plus, version 5.1 (Media Cybernetics, Silver Spring, MD, USA). 

After double immunofluorescence staining, the number of 
positively stained cells in the intra-matrix zone (IMZ) and 
lesion boundary zone (LBZ) were counted manually in three 
to five different fields per section of each rat brain (using an 
eyepiece grid covering an area of 0.0625 mm2) on day 7 (D7), 
D14, D21, and D28 following implantation of CGM by an in-
dividual who was unaware of the experimental design. Blood 
cells and vessels were excluded. The sections were observed, 
and images were recorded using a Nikon epifluorescent mi-
croscope. Cells in the IMZ and LBZ were visualized by stain-
ing at 20× magnification using Openlab software (Improvision, 
Cambridge, MA, USA). Cells were visualized as fluorescent 
red (DL 549), and fluorescent green (Alexa 488) in the IMZ 
and LBZ at 20× magnification, while double-positive cells 
were visualized as yellow. For double immunofluorescence 
staining, double-positive cells were manually counted in the 
same manner as mentioned above. Finally, we presented the 
results as the number of immunopositive cells per field.

Enzyme-linked immunosorbent assay (ELISA) for 
measurement of tissue concentrations of MMP2 and MMP9
Brain samples were removed after cervical dislocation from 
the animals on D7, D14, D21, and D28 after surgery. A 3-mm 
coronal section was taken from the injured area over the pa-
rietal cortex, snap-frozen in liquid nitrogen, and then stored 
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at –70°C until needed. All brain samples were homogenized 
in buffer consisting of 0.05 M Tris HCl, 0.15 M NaCl, 0.1% 
Nonidet 40, 0.5 M phenylmethylsuplhonyl fluoride, 50 mg/mL 
aprotinin, 10 mg/mL leupeptin, 50 mg/mL pepstatin, 4 mM 
sodium orthovanadate, 10 mM sodium fluoride, and 10 mM 
sodium pyrophosphate. Homogenates were centrifuged at 4°C 
and 12,000 × g for 15 minutes. Then the supernatants were re-
moved and assayed in duplicate using MMP2 and MMP9 assay 
kits (R&D Systems, Minneapolis, MN, USA) according to the 
manufacturer’s guidelines. Concentrations of tissue proteins 
(MMP2 and MMP9) were expressed as picograms of antigen 
per milligram of protein. In our experiments, the concentration 
of MMP2 and MMP9 from tissue samples was measured on 
D7, D14, D21, and D28 with an ELISA kit (R&D Systems). 

Statistical analysis
Comparisons between multiple groups were conducted using 
a one-way analysis of variance (ANOVA) with the Bonferonni 
correction. All statistical analyses were performed using Sigma 
Stat Version 2.0 (Jandel Scientific, San Diego, CA, USA). Data 
are expressed as the mean ± standard deviation (SD). Differ-
ences were considered significant as P < 0.05.

Results
Increased MMP2+/SOX2+ cells within the LBZ of rats 
following implantation of CGM
Representative photomicrographs show double immunofluo-
rescence staining with antibodies against MMP2, and SOX2 (a 
marker of the proliferative neural progenitor cell) of brain sec-
tions from L+ CGM group rats on D14 following injury (Fig-
ure 1A–C). Further, we counted the density (cells/mm2) of 
MMP2+/SOX2+ cells in the LBZ of the Sham, L, and L + CGM 
groups of rats at various time points. The L + CGM group also 
showed a significant increase in MMP2+/SOX2+ cells on D7 
after the surgical brain lesion (P < 0.001), with levels sustained 
and peaking with a slight increase on D21 (Figure 1D). CGM 
implantation promoted proliferative neural progenitor cells 
with immunoreactivity of MMP2 in the LBZ of surgical brain 
lesions after CGM implantation.

Increased MMP9+/SOX2+ cells within the LBZ of rats 
following implantation of CGM
Representative photomicrographs show double immunoflu-
orescence staining with antibodies against MMP9, and SOX2 
of brain sections from L + CGM group rats on D14 following 
injury (Figure 2A–C). Further, we counted the density (cells/
mm2) of MMP9+/SOX2+ cells in the LBZ of the Sham, L, and 
L + CGM groups of rats at various time points. The L + CGM 
group also showed a significant increase in MMP9+/SOX2+ 
cells on D7 after the surgical brain lesion (P < 0.001), with lev-
els sustained and peaking with a slight increase on D28 (Figure 
2D). CGM implantation promoted proliferative neural pro-
genitor cells with immunoreactivity of MMP9 in the LBZ of 
surgical brain lesions after implantation.

MMP2- and MMP-immunoreactive cells were not astrocytes 
(GFAP+) 
We further investigated whether the astrocytes with MMP2 
or MMP9 immunoreactivity exist or not. Double immunoflu-

orescent staining of GFAP/MMP2 or GFAP/MMP9 showed 
no double-staining cells were noted in the LBZ of rats in the 
sham, L and L + CGM groups (Figures 3 and 4).

Increased Sox2-, MMP2-, and MMP9-immunoreactive cells 
within the LBZ of rats following implantation of CGM
The L + CGM group also showed a significant increase in 
Sox2-, MMP2-, and MMP9-immunoreactive cells on day 7 
after the surgical brain lesion compared with the L group (P 
< 0.01 or P < 0.001), with levels sustained and peaking with a 
slight increase on day 21 (Figure 5). 

Increased tissue concentration of MMP2, MMP9 in the LBZ 
after implantation of CGM following surgical brain trauma
Using ELISA, we also measured the tissue concentrations 
of MMP2 and MMP9 in the LBZ of rats in the sham, L and 
L + CGM groups on days 7, 14, 21, 28. The L + CGM group 
showed significant and sustained increased in the tissue 
concentration of MMP2 and MMP9 in the L + CGM group 
compared with the L group (P < 0.001), with levels peaking on 
D14 and sustained up to D28 (Figure 6A, B).

Discussion
We demonstrated increased MMP2 and MMP9 accompanied 
by neurogenesis after CGM implantation in a rat surgical 
brain lesion model. We showed histological findings of prolif-
erative neural progenitor (SOX2+), MMP2+, and MMP9+ cells 
in the LBZ of rats following implantation of CGM. We also 
demonstrated increased MMP2+/SOX2+ cells and MMP9+/
SOX2+ cells within the LBZ of rats following implantation of 
CGM. Tissue protein concentrations of MMP2 and MMP9 
also increased in the injured brain of rats after CGM scaffold 
implantation. These findings confirmed that both MMP2 and 
MMP9 contribute to neurogenesis following surgical brain 
trauma through implantation of CGM.

Several recent studies revealed that ECM plays important 
roles in modifying cell differentiation, migration, and pro-
liferation (Suzuki et al., 2003; Farrell et al., 2006; Reilly and 
Engler, 2010). Depending on its composition ECM can regu-
late cell behavior in different ways. It is known that ECM has 
an essential influence on both migration and proliferation of 
adult rodent cerebellar NPCs (Murase and Horwitz, 2002). 
An in vitro study has revealed the role of ECM in the mod-
ulation of the cortical neural progenitor cells development 
as well as proliferation in cell culture (Aizman et al., 2013). 
ECM might also play a role as a controller of neurogenesis in 
the development stage of the central nervous system (Aizman 
et al., 2014; Heikkinen et al., 2014; Shin et al., 2014; Faissner 
and Reinhard, 2015). There is accumulating evidence that in 
some conditions, ECM proteins can have correlation with 
growth factors in the modulation of neurogenesis (Aizman 
et al., 2014; Heikkinen et al., 2014; Shin et al., 2014; Faissner 
and Reinhard, 2015) and that the process of degradation of 
ECM may also result in an elevation in some growth factors. 
Therefore, the biodegradation and fragmentation of molecules 
within the ECM is essential for the process of neurogenesis. 
Some enzymes, such as MMP2 and MMP9, further degrade 
the ECM and modify the cell adhesion components (Ethell 
and Ethell, 2007). These enzymes may have the physiological 
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Figure 1 Proliferating neural progenitor 
cells (SOX2+) with MMP2  
immunoreactivity in the LBZ of rats on 
day 21 following implantation of CGM.
(A–C) Representative microphotographs of 
double immunofluorescence staining of SOX 
and MMP2 in representative brain sections 
from L + CGM group rats on day 21 fol-
lowing surgical brain trauma. (A) Image of 
immunoreactivity of SOX2 (green; marker of 
proliferating neural progenitor cells), and (B) 
MMP2 (red) positive cells and (C) merged 
image in the LBZ of rats in the L + CGM 
group. (D) Numbers of MMP2+/SOX2+ 
cells in the LBZ from the brain sections of 
sham (SHAM), L and L + CGM groups on 
days 7, 14, 21 and 28 after surgery. Data are 
expressed as the mean ± SD. ***P < 0.001, 
vs. SHAM group; +P < 0.05, ++P < 0.01 and 
+++P < 0.001, vs. L group (one-way analysis 
of variance with the Bonferonni correction). 
MMP2: Matrix metalloproteinase-2; CGM: 
collagen glycosaminoglycan matrix; LBZ: 
lesion boundary zone; DAPI: 4′,6-diamidi-
no-2-phenylindole.

Figure 2 Proliferating neural progenitor cells 
(SOX2+) with MMP9 immunoreactivity in 
the LBZ of surgical brain lesion on day 14 
following implantation of CGM.
(A–C) Representative microphotographs 
of double immunofluorescence staining of 
representative brain sections from L + CGM 
group rats on day 14 following surgical brain 
trauma. (A) Image of SOX2+ (green; mark-
er of proliferating neural progenitor cells), 
and (B) MMP9+ (red) cells, and (C) merged 
image in LBZ of rats in the L + CGM group. 
(D) Numbers of MMP9+/SOX2+ cells in the 
LBZ from the brain sections of rats in the 
sham (SHAM), L and L + CGM groups on 
days 7, 14, 21 and 28 after surgery. Data are 
expressed as the mean ± SD. ***P < 0.001, vs. 
SHAM group; ++P < 0.01, +++P < 0.001, vs. 
L group (one-way analysis of variance with 
the Bonferonni correction). MMP9: Matrix 
metalloproteinase-9; CGM: collagen glycos-
aminoglycan matrix; LBZ: lesion boundary 
zone; DAPI: 4′,6-diamidino-2-phenylindole.

Figure 3 Merged image of GFAP+ cells and MMP2+ cells in the lesion boundary zone of surgical brain lesion following implantation of CGM.
(A–C) Representative microphotographs of double immunofluorescence staining of representative brain sections from the L + CGM group rats on 
day 14 following surgical brain trauma. Merged image of GFAP+ (green; astrocyte marker), and MMP2+ (red) cells in the sham (SHAM; A), L (B) 
and L + CGM (C) groups. GFAP: Glial fibrillary acidic protein; MMP2: matrix metalloproteinase-2; CGM: collagen glycosaminoglycan matrix. 

Day

L+CGM
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Figure 4 Merged image of GFAP+ cells and MMP9+ 
cells in the lesion boundary zone of surgical brain 
lesion following implantation of CGM. 
(A, B) Representative microphotographs of double im-
munofluorescence staining for GFAP (green; astrocyte 
marker)/MMP9 (red) in representative brain sections 
of rats from the L + CGM group on day 14 following 
surgical brain trauma. B is a magnified image from the 
box in A. GFAP: Glial fibrillary acidic protein; DAPI: 
4′,6-diamidino-2-phenylindole; MMP9: matrix metallo-
proteinase-9; CGM: collagen glycosaminoglycan matrix.

significances of correlation with neurogenesis by surgical trau-
ma and while implantation of CGM (analogue of ECM) may 
further promoted the activity of these enzymes.

These MMPs, by managing the diversity of many extracel-
lular components involving extracellular matrix proteins and 
many growth factors, contribute to various physiological and 
pathological activities (Wojcik-Stanaszek et al., 2011; Brkic 
et al., 2015). Whereas MMPs have often been studied in the 
context of their harmful role in brain injuries, other reports 
indicate that they are also favorable for the promotion of 
NPCs and expression of MMPs was abundant in neural stem 
cells obtained from the central nervous system (Fujioka et 

al., 2012). They play an essential role in the regulation of the 
proliferation of NPCs throughout their development, so it is 
persuasive to imagine the contribution of these enzymes to 
traumatic injury recovery, perhaps in their support of the mi-
gration of NPCs to the lesion area to replenish damaged cells. 
Consistent with this hypothesis, recent reports also revealed 
the association of MMPs with neurogenesis and predominant-
ly in neuroblast migration (Lei et al., 2013; Saftig and Bovolen-
ta, 2015; Abdul-Muneer et al., 2016). These results also con-
firm the regulatory roles of MMPs in the proliferation of NPCs 
in the central nervous system both in humans and rodents 
(Sellebjerg and Sorensen, 2003; Barkho et al., 2008; Barkho 

Figure 5 Increased SOX2-, MMP2-, 
and MMP9-immunoreactive cells in 
the LBZ of surgical brain lesion rats 
following implantation of CGM.
(A) Representative microphotographs 
of SOX2-immunoreactive cells (im-
munofluorescence staining: green) in 
the LBZ of representative brain sec-
tions from Sham, L and L + CGM rats 
on day 14 following surgical brain 
trauma. (B–D) Numbers of Sox2- (B), 
MMP2- (C), and MMP9-immuno-
reactive (D) cells in the LBZ of brain 
sections of rats in the sham, L and L 
+ CG groups on days 7, 14, 21 and 
28 after surgery. Data are expressed 
as the mean ± SD. **P < 0.01, ***P 
< 0.001, vs. SHAM group; +P  < 0.05, 
++P < 0.01 and +++P < 0.001, vs. L 
group (one-way analysis of variance 
with the Bonferonni correction). 
MMP2: Matrix metalloproteinase-2; 
MMP9: matrix metalloproteinase-9; 
LBZ: lesion boundary zone; CGM: 
collagen glycosaminoglycan matrix.

Sham
L
L+CGM

Sham
L
L+CGM

Figure 6 Increase of tissue 
concentrations of MMP2 and MMP9 
in the lesion boundary zone in the 
surgical brain lesion rats following 
implantation of CGM.
MMP2 and MMP9 protein concen-
trations as measured by ELISA in the 
surgical brain lesion rats from the sham 
(SHAM), L and L + CGM groups. Data 
are expressed as the mean ± SD. ***P < 
0.001, vs. SHAM group; +++P < 0.001, 
vs. L group (one-way analysis of variance 
with the Bonferonni correction). MMP2: 
Matrix metalloproteinase-2; MMP9: ma-
trix metalloproteinase-9; CGM: collagen 
glycosaminoglycan matrix.
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and Zhao, 2011). The most probable situation, consistent with 
the recognized role of MMPs, is the biodegradation and thus 
remodeling of ECM with modulation of several molecules re-
quired for NPCs migration, differentiation, and proliferation 
(Wojcik-Stanaszek et al., 2011). Furthermore, these products 
of the biodegradation of ECM in turn facilitate modifications 
in interaction between cells and these ECM proteins could 
release some soluble growth factors that benefit migration. 
In addition, MMPs can stimulate proliferation and differen-
tiation of NPCs (Reilly and Engler, 2010) and, while MMPs 
would ordinarily be expected to promote neural precursor 
maturation, MMP-facilitated alteration of numerous trophic 
factors interacting with the ECM may also yield signals asso-
ciated with neurogenesis (Abdul-Muneer et al., 2016). CGM 
and, although our study data is consistent with other research, 
a deeper understanding of this mechanism would be beneficial 
to understanding neurogenesis in the adult brain following 
trauma. The increased expression of MMP2 and MMP9 after 
implantation of CGM following surgical brain trauma may be 
due to these products of the biodegradation of ECM and thus 
leads to the promotion of neurogenesis.

Conclusions
This report demonstrates that implantation of CGM following 
surgical brain injury motivates neurogenesis, and this reaction 
is accompanied by a significant increase in extracellular metal-
loproteinases. This reveals that a significant increase in MMP2 
and MMP9 is involved in neurogenesis correlating activities. 
This study verifies the association between MMP2 and MMP9 
and neurogenesis following CGM implantation after surgical 
brain trauma.
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