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Abstract 
The objective of this study was to investigate the effects of Matrigel on the regeneration 
of wounds in submandibular glands （SMGs）in vivo and in vitro. Surgical wounds were 
created in SMGs of rats and were filled with Matrigel. At day 5 after the surgery, cells 
that had migrated into the Matrigel were removed and cultured for 4 days, after which 
they were observed both histochemically and immunohistochemically. Spindle-shaped 
and cuboidal cells had invaded the Matrigel in vivo. The fibroblast-like spindle cells in 
the cultrured Matrigel were positive for vimentin. Duct-like structures were frequently 
observed and cells of those structures were positive for Pan-CK and some were positive 
for CK14, p63, S100, GFAP and αSMA. In some areas, canal-like structures were some-
times observed and PAS positive materials were found in the canal-like structure.  These 
results suggest that Matrigel promotes the structural regeneration of damaged rat sali-
vary glands. 
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such as pH maintenance, due to its buffering ac-
Introduction

tion3）. However, no complete regeneration of 
　Pathologically speaking, salivary glands are damaged salivary glands in vivo has been re-
known to have weak regenerative capacities at ported. In the case of primary healing of sali-
sites of tissue damage since they are composed vary glands, such as in the surgical wound mod-
of well-differentiated epithelial cells1）. Radiation el, it is known that the wound healing starts 
therapy of oral cancers leads to the damage of with a vascular response followed by cell migra-
acinar cells, which can induce dry mouth result- tion into the wounded area to generate a granu-

lation tissue. After that, intercalated ducts start .2） ing in dental caries and/or periodontal diseases
Saliva contains antibacterial agents and antibod- to proliferate and then differentiate into acinar 
ies that not only prevent microbial proliferation cells in some cases4, 5）. However, it has been re-
in the oral cavity but also play a key role in ported that when secondary healing occurs in 
maintaining the homeostasis of the oral cavity, salivary gland tissues, it usually heals with scar 
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tissue without regenerating the salivary gland 
tissue6）. We hypothesized that in order to pro-
duce regenerative tissue rather than scar tissue, 
a method is needed to increase the infiltration of 
progenitor cells from the surrounding connec-
tive tissue into the wound area, and to acceler-
ate the differentiation of those cells. Therefore, 
tissue engineering techniques to create appro-
priate three-dimensional configurations should 
be important. Tissue engineering requires 
three essential components : cells, scaffolds and 
growth factors. It has been reported that cells 
which invade into Type 1 collagen gels with 
bFGF in salivary wounds, have the capacity to 
differentiate into ductal cells7）. Kobayashi et al. 
used bFGF in Type 1 collagen gels and charac-
terized the expression of proteins by the acinar 
cells. However, there have been no reports 
about the structural regeneration of salivary 
glands8）. 
　Matrigel is known to provide scaffolds and 
growth factors for cells. The components of 
Matrigel include structural proteins such as 
laminin, nidogen, collagen and heparan sulfate 
proteoglycans, which provide cells in culture 
with adhesive peptide sequences that they would 

.9, 10） encounter in their natural environment
Matrigel also contains growth factors such as 
TGF-β and EGF that prevent differentiation 
and promote the proliferation of many cell 
types. Matrigel activated when submandibular 
glands （SMGs）developed and it promoted 
branching in an in vitro study11）. Matrigel in-
duced cells to develop into acinar cells not only 

.12）in experimental animals, but also in humans
We have been reported that the surgical wound 
model using Type 1 collagen gels is useful for 

.7, 8, 13）observing cells during wound healing
However, during wound healing, it is difficult to 
avoid the effects of endothelial cells, Schwann 
cells and many kinds of leukocytes that invade 
into the gels.
　The aim of this study was to investigate the 
differentiation of cells that had migrated into 
Matrigel in the wounds of SMGs in vivo after 
their removal and culture to eliminate the ef-
fects of cells surrounding those glands. 

Materials and methods

　1. Animals
　This study was conducted in compliance with 
the Guidelines for the Treatment of Experimen-
tal Animals at the Tokyo Dental College
（Approval Number 243208） . Thirty adult male 
Sprague-Dawley rats, each weighing about 200 g
（Sankyo Lab Service, Tokyo, Japan） , were used 
in this study. During these experiments, none 
of the animals became infected or died.

　2. Matrigel
　Matrigel has three matrix components :
Laminin （61％）, Type Ⅳ collagen（30％）and
Entactin （7％） . Furthermore, six growth
factors : EGF （0.5％）, bFGF （0-0.1％） , NGF
（0.2％）, PDGF （＜ 5％）, IGF-1 （5％）and TGF-β
（1.7％） were added as supplements.

　3. Wound model

　According to the protocol of Kobayashi et al. 13）


we created wounds in rat SMGs（Fig. 1） . Briefly,
,

each rat was anesthetized by an intraperitoneal 

injection of thiopental （0.2 ml/100 g ; Ravonal ;

Mitsubishi Tanabe, Osaka, Japan） . A skin inci-
sion, approximately 2 cm in length, was made

along the center of the anterior neck using a

surgical knife. Both sides of the SMGs were

exposed, and a wound that passed through each 

SMG was created using a 3 mm diameter biopsy


punch（Kai Industries, Gifu, Japan） , without

injuring the principal artery and main salivary


Fig. 1　Macroscopiclal image of a SMG 5 days after the 
surgery showing the Matrigel insert filling up the wound. 
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duct. Bleeding was arrested with gauze. Matri-
gel was then inserted into each wound using a 
19G needle mounted on a plastic syringe. Each 
wound was then covered with a Gore-Tex mem-
brane （GORE, Tokyo, Japan）to prevent the mi-
gration of cells from the surrounding non-specif-
ic fibrous connective tissue and blood vessels, 
nerve fibers, etc, into the Matrigel. 

　4. Tissue culture
　Rats were sacrificed 5 days after the opera-
tion （n＝16） . Each Matrigel implanted wound 
in the SMG was removed and then cultured in 
35 mm culture dishes in DMEM/F12 with 10％ 
fetal bovine serum supplemented by 50 μg/ml
gentamycin in an atmosphere of 95％ air, 5％ 
CO2 at 37℃ for 96 hr.

　5. Histological observations
　After 96 hr of culture, each piece of tissue was
fixed with 10％ buffered formalin for 2 hr and 
was then dehydrated in ethanol before being 
embedded in paraffin. Paraffin sections, 3μm 
in thickness, were cut horizontally using a slid-
ing microtome. For light microscopy observa-
tions, paraffin sections were stained with
hematoxylin and eosin （HE） . 

　6. Histochemical observations
　Paraffin sections were used for histochemical 
observation. After being deparaffinized with
xylene, Periodic acid Schiff （PAS）staining was 
performed as an amylase marker which is 
secreted by acinar cells.

　7. Immunohistochemical observations 
　Paraffin sections were used for immunohisto-
chemical observation. After being deparaffinized 
with xylene, they were microwaved in 0.01 M
citric acid buffer solution（pH 6.0）for 15 min 
at 65℃ for antigen retrieval. Sections were
then incubated in 3％ hydrogen peroxide with 
methanol for 30 min at room temperature to 
block endogenous peroxidase activity. To block 
non-specific binding, the sections were treated
with 3％ bovine serum albumin for 10 min at 
room temperature. The antibody supplied in 

each kit was used as the primary antibody. An-
tibodies to Vimentin （Dako, Glostrup, Denmark: 
diluted 1：100）as a mesenchymal or fibroblast 
marker, Pan-CK （source : diluted 1：50）as an
epithelial cell marker, CK14 （Abcam, Cam-
bridge, UK: diluted 1：40）as a basal cell or
myoepithelial cell marker, p63（Abcam, Tokyo 
Japan : diluted 1：100）as a marker of basal cells 
of ducts or myoepithelial cells, S100 （source : di-
luted 1：50）as a myoepithelial marker, GFAP
（BioLegend, CA, USA : diluted 1：100）as a mi-
crotubule of myoepithelial cell marker and α-
smooth muscle actin （ αSMA）（Santa Cruz Bio-
technology, Dallas, US : diluted 1：50）also as a 
microtubule of myoepithelial cell marker, were 
used as primary antibodies. The sections were 
incubated at 4 ℃ overnight and were then incu-
bated with a biotinylated secondary antibody, 
NICHIREI-Histofine simple-stain MAX-PO®

（Nichirei, Tokyo, Japan） , for 30 min at room 
temperature. Thereafter, the sections were 
rinsed with PBS and stained with NICHIREI-
Histofine simple-stain Diaminobenzidine®（Nichi-
rei）and counterstained with hematoxylin. 
Specimens were observed by light microscopy
（Axio-photo 2 ; Carl Zeiss, Oberkochen, Germany） . 

Results

　Histological observations in vivo
　Matrigel was observed to be in its original 
state in the wounded area at day 5. The spindle 
cells had infiltrated into the Matrigel, however, 
salivary configurations such as either acinar or
ductal structures were not observed （Fig. 2） .

Fig. 2　Histological observation in vivo. Matrigel was 
observed in the wounded area at day 5. HE staining. 
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　Histological and histochemical observations in 
vitro
　A fter 96 hr of culture, oval-shaped cells and 
spindle-shaped cells were observed in the 
scanty stroma, which might be the Matrigel. 
Duct-like structures and luminal structures
were frequently seen （Fig. 3, 4 left） . Luminal 
areas were filled with secretory-like components 
that were PAS positive （Fig. 4 right） . 

　Immunohistochemical observations in vitro
（Fig. 5）
　Some of the spindle-shaped cells and fibro-
blast-like cells were positive for vimentin. Pan-
CK-positive cells were observed in most cells of 
the duct-like structures. CK14- , p63- and S100- 
positive cells were observed at the periphery of 
the ductal structures. GFAP and αSMA were 

also positive in the duct-like cells. 

Discussion

　In previous studies, the surgical wound model 
has been shown to be appropriate for observing 
cell and tissue reactions during the wound heal-
ing of salivary glands7, 8, 13-15）. However, struc-
tural regeneration has never occurred6）. Sali-
vary glands are composed of myoepithelial cells, 
ductal cells, acinar cells and progenitor cells. 
During the regeneration of salivary glands, duc-
tal cells, myoepithelial cells and progenitor cells 
（except acinar cells） should be involved in the 
wound healing 14）. Some of those cells then dif-
ferentiate into acinar cells and create luminal 
structures. Kobayashi et al. reported that 
CD49f and c-kit, which are progenitor cell mark-
ers of salivary glands, were positive in cells of 
the damaged salivary glands7）. Studies have re-
vealed that cells expressing those progenitor 
cell markers are located in regenerating sali-
vary glands, and are related to the regeneration 
of those glands15, 16）. It has been reported that 
bFGF promotes the proliferation of mesenchy-
mal stem cells in skin tissue during wound heal-
ing and promotes the differentiation of progeni-
tor cells to sweat gland cells of the skin in an in 
vivo study17）. Kobayashi et al. also reported 
that bFGF promotes the differentiation of sali-
vary gland cells in vivo7）. They also reported 
that AQP5 was positive in cells that had migrat-
ed and those cells were also positive for c-kit, 
which suggested that pluripotent cells in the gel 

Fig 3　Histological observation of the Matrigel after 
culture for 4 days. Ductal and luminal structures were
seen in the matrix which were stained with eosin （HE
stain）.

Fig. 4　Higher magnification of Fig. 2 HE （Left） and PAS （Right） staining. Clear duct-
like and luminal structures observed in the luminal area were positive for PAS. 
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 Fig. 5　Immunohistochemical stainings of vimentin, Pan-CK, CK14, p63, S100, 
GFAP and αSMA, after 96 hr of culture 

might differentiate into acinar cells but were not 
structurally complete. Luminal structures with 
acinar cells are particularly necessary for the 
regeneration of salivary glands. It was suggest-
ed that in Matrigel, bFGF promotes the prolifer-
ation of migrating cells while EGF, PDF, TGF-β 

and IGF promote their differentiation18, 19）, which 
is consistent with the results of our study. One 
of the growth factors, such as EGF, in the 
Matrigel probably causes the migrated cells to 
differentiate into acinar cells. In this study, 
PAS-positive luminal structures were observed. 

We focused on cells that migrated into the 
Matrigel, and those cells might also be pluripo-
tent, as previously reported 20, 21）.
　Matrigel is a gelatinous protein mixture se-
creted by EHS mouse sarcoma cells. Matrigel 
resembles the complex extracellular environ-
ment found in many tissues and is used as a 
substrate, such as a basement membrane ma-
trix, for cells9, 10）. Cells cultured on Matrigel 
demonstrate complex cellular behaviors. In 
some instances, researchers prefer to use great-
er volumes of Matrigel to produce thick three-
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dimensional gels and this induces cells to mi-
grate from the surface of the gel to its 
interior 11）. In this study, this migratory behav-
ior was the same as the model for the differenti-
ation of salivary stem cells. Matrigel is also 
used as an attachment substrate in embryonic 
stem cell cultures to promote stem cell growth 
and differentiation22）. Matrigel contains other 
proteins in small amounts and its exact composi-
tion can vary from lot to lot. For that reason, 
Matrigel may not be appropriate for experi-
ments that require a precise knowledge of all 
protein components and their concentrations.
　The results of the immunohistochemical study 
showed that cells migrating into the Matrigel 
are positive for Pan-CK, which is a marker for 
duct epithelial cells. Cells at the periphery of 
the ductal structure were positive for GFAP 
and αSMA, which are markers for microtubules 
of myoepithelial cells, and were positive for 
CK14, p63 and S100, which are also markers of 
myoepithelial cells. These results suggest that 
the ductal structure might be composed of duc-
tal and myoepithelial cells.
　Thus, our study suggests that cells growing 
in Matrigel in vivo differentiated into mature 
salivary gland cells in vitro and this may sup-
port the wound healing process in situ. Taken 
together, Matrigel induces both the proliferation 
and the differentiation of cells and promotes the 
structural regeneration of damaged rat salivary 
glands. 

Conclusion

　This study suggests that Matrigel promotes 
the structural salivary gland regeneration with 
both ductal and luminal structures. 
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