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Abstract: Objective: To compare the characteristics of human gingival fibroblasts (hGFs) obtained by tissue-explant 
and enzyme-digestion methods. Methods: The hGFs were isolated using tissue explants and enzyme digestion 
methods and identified by immunocytochemical analysis. Cell-surface molecules were detected by flow cytometry 
analysis. The colony-forming activity was examined by CFU-F assay. Oil red O staining and alizarin red staining were 
performed to identify the adipogenic and osteogenic differentiation of hGFs and the differentiation capacity was 
quantified using spectrophotometric method. Results: Flow cytometry analysis showed that hGFs expressed CD44, 
CD29, Strol-1, but not CD34 and CD45. Strol-1 was significantly higher in enzyme-digestion hGFs [(14.84±2.00)%] 
than in tissue-explant hGFs [(6.64±0.95)%] (P<0.05). CFU-F assay showed that the self-renewal capacity of hGFs 
in enzyme-digestion group [(21±8)%] was significantly higher than that in tissue-explant group [(14±8)%] (P<0.05). 
The quantification test of adipogenic differentiation capacity showed the absorbance of enzyme-digestion group 
[0.66±0.03] was much higher than that tissue-explant group [0.45±0.04] (P<0.05). And the similar result was 
showed in the osteogenic differentiation capacity test that the absorbance of enzyme-digestion group [0.14±0.01] 
was obviously higher than that tissue-explant group [0.12±0.01] (P<0.05). Conclusions: Compared with tissue-
explant hGFs, enzyme-digestion hGFsshowed much more mesenchymal stem cell-like properties with significantly 
higher self-renewal capacity and adipogenic and osteogenic differentiation ability.
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Introduction

Gingiva seals the interface between teeth and 
oral mucosa, dynamicly participates in immune 
defense and has one of the fastest tissue turn-
over rates in body [1, 2]. As the predominant 
cell type in Gingival connective tissue, gingival 
fibroblasts (GFs) originate from the neural crest 
and possess distinct properties, such as ease 
of isolation and expansion in vitro, multipotent 
differentiation potential, anti-inflammatory andi- 
mmunomodulatory capacity, though being fun- 
ctionally heterogeneous. It is also demonstrat-
ed that skin wound repair with rapid re-epitheli-
alization and angiogenesis was found in a 
mouse model with systemic infusion of gingival 
cells [3]. Interestingly, mesenchymal stem cells 
(MSCs) have been isolated from gingival tissue 
using the same isolation methods as GFs. As 

novel postnatal stem cells, Gingiva-derived me- 
senchymal stem cells (GMSCs) have been paid 
great attention for therapeutic potential in tis-
sue regeneration [4, 5] and autoimmune dis-
ease treating [6], thus, considered as an ideal 
candidate cell resource for tissue engineering 
and cell-based therapies [7]. Though it is cur-
rently unclear whether the reported immuno-
modulatory capacity and multipotent differenti-
ation potential of gingival fibroblast cultures 
depends on the presence of a relatively high 
proportion of MSCs in the cultures, the fact that 
GFs possess mesenchymal stem cell-like prop-
erties shows GFs have a promising prospect in 
cell-based therapies.

Human gingival fibroblasts (hGFs) are basically 
obtained from the gingival tissue by tissue-
explant orenzyme-digestion methods. From 
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these cultures, MSC colonies can be separated 
and enriched by the limited dilution and colony-
forming unit-fibroblastic cells (CFU-F) techni- 
ques, or isolated based on expression of MSC 
surface markers using flow cytometry or other 
separation techniques. As we know, GFs that 
isolated from the same biopsy are not all alike 
but compose different phenotypic subpopula-
tions with distinct properties and functions [8]. 
And 90% of GMSCs isolated from mice were 
reported positive for the neural crest-associat-
ed surface markers, while 10% were from 
mesoderm [9]. These findings indicate that GFs 
obtained by different culture methods may iso-
late different populations from the gingival tis-
sue. As other studies have reported that peri-
odontal ligament cells (PDLCs) obtained by dif-
ferent isolation methods showed different 
chatacteristics [10] and GMSCs generated 
under a 3D spheroid culture condition pos-
sessed better therapeutic efficacy thantheir 
adherent cells [11], we speculate the heteroge-
neous populations of GFs may influence their 
multipotent differentiation potentials, self-
renewal capacity and other stem cell-like prop-
erties. The aim of this study was to compare 
the characteristics of human gingival fibro-
blasts (hGFs) obtained from tissue-explant and 
enzyme-digestion methods.

Materials and methods

Isolation of hGFs

Human gingival tissues were obtained as rem-
nants of discarded tissues from systemically 
and periodontally healthy donors (18-25 years 
old) with informed consent and approval of the 
clinical research ethics committee of Qingdao 
University. The fresh tissue was washed several 
times with phosphate-buffered saline (PBS) 
containing 400 μg/ml streptomycin and 400 U/
ml penicillin. For collection of tissue-explant 
hGFs, the epithelial layer of the gingival tissue 
was discarded and the connective tissue was 
sliced into small pieces (1 mm3) and placed into 
25 cm2 culture flask. The culture flask was 
inverted for tissue pieces adherence and care-
fully turned over 2 h later with 3 ml of culture 
medium containing α-MEM medium (Hyclone) 
supplemented with 10% fetal bovine serum 
(FBS, Hyclone) at 37°C in 5% CO2. Cells were 
subcultured at 80% confluency by 0.25% tryp-
sin/EDTA solution (Gibco).

For collection of enzyme-digestion hGFs, the 
gingival tissue was incubated in a medium con-
taining 2 mg/ml dispase (Sigma) at 4°C over-

night. Then the epithelial layer was easily sepa-
rated from connective tissue. Following minc-
ing, the connective tissue pieces (1 mm3) were 
subsequently digested with a solution of 2 mg/
ml collagenase (Sigma) for 50 min at 37°C and 
then filtered through a 70-μm cell strainer. The 
pass-through was centrifuged at 1000 rpm for 
5 min. The cells were resuspended in 3 ml of 
α-MEM containing 10% FBS and placed into 25 
cm2 culture flask. Cells were subcultured at 
80% confluency by 0.25% trypsin/EDTA solu- 
tion. 

Immunocytochemistry staining 

hGFs obtained by both of tissue-explant and 
enzyme-digestion at passage 2 were fixed and 
identified by Immunocytochemistry staining wi- 
th cytokeratin and vimentin antibodies (Bost- 
er, China). Briefly, Cells were incubated with pri-
mary antibodies against cytokeratin and vimen-
tin for 30 mins at room temperature followed by 
incubation with the biotinylated secondary anti-
body using a LSAB2 system-HRP Kit (Dako) 
according to the manufacturer’s instructions. 
DAB was used as peroxidase substrate and 
counter staining was performed with hema- 
toxylin.

Flow cytometry

A total of 106 h GFs at passage 1 were washed 
with PBS and incubated with antibodies against 
human CD44, Strol-1, CD34, CD45 (BioLegend), 
CD29 (eBioscience) at 4°C for 30 min in the 
dark. Cells were then centrifuged at 1300 rpm 
for 10 min and resuspended in 1% paraformal-
dehyde for flow cytometry analysis with the use 
of CXP Analysis 2.1 software (Beckman Coulter).

Colony-forming unit-fibroblast (CFU-F) assay

To assess the colony forming efficiency of the 
two kinds of GFs, a total of 500 GFs at passage 
1 were seeded into 6-CM cell culture dish and 
cultured in a-MEM with 10% FBS. The culture 
medium was replaced every 3 days. After 12 
days of cultivation, all cultures were washed 
twice with PBS, fixed with 4% paraformalde-
hyde, stained with 0.1% crystal violet (Sigma- 
Aldrich), washed twice with distilled water, and 
counted using a phase-contrast inverted micro-
scope (Olympus, Japan). A CFU-F was defined 
as a cluster of more than 50 cells.

In vitro multipotent differentiation

Adipogenic differentiation: The second-pass- 
age hGFs were seeded at 2×103 cells/well in 



Characteristics of hGFs

19759	 Int J Clin Exp Med 2016;9(10):19757-19763

96-well plates in α-MEM growth media, allowed 
to adhere overnight, and replaced with adipo-
genic induction medium supplemented with 
α-MEM containing 10% FBS, 1 μM dexametha-
sone (Sigma), 200 μM indomethacin (Sigma), 
10 μM insulin (Sigma), 0.5 mM isobutyl-methyl-
xanthine (Sigma), and 1% antibiotic/antimycot-
ic. 14 days later, Oil Red O staining was per-
formed to detect the formation of lipid-laden fat 
cells. The dye content was extracted by 60% 
isopropanol and quantified using microplate 
reader (Tecan Safire2, switzerland) at 510 nm 
[12].

Osteogenic differentiation: The second-pass- 
age hGFs were seeded at 1×103 cells/well in 
96-well plates and incubated in α-MEM growth 
media for 24 h. Then the culture medium was 
replaced with osteogenic induction medium 
containing 5% FBS, 10 mM β-glycerophosphate 
(Sigma), 50 mg/ml ascorbate-2-phosphate 
(Sigma) and 0.1 μM dexamethasone. 28 days 

Statistical analysis was performed using a sta-
tistical package (SPSS 19.0, SPSS Inc, USA). 
Data were expressed as mean±SD. Levene’s 
Test was used to assess normality and homo-
geneity of variance. Differences between two 
groups were analyzed by an Independent-
Samples t-test. The statistical significance cho-
sen was P<0.05. 

Results

Morphological and immunocytochemical char-
acteristics of hGFs

The first adherent cells appeared 2 h after the 
primary culture using enzyme digestion method 
and reached 80% of confluence at about day 
10 (Figure 1A), while tissue-explant cells start-
ed to grow out from the gingival tissue at about 
day 7 and reached 80% of confluence at about 
day 20 (Figure 1B). Under optical microscopy, 
all the primary cells appeared spindle-shaped 

Figure 1. Characterization of hGFs. A. In vitro culture of enzyme-digestion hGFs at 5 days (×40); B. In vitro culture 
of tissue-explant hGFs at 7 days (×40); C. HGFs were detected positive for vimentin (×100); D. HGFs were detected 
negative for cytokeratin (×100); E. Flow cytometry analysis showed hGFs expressed CD44, CD29 and STRO-1 but 
not CD34, CD45.

Table 1. Flow cytometry analysis of tissue-explant and enzyme-
digestion hGFs (%, mean±SD)

Surface 
molecule

Expression rate (%)
F T PEnzyme-digestion 

hGFs
Tissue-explant 

hGFs
CD29 93.11±1.8 94.07±1.6 0.079 -0.402 0.701
CD44 97.04±1.16 95.46±0.57 1.715 1.255 0.256
Stro-1 14.84±2.00 6.64±0.95 1.139 3.679 0.01

later, mineral deposition was 
identified by Alizarin Red S 
(Sigma-Aldrich) staining, then 
the dye content was extracted 
by an acetic acid extraction 
method and quantified using 
microplate reader at 405 nm 
[13].

Statistical analysis
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fibroblast-like morphology. After subcultured, 
cells grew rapidly and appeared radial or whorl- 
ed arrangement. Immunocytochemistry stain-
ing showed the cultured cells were detected 
positive for vimentin and negative for cytokera-
tin (Figure1C and 1D).

Flow cytometry

Flow cytometry analysis showed that hGFs ex- 
pressed CD44，CD29，Strol-1 surface mark-
ers, but not CD34 and CD45 (Figure 1E). Com- 
parison of expression percentages of CD44, 
CD29 and Strol-1 was performed between 
enzyme-digestion and tissue-explant hGFs 
(Table 1). Strol-1 was significantly higher in 
enzyme-digestion hGFs [(14.84±2.00)%] than 

in tissue-explant hGFs [(6.64±0.95)%] (P=0.01). 
And there was no difference in comparison of 
CD44 and CD29 between the two groups 
(P>0.05).

CFU-F assay

Both types of cells displayed colony-forming 
ability with well-stained colonies (Figure 2A, 
2B). Enzyme-digestion hGFs formed a signifi-
cantly large number of colonies [(21±8)%] com-
pared with tissue-explant hGFs [(14±8)%] (Fig- 
ure 2C).

Adipogenic differentiation capacity assay

Cultured in adipogenic induction medium for 2 
weeks, lipid-rich cells were detected in both 

Figure 2. Colony formation and multipotent differentiation capacity of hGFs. A. CFU-F assay of enzyme-digestion 
hGFs. B. CFU-F assay of tissue-explant hGFs. C. Comparison of colony formation efficiency. D. Adipogenic differentia-
tion of enzyme-digestion hGFs detected by Oil Red O staining (×100). E. Adipogenic differentiation of tissue-explant 
hGFs (×100). F. Comparison of adipogenic differentiation capacity. G. Osteogenic differentiation of enzyme-diges-
tion hGFs identified by Alizarin Red S staining (×100). H. Osteogenic differentiation of tissue-explant hGFs (×100). I. 
Comparison of osteogenic differentiation capacity. *: P=0.001; **: P=0.000; ***: P=0.025.
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groups by Oil Red O staining, and enzyme-
digestion hGFs formed more lipid vacuoles 
than tissue-explant hGFs (Figure 2D, 2E). The 
absorbance of the dye content in enzyme-
digestion group [0.66±0.03] was much higher 
than that in tissue-explant group [0.45±0.04] 
(P=0.000) (Figure 2F).

Osteogenic differentiation capacity assay

After 4 weeks of osteogenic induction, hGFs 
showed formation of mineralized nodules whi- 
ch were identified by Alizarin Red S staining 
(Figure 2G, 2H). The absorbance of Alizarin Red 
S in enzyme-digestion group [0.14±0.01] was 
obviously higher than that in tissue-explant 
group [0.12±0.01] (P=0.025) (Figure 2I).

Discussion

GFs have been considered as a new seed cell 
source in periodontal tissue engineering for 
advantages such as ease of isolation and 
expansion in vitro, self-renewal and multipo-
tent differentiation potential in the past years. 
Recently, MSCs have been isolated from gingi-
val tissue using the same isolation methods as 
GFs. As novel postnatal stem cells, gingiva-
derived mesenchymal stem cells (GMSCs) pos-
sess the basic characteristics of MSCs, anti-
inflammatory and extraordinary immunomodu-
latory capacities, and have been paid great 
attention for therapeutic potential in tissue 
regenerationand autoimmune disease treat-
ing. In our previous studies, GMSCs implanted 
into class III furcation defectes created in bea-
gle dogs significantly enhanced the regenera-
tion of damaged periodontal tissue [4], and 
GMSCs transplanted via the tail vein into 
C57BL/6J mice were found not only home to 
the mandibular defects but also promote bone 
regeneration [5].

Given the promising application prospects of 
GFs and GMSCs in in tissue engineering and 
cell-based therapies, primary cultured GFs are 
needed in more and more researches. As a 
conventional culture method for obtaining GFs, 
tissue explant method is simple and economic, 
however, with low cell emigration and long cul-
ture period. To obtain large numbers of GFs 
rapidly, enzyme digestion method is confirmed 
as an ideal technique which gets a single sus-
pension of GFs by digesting the gingival tissues 
using enzymes. However, no studies have men-

tioned before whether the characteristics of 
the GFs obtained by different culture methods 
are different or not.

In the present study, both groups of primary 
GFs appeared fibroblastlike morphology and 
flow cytometry analysis showed that hGFs ex- 
pressed CD44, CD29, Strol-1 surface markers, 
but not CD34 and CD45, which indicated the 
mesenchymal origin of GFs. The results were 
also verified by immunocytochemistry staining. 
Though there is no specific molecular marker to 
define MSCs, Stro-1has been used in many 
researches for the selection and identification 
of dental MSCs [14, 15]. In this study, the find-
ing that the expression of Strol-1 was signifi-
cantly higher in enzyme-digestion hGFs than in 
tissue-explant hGFs suggested there might be 
differences in stem cell-like properties between 
the two group cells, though it could not accu-
rately reflect the proportion of MSCs in primary 
hGFs.

As stem cells possess self-renewal capacity 
and multiple differentiation potential, in this 
study, both types of hGFs displayed colony-
forming ability with well-stained colonies. And 
the enzyme-digestion hGFs formed a signifi-
cantly large number of colonies compared with 
tissue-explant hGFs. We also found tissue-
explant hGFs could form lipid vacuoles and 
mineralised nodules in multiple differentiation 
capacity assays, though the quantity was less 
than enzyme-digestion hGFs. These findings 
further confirmed our speculation that the stem 
cell-like properties of hGFs are different de- 
pending on the isolation method used. The dif-
ferences may be explained from two aspects. 
On the one hand, enzyme-digestion hGFs were 
gotten by digesting the gingival tissues using 
enzymes and seeded into culture flask as a 
single-cell suspension. It was impossible for a 
single cell to contact with its neighbouring cells 
and be supported by paracrine regulation. Only 
those with high proliferation and self-renewal 
ability may grow into colonies and reached con-
fluence [16]. Hence, compared with tissue-
explant hGFs, enzyme-digestion hGFs had a 
higher proliferation rate and formed more lipid 
vacuoles and mineralised nodules. On the 
other hand, though MSCs can be isolated from 
either enzyme-digestion GFs or tissue-explant 
GFs, it is more likely there is a significant differ-
ence in the proportion of MSCs obtained by dif-
ferent isolation methods. Up to now, the tiss- 
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ue location of the gingival MSCs is unclear. 
Recently, many immunolocalization and cell 
culture studies have demonstrated that peri-
vascular tissue appears to provide a distinct 
niche for MSCs or MSC like cells [17, 18]. As 
fibroblasts represent the major cell type in in 
gingival connective tissue, and only close to the 
edge of the tissue explant cells have a greater 
chance to move out, the primary cells isolated 
using tissue-explant method in this study were 
mostly fibroblasts. In contrast, there was a 
higher proportion of MSCs in enzyme-digestion 
hGFs isolated by digesting the whole gingival 
tissue pieces, which could explain the result in 
flow cytometry analysis that Strol-1 was signifi-
cantly higher in enzyme-digestion hGFs than in 
tissue-explant hGFs.

Since MSCs were isolated from gingival tissue 
and studied in tissue regeneration and autoim-
mune disease treating, GMSCs have been con-
sidered as an ideal candidate cell resource for 
tissue engineering and cell-based therapies. 
With the development of study of GMSCs, it is 
reported 90% of GMSCs isolated from mice 
were originated from neural crest while 10% 
from mesoderm, and GMSCs from different ori-
gins show different stem cell properties. Future 
studies should be focused on identification of 
distinct phenotypic properties of GMSCs from 
different origins and verify specific molecular 
markers to identify and enrich appropriate cell 
populations for various treating applications in 
different areas.

In conclusion, GFs obtained by tissue-explant 
and enzyme-digestion methods showed diff- 
erent characteristics. Compared with tissue-
explant hGFs, enzyme-digestion hGFs showed 
much more mesenchymal stem cell-like proper-
ties with significantly higher self-renewal, adip-
ogenic and osteogenic differentiation capacity. 
Obtaining large numbers of GFs rapidly and 
then isolating GMSCs possessing different ph- 
enotypic properties are of great significance to 
further research of GFs and GMSCs in tissue 
engineering and cell-based therapies.
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