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In this study, we compared the gene expression profiles of 
non-syndromic hyperplastic dental follicle (HDF) fibroblasts 
and normal dental follicle (NDF) fibroblasts using cDNA micro-
arrays, quantitative PCR, and immunohistochemical staining. 
Microarray analysis showed that several collagens genes were 
upregulated in the HDF’s, including collagen types I, IV, VIII, 
and XI and TIMP-1, -3, and -4 (fold ratio ＞ 2.0). In contrast, the 
expression of MMP-1, -3, -10, and -16 together with IL-8 was 
more than two fold downregulated. The differential expression 
of the genes encoding alkaline phosphatase, MMP-1, -3, -8, 
and IL-8 was confirmed by quantitative RT-PCR, while that of 
24 HDFs and 18 NDFs was confirmed by immunohistoche-
mical analysis. However, HDFs showed stronger expression of 
MMP-3 than NDFs (P ＜ 0.001). Collectively, these results in-
dicate that defective regulation of MMPs mediating connective 
tissue remodeling may be responsible for abnormal tooth 
eruption.  [BMB reports 2008; 41(4): 322-327]

INTRODUCTION

Tooth eruption is a complex mechanism which requires an 
eruption force from the erupting tooth and the degradation of 
overlying tissue. The osteoclastic removal of bone barriers and 
enzymatic lysis of the connective tissue barrier are very im-
portant in creating an eruption pathway. Hence, abnormal 
tooth eruption is one sign of the dysfunction of osteoclasts in 
osteopetrotic animals (1). However, there is a lack of evidence 
that collagen metabolism is required for the eruption of teeth. 
    Loss of eruptive force is frequently observed, and is related to 
the prolonged retention of the deciduous tooth, or to tooth trauma 
(2). Some cases show a thick fibrous tooth follicle which hampers 
tooth eruption (3). While eruption disorders usually affect single 
teeth, multiple eruption disorders are usually syndrome-related 

(4). Non-syndromic multiple eruption disorders are rare (5). 
    The hyperplastic dental follicle (HDF) is related to tooth 
eruption disorder (6). Some HDF may be diagnosed as peri-
coronal myxofibrous hyperplasia (7) and these fibrous hyper-
plasias obstruct tooth eruption (7). Matrix metalloproteinases 
(MMPs) have an important role in tissue remodeling. During 
mouse tooth development, various MMPs are expressed in the 
branchial arch (8), and interactions between MMPs and tissue 
inhibitor metalloproteinases (TIMPs) are important for extra-
cellular matrix turnover and tooth eruption (8). For example, 
MT1-MMP is a membrane-bound matrix metalloproteinase, 
which has been shown to be involved in pericellular matrix di-
gestion by activating a pro-metalloproteinase, presumably pro- 
MMP-2 (9). Deficiency of MT1-MMP results in inhibition of both 
root development and tooth eruption (10). Therefore, proper 
remodeling of the connective tissue is essential for tooth erup-
tion (10). Another example is the failure to digest collagen fi-
ber, which results in an eruption disorder of the incisors in peri-
ostin knockout mice (11). Tooth eruption involves extensive re-
modeling of the surrounding extracellular matrix (12). In the 
erupting tooth, some osteoblasts and osteocytes degrade the 
extracellular matrix with MMPs and modulate the degradation 
by inhibiting the activity of MMPs via TIMPs (13). Therefore, it 
is plausible that abnormal connective tissue remodeling due to 
aberrant expression of MMPs and TIMPs causes the abnormal 
tooth eruption shown in non-syndromic HDFs. 
    In this study, we focused on the expression of MMPs and 
TIMPs in HDFs and NDFs. The differentially expressed genes 
were confirmed by real-time PCR and immunohistochemistry. 

RESULTS

The microarray results are shown in Table 1. Genes related to 
connective tissue remodeling or differentially expressed be-
tween HDFs and NDFs were selected. Collagen type I, type IV, 
type VIII, and type XI showed significantly increased ex-
pression in HDFs (fold ratio ＞ 2.0, Table 1). Tissue inhibitor 
metalloproteinase-1 (TIMP-1), TIMP-3, and TIMP-4 also sig-
nificantly increased their expression (fold ratio ＞ 2.0, Table 1) 
in HDFs. In contrast, the expression of MMP-1, MMP-3, 
MMP-10, and MMP-16 decreased (fold ratio ＜ 0.5, Table 1). 
In particular, MMP-3 was about fold lower in NDFs than HDFs 
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Title GenBank Chromosome Fold ratio

Alkaline phosphatase
Bone morphogenetic protein 4
Collagen, type I, alpha 1
Collagen, type I, alpha2
Collagen, type IV, alpha 1
Collagen, type VIII, alpha 2
Collagen, type XI, alpha 1
Fibroblast growth factor 7
Interleukin 26
TIMP-1
TIMP-3
TIMP-4
Interleukin 8
MMP-1
MMP-3
MMP-10
MMP-16

NM_000478
NM_001202
NM_000088
NM_000089
NM_001845
NM_005202
NM_080629
NM_002009
NM_018402
NM_003254
AA837799
NM_003256
NM_000584
NM_002421
NM_002422
NM_002425
NM_005941

1p36.1-p34
14q22-q23
17q21.33
7q22.1
13q34
1p34.2
1p21
15q15-q21.1
12q15
Xp11.3-p11.23
22q12.1-q13.2|22q12.3
3p25
4q13-q21
11q22.3
11q22.3
11q22.3
8q21

6.033
2.221
2.036
2.779
2.809
7.690
2.414
3.493
3.115
2.047
3.272
2.047
0.183
0.225
0.095
0.344
0.434

(TIMP: tissue inhibitor matrix proteinase, MMP: matrix metalloproteinase)

Table 1. The results of cDNA microarray

Fig. 1. RNA was extracted from each sample and quantitative RT-PCR
performed using the primers shown in Table (Supplementary Materials).
Values on the Y-axis indicate the ratios of patient/control (MMP: matrix
metalloproteinase, IL: interleukin, ALP: alkaline phosphatase).

Fig. 2. Histological analysis. the fibrous component was less abun-
dant in the control sample (A, C, E) than in the sample from hyper-
plastic dental follicles (B, D, F). The dental follicle was thinner in 
the control (A) than in the hyperplastic dental follicle (B) (H&E, 
original magnification x40). Though the expression of MMP-1 was 
higher in the control (C) than in the hyperplastic dental follicle (D) 
(original magnification x200), this was not evident in general. 
Expression of MMP-3 was clearly higher in the control (E) than in 
the hyperplastic dental follicle (F) (original magnification x400).

(Table 1). Other genes of interest that showed significantly 
higher expression in HDFs were bone morphogenetic pro-
tein-4 (BMP-4), interleukin 26, and fibroblast growth factor-7 
(FGF-7) (fold ratio ＞ 2.0, Table 1). Interleukin 8 was down-
regulated in HDFs compared to NDFs.
    To confirm these differentially expressed genes, quantitative 
reverse transcriptase-polymerase chain reactions (RT-PCRs) 
were performed on selected genes including MMP-1, MMP-3, 
MMP-8, interleukin-8, and alkaline phosphatase. The relative 
expression of each gene is shown in Fig. 1. The fold ratios for 
MMP-1, MMP-3, MMP-8, and IL-8 were 0.017, 0.007, 0.108, 
and 0.017, respectively (Fig. 1). The relative expression of alka-
line phosphatase was 73.08 (Fig. 1). These results are in accord 



MMPs in hyperplastic dental follicle
Seong-Gon Kim, et al.

324 BMB reports http://bmbreports.org

Control Hyperplastic dental follicle

0 + ++ 0 + ++

MMP-1
MMP-3

7/18 (38.9%)
3/18 (16.7%)

11/18 (61.1%)
  8/18 (44.4%)

0/18 (0%)
7/18 (39.9%)

19/24 (79.2%)
19/24 (79.2%)

5/24 (20.8%)
5/24 (20.8%)

0/24 (0%)
0/24 (0%)

(P ＜ 0.001 in MMP-3)

Table 2. Immunoreactivity in the control and the hyperplastic dental follicle

with the results of the microarray assay (Table 1).
    Histological findings are presented in Fig. 2. The thickness 
of connective tissue was higher in HDFs than NDFs, as ex-
pected (Fig. 2A, B). The mean thickness of the dental follicle in 
the control was 2.08 ± 0.39 mm and 5.34 ± 3.34mm in 
HDFs (Table 2) (P ＜ 0.001). In most control specimens, ex-
pression of both MMP-1 (11/18 cases, 61.1%) and MMP-3 
(8/18 cases, 44.4%) was visible with a (+) degree of staining 
(Fig. 2, Table 2). In some control specimens, MMP-3 ex-
pression was strong (7/18 cases, 39.9%) with a (++) degree of 
staining (Table 2). In HDF specimens, however, expression 
was negligible for both MMP-1 (19/24 cases, 79.2%) and 
MMP-3 (19/24 cases, 79.2%) (Table 2). When the staining in 
the two groups was compared using the independent sample 
t-test, the difference was significant (P ＜ 0.001). Some HDFs 
showed stronger staining for MMP-1 than the control, but the 
difference was not statistically significant (P ＞ 0.05).

DISCUSSION

In this study, we showed abnormal expression of connective 
tissue remodeling genes in HDFs. The expression of MMPs was 
greatly decreased (fold ratio ＜ 0.5, Table 1, Fig. 2) while the 
expression of collagen and TIMPs was significantly increased 
(fold ratios ＞ 2.0, Table 1). These results indicate that mis-
regulation of connective tissue remodeling in non-syndromic 
unerupted HDFs may be a cause of defective tooth eruption. 
    MMPs and TIMPs are important for matrix remodeling of 
connective tissue. Some studies have suggested that the abnor-
mal expression of MMPs in animal models may be related to 
the delayed eruption of teeth. Mice deficient in membrane-type 
1-MMP show delayed tooth eruption (10, 14). MMP-8 is widely 
expressed in the periodontium during tooth eruption, and its 
expression may be coordinated with that of collagens types I 
and III (15). MMP-2 is also implicated in mouse tooth develop-
ment (8). Mice without cathepsin K, however, show normal 
tooth eruption despite increased expression of MMP-9 (16). 
These results indicate that only some MMPs may be important 
in tooth eruption. In our experiments, MMP-1, MMP-3, MMP-10, 
and MMP-16 showed significantly decreased expression (fold 
ratio ＜ 0.5, Table 1). We think these MMPs may play im-
portant roles during tooth eruption. 
    Some genes related to collagen production showed in-

creased expression in HDFs (fold ratio ＞ 2.0, Table 1). These 
were collagens type I, type IV, type VIII, and type XI. It has been 
shown that major extracellular components of the periodontal 
ligament are collagens type I and III (17). The collagenous ex-
tracellular matrix is turned over during tooth eruption (18). The 
connective tissue of the gingiva contains collagen types I, III, IV, 
V, and VI and the distribution of collagen types varies in perio-
dontitis (19). It seems possible that the upregulated expression 
of collagens (type I, IV, VIII, XI) in HDFs may result from mis-
regulated connective tissue remodeling. Interestingly, FGF-7 is 
highly expressed in HDFs, and it may be one of the factors caus-
ing the upregulation of collagens, because it is highly expressed 
in cyclosporine-mediated gingival hyperplasia (20). 
    Multiple impacted teeth without a definite syndromic dis-
ease have been previously reported (5). In osteopetrosis, de-
fective eruption of teeth and the formation of odontoma-like 
masses have been reported in mice (21). Impairment of bone 
resorption is closely related to dental abnormalities such as 
failure of tooth eruption and abnormal tooth morphogenesis 
(22). BMP-4 was overexpressed in HDFs (Table 1). BMP-4 is 
important in tooth morphogenesis and it is also highly ex-
pressed in odontogenic cysts (23). Though calcification nod-
ules were not found in our samples, ectopic calcification has 
been frequently reported in tooth follicles (3, 7). The formation 
of an odontoma-like mass or ectopic calcification may be re-
lated to the overexpression of BMP-4. Interestingly, one BMP-4 
downstream target gene, alkaline phosphatase, was highly in-
creased in HDFs (Table 1, Fig. 1). 
    The thickness of connective tissue was increased in HDFs. 
The mean thickness of the dental follicle in the controls was 
2.08 ± 0.39 mm, and it was 5.34 ± 3.34mm in HDFs. If the 
cases shown HDF are included , the mean thickness of the 
pericoronal space varies from 0.1 to 5.6 mm (24). When com-
paring them, the difference was significant (P ＜ 0.001). This 
may be related to the overexpression of collagen (fold ratio ＞ 
2.0, Table 1). In the histological sections, the thickness of the 
epithelium was similar in the two groups but hyperplastic fi-
brous components were observed only in HDFs (Fig. 2A, B). 
The expression of MMP-1 in the paraffin sections showed a 
paint expression in both samples (Table 2). Though the mean 
expression of MMP-1 was higher in the control than in HDFs, 
the difference was not statistically significant (P ＞ 0.05). 
However, the expression of MMP-3 was higher in the control 
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than in HDFs and the difference was statistically significant (P 
＜ 0.001, Table 2). In the microarray results, the fold ratio of 
MMP-3 (fold ratio: 0.095) was lower than that of MMP-1 (fold 
ratio: 0.225, Table 1), and in the quantitative RT-PCR the fold 
ratio of MMP-1 was 0.017 and that of MMP-3 was 0.007 (Fig. 
1). Based on the results of the microarrays and quantitative 
RT-PCR, it seems clear that expression of MMP-3 in HDFs is 
more affected than that of MMP-1. BMP-4 was reported to in-
duce the expression of MMP-1 and MMP-3 in oral epithelium 
(25). However, our results did not confirm this (Table 1). The 
signaling pathway may be different in oral epithelial cells and 
in the connective tissue fibroblasts in HDFs. Another ex-
planation might be that the overexpression of BMP-4 in HDFs 
is due to the impaired expression of MMP-1 and MMP-3. 
However, the exact mechanism is not clear and further study 
is required. To the best of our knowledge, this is the first report 
that lack of MMP activity may be related to tooth eruption dis-
order in humans.
    In conclusion, expression of MMP-1 and MMP-3 was re-
duced in HDFs. Since the expression of TIMPs and collagens 
was increased, the thick fibrous component in HDFs may be 
due to the abnormal expression of MMPs and TIMPs. Hence, 
misregulation of connective tissue remodeling in non-syn-
dromic unerupted HDF may cause tooth eruption disorder.

MATERIALS AND METHODS

Cell cultures and DNA microarrays 
Fibroblasts of HDF were taken from a freshly excised dental fol-
licle of a patient who received window opening treatment. 
Window opening is a procedure that removes the pericoronal 
tissue of an impacted tooth to promote normal eruption or for 
orthodontic treatment. Gingival fibroblasts were taken from a 
second molar of a patient who received crown lengthening treat-
ment. The cells were grown to 80% confluence in Dulbecco's 
modified Eagle's medium (Gibco, BRL, Gaithersburg, MD) con-
taining 1% penicillin/streptomycin, hFGF (100 μg/ml), and 10% 
fetal bovine serum (FBS) in a 110mm culture dish in 37℃, 5% 
CO2 conditions. After removing the culture medium, total RNA 
was extracted using Tri-Reagent (Molecular Research Center, 
Inc. Cincinnati, OH). The subsequent procedure was carried 
out according to the manufacturer's protocol. The concen-
tration of total RNA was measured with a spectrophotometer.
    For DNA microarrays, cDNA was synthesized from the ex-
tracted total RNA using a reverse transcriptase kit. The re-
actions were primed with 3 μl of oligo (dT) and 1 μl of a 10mM 
dNTP mixture. DEPC-treated tertiary distilled water was added 
to a total volume of 40 μl. The reaction proceeded at 65oC for 5 
minutes, after which the temperature was slowly lowered to 
room temperature. 2 μl of 10× first-strand buffer, 4 μl of 25 
mM MgCl2, 2 μl of 0.1M DTT, 1 μl of RNase inhibitor (40 u/μl), 
and 1 μl of RTase were then added. The total reaction volume 
was 50 μl and the reaction proceeded at 42oC for 1 hour.
    The extracted mRNA was transferred to chips, as follows 

(26, 27). 24,200 cDNA fragments from the subtracted library 
were PCR amplified from individual colonies (Genomictree, 
Daejon, Korea). They were arrayed as 22(row) × 23(col) ×
48(pins) = 24,288 spots in multiple replicas, with each loca-
tion corresponding to a unique cDNA clone. Genes whose ex-
pression is concentration dependent were placed on the mi-
crochip to serve as positive internal controls. These genes en-
coded: β-actin, GAPDH, tubulin-α, hexokinase 1, lactate de-
hydrogenase A, ribosomal protein L3, ribosomal protein L29, 
and transcription factor (E2A), and they were spotted at 
0.5ng/ul, 2 ng/μl, 8 ng/μl, 32 ng/μl, 128 ng/μl, and 512 ng/μl,. 
These probes were hybridized with artificial mRNA.
    The combined test pool was plotted against the average of 
the combined control pool. This generated a scatter plot that 
revealed a subset of genes that were up- or down-regulated by 
the static compressive force applied group. To improve the re-
liability, this study was repeated 3-times and the dye swap 
method was also used (28).

Quantitative RT-PCR
Five of the genes that were significantly up- or down-regulated 
in the microarrays (MMP-1, MMP-3, MMP-8, interleukin-8, and 
alkaline phosphatase) were selected for further examination by 
quantitative RT-PCR using a CYBR green PCR master mix ac-
cording to the manufacturer’s protocol. 3 μg of total RNA was 
reverse-transcribed and 200 ng of cDNA was used as template 
in each PCR. 25 μl of CYBR green PCR master mix and 1μl of 
10 mM specific primers were combined with the template and 
water in a total volume of 50 μl. A negative control with no 
template was included in each assay. The cycle threshold (Ct) 
values corresponding to the PCR cycle number at which fluo-
rescence emission in real time exceeded the threshold of the 
base-line emission were determined. The measured values 
were compared to the corresponding microarray data.

Histology and immunohistochemistry
Twenty-four HDFs were included in this study. The control 
normal dental follicle (NDF) samples (n=18) were obtained 
from normally erupting canines during the window opening 
procedure. The maximum thickness of the dental follicles was 
measured after window opening. 
    Goat primary polyclonal antibodies against MMP-1 (sc 
6837) and MMP-3 (sc 6839) were purchased from Santa Cruz 
Biotechnology (Santa Cruz, CA), and diluted 1:50. The positive 
control was a squamous cell carcinoma of the oral cavity, and 
immunostaining without primary antibody was used as a neg-
ative control. Sections of 5μm thickness were prepared and 
immunohistochemical staining was performed with Universal 
LSABⓇ+ Kits (Dako, Glostrup, Denmark). Subsequent proce-
dures followed the manufacturer’s protocol and previous de-
scriptions (23, 29). For antigen retrieval, trypsin was applied to 
each slide for 5 minutes at room temperature. The sections 
were counterstained with Mayer’s hematoxylin.
    Two pathologists reviewed all the slides blind to the original 
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histologic diagnoses, and evaluated them for intensity of staining. 
The intensity scales were (-) for invisible or trace staining, (+) 
for visible stain, and (++) for dense, strongly staining slides. 
Differences between groups were analyzed by the independent 
samples t-test. The significance level was set at P ＜ 0.05.
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