
Lauren E. Mummert, DDS • L. Jack Windsor, PhD 

Indiana University School of Dentistry, Indianapolis Indiana 

Effects of Stannous Fluoride and Sodium Fluoride on Human Gingival 

Fibroblast Proliferation and Matrix Metalloproteinase Expression 

ABSTRACT 

BACKGROUND 

  MATERIALS 

and METHODS  

Bacterial byproducts have been linked to periodontal diseases, but 

host responses have also been implicated. This includes the matrix 

metalloproteinases (MMPs) that are released from human gingival 

fibroblasts (HGFs) and induce connective tissue degradation. In this 

study HGFs were incubated with stannous fluoride (SnF2) or sodium 

fluoride (NaF) to determine their effects on cell proliferation. HGFs 

were then incubated with or without SnF2 or NaF at the highest 

concentrations that did not affect cell proliferation and analyzed for 

MMP expression. The highest concentrations that did not significantly 

affect cell proliferation with respect to HGFs (p<0.05) were 0.004% 

SnF2 and 0.0125% NaF. At these levels, MMP expression in HGFs did 

not differ significantly from untreated HGFs. MMP expression in HGFs 

was unaffected by treatment with SnF2 or NaF at the concentrations 

tested. The results of this study demonstrated no changes in MMP 

expression, which indicates that collagen degradation mediated by 

MMPs from HGFs is not affected by fluoride at the tested levels.  

Periodontal diseases are inflammatory conditions of the tooth 

supporting tissues.1 Host responses, including MMP expression from 

HGFs have been implicated in periodontal disease pathogenesis.1 

Fluoride has been shown to have inhibitory effects on MMPs in 

solution.2 Fluoride has also been shown to affect MMP expression in 

odontoblasts, ameloblasts, gingival epithelium, and osteoblasts.3, 4, 5, 6, 

7, 8 The effects of fluoride on MMP expression from HGFs have not yet 

been examined. It is important to study the effects of fluoride on the 

cells of the intraoral soft tissues because fluoride compounds are 

commonly prescribed as intraoral medicaments, and the oral soft 

tissues may serve as an important reservoir for fluoride.9 

Cell Culture: HGFs already cultured from a sample of clinically non-

inflamed gingival connective tissues were used with Institutional 

Review Board approval.10  

Cell Proliferation: HGFs were incubated with SnF2 or NaF at 

concentrations determined by preliminary cell proliferation/viability 

assays for 72 hours. HGF cell proliferation was determined by 

measuring the number of viable cells utilizing the Water Soluble 

Tetrazolium-1 Assay (Roche, Indianapolis, IN). 

MMP Arrays: HGFs were incubated with SnF2 or NaF at the highest 

tested concentration that did not affect cell proliferation for 72 hours. 

The concentration of the total protein in the conditioned media were 

used in the MMP analyses using the human MMP Antibody Array 

(RayBio, Hercules, CA).  

Statistics: Comparisons of each SnF2 and NaF concentration 

against the control for differences in WST were made using one-way 

ANOVA followed by pair-wise comparisons, with the comparisons 

against the control using one-sided tests. For the MMP data, groups 

were compared using one-way ANOVA, followed by pair-wise tests 

using Fisher’s Protected Least Significant Differences to control the 

overall significance level at 5%. 

 

 

 

RESULTS 

Cell Proliferation: The mean absorbance values  ± the standard 

error for each treatment and p-value for stannous fluoride assays 

were calculated as follows: control (0.152  ±  0.0005), 0.002% SnF2 

(0.157  ±  0.0025, p=0.922), 0.004% SnF2 (0.162 ± 0.0012, 

p=0.997), 0.008% SnF2 (0.150 ± 0.0003, p=0.049), 0.01% SnF2 

(0.146  ±  0.0015, p = 0.0297), and 0.02% SnF2 (0.146  ±  0.0003, p 

= 0.0077). The highest concentration of stannous fluoride that did 

not significantly alter cell proliferation (p<0.05) was 0.004% SnF2. 

Data expressed in terms of percent cell proliferation is shown in 

Figure 1.The mean absorbance values  ±  the standard error for 

each treatment and p-value for sodium fluoride assays were 

calculated as follows: control (0.286 ± 0.0219), 0.00313% NaF 

(0.315 ± 0.0202, p = 0.807), 0.00625% NaF (0.312 ± 0.0268, 

p=0.804), 0.0125% NaF (0.321 ± 0.0280, p=0.806), and 0.025% 

NaF (0.178 ± 0.0032, p=0.0180). The highest concentration of 

sodium fluoride that did not significantly affect cell proliferation 

(p<0.05) was 0.0125% NaF. Data expressed in terms of percent cell 

proliferation is shown in Figure 2. 

 

MMP Arrays: MMP arrays revealed no changes in MMP expression 

in cells treated with sodium fluoride or stannous fluoride with 

respect to untreated cells. No significant group differences were 

found in mean optical density between control, SnF2, and NaF 

MMP Array data (MMP-1 p=0.95, MMP-2 p=0.94, MMP-3 p=0.79, 

MMP-8 p=0.95, MMP-9 p=0.23, MMP-10 p=0.77, MMP-13 p=0.91, 

TIMP-1 p=0.99, TIMP-2 p=0.80, TIMP-4 p=0.94). Mean optical 

density values, standard error, and p-values are shown in Table 1. 

 

Figure 3 

Table 1 
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The results of this study demonstrated no changes in MMP 

expression, which suggests that collagen degradation mediated 

by MMPs from HGFs is not affected by fluoride at the tested 

levels. Increased expression of MMP-1 and MMP-3 have been 

implicated in extracellular matrix degradation present in 

periodontal pathogenesis.13 This study revealed that MMP-1 and 

MMP-3 expression is not increased by 0.0125% sodium fluoride 

or 0.004% stannous fluoride, so fluoride may not cause increased 

collagen degradation by MMPs from HGFs in an in vitro 

environment. 

The effects of fluoride on MMP expression from odontoblasts, 

ameloblasts, gingival epithelium, and osteoblasts have been 

studied.3, 4, 5, 6, 7, 8 Prior to this study, the effects of fluoride on HGFs 

have not been examined. It is important to study the effects of 

fluoride on intraoral soft tissue cells because fluoride products are 

frequently used for caries prevention, and those products contact 

the gingiva.9 Furthermore, the intraoral soft tissues may serve as an 

important reservoir for fluoride. 9 The highest concentrations of 

fluoride that did not affect cell proliferation/viability were 0.004% 

SnF2 or 0.0125% NaF.  These concentrations are lower than the 

fluoride content of most dentrifices and mouth rinses.11 However, 

HGFs are located in the lamina propria and are not directly exposed 

to the intraoral environment,12  so the concentration of fluoride to 

which they are exposed is likely lower. Furthermore in this study, 

HGFs were exposed to SnF2 or NaF for 72 hours, whereas most 

fluoride medicaments are present in the oral cavity for two minutes 

or less. 11  At concentrations of 0.004% SnF2 or 0.0125% NaF, MMP 

expression was not significantly affected (p<0.05), suggesting that 

MMP-mediated collagen degradation is not affected by those 

concentrations of fluoride in vitro. 

Figure 1 

Figure 2. Percent cell proliferation with standard error bars for 

sodium fluoride WST-1 data. Asterisk denotes p<0.05. Table 1. Descriptive and comparative statistics for MMP data. 
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Figure 4 

Figure 3. MMP Array Map (RayBio). POS = Positive Control Spot. 

NEG = Negative Control Spot.  

Figure 4. MMP Array Membranes (RayBio) after treatment ant 

autoradiography. Left: control. Middle: 0.0125% NaF. Right: 

0.004% SnF2.  
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Figure 1. Percent cell proliferation with standard error bars for 

stannous fluoride WST-1 data. Asterisks denote p<0.05. 

Figure 2 

Cytokine Group Mean ± SE (p-value) 

MMP-1 Control 1.05x107 ± 4.4x106 

  NaF 1.09x107 ± 4.32x106 (0.953)  

  SnF2 1.24x107 ± 4.72x106 (0.776) 

MMP-2 Control 7.47x105 ± 4.14x105 

  NaF 8.64x105 ± 5.28x105 (0.869) 

  SnF2 9.91x105 ± 4.87x105 (0.730) 

MMP-3 Control 9.70x106 ± 3.28x106 

  NaF 9.29x106 ± 2.75x106 (0.926) 

  SnF2 1.20x107 ± 2.80x106 (0.596) 

MMP-8 Control -2.40x105 ± 1.53x105 

  NaF -1.97x105 ± 8.66x104 (0.871) 

  SnF2 -1.58x105 ± 2.55x105 (0.755) 

MMP-9 Control 3.66x105 ± 1.99x105 

  NaF 7.69x105 ± 3.38x105 (0.258) 

  SnF2 1.56x105 ± 4.27x104 (0.538) 

MMP-10 Control 8.28x105 ± 7.13x104 

  NaF 1.22x106 ± 5.15x105 (0.580) 

  SnF2 1.28x106 ± 5.04x105 (0.516) 

MMP-13 Control 2.36x106 ± 1.14x106 

  NaF 3.22x106 ± 1.63x106 (0.681) 

  SnF2 2.75x106 ± 1.40x106 (0.852) 

TIMP-1 Control 1.56x107 ± 3.89x106 

  NaF 1.59x107 ± 4.17x106 (0.967) 

  SnF2 1.57x107 ± 3.38x106 (0.991) 

TIMP-2 Control 1.63x107 ± 2.87x106 

  NaF 1.81x107 ± 3.22x106 (0.678) 

  SnF2 1.91x107 ± 2.50x106 (0.524) 

TIMP-4 Control 2.23x106 ± 7.88x105 

  NaF 2.61x106 ± 9.99x105 (0.747) 

  SnF2 2.46x106 ± 5.25x105 (0.841) 
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