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Doxycycline alters periodontal ligament fibroblast signaling and morphology in an in
vitro model of orthodontic tooth movement
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Figure 1. Doxycycline alters key osteoclastogenesis genes after 24 hours of compression.
Compression of periodontal ligament fibroblasts expressed increased pro-inflammatory genes
TNF-a and IL-6 at 24h. Doxycyline reversed the effect seen in TNF-a and exacerbated the effect
on IL-6. While Doxycycline increased baseline expression of OPG, this effect was normalized
under compression conditions. *p<0.05, **p<0.01; n = 3 biological replicates, 2 technical
replicates. Normalized to GAPDH. One-way ANOVA with Tukey’s test for multiple comparisons.
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Figure 2. Doxycycline alters key osteoclastogenesis genes after 72 hours of compression.
Compressed periodontal ligament fibroblasts expressed increased IL-6, RANK-L and OPG and
no change in TNF-a after 72h. Doxycycline caused a trend toward increased pro-inflammatory
cytokines IL-6 and TNF-a under compression. Doxycyline decreased compression-induced
OPG expression. *p<0.05, **p<0.01; n = 3 biological replicates, 2 technical replicates.
Normalized to GAPDH. One-way ANOVA with Tukey’s test for multiple comparisons.
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Figure 3. Doxycycline had minimal effects on secreted OPG and until day 10, where
doxycycline significantly increased compression-induced OPG. *p<0.05, **p<0.01; n=3
biological replicates, 2 technical replicates. Concentrations extrapolated from regression based
on standard curve. One-way ANOVA with Tukey’s test for multiple comparisons.
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Figure 4. Doxycycline alters morphology of compressed periodontal ligament fibroblasts.
Doxycycline treatment of compressed periodontal ligament fibroblasts results in rounded rather
than traditional spindle morphology. The effect is more pronounced over time. Scale bar 400um.
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Figure 5. Doxycyline may reduce OTM via reduction of osteoclastogenesis through stimulation
of OPG

Interpretation of results:

Doxycycline alters expression of key osteoclastogenic genes in fibroblasts, both at baseline and
under compression. We observed reduced compression-induced TNFa and increased
compression-induced IL-6. In addition, there was increased baseline OPG expression in
response to doxycycline at 24h, but this effect normalized under compression. Gene expression
alterations were not sustained beyond 24h, however, both protein secretion and morphological
changes were observed at 10d. Because orthodontic tooth movement persists for years, this
key finding suggests that future in vitro experimentation of periodontal ligament fibroblasts to
study orthodontic tooth movement should be carried out beyond the traditional 24h timeline. At
10d, doxycycline increased secreted OPG, a key anti-osteoclastic protein. In addition, a
dramatic morphological change was noted at 10d, where fibroblasts appeared more rounded
rather than their traditional spindle-shaped form. These data suggest that doxycycline alters the
normal compression response in periodontal ligament fibroblasts and may limit
osteoclastogenesis and ultimately tooth movement.



