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中 文 摘 要 ： 背景:牙周炎是一種慢性發炎性疾病,多發於中老年人群。 性別在牙
周炎中也起著至關重要的作用，流行病學研究顯示男性發病率較高
。然而，過去文獻中動物實驗卻呈現相反結果，這項差距顯示目前
牙周病動物模型仍有待改進。我們假設小鼠年齡是造成此一觀察差
距的重要因素。 本團隊之前研究顯示，第一位點發育性內皮蛋白
(DEL-1)是一種代表牙周緩解的重要生物指標。因此本研究假設
DEL-1 表現量隨著性別和年齡的差異而變化，我們的目的是從牙周
病發炎緩解的角度縮小年齡相關性牙周炎性別差異的知識差距。
方法：將不同性別的三個年齡組別的C57BL/6小鼠（8週、10個月和
18個月；n=4-7/組）以對口設計配對。 透過在左側上顎第二大臼齒
上結紮 10 天誘發牙周炎，然後拆線再進行 5 天牙周緩解。 採用
Micro-CT進行骨骼水平測量，並以定量PCR方法評估牙齦中Del-1表
現量。 也解剖上顎骨及其周圍牙齦組織進行雙重免疫螢光染色。
針對結果使用單因子變異數分析和多變量分析檢定進行資料分析。
     結果：我們觀察到，隨著年齡的增長，兩種性別小鼠在五天的
牙周炎緩解過程中骨骼再生皆明顯減少，這與 Del-1 的表達量有關
。 此外，多變量分析測試表明，在所有三個不同年齡組中，雌性小
鼠都具有更高的骨增益水平和Del-1表達水平的傾向。 值得注意的
是，中年組雄性小鼠在牙周破壞程度較高，與臨床上觀察到人類患
者的結果相似。
     結論：本研究顯示 Del-1 有潛力成為分辨與年齡相關之牙周
病性別差異的重要生物指標。而且以十個月大的小鼠進行的舵物模
型較能反映模擬臨床流行病學上觀察到的性別差異趨勢。 此項發現
可能有助於並改善未來牙周炎的臨床治療方案設計。

中文關鍵詞： 第一位點發育性內皮蛋白(DEL-1), 牙周炎，性別差異，老化，緩解
發炎

英 文 摘 要 ： Background: Periodontitis is a chronic inflammatory
disease, which is prevalent among middle-aged and elderly
population. Additionally, Sex and gender also play vital
roles in periodontitis, with the higher incidence rate in
men. And Del-1 has been proposed as an important biomarker
for periodontal resolution. In this study, we hypothesized
that the level of DEL-1 expression changes in light of
different sex and age, and we aim to close the gap in
knowledge on sex differences in age-related periodontitis
from the perspective of inflammation resolution.
    Methods: Three age groups of C57BL/6 mice with
different sex (8-weeks, 10-months and 18-months; n=4-
7/group) were paired in a split-mouth design. Periodontitis
is induced by a ligature over maxillary second molars for
10 days, then removed the suture for another 5 days of
periodontal resolution. Micro-CT was performed for the bone
level measurement, and the Del-1 level was assessed by
quantitative PCR method. Maxillae with surrounding gingival
tissues were also dissected for double immunofluorescence
staining. One-way ANOVA and multivariate analysis test were



used for data analysis.
    Results: We observed that the bone gain level through
five days of periodontal resolution in both sexes decreased
while aging, and this was in correlation to the expression
level of Del-l. Furthermore, the multivariate analysis test
indicates that the female mice had a greater tendency for
higher bone gain level and expression level of Del-1 in all
three different age groups. Interestingly, the bone loss
level of male mice in middle age group was greater, showing
the similar results in humans from clinical experience.
    Conclusion: This study indicated the relationship of
Del-1 as a resolution biomarker with sex differences in
age-related periodontal disease. This animal design could
interpret and optimize the studies in periodontitis for
better mimicking clinical conditions. Moreover, this may
aid in and improve the clinical treatment plan design for
periodontitis in the future.

英文關鍵詞： DEL-1，Periodontitis, Sex difference, Aging, Resolution
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壹、中文摘要 

背景: 

牙周炎是一種慢性發炎性疾病,多發於中老年人群。 性別在牙周炎中也起著至關重要的作

用，流行病學研究顯示男性發病率較高。然而，過去文獻中動物實驗卻呈現相反結果，這項

差距顯示目前牙周病動物模型仍有待改進。我們假設小鼠年齡是造成此一觀察差距的重要因

素。 本團隊之前研究顯示，第一位點發育性內皮蛋白(DEL-1)是一種代表牙周緩解的重要生

物指標，因此本研究假設 DEL-1 表現量隨著性別和年齡的差異而變化。 

 

目的： 

    本研究主要目的是希望從牙周病發炎緩解的角度縮小年齡相關性牙周炎性別差異的知識

差距並檢視 DEL-1是否能成為解釋性別差異的生物指標。 

 

方法： 

將不同性別的三個年齡組別的 C57BL/6小鼠（8週、10個月和 18個月；n=4-7/組）以對

口設計配對。 透過在左側上顎第二大臼齒上結紮 10 天誘發牙周炎，然後拆線再進行 5 天

牙周緩解。 採用 Micro-CT進行骨骼水平測量，並以定量 PCR方法評估牙齦中 Del-1表現量。 

也解剖上顎骨及其周圍牙齦組織進行雙重免疫螢光染色。 針對結果使用單因子變異數分析和

多變量分析檢定進行資料分析。 

      

結果： 

我們觀察到隨著年齡的增長，兩種性別小鼠在五天的牙周炎緩解過程中骨骼再生皆明顯

減少，這與 Del-1 的表達量降低相關。 此外，多變量分析測試表明，在所有三個不同年齡

組中，雌性小鼠都具有更高的骨再生量和 Del-1表達水平的傾向。 值得注意的是，中年組雄

性小鼠在牙周破壞程度較高，與臨床上觀察到人類患者的結果相似。 

 

結論： 

本研究顯示 Del-1 有潛力成為分辨與年齡相關之牙周病性別差異的重要生物指標。而且

以十個月大的小鼠進行的動物模型較能反映模擬臨床流行病學上觀察到的性別差異趨勢。 此

項發現可能有助於並改善未來牙周炎的臨床治療方案設計。 

 

 

關鍵詞：第一位點發育性內皮蛋白(DEL-1), 牙周炎，性別差異，老化，緩解發炎 
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貳、英文摘要 

Background: 

 Periodontitis is a chronic inflammatory disease, which is prevalent among middle-aged and 

elderly population. Additionally, Sex and gender also play vital roles in periodontitis, with the 

higher incidence rate in men. And Del-1 has been proposed as an important biomarker for 

periodontal resolution. In this study, we hypothesized that the level of DEL-1 expression 

changes in light of different sex and age, and we aim to close the gap in knowledge on sex 

differences in age-related periodontitis from the perspective of inflammation resolution. 

 

Methods:  

Three age groups of C57BL/6 mice with different sex (8-weeks, 10-months and 18-months; 

n=4-7/group) were paired in a split-mouth design. Periodontitis is induced by a ligature over 

maxillary second molars for 10 days, then removed the suture for another 5 days of periodontal 

resolution. Micro-CT was performed for the bone level measurement, and the Del-1 level was 

assessed by quantitative PCR method. Maxillae with surrounding gingival tissues were also 

dissected for double immunofluorescence staining. One-way ANOVA and multivariate analysis test 

were used for data analysis.  

     

Results:  

We observed that the bone gain level through five days of periodontal resolution in both sexes 

decreased while aging, and this was in correlation to the expression level of Del-l. Furthermore, the 

multivariate analysis test indicates that the female mice had a greater tendency for higher bone gain 

level and expression level of Del-1 in all three different age groups. Interestingly, the bone loss 

level of male mice in middle age group was greater, showing the similar results in humans from 

clinical experience.  

     

Conclusion:  

This study indicated the relationship of Del-1 as a resolution biomarker with sex differences in 

age-related periodontal disease. This animal design could interpret and optimize the studies in 

periodontitis for better mimicking clinical conditions. Moreover, this may aid in and improve the 

clinical treatment plan design for periodontitis in the future.   

 

Key words: DEL-1，Periodontitis, Sex difference, Aging, Resolution 
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