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【摘要】  牙龈卟啉单胞菌是常见的牙周致病菌。近来，大量证据表明牙龈卟啉单胞菌不仅是口腔中常见致病菌，而

且与非口腔疾病密切相关，包括炎症性肠炎、癌症、心血管疾病、阿尔茨海默病、类风湿关节炎、糖尿病、早产及非酒精性

肝炎等。本文就近年来关于牙周致病菌牙龈卟啉单胞菌与非口腔疾病关系的研究进展进行综述，有助于判别牙龈卟啉单

胞菌是否可作为这些非口腔疾病的辅助诊断标记和潜在治疗靶标，进而有利于开发相关疾病的治疗策略。
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【Abstract】  Porphyromonas gingivalis (P. gingivalis) is a common periodontal pathogen. Recently, there has been
increasing  evidence  suggesting  that P.  gingivalis is  not  only  a  common  pathogen  in  the  oral  cavity,  but  is  also  closely
associated  with  non-oral  diseases,  including  inflammatory  bowel  disease,  cancer,  cardiovascular  diseases,  Alzheimer's
disease, rheumatoid arthritis, diabetes mellitus, premature birth and non-alcoholic hepatitis, etc. Herein, we reviewed the
developments in recent years in research on the relationship between P. gingivalis, a periodontal pathogen, and non-oral
diseases, which will help determine whether P. gingivalis could be used as an auxiliary diagnostic biomarker or a potential
therapeutic target for these non-oral diseases, thus contributing to the development of treatment strategies for the relevant
diseases.
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近年来，流行病学调查、临床样本检测，体外实验及

动物实验等研究结果均表明，“红色复合体”成员牙龈卟

啉单胞菌（Porphyromonas gingivalis, P. gingivalis）不仅与

牙周炎、口腔鳞状细胞癌密切相关，与炎症性肠炎、癌

症、心血管疾病、阿尔茨海默病、类风湿关节炎、糖尿

病、早产及非酒精性肝炎等非口腔疾病也密切相关。本

文就牙周致病菌牙龈卟啉单胞菌与非口腔疾病关系的研

究进展进行综述。

1     牙龈卟啉单胞菌与炎症性肠炎

有流行病学研究表明，与非炎症性肠病患者相比，炎

症性肠病患者更容易患牙周炎，临床附着和牙周袋深度

丧失的部位比例更高[1]。牙龈卟啉单胞菌提取物可诱导

CD4+ T细胞凋亡，通过TLR4通路上调辅助性T 细胞17(T

helper cell 17, Th17)相关转录因子RORγt的表达，增加促

炎因子白介素（IL）-17及IL-6的产生；下调调节性T细胞（T

regulatory，Treg）相关转录因子Foxp3的表达，降低抗炎因

子TGF-β及IL-10的产生[2] 。研究发现牙龈卟啉单胞菌的

肽酰基精氨酸脱亚氨酶可能通过诱导原始CD4+T细胞转

化为促炎性Th17细胞，并抑制抗炎性Treg的产生，参与诱

导溃疡性肠炎[3] 。关于小鼠结肠炎模型的实验研究表明

口服牙龈卟啉单胞菌可显著增加结肠炎的严重程度，牙

龈卟啉单胞菌的毒力因子牙龈蛋白酶在此过程中发挥了

重要作用，牙龈卟啉单胞菌可通过直接与易感宿主的肠

上皮屏障相互作用而加剧胃肠道炎症[4]。而在直肠内植

入牙龈卟啉单胞菌，炎症性肠炎疾病活动指数评分、结肠

上皮损失和炎性细胞浸润加剧，肿瘤坏死因子（TNF）-

α和IL-6在结肠中高表达，证实牙龈卟啉单胞菌在炎症性

肠炎恶化中发挥重要作用[5]。近期研究表明牙龈卟啉单

胞菌还可通过改变肠道微生物群和通过产生IL -9的

CD4+T细胞破坏上皮屏障功能间接引起肠道炎症[6]。

 2     牙龈卟啉单胞菌与癌症

 2.1    牙龈卟啉单胞菌与结直肠癌

早期研究表明大肠癌患者的粪便中富含卟啉单胞菌[7]。

牙龈卟啉单胞菌与肿瘤共有分子亚型相关，后者与结直

肠癌密切相关[8]。体外实验表明牙龈假单胞菌可通过激

活结直肠癌细胞的丝裂原活化蛋白激酶/细胞外调节蛋

白激酶（mitogen-activated protein kinase/ extracellular

signal-regulated kinase, MAPK/ERK）信号通路侵入结直肠

 

* 国家自然科学基金（No. 82001041）资助

△ 通信作者，E-mail：yihuaipan@wmu.edu.cn

四  川  大  学  学  报（  医  学  版  ）
J  Sichuan  Univ  ( Med Sci )

 2023，54（1）: 20 − 26  



癌细胞并促进其增殖，且在此过程中，牙龈假单胞菌的牙

龈蛋白酶发挥了重要作用[9]。牙龈卟啉单胞菌可上调结

肠癌细胞中程序性细胞死亡因子配体1（programmed

death-ligand-1, PD-L1），在此过程中细菌的肽聚糖发挥重

要作用[10]。此外，PD-L1的上调依赖于核苷酸结合寡聚化

结构域1（nucleotide-binding oligomerization domain 1,

NOD1）和核苷酸结合寡聚化结构域2（nucleotide-binding

oligomerization domain 2, NOD2），并涉及受体相互作

用丝氨酸 /苏氨酸蛋白激酶  2（receptor- interact ing

serine/threonine-protein kinase 2, RIPK2）和MAPK信号通

路的激活。最新研究将大肠癌患者与大肠腺瘤患者或健

康受试者进行比较，发现大肠癌患者的粪便和组织样本

中牙龈卟啉单胞菌含量较高[11]。牙龈假单胞菌与结直肠

癌的不良预后相关，小鼠实验证实牙龈卟啉单胞菌在肿

瘤组织中定植并富集，导致免疫微环境中NLRP3炎症小

体的激活，最终促进结直肠癌的进展[11]。

 2.2    牙龈卟啉单胞菌与胰腺癌

2013年一项探索血液中口腔细菌抗体与胰腺癌风

险之间关系的前瞻性研究结果显示，牙龈卟啉单胞菌

抗体水平较高的个体比抗体水平较低的个体患胰腺癌的

风险高出两倍[12]。另一项前瞻性研究比较了361例胰腺

癌患者和371例对照个体的口腔微生物组成，发现牙

龈卟啉单胞菌和伴放线放线杆菌（A g g r e g a t i b a c t e r

actinomycetemcomitans, A. actinomycetemcomitans）的检出

与胰腺癌高风险相关，表明牙龈卟啉单胞菌可能在胰腺

癌病因中起作用[13]。GNANASEKARAN等[14]利用体外细

胞实验异种移植模型表明，牙龈卟啉单胞菌在胰腺癌细

胞内存活并促进胰腺癌细胞增殖。此外，牙龈卟啉单胞

菌的脂多糖可诱导小鼠高表达胰腺癌相关的胰岛再生源

蛋白（regenerating islet-derived 3 G, Reg3G）及其编码基因[15]。

在另一个小鼠模型中，口腔暴露于牙龈卟啉单胞菌可加

速胰腺导管腺癌的发展；转化生长因子-β（transforming

growth factor-β, TGF-β）信号通路可能参与牙龈卟啉单胞

菌的促癌作用[16]。此外，动物实验表明：在暴露于牙龈卟

啉单胞菌后，原位和皮下胰腺癌小鼠模型中的肿瘤发展

加快，胰腺癌呈现出中性粒细胞为主的促炎性肿瘤微环

境；牙龈卟啉单胞菌可通过提高中性粒细胞趋化因子和

中性粒细胞弹性蛋白酶的分泌促进胰腺癌进展[17]。

 2.3    牙龈卟啉单胞菌与食管癌

早期研究发现牙龈卟啉单胞菌感染可能是食管鳞状

细胞癌的高危因素，食管鳞状细胞癌组织中牙龈卟啉单

胞菌的含量明显高于癌旁组织、正常食管组织[18]。食管

鳞状细胞癌患者血清中的牙龈假单胞菌免疫球蛋白IgG

和IgA的平均表达水平显著高于其对照组[19]。此外，牙龈

卟啉单胞菌IgG或IgA在血清中的高表达与食管鳞癌患者

的预后较差相关，特别是对于0～Ⅱ期或淋巴结转移阴性

的患者，且IgG和IgA高表达的食管鳞癌患者预后最差[19]。

与正常人相比，食管鳞状细胞癌患者的唾液中卟啉单胞

菌显著富集。体外研究表明，牙龈卟啉单胞菌促进了食

管鳞状细胞癌细胞的增殖和迁移，可通过NF-κB信号通路

进行调节[20]。此外，细胞实验证实牙龈卟啉单胞菌通过

miR-194/GRHL3/PTEN/Akt信号轴促进食管鳞状细胞癌

的增殖和迁移[21]。研究发现牙龈卟啉单胞菌的存在与食

管癌晚期临床分期和不良预后相关。在小鼠模型中，还

发现其与食管癌发病率升高以及异种移植肿瘤生长增加

有关；牙龈卟啉单胞菌增加了IL-6的产生，并促进了上皮-

间质转化和髓源性抑制细胞的募集 [ 2 2 ]。一项分析了

312例食管癌食管切除术患者临床病理数据的临床研究

发现，牙龈卟啉单胞菌阳性患者5年生存率较低，且与多

种临床病理因素和病理肿瘤、淋巴结、转移分期有关；其

中85例接收新辅助化疗的患者，其牙龈卟啉单胞菌感染

率与较低的新辅助化疗应答率和5年生存率相关；且牙龈

卟啉单胞菌感染可导致食管鳞状细胞癌的凋亡抗性并促

进癌细胞存活；细胞实验和动物实验证明该凋亡抗性

与牙龈卟啉单胞菌的菌毛和癌细胞的信号传导转录激

活因子3（signal transducer and activator of transcription,

STAT3）密切相关[23]。牙龈卟啉单胞菌感染与食管鳞癌组

织中自噬调控蛋白Beclin1表达呈负相关，牙龈卟啉单胞

菌感染和Beclin11低表达与食管鳞状细胞癌患者的分化

状态、肿瘤浸润深度、淋巴结转移、临床分期和预后相关[24]；

此外，体外实验证实牙龈假单胞菌感染和Beclin1的下调

增强了食管鳞状细胞癌细胞的增殖、迁移和抗凋亡

能力[24]。

 2.4    牙龈卟啉单胞菌与肺癌

牙周病与肺癌相关，但因果关系仍然存疑[25]。近期

研究表明牙周致病菌牙龈卟啉单胞菌与肺癌相关。由于

食管与气管密切相邻，一项基于牙龈卟啉单胞菌可能通

过口腔或血液定植于肺癌细胞并促进肺癌恶性发展的研

究假设的临床试验[26]发现，牙龈卟啉单胞菌在肺癌组织

中检出显著高于癌旁肺组织；牙龈卟啉单胞菌感染与肺

癌患者吸烟史、饮酒史、淋巴结转移率和临床分期密切

相关；此外，牙龈卟啉单胞菌感染患者的生存率和中位生

存时间显著缩短，研究团队推测长期吸烟和饮酒会导致

不良的口腔环境，增加牙龈卟啉单胞菌感染的风险，从而

促进肺癌的恶性进展。
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 3     牙龈卟啉单胞菌与心血管疾病

已有研究表明慢性牙周炎与心血管疾病发病率之间

存在联系，但具体机制仍然不明确。动物实验发现，动脉

粥样斑块中存在大量的生物菌群，可来源于口腔、呼吸

道、肠道以及皮肤等[27]。近几年研究将牙龈卟啉单胞菌

诱导加速动脉粥样硬化的可能机制归为炎症、内皮损

伤、氧化应激以及分子模拟等[28]。同时牙龈卟啉单胞菌

可通过自身毒力因子如脂多糖、菌毛、热休克蛋白等结

构和牙龈蛋白、外膜囊泡等分泌成分来加速该疾病的进

程[29]。牙龈卟啉单胞菌可影响多种细胞的生理活动和转

化，包括内皮细胞、血管平滑肌细胞、巨噬细胞、T细胞

和树突状细胞来，从而促进动脉粥样硬化的发展[30]。同

时，在小鼠实验中发现，昼夜节律紊乱也可以促进牙龈卟

啉单胞菌诱导的动脉粥样硬化进展[31]。近来，一项研究

指出牙龈卟啉单胞菌可通过粒体功能障碍相关机制促进

冠状动脉粥样硬化的进程[32-33]。

 4     牙龈卟啉单胞菌与阿尔茨海默病

许多大样本的研究表明牙周炎增加了罹患阿尔茨海

默病的风险[34-36]。牙龈卟啉单胞菌可通过独特而复杂的

机制持续存在于宿主组织中，如改变炎症信号通路、互补

系统、细胞周期、细胞凋亡以及与各种宿主受体的相互

作用[37]。动物实验表明，牙龈卟啉单胞菌还可以影响血

脑屏障的通透性，促进细菌以及含有赖氨酸-牙龈素

（lysine-gingipain, KGP）的外膜囊泡进入大脑，并通过阻

止免疫细胞进入大脑而影响局部的炎症反应，导致不溶

性淀粉样蛋白清除障碍[38]。牙龈卟啉单胞菌毒素侵入诱

导多能干细胞来源的成熟神经元也表现出类似阿尔茨海

默病的神经病理征象[39]。研究已在人类阿尔茨海默病患

者脑脊液和血清中检测到牙龈卟啉单胞菌DNA和抗体[40]。

动物模型、细胞系培养、解剖病理都支持了脑部牙龈卟

啉单胞菌感染在阿尔茨海默病发病中起作用的假说[41]。

目前对于人体内牙龈卟啉单胞菌诱导的阿尔茨海默病发

病机制尚不明确，但有研究报道了在小鼠脑内，牙龈卟啉

单胞菌可激活小胶质细胞，增加TNF-α、IL-1β、IL-6的表

达，诱导M1小胶质细胞的分化成熟[42]。M1小胶质细胞释

放的促炎细胞因子可加重阿尔茨海默病，导致突触功能

障碍、神经元死亡和神经发生抑制[43]。牙龈卟啉单胞菌

毒力因子赖氨酸-牙龈素靶向的小分子抑制剂COR388有

效降低了牙龈卟啉单胞菌感染野生型小鼠脑内细菌量、

减少了阿尔茨海默病相关疾病的炎症因子，预防了海马

区Gad67+中间神经元的丢失[44-45]。

 5     牙龈卟啉单胞菌与糖尿病

LÖE于1993年首次描述了糖尿病患者牙周炎风险增

加，并发现牙周炎是糖尿病的并发症之一。在牙龈卟啉

单胞菌参与糖尿病发病相关机制中，胰岛素抵抗是最重

要的。牙龈卟啉单胞菌主要通过诱导内毒素血症、改变

肠道微生物群和在受损的区域适应性免疫增加全身炎

症，特别是脂肪组织，最终导致胰岛素抵抗[46-48]。据报道，

炎症和炎症标志物（如C-f反应蛋白CRP和IL-6）水平的升

高也可诱导胰岛素抵抗[29]。因此，牙龈卟啉单胞菌引起

的全身促炎性小细胞因子水平升高可能促进胰岛素抵

抗。另一项研究表明，牙龈卟啉单胞菌通过其支链氨基

酸的生物合成加剧了小鼠高脂饮食诱导的胰岛素抵抗[49]。

此外，牙龈卟啉单胞菌外膜囊泡中含有牙龈素，并通过其

转移至小鼠肝脏，导致胰岛素敏感性减弱和肝糖原合成

抑制[50]。除胰岛素抵抗外，牙龈卟啉单胞菌对糖尿病的

促进作用可能存在其他潜在机制。牙龈卟啉单胞菌的脂

多糖具有刺激胰腺β细胞分泌胰岛素的能力，并对牙周炎

患者糖尿病前期β细胞代偿的进展具有重要意义。口服

牙龈卟啉单胞菌诱导了小鼠牙龈卟啉单胞菌和牙龈蛋白

向胰腺的移位，导致胰岛结构和β细胞凋亡的显著变化，

这可能与糖尿病前期的发展有关。牙龈卟啉单胞菌可能

减弱了由H e p G 2细胞中的胰岛素调节的转录因子

FOXO1的磷酸化和转位，从而增加肝脏糖异生，并导致血

糖升高[51]。

 6     牙龈卟啉单胞菌与类风湿性关节炎

牙龈卟啉假单胞菌与类风湿性关节炎密切相关。有

研究发现类风湿性关节炎与龈沟液中的牙周病原菌如牙

龈卟啉假单胞菌有关，监测龈沟液的细菌组成可能有助

于及早发现类风湿性关节炎[52]。ARVIKAR等[53]通过检测

类风湿性关节炎患者的牙周状况，口腔液（唾液和龈沟

液）、血清和关节炎症特征以及牙龈卟啉假单胞菌的生物

标记，发现尽管有常规的牙科护理，类风湿性关节炎患者

的口腔液中常有炎症，但口腔液中的炎症特征与血清和

关节中的炎症特征不同。无论牙周状况如何，口腔液中

的中性粒细胞炎症特征表明，牙龈组织是类风湿关节炎

患者关节外炎症的常见部位[53]。研究表明类风湿性关节

炎的治疗抵抗与牙周病原菌感染有关，牙龈卟啉假单胞

菌等感染会干扰类风湿性关节炎的治疗[54]。类风湿性关

节炎高危人群唾液微生物组成的特征变化，表明口腔微

生态失调发生在类风湿性关节炎的“临床前”阶段，与类

风湿性关节炎高风险相关，并与全身自身免疫特征有关[55]。
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类风湿性关节炎的发展是通过丧失对瓜氨酸蛋白的

免疫耐受性来促进的，抗瓜氨酸化蛋白抗体（ a n t i -

citrullinated protein antibodies, ACPAs）的量可预测当前

和未来的疾病发生[56]。牙龈卟啉假单胞菌可能导致蛋白

质的局部瓜氨酸化，潜在地触发抗瓜氨酸化蛋白抗体的

产生。CHENG等[57]的研究结果证明，抗环瓜氨酸肽阳性

的高危人群存在牙周菌群失调和牙龈卟啉假单胞菌丰度

增加的现象，说明牙龈卟啉假单胞菌在类风湿性关节炎

的发病过程中起着重要的作用。通过研究牙周治疗前后

牙周炎队列中，抗瓜氨酸化蛋白抗体血清应答与抗细菌

血清抗体和牙周炎菌斑微生物群的关系，发现牙龈卟啉

假单胞菌携带者可能与针对牙龈卟啉假单胞菌的IgG抗

体和抗瓜氨酸化蛋白抗体有关，证明了牙龈卟啉假单胞

菌和抗瓜氨酸化蛋白抗体存在的相关性[58]。牙龈卟啉单

胞菌感染产生的细菌瓜氨酸表位是抗瓜氨酸化蛋白抗体

生产中缺失的一环[59]。尽管牙龈卟啉单胞菌的肽酰基精

氨酸脱亚氨酶（P. gingivalis peptidylarginine deiminase,

PPAD）能瓜氨酸化牙龈卟啉单胞的內源蛋白组，但这些

瓜氨酸化蛋白并不能代表早期类风湿性关节炎患者自身

免疫反应的主要靶点，且该酶的活性在炎症性关节炎病

理驱动中的作用有限 [60 ]。而在早期类风湿性关节炎中，

针对瓜氨酸化牙龈卟啉单胞菌感表位的抗体增加，并可

由牙龈组织B细胞产生[61]。

7     牙龈卟啉单胞菌与早产

早产是新生儿死亡的主要原因，是孕妇不良妊娠结

局之一[62]。几项病例对照研究证实，孕妇牙周炎可能会

增加早产或低出生体重的风险[63-64]。评估妇女妊娠期口

腔微生物群落稳定性的研究显示，与非孕妇相比，孕妇的

口腔微生物群发生了明显的变化 [65 ]。在妊娠的各个阶

段，孕妇体内的可培养微生物总量明显高于非孕妇 [66 ]。

妊娠晚期的菌斑细菌群落更加多样化[67-68]。与非孕妇相

比，孕妇的牙龈卟啉单胞菌和中间卟啉单胞菌的检出率

显著增加[69-70]。怀孕时期体内激素水平的差异，口腔微生

物群落的动态变化，增加了牙龈炎和牙周炎等各种口腔

疾病的易感性[65, 68, 71]。在早产婴儿、足月婴儿的脐带血和

母体牙菌斑中检测牙龈卟啉单胞菌发现，该菌在早产组

中数值显著增加[72]。动物实验也证明牙龈卟啉单胞菌可

诱导小鼠妊娠期肥胖，改变妊娠小鼠肝脏和棕色脂肪组

织中的基因表达，并导致分娩的小鼠体质量过轻[73]。牙

龈卟啉单胞菌可以在人羊膜间充质细胞中诱导炎症反

应，从而导致早产[74] 。目前主要存在两种致病机制来解

释口腔病原菌与不良妊娠之间的关系包括直接途径和间

接途径。直接途径，牙周病原体的血源性传播可能导致

胎儿-胎盘出现转移性感染，引起局部炎症[64, 75-77]；间接途

径，促炎细胞因子在牙周组织局部产生，然后通过血流到

达胎盘或肝脏，产生炎性细胞因子或急性期反应物并引

发不良妊娠结局[76, 78]。

 8     牙龈卟啉单胞菌与非酒精性脂肪肝炎

在高脂饮食诱导的非酒精性脂肪性肝炎小鼠模型

中，牙龈牙源性感染牙龈卟啉单胞菌加剧了肝脏炎症和

纤维化[79]。且在肝脏中有牙龈卟啉单胞菌感染的非酒精

性脂肪性肝炎患者显示出晚期纤维化评分[79]。在小鼠模

型中，牙源性感染牙龈卟啉单胞菌可通过TGF-β1激活肝

星状细胞（肝纤维化中的关键效应细胞），以及从肝星状

细胞和肝细胞产生半乳糖凝集素3（Galectin-3）加重非酒

精性脂肪肝的纤维化[80]。而去除牙龈卟啉单胞菌的牙源

性感染可抑制其诱导的非酒精性脂肪性肝炎进展[81]。牙

龈卟啉单胞菌在小鼠模型中可通过CD36-PPARγ途径加

剧非酒精脂肪肝的进展[82]。此外，研究还发现牙龈卟啉

单胞菌可能通过增加血清支链氨基酸水平来加重高脂饮

食喂养小鼠的非酒精性脂肪肝进展，并且这种作用依赖

牙龈卟啉单胞菌的支链氨基酸转运系统[83]。

 9     展望

目前大量研究表明牙龈卟啉单胞菌与非口腔疾病的

密切相关，但更为关键的是找出牙龈卟啉单胞菌与这些

非口腔疾病的因果关系。理解这些逻辑问题将有助于判

定牙龈卟啉单胞菌是否可作为这些非口腔疾病的辅助诊

断标记和潜在治疗靶标。此外，研究牙龈卟啉单胞菌与

这些非口腔疾病作用的具体分子机制将有利于开发相关

疾病的治疗策略。

* * *

利益冲突　所有作者均声明不存在利益冲突

参　考　文　献

PAPAGEORGIOU S  N，  HAGNER M，  NOGUEIRA A，  e t  a l .

Inflammatory bowel disease and oral health: systematic review and a

meta‐analysis. J Clin Periodontol，2017，44(4): 382–393. doi: 10.1111/jcpe.

12698.

[1]

JIA L，  WU R，  HAN N，  et  al .  Porphyromonas gingival is  and

Lactobacillus rhamnosus GG regulate the Th17/Treg balance in colitis via

TLR4 and TLR2. Clin Transl Immunology，2020，9(11): e1213. doi: 10.

1002/cti2.1213.

[2]

ZHAO X， LIU J， ZHANG C， et al. Porphyromonas gingivalis exacerbates[3]

第 1 期 章可可等: 牙龈卟啉单胞菌与非口腔疾病关系的研究进展 23  

http://dx.doi.org/10.1111/jcpe.12698
https://doi.org/10.1111/jcpe.12698
https://doi.org/10.1111/jcpe.12698
http://dx.doi.org/10.1002/cti2.1213
https://doi.org/10.1002/cti2.1213
https://doi.org/10.1002/cti2.1213
http://dx.doi.org/10.1111/jcpe.12698
https://doi.org/10.1111/jcpe.12698
https://doi.org/10.1111/jcpe.12698
http://dx.doi.org/10.1002/cti2.1213
https://doi.org/10.1002/cti2.1213
https://doi.org/10.1002/cti2.1213


ulcerative colitis via Porphyromonas gingivalis peptidylarginine deiminase.

Int J Oral Sci，2021，13(1): 31. doi: 10.1038/s41368-021-00136-2.

TSUZUNO T， TAKAHASHI N， YAMADA-HARA M， et al. Ingestion

of Porphyromonas gingivalis exacerbates colitis via intestinal epithelial

barrier disruption in mice. J Periodontal Res，2021，56(2): 275–288. doi:

10.1111/jre.12816.

[4]

LEE Y C， LIU C Y， LEE C L， et al. The periodontopathic pathogen,

Porphyromonas gingivalis, involves a gut inflammatory response and

exacerbates inflammatory bowel disease. Pathogens，2022，11(1): 84. doi:

10.3390/pathogens11010084.

[5]

SOHN J， LI L， ZHANG L， et al. Porphyromonas gingivalis indirectly

elicits intestinal inflammation by altering the gut microbiota and

disrupting epithelial barrier function through IL9-producing CD4+ T

cells. Mol Oral Microbiol，2022，37(2): 42–52. doi: 10.1111/omi.12359.

[6]

SINHA R， AHN J， SAMPSON J N， et al. Fecal microbiota, fecal

metabolome, and colorectal cancer interrelations. PLoS One，2016，1(3):

e0152126. doi: 10.1371/journal.pone.0152126.

[7]

PURCELL R V， VISNOVSKA M， BIGGS P J， et al. Distinct gut

microbiome patterns associate with consensus molecular subtypes of

colorectal cancer. Sci Rep，2017，7(1): 11590. doi: 10.1038/s41598-017-

11237-6.

[8]

MU W， JIA Y， CHEN X， et al. Intracellular Porphyromonas gingivalis

promotes the proliferation of colorectal cancer cells via the MAPK/ERK

signaling pathway. Front Cell Infect Microbiol，2020，10: 584798. doi: 10.

3389/fcimb.2020.584798.

[9]

ADEL-KHATTAB D， GROEGER S， DOMANN E， et al. Porphyromonas

gingivalis induced up-regulation of PD-L1 in colon carcinoma cells. Mol

Oral Microbiol，2021，36(3): 172–181. doi: 10.1111/omi.12332.

[10]

WANG X， JIA Y， WEN L， et al. Porphyromonas gingivalis promotes

colorectal  carcinoma by act ivat ing the hematopoiet ic  NLRP3

inflammasome. Cancer Res，2021，81(10): 2745–2759. doi: 10.1158/0008-

5472.CAN-20-3827.

[11]

MICHAUD D S， IZARD J， WILHELM-BENARTZI C S， et al. Plasma

antibodies to oral bacteria and risk of pancreatic cancer in a large

european prospective cohort study. Gut，2013，62(12): 1764–1770. doi: 10.

1136/gutjnl-2012-303006.

[12]

FAN X， ALEKSEYENKO A V， WU J， et al. Human oral microbiome

and prospective risk for pancreatic cancer: a population-based nested

case-control study. Gut，2018，67(1): 120–127. doi: 10.1136/gutjnl-2016-

312580.

[13]

GNANASEKARAN J，  BINDER GALLIMIDI A，  SABA E，  et al .

Intracellular Porphyromonas gingivalis promotes the tumorigenic

behavior of pancreatic carcinoma cells. Cancers (Basel)，2020，12(8): 2331.

doi: 10.3390/cancers12082331.

[14]

HIRAKI D，  UEHARA O，  KURAMITSU Y，  et  al .  P .gingivalis

lipopolysaccharide stimulates the upregulated expression of the

pancreatic cancer-related genes regenerating islet-derived 3 a/g in mouse

pancreas. Int J Mol Sci，2020，21(19): 7351. doi: 10.3390/ijms21197351.

[15]

CHEN S M， HSU L J， LEE H L， et al. Lactobacillus attenuate the

progression of pancreatic cancer promoted by Porphyromonas gingivalis

in K-rasG12D transgenic mice. Cancers (Basel)，2020，12(12): 3522. doi:

[16]

10.3390/cancers12123522.

TAN Q， MA X， YANG B， et al. Periodontitis pathogen Porphyromonas

gingivalis promotes pancreatic tumorigenesis via neutrophil elastase from

tumor-associated neutrophils. Gut Microbes，2022，14(1): 2073785. doi:

10.1080/19490976.2022.2073785.

[17]

GAO S， LI S， MA Z， et al. Presence of Porphyromonas gingivalis in

esophagus and its association with the clinicopathological characteristics

and survival in patients with esophageal cancer. Infect Agent Cancer，

2016，11: 3. doi: 10.1186/s13027-016-0049-x.

[18]

G A O  S  G，  Y A N G  J  Q，  M A  Z  K，  e t  a l .  P r e o p e r a t i v e  s e r u m

immunoglobulin g and a antibodies to Porphyromonas gingivalis are

potential serum biomarkers for the diagnosis and prognosis of esophageal

squamous cell carcinoma. BMC Cancer，2018，18(1): 17. doi: 10.1186/

s12885-017-3905-1.

[19]

MENG F， LI R， MA L， et al. Porphyromonas gingivalis promotes the

motility of esophageal squamous cell carcinoma by activating NF-κB

signaling pathway. Microbes Infect，2019，21(7): 296–304. doi: 10.1016/j.

micinf.2019.01.005.

[20]

LIANG G， WANG H， SHI H， et al. Porphyromonas gingivalis promotes

the proliferation and migration of esophageal squamous cell carcinoma

through the miR-194/GRHL3/PTEN/AKT axis. ACS Infect Dis，2020，

6(5): 871–881. doi: 10.1021/acsinfecdis.0c00007.

[21]

CHEN M F， LU M S， HSIEH C C， et al. Porphyromonas gingivalis

promotes tumor progression in esophageal squamous cell carcinoma. Cell

Oncol (Dordr)，2021，44(2): 373–384. doi: 10.1007/s13402-020-00573-x.

[22]

GAO S， LIU Y， DUAN X， et al. Porphyromonas gingivalis infection

exacerbates oesophageal cancer and promotes resistance to neoadjuvant

chemotherapy. Br J Cancer，2021，125(3): 433–444. doi: 10.1038/s41416-

021-01419-5.

[23]

GUO Y， LIU Y， YANG H， et al. Associations of Porphyromonas

gingivalis infection and low beclin1 expression with clinicopathological

parameters and survival of esophageal squamous cell carcinoma patients.

Pathol Oncol Res，2021，27: 1609976. doi: 10.3389/pore.2021.1609976.

[24]

CHUNG M， YORK B R， MICHAUD D S. Oral health and cancer. Curr

Oral Health Rep，2019，6(2): 130–137. doi: 10.1007/s40496-019-0213-7.

[25]

LIU Y， YUAN X， CHEN K， et al. Clinical significance and prognostic

value of Porphyromonas gingivalis infection in lung cancer. Transl Oncol，

2021，14(1): 100972. doi: 10.1016/j.tranon.2020.100972.

[26]

SCHENKEIN H A， PAPAPANOU P N， GENCO R， et al. Mechanisms

underlying the association between periodontitis and atherosclerotic

disease. Periodontol 2000，2020，83(1): 90–106. doi: 10.1111/prd.12304.

[27]

XIE M， TANG Q， YU S， et al. Porphyromonas gingivalis disrupts

vascular endothelial homeostasis in a TLR-NF-κB axis dependent

manner. Int J Oral Sci，2020，12(1): 28. doi: 10.1038/s41368-020-00096-z.

[28]

MEI F， XIE M， HUANG X， et al. Porphyromonas gingivalis and its

systemic impact: current status. Pathogens，2020，9(11): 944. doi: 10.3390/

pathogens9110944.

[29]

ZHANG J， XIE M， HUANG X， et al. The effects of Porphyromonas

gingivalis on atherosclerosis-related cells. Front Immunol，2021，12:

766560. doi: 10.3389/fimmu.2021.766560.

[30]

XIE M， TANG Q， NIE J， et al. BMAL1-downregulation aggravates[31]

 24 四川大学学报（医学版） 第 54卷

http://dx.doi.org/10.1038/s41368-021-00136-2
https://doi.org/10.1038/s41368-021-00136-2
http://dx.doi.org/10.1111/jre.12816
https://doi.org/10.1111/jre.12816
http://dx.doi.org/10.3390/pathogens11010084
https://doi.org/10.3390/pathogens11010084
http://dx.doi.org/10.1111/omi.12359
https://doi.org/10.1111/omi.12359
http://dx.doi.org/10.1371/journal.pone.0152126
https://doi.org/10.1371/journal.pone.0152126
http://dx.doi.org/10.1038/s41598-017-11237-6
https://doi.org/10.1038/s41598-017-11237-6
https://doi.org/10.1038/s41598-017-11237-6
http://dx.doi.org/10.3389/fcimb.2020.584798
https://doi.org/10.3389/fcimb.2020.584798
https://doi.org/10.3389/fcimb.2020.584798
http://dx.doi.org/10.1111/omi.12332
http://dx.doi.org/10.1111/omi.12332
https://doi.org/10.1111/omi.12332
http://dx.doi.org/10.1158/0008-5472.CAN-20-3827
https://doi.org/10.1158/0008-5472.CAN-20-3827
https://doi.org/10.1158/0008-5472.CAN-20-3827
http://dx.doi.org/10.1136/gutjnl-2012-303006
https://doi.org/10.1136/gutjnl-2012-303006
https://doi.org/10.1136/gutjnl-2012-303006
http://dx.doi.org/10.1136/gutjnl-2016-312580
https://doi.org/10.1136/gutjnl-2016-312580
https://doi.org/10.1136/gutjnl-2016-312580
http://dx.doi.org/10.3390/cancers12082331
https://doi.org/10.3390/cancers12082331
http://dx.doi.org/10.3390/ijms21197351
https://doi.org/10.3390/ijms21197351
http://dx.doi.org/10.3390/cancers12123522
https://doi.org/10.3390/cancers12123522
http://dx.doi.org/10.1080/19490976.2022.2073785
https://doi.org/10.1080/19490976.2022.2073785
http://dx.doi.org/10.1186/s13027-016-0049-x
https://doi.org/10.1186/s13027-016-0049-x
http://dx.doi.org/10.1186/s12885-017-3905-1
https://doi.org/10.1186/s12885-017-3905-1
https://doi.org/10.1186/s12885-017-3905-1
http://dx.doi.org/10.1016/j.micinf.2019.01.005
https://doi.org/10.1016/j.micinf.2019.01.005
https://doi.org/10.1016/j.micinf.2019.01.005
http://dx.doi.org/10.1021/acsinfecdis.0c00007
https://doi.org/10.1021/acsinfecdis.0c00007
http://dx.doi.org/10.1007/s13402-020-00573-x
http://dx.doi.org/10.1007/s13402-020-00573-x
https://doi.org/10.1007/s13402-020-00573-x
http://dx.doi.org/10.1038/s41416-021-01419-5
https://doi.org/10.1038/s41416-021-01419-5
https://doi.org/10.1038/s41416-021-01419-5
http://dx.doi.org/10.3389/pore.2021.1609976
https://doi.org/10.3389/pore.2021.1609976
http://dx.doi.org/10.1007/s40496-019-0213-7
http://dx.doi.org/10.1007/s40496-019-0213-7
https://doi.org/10.1007/s40496-019-0213-7
http://dx.doi.org/10.1016/j.tranon.2020.100972
https://doi.org/10.1016/j.tranon.2020.100972
http://dx.doi.org/10.1111/prd.12304
https://doi.org/10.1111/prd.12304
http://dx.doi.org/10.1038/s41368-020-00096-z
https://doi.org/10.1038/s41368-020-00096-z
http://dx.doi.org/10.3390/pathogens9110944
https://doi.org/10.3390/pathogens9110944
https://doi.org/10.3390/pathogens9110944
http://dx.doi.org/10.3389/fimmu.2021.766560
https://doi.org/10.3389/fimmu.2021.766560
http://dx.doi.org/10.1038/s41368-021-00136-2
https://doi.org/10.1038/s41368-021-00136-2
http://dx.doi.org/10.1111/jre.12816
https://doi.org/10.1111/jre.12816
http://dx.doi.org/10.3390/pathogens11010084
https://doi.org/10.3390/pathogens11010084
http://dx.doi.org/10.1111/omi.12359
https://doi.org/10.1111/omi.12359
http://dx.doi.org/10.1371/journal.pone.0152126
https://doi.org/10.1371/journal.pone.0152126
http://dx.doi.org/10.1038/s41598-017-11237-6
https://doi.org/10.1038/s41598-017-11237-6
https://doi.org/10.1038/s41598-017-11237-6
http://dx.doi.org/10.3389/fcimb.2020.584798
https://doi.org/10.3389/fcimb.2020.584798
https://doi.org/10.3389/fcimb.2020.584798
http://dx.doi.org/10.1111/omi.12332
http://dx.doi.org/10.1111/omi.12332
https://doi.org/10.1111/omi.12332
http://dx.doi.org/10.1158/0008-5472.CAN-20-3827
https://doi.org/10.1158/0008-5472.CAN-20-3827
https://doi.org/10.1158/0008-5472.CAN-20-3827
http://dx.doi.org/10.1136/gutjnl-2012-303006
https://doi.org/10.1136/gutjnl-2012-303006
https://doi.org/10.1136/gutjnl-2012-303006
http://dx.doi.org/10.1136/gutjnl-2016-312580
https://doi.org/10.1136/gutjnl-2016-312580
https://doi.org/10.1136/gutjnl-2016-312580
http://dx.doi.org/10.3390/cancers12082331
https://doi.org/10.3390/cancers12082331
http://dx.doi.org/10.3390/ijms21197351
https://doi.org/10.3390/ijms21197351
http://dx.doi.org/10.3390/cancers12123522
https://doi.org/10.3390/cancers12123522
http://dx.doi.org/10.1080/19490976.2022.2073785
https://doi.org/10.1080/19490976.2022.2073785
http://dx.doi.org/10.1186/s13027-016-0049-x
https://doi.org/10.1186/s13027-016-0049-x
http://dx.doi.org/10.1186/s12885-017-3905-1
https://doi.org/10.1186/s12885-017-3905-1
https://doi.org/10.1186/s12885-017-3905-1
http://dx.doi.org/10.1016/j.micinf.2019.01.005
https://doi.org/10.1016/j.micinf.2019.01.005
https://doi.org/10.1016/j.micinf.2019.01.005
http://dx.doi.org/10.1021/acsinfecdis.0c00007
https://doi.org/10.1021/acsinfecdis.0c00007
http://dx.doi.org/10.1007/s13402-020-00573-x
http://dx.doi.org/10.1007/s13402-020-00573-x
https://doi.org/10.1007/s13402-020-00573-x
http://dx.doi.org/10.1038/s41416-021-01419-5
https://doi.org/10.1038/s41416-021-01419-5
https://doi.org/10.1038/s41416-021-01419-5
http://dx.doi.org/10.3389/pore.2021.1609976
https://doi.org/10.3389/pore.2021.1609976
http://dx.doi.org/10.1007/s40496-019-0213-7
http://dx.doi.org/10.1007/s40496-019-0213-7
https://doi.org/10.1007/s40496-019-0213-7
http://dx.doi.org/10.1016/j.tranon.2020.100972
https://doi.org/10.1016/j.tranon.2020.100972
http://dx.doi.org/10.1111/prd.12304
https://doi.org/10.1111/prd.12304
http://dx.doi.org/10.1038/s41368-020-00096-z
https://doi.org/10.1038/s41368-020-00096-z
http://dx.doi.org/10.3390/pathogens9110944
https://doi.org/10.3390/pathogens9110944
https://doi.org/10.3390/pathogens9110944
http://dx.doi.org/10.3389/fimmu.2021.766560
https://doi.org/10.3389/fimmu.2021.766560


Porphyromonas gingivalis-induced atherosclerosis by encouraging

oxidative stress. Circ Res，2020，126(6): e15–e29. doi:  10.1161/

CIRCRESAHA.119.315502.

XU T， DONG Q， LUO Y， et al. Porphyromonas gingivalis infection

promotes mitochondrial dysfunction through Drp1-dependent

mitochondrial fission in endothelial cells. Int J Oral Sci，2021，13(1): 28.

doi: 10.1038/s41368-021-00134-4.

[32]

OLIVEIRA H C F， VERCESI A E. Mitochondrial bioenergetics and redox

dysfunctions in hypercholesterolemia and atherosclerosis. Mol Aspects

Med，2020，71: 100840. doi: 10.1016/j.mam.2019.100840.

[33]

LEBLHUBER F， HUEMER J， STEINER K， et al. Knock-on effect of

periodontitis to the pathogenesis of Alzheimer's disease? Wien Klin

Wochenschr，2020，132(17/18): 493–498. doi: 10.1007/s00508-020-01638-5.

[34]

BEYDOUN M A， BEYDOUN H A， HOSSAIN S， et al. Clinical and

bacterial markers of periodontitis and their association with incident all-

cause and Alzheimer's disease dementia in a large national survey. J

Alzheimers Dis，2020，75(1): 157–172. doi: 10.3233/JAD-200064.

[35]

KANAGASINGAM S， CHUKKAPALLI SS， WELBURY R， et al.

Porphyromonas gingivalis is a strong risk factor for Alzheimer's disease. J

Alzheimers Dis Rep，2020，4(1): 501–511. doi: 10.3233/ADR-200250.

[36]

HU X， WANG M， SHEN Y， et al. Regulatory effect of irresistin-16 on

competitive dual-species biofilms composed of Streptococcus mutans and

Streptococcus sanguinis. Pathogens，2022，11(1): 70. doi: 10.3390/

pathogens11010070.

[37]

PRITCHARD A B， FABIAN Z， LAWRENCE C L， et al. An investigation

into the effects of outer membrane vesicles and lipopolysaccharide of

Porphyromonas gingivalis on blood-brain barrier integrity, permeability,

and disruption of scaffolding proteins in a human in vitro model. J

Alzheimers Dis，2022，86(1): 343–364. doi: 10.3233/JAD-215054.

[38]

HADITSCH U， ROTH T， RODRIGUEZ L， et al. Alzheimer's disease-

like neurodegeneration in Porphyromonas gingivalis infected neurons

with persistent expression of active gingipains. J Alzheimers Dis，2020，

75(4): 1361–1376. doi: 10.3233/JAD-200393.

[39]

COSTA M J F， De ARAÚJO I D T， Da ROCHA ALVES L， et al.

Relationship of Porphyromonas gingivalis and Alzheimer's disease: a

systematic review of pre-clinical studies. Clin Oral Investig，2021，25(3):

797–806. doi: 10.1007/s00784-020-03764-w.

[40]

SINGHRAO S K， HARDING A， POOLE S， et al. Porphyromonas

gingivalis periodontal infection and its putative links with Alzheimer's

disease. Mediators Inflamm，2015，2015: 137357. doi: 10.1155/2015/

137357.

[41]

TRAN V T A， KANG Y J， KIM H K， et al. Oral pathogenic bacteria-

inducing neurodegenerative microgliosis in human neural cell platform.

Int J Mol Sci，2021，22(13): 6925. doi: 10.3390/ijms22136925.

[42]

LENG F， EDISON P. Neuroinflammation and microglial activation in

Alzheimer disease: where do we go from here? Nat Rev Neurol，2021，

17(3): 157–172. doi: 10.1038/s41582-020-00435-y.

[43]

ARASTU-KAPUR S， NGUYEN M， RAHA D， et al. Treatment of

Porphyromonas gulae infection and downstream pathology in the aged

dog by lysine-gingipain inhibitor COR388. Pharmacol Res Perspect，

2020，8(1): e00562. doi: 10.1002/prp2.562.

[44]

DOMINY S S， LYNCH C， ERMINI F， et al. Porphyromonas gingivalis in

Alzheimer's disease brains: evidence for disease causation and treatment

with small-molecule inhibitors. Sci Adv，2019，5(1): eaau3333. doi: 10.

1126/sciadv.aau3333.

[45]

SASAKI N， KATAGIRI S， KOMAZAKI R， et al. Endotoxemia by

Porphyromonas gingivalis injection aggravates non-alcoholic fatty liver

disease, disrupts glucose/lipid metabolism, and alters gut microbiota in

mice. Front Microbiol，2018，9: 2470. doi: 10.3389/fmicb.2018.02470.

[46]

KASHIWAGI Y， ABURAYA S， SUGIYAMA N， et al. Porphyromonas

gingivalis induces entero-hepatic metabolic derangements with alteration

of gut microbiota in a type 2 diabetes mouse model. Sci Rep，2021，11(1):

18398. doi: 10.1038/s41598-021-97868-2.

[47]

BLASCO-BAQUE V， GARIDOU L， POMIÉ C， et al. Periodontitis

induced by Porphyromonas gingivalis drives periodontal microbiota

dysbiosis and insulin resistance via an impaired adaptive immune

response. Gut，2017，66(5): 872–885. doi: 10.1136/gutjnl-2015-309897.

[48]

TIAN J， LIU C， ZHENG X， et al. Porphyromonas gingivalis induces

insulin resistance by increasing BCAA levels in mice. J Dent Res，2020，

99(7): 839–846. doi: 10.1177/0022034520911037.

[49]

SEYAMA M， YOSHIDA K， YOSHIDA K， et al. Outer membrane

vesicles of Porphyromonas gingivalis attenuate insulin sensitivity by

delivering gingipains to the liver. Biochim Biophys Acta Mol Basis Dis，

2020，1866(6): 165731. doi: 10.1016/j.bbadis.2020.165731.

[50]

TAKAMURA H， YOSHIDA K， OKAMURA H， et al. Porphyromonas

gingivalis  attenuates the insulin-induced phosphorylation and

translocation of forkhead box protein O1 in human hepatocytes. Arch

Oral Biol，2016(69): 19–24. doi: 10.1016/j.archoralbio.2016.05.010.

[51]

MANOIL D， BOSTANCI N， MUMCU G， et al. Novel and known

periodontal pathogens residing in gingival crevicular fluid are associated

with rheumatoid arthritis. J Periodontol，2021，92(3): 359–370. doi: 10.

1002/JPER.20-0295.

[52]

ARVIKAR S  L，  HASTURK H，  STRLE K，  e t  a l .  Per iodonta l

inflammation and distinct inflammatory profiles in saliva and gingival

crevicular fluid compared with serum and joints in rheumatoid arthritis

patients. J Periodontol，2021，92(10): 1379–1391. doi: 10.1002/JPER.20-

0051.

[53]

TAKEUCHI-HATANAKA K， KOYAMA Y， OKAMOTO K， et al.

Treatment resistance of rheumatoid arthritis relates to infection of

periodontal pathogenic bacteria: a case-control cross-sectional study. Sci

Rep，2022，12(1): 12353. doi: 10.1038/s41598-022-16279-z.

[54]

TONG Y， ZHENG L， QING P， et al. Oral microbiota perturbations are

linked to high risk for rheumatoid arthritis. Front Cell Infect Microbiol，

2020，9: 475. doi: 10.3389/fcimb.2019.00475.

[55]

TUGANBAEV T，  YOSHIDA K，  HONDA K. The effects of oral

microbiota on health. Science，2022，376(6596): 934–936. doi: 10.1126/

science.abn1890.

[56]

CHENG Z， DO T， MANKIA K， et al. Dysbiosis in the oral microbiomes

of anti-CCP positive individuals at risk of developing rheumatoid

arthritis .  Ann Rheum Dis，2021，80(2):  162–168. doi:  10.1136/

annrheumdis-2020-216972.

[57]

DAVISON E， JOHNSTON W， PIELA K， et al. The subgingival plaque[58]

第 1 期 章可可等: 牙龈卟啉单胞菌与非口腔疾病关系的研究进展 25  

http://dx.doi.org/10.1161/CIRCRESAHA.119.315502
https://doi.org/10.1161/CIRCRESAHA.119.315502
https://doi.org/10.1161/CIRCRESAHA.119.315502
http://dx.doi.org/10.1038/s41368-021-00134-4
https://doi.org/10.1038/s41368-021-00134-4
http://dx.doi.org/10.1016/j.mam.2019.100840
http://dx.doi.org/10.1016/j.mam.2019.100840
https://doi.org/10.1016/j.mam.2019.100840
http://dx.doi.org/10.1007/s00508-020-01638-5%3Clinebreak/%3E
http://dx.doi.org/10.1007/s00508-020-01638-5%3Clinebreak/%3E
https://doi.org/10.1007/s00508-020-01638-5%3Clinebreak/%3E
http://dx.doi.org/10.3233/JAD-200064
http://dx.doi.org/10.3233/JAD-200064
https://doi.org/10.3233/JAD-200064
http://dx.doi.org/10.3233/ADR-200250
http://dx.doi.org/10.3233/ADR-200250
https://doi.org/10.3233/ADR-200250
http://dx.doi.org/10.3390/pathogens11010070
https://doi.org/10.3390/pathogens11010070
https://doi.org/10.3390/pathogens11010070
http://dx.doi.org/10.3233/JAD-215054
http://dx.doi.org/10.3233/JAD-215054
https://doi.org/10.3233/JAD-215054
http://dx.doi.org/10.3233/JAD-200393
https://doi.org/10.3233/JAD-200393
http://dx.doi.org/10.1007/s00784-020-03764-w
https://doi.org/10.1007/s00784-020-03764-w
http://dx.doi.org/10.1155/2015/137357
https://doi.org/10.1155/2015/137357
https://doi.org/10.1155/2015/137357
http://dx.doi.org/10.3390/ijms22136925
https://doi.org/10.3390/ijms22136925
http://dx.doi.org/10.1038/s41582-020-00435-y
https://doi.org/10.1038/s41582-020-00435-y
http://dx.doi.org/10.1002/prp2.562
https://doi.org/10.1002/prp2.562
http://dx.doi.org/10.1126/sciadv.aau3333
https://doi.org/10.1126/sciadv.aau3333
https://doi.org/10.1126/sciadv.aau3333
http://dx.doi.org/10.3389/fmicb.2018.02470
https://doi.org/10.3389/fmicb.2018.02470
http://dx.doi.org/10.1038/s41598-021-97868-2
https://doi.org/10.1038/s41598-021-97868-2
http://dx.doi.org/10.1136/gutjnl-2015-309897
https://doi.org/10.1136/gutjnl-2015-309897
http://dx.doi.org/10.1177/0022034520911037
https://doi.org/10.1177/0022034520911037
http://dx.doi.org/10.1016/j.bbadis.2020.165731
https://doi.org/10.1016/j.bbadis.2020.165731
http://dx.doi.org/10.1016/j.archoralbio.2016.05.010
http://dx.doi.org/10.1016/j.archoralbio.2016.05.010
https://doi.org/10.1016/j.archoralbio.2016.05.010
http://dx.doi.org/10.1002/JPER.20-0295
https://doi.org/10.1002/JPER.20-0295
https://doi.org/10.1002/JPER.20-0295
http://dx.doi.org/10.1002/JPER.20-0051
https://doi.org/10.1002/JPER.20-0051
https://doi.org/10.1002/JPER.20-0051
http://dx.doi.org/10.1038/s41598-022-16279-z
http://dx.doi.org/10.1038/s41598-022-16279-z
https://doi.org/10.1038/s41598-022-16279-z
http://dx.doi.org/10.3389/fcimb.2019.00475
https://doi.org/10.3389/fcimb.2019.00475
http://dx.doi.org/10.1126/science.abn1890
https://doi.org/10.1126/science.abn1890
https://doi.org/10.1126/science.abn1890
http://dx.doi.org/10.1136/annrheumdis-2020-216972
https://doi.org/10.1136/annrheumdis-2020-216972
https://doi.org/10.1136/annrheumdis-2020-216972
http://dx.doi.org/10.1161/CIRCRESAHA.119.315502
https://doi.org/10.1161/CIRCRESAHA.119.315502
https://doi.org/10.1161/CIRCRESAHA.119.315502
http://dx.doi.org/10.1038/s41368-021-00134-4
https://doi.org/10.1038/s41368-021-00134-4
http://dx.doi.org/10.1016/j.mam.2019.100840
http://dx.doi.org/10.1016/j.mam.2019.100840
https://doi.org/10.1016/j.mam.2019.100840
http://dx.doi.org/10.1007/s00508-020-01638-5%3Clinebreak/%3E
http://dx.doi.org/10.1007/s00508-020-01638-5%3Clinebreak/%3E
https://doi.org/10.1007/s00508-020-01638-5%3Clinebreak/%3E
http://dx.doi.org/10.3233/JAD-200064
http://dx.doi.org/10.3233/JAD-200064
https://doi.org/10.3233/JAD-200064
http://dx.doi.org/10.3233/ADR-200250
http://dx.doi.org/10.3233/ADR-200250
https://doi.org/10.3233/ADR-200250
http://dx.doi.org/10.3390/pathogens11010070
https://doi.org/10.3390/pathogens11010070
https://doi.org/10.3390/pathogens11010070
http://dx.doi.org/10.3233/JAD-215054
http://dx.doi.org/10.3233/JAD-215054
https://doi.org/10.3233/JAD-215054
http://dx.doi.org/10.3233/JAD-200393
https://doi.org/10.3233/JAD-200393
http://dx.doi.org/10.1007/s00784-020-03764-w
https://doi.org/10.1007/s00784-020-03764-w
http://dx.doi.org/10.1155/2015/137357
https://doi.org/10.1155/2015/137357
https://doi.org/10.1155/2015/137357
http://dx.doi.org/10.3390/ijms22136925
https://doi.org/10.3390/ijms22136925
http://dx.doi.org/10.1038/s41582-020-00435-y
https://doi.org/10.1038/s41582-020-00435-y
http://dx.doi.org/10.1002/prp2.562
https://doi.org/10.1002/prp2.562
http://dx.doi.org/10.1126/sciadv.aau3333
https://doi.org/10.1126/sciadv.aau3333
https://doi.org/10.1126/sciadv.aau3333
http://dx.doi.org/10.3389/fmicb.2018.02470
https://doi.org/10.3389/fmicb.2018.02470
http://dx.doi.org/10.1038/s41598-021-97868-2
https://doi.org/10.1038/s41598-021-97868-2
http://dx.doi.org/10.1136/gutjnl-2015-309897
https://doi.org/10.1136/gutjnl-2015-309897
http://dx.doi.org/10.1177/0022034520911037
https://doi.org/10.1177/0022034520911037
http://dx.doi.org/10.1016/j.bbadis.2020.165731
https://doi.org/10.1016/j.bbadis.2020.165731
http://dx.doi.org/10.1016/j.archoralbio.2016.05.010
http://dx.doi.org/10.1016/j.archoralbio.2016.05.010
https://doi.org/10.1016/j.archoralbio.2016.05.010
http://dx.doi.org/10.1002/JPER.20-0295
https://doi.org/10.1002/JPER.20-0295
https://doi.org/10.1002/JPER.20-0295
http://dx.doi.org/10.1002/JPER.20-0051
https://doi.org/10.1002/JPER.20-0051
https://doi.org/10.1002/JPER.20-0051
http://dx.doi.org/10.1038/s41598-022-16279-z
http://dx.doi.org/10.1038/s41598-022-16279-z
https://doi.org/10.1038/s41598-022-16279-z
http://dx.doi.org/10.3389/fcimb.2019.00475
https://doi.org/10.3389/fcimb.2019.00475
http://dx.doi.org/10.1126/science.abn1890
https://doi.org/10.1126/science.abn1890
https://doi.org/10.1126/science.abn1890
http://dx.doi.org/10.1136/annrheumdis-2020-216972
https://doi.org/10.1136/annrheumdis-2020-216972
https://doi.org/10.1136/annrheumdis-2020-216972


microbiome, systemic antibodies against bacteria and citrullinated

proteins following periodontal therapy. Pathogens，2021，10(2): 193. doi:

10.3390/pathogens10020193.

  JENNING M，  MARKLEIN B，  YTTERBERG J，  et  al .  Bacterial

citrullinated epitopes generated by Porphyromonas gingivalis infection--a

missing link for ACPA production. Ann Rheum Dis，2020，79(9):

1194–1202. doi: 10.1136/annrheumdis-2019-216919.

[59]

 MUÑOZ-ATIENZA E， FLAK M B， SIRR J， et al. The P. gingivalis

autocitrullinome is not a target for ACPA in early rheumatoid arthritis. J

Dent Res，2020，99(4): 456–462. doi: 10.1177/0022034519898144.

[60]

 SHERINA N， De VRIES C， KHARLAMOVA N， et al. Antibodies to a

citrullinated Porphyromonas gingivalis epitope are increased in early

rheumatoid arthritis, and can be produced by gingival tissue B cells:

implications for a bacterial origin in RA etiology. Front Immunol，2022，

13: 804822. doi: 10.3389/fimmu.2022.804822.

[61]

 MIRANDA-RIUS J， BRUNET-LLOBET L， BLANC V， et al. Microbial

profile of placentas from Tanzanian mothers with adverse pregnancy

outcomes and periodontitis. Oral Dis，2021. doi: 10.1111/odi.13962.

[62]

 MÁRQUEZ-CORONA M L， TELLEZ-GIRÓN-VALDEZ A， PONTIGO-

LOYOLA A P， et al. Preterm birth associated with periodontal and dental

indicators: a pilot case-control study in a developing country. J Matern

Fetal Neonatal Med，2021，34(5): 690–695. doi: 10.1080/14767058.2019.

1613363.

[63]

 YE C， KATAGIRI S， MIYASAKA N， et al. The periodontopathic

bacteria in placenta, saliva and subgingival plaque of threatened preterm

labor and preterm low birth weight cases: a longitudinal study in Japanese

pregnant women. Clin Oral Investig，2020，24(12): 4261–4270. doi: 10.

1007/s00784-020-03287-4.

[64]

 SAADAOUI M， SINGH P， Al KHODOR S. Oral microbiome and

pregnancy: a bidirectional relationship. J Reprod Immunol，2021，145:

103293. doi: 10.1016/j.jri.2021.103293.

[65]

 YE C， XIA Z， TANG J， et al. Unculturable and culturable periodontal-

related bacteria are associated with periodontal inflammation during

pregnancy and with preterm low birth weight delivery. Sci Rep，2020，

10(1): 15807. doi: 10.1038/s41598-020-72807-9.

[66]

  K A T O  S，  N A G A S A W A  T，  U E H A R A  O，  e t  a l .  I n c r e a s e  i n

Bifidobacterium is a characteristic of the difference in the salivary

microbiota of pregnant and non-pregnant women. BMC Oral Health，

2022，22(1): 260. doi: 10.1186/s12903-022-02293-0.

[67]

 YE C， KAPILA Y. Oral microbiome shifts during pregnancy and adverse

pregnancy outcomes: hormonal and immunologic changes at play.

Periodontol 2000，2021，87(1): 276–281. doi: 10.1111/prd.12386.

[68]

 JANG H， PATOINE A， WU T T， et al. Oral microflora and pregnancy: a

systematic review and meta-analysis. Sci Rep，2021，11(1): 16870. doi: 10.

1038/s41598-021-96495-1.

[69]

 YANG I， CLAUSSEN H， ARTHUR R A， et al. Subgingival microbiome

in pregnancy and a potential relationship to early term birth. Front Cell

Infect Microbiol，2022，12: 873683. doi: 10.3389/fcimb.2022.873683.

[70]

 BOBETSIS Y A， GRAZIANI F， GURSOY M， et al. Periodontal disease

and adverse pregnancy outcomes. Periodontol 2000，2020，83(1):

154–174. doi: 10.1111/prd.12294.

[71]

  SAVITHA J N，  BHAVYA B，  YADALAM U，  et al .  Detection of

Porphyromonas gingivalis in umbilical cord blood of new-born and in

subgingival plaque of pregnant participants with periodontal disease and

its association with pregnancy outcomes: an observational study. J Indian

Soc Periodontol，2022，26(4): 365–372. doi: 10.4103/jisp.jisp_45_21.

[72]

 YOSHIDA S， HATAHA M， OHSUGI Y， et al. Porphyromonas gingivalis

administration induces gestational obesity, alters gene expression in the

liver and brown adipose tissue in pregnant mice, and causes underweight

in fetuses. Front Cell Infect Microbiol，2022，11: 745117. doi: 10.3389/

fcimb.2021.745117.

[73]

 KONISHI H， URABE S， TERAOKA Y， et al. Porphyromonas gingivalis,

a cause of preterm birth in mice, induces an inflammatory response in

human amnion mesenchymal cells but not epithelial cells. Placenta，2020，

99: 21–26. doi: 10.1016/j.placenta.2020.07.016.

[74]

 GOMEZ L A， De AVILA J， CASTILLO D M， et al. Porphyromonas

gingivalis placental atopobiosis and inflammatory responses in women

with adverse pregnancy outcomes. Front Microbiol，2020，11: 591626. doi:

10.3389/fmicb.2020.591626.

[75]

 STARZYNSKA A， WYCHOWANSKI P， NOWAK M， et al. Association

between maternal periodontitis and development of systematic diseases in

offspring. Int J Mol Sci，2022，23(5): 2473. doi: 10.3390/ijms23052473.

[76]

 KANOUTE A， GARE J， MEDA N， et al. Effect of oral prophylactic

measures on the occurrence of pre-eclampsia (OP-PE) in high-risk

pregnant women: a cluster randomized controlled trial. Methods Protoc，

2021，4(3): 61. doi: 10.3390/mps4030061.

[77]

 XU B， HAN Y W. Oral bacteria, oral health, and adverse pregnancy

outcomes. Periodontol 2000，2022，89(1): 181–189. doi: 10.1111/prd.

12436.

[78]

 FURUSHO H， MIYAUCHI M， HYOGO H， et al. Dental infection of

Porphyromonas gingivalis exacerbates high fat diet-induced steatohepatitis

in mice. J Gastroenterol，2013，48(11): 1259–1270. doi: 10.1007/s00535-

012-0738-1.

[79]

 NAGASAKI A， SAKAMOTO S， CHEA C， et al. Odontogenic infection

by Porphyromonas gingivalis exacerbates fibrosis in NASH via hepatic

stellate cell activation. Sci Rep，2020，10(1): 4134. doi: 10.1038/s41598-

020-60904-8.

[80]

  NAGASAKI A，  SAKAMOTO S，  ARAI T，  et al .  Elimination of

Porphyromonas gingivalis inhibits liver fibrosis and inflammation in

NASH. J Clin Periodontol，2021，48(10): 1367–1378. doi: 10.1111/jcpe.

13523.

[81]

  AHN J S，  YANG J W，  OH S J，  et al .  Porphyromonas gingivalis

exacerbates the progression of fatty liver disease via CD36-PPARγ

pathway. BMB Rep，2021，54(6): 323–328. doi: 10.5483/BMBRep.2021.54.

6.050.

[82]

 WU L， SHI R， BAI H， et al. Porphyromonas gingivalis induces increases

in branched-chain amino acid levels and exacerbates liver injury through

livh/livk. Front Cell Infect Microbiol，2022，12: 776996. doi: 10.3389/

fcimb.2022.776996.

[83]

（2022 − 09 − 27收稿，2022 − 12 − 22修回）　

编辑　汤　洁　

　

 26 四川大学学报（医学版） 第 54卷

http://dx.doi.org/10.3390/pathogens10020193
https://doi.org/10.3390/pathogens10020193
http://dx.doi.org/10.1136/annrheumdis-2019-216919
https://doi.org/10.1136/annrheumdis-2019-216919
http://dx.doi.org/10.1177/0022034519898144
http://dx.doi.org/10.1177/0022034519898144
https://doi.org/10.1177/0022034519898144
http://dx.doi.org/10.3389/fimmu.2022.804822
https://doi.org/10.3389/fimmu.2022.804822
http://dx.doi.org/10.1111/odi.13962
https://doi.org/10.1111/odi.13962
http://dx.doi.org/10.1080/14767058.2019.1613363
http://dx.doi.org/10.1080/14767058.2019.1613363
https://doi.org/10.1080/14767058.2019.1613363
https://doi.org/10.1080/14767058.2019.1613363
http://dx.doi.org/10.1007/s00784-020-03287-4
https://doi.org/10.1007/s00784-020-03287-4
https://doi.org/10.1007/s00784-020-03287-4
http://dx.doi.org/10.1016/j.jri.2021.103293
https://doi.org/10.1016/j.jri.2021.103293
http://dx.doi.org/10.1038/s41598-020-72807-9
https://doi.org/10.1038/s41598-020-72807-9
http://dx.doi.org/10.1186/s12903-022-02293-0
https://doi.org/10.1186/s12903-022-02293-0
http://dx.doi.org/10.1111/prd.12386
https://doi.org/10.1111/prd.12386
http://dx.doi.org/10.1038/s41598-021-96495-1
https://doi.org/10.1038/s41598-021-96495-1
https://doi.org/10.1038/s41598-021-96495-1
http://dx.doi.org/10.3389/fcimb.2022.873683
http://dx.doi.org/10.3389/fcimb.2022.873683
https://doi.org/10.3389/fcimb.2022.873683
http://dx.doi.org/10.1111/prd.12294
https://doi.org/10.1111/prd.12294
http://dx.doi.org/10.4103/jisp.jisp_45_21
http://dx.doi.org/10.4103/jisp.jisp_45_21
https://doi.org/10.4103/jisp.jisp_45_21
http://dx.doi.org/10.3389/fcimb.2021.745117
https://doi.org/10.3389/fcimb.2021.745117
https://doi.org/10.3389/fcimb.2021.745117
http://dx.doi.org/10.1016/j.placenta.2020.07.016
https://doi.org/10.1016/j.placenta.2020.07.016
http://dx.doi.org/10.3389/fmicb.2020.591626
https://doi.org/10.3389/fmicb.2020.591626
http://dx.doi.org/10.3390/ijms23052473
https://doi.org/10.3390/ijms23052473
http://dx.doi.org/10.3390/mps4030061
https://doi.org/10.3390/mps4030061
http://dx.doi.org/10.1111/prd.12436
https://doi.org/10.1111/prd.12436
https://doi.org/10.1111/prd.12436
http://dx.doi.org/10.1007/s00535-012-0738-1
https://doi.org/10.1007/s00535-012-0738-1
https://doi.org/10.1007/s00535-012-0738-1
http://dx.doi.org/10.1038/s41598-020-60904-8
https://doi.org/10.1038/s41598-020-60904-8
https://doi.org/10.1038/s41598-020-60904-8
http://dx.doi.org/10.1111/jcpe.13523
https://doi.org/10.1111/jcpe.13523
https://doi.org/10.1111/jcpe.13523
http://dx.doi.org/10.5483/BMBRep.2021.54.6.050
https://doi.org/10.5483/BMBRep.2021.54.6.050
https://doi.org/10.5483/BMBRep.2021.54.6.050
http://dx.doi.org/10.3389/fcimb.2022.776996
https://doi.org/10.3389/fcimb.2022.776996
https://doi.org/10.3389/fcimb.2022.776996
http://dx.doi.org/10.3390/pathogens10020193
https://doi.org/10.3390/pathogens10020193
http://dx.doi.org/10.1136/annrheumdis-2019-216919
https://doi.org/10.1136/annrheumdis-2019-216919
http://dx.doi.org/10.1177/0022034519898144
http://dx.doi.org/10.1177/0022034519898144
https://doi.org/10.1177/0022034519898144
http://dx.doi.org/10.3389/fimmu.2022.804822
https://doi.org/10.3389/fimmu.2022.804822
http://dx.doi.org/10.1111/odi.13962
https://doi.org/10.1111/odi.13962
http://dx.doi.org/10.1080/14767058.2019.1613363
http://dx.doi.org/10.1080/14767058.2019.1613363
https://doi.org/10.1080/14767058.2019.1613363
https://doi.org/10.1080/14767058.2019.1613363
http://dx.doi.org/10.1007/s00784-020-03287-4
https://doi.org/10.1007/s00784-020-03287-4
https://doi.org/10.1007/s00784-020-03287-4
http://dx.doi.org/10.1016/j.jri.2021.103293
https://doi.org/10.1016/j.jri.2021.103293
http://dx.doi.org/10.1038/s41598-020-72807-9
https://doi.org/10.1038/s41598-020-72807-9
http://dx.doi.org/10.1186/s12903-022-02293-0
https://doi.org/10.1186/s12903-022-02293-0
http://dx.doi.org/10.1111/prd.12386
https://doi.org/10.1111/prd.12386
http://dx.doi.org/10.1038/s41598-021-96495-1
https://doi.org/10.1038/s41598-021-96495-1
https://doi.org/10.1038/s41598-021-96495-1
http://dx.doi.org/10.3389/fcimb.2022.873683
http://dx.doi.org/10.3389/fcimb.2022.873683
https://doi.org/10.3389/fcimb.2022.873683
http://dx.doi.org/10.1111/prd.12294
https://doi.org/10.1111/prd.12294
http://dx.doi.org/10.4103/jisp.jisp_45_21
http://dx.doi.org/10.4103/jisp.jisp_45_21
https://doi.org/10.4103/jisp.jisp_45_21
http://dx.doi.org/10.3389/fcimb.2021.745117
https://doi.org/10.3389/fcimb.2021.745117
https://doi.org/10.3389/fcimb.2021.745117
http://dx.doi.org/10.1016/j.placenta.2020.07.016
https://doi.org/10.1016/j.placenta.2020.07.016
http://dx.doi.org/10.3389/fmicb.2020.591626
https://doi.org/10.3389/fmicb.2020.591626
http://dx.doi.org/10.3390/ijms23052473
https://doi.org/10.3390/ijms23052473
http://dx.doi.org/10.3390/mps4030061
https://doi.org/10.3390/mps4030061
http://dx.doi.org/10.1111/prd.12436
https://doi.org/10.1111/prd.12436
https://doi.org/10.1111/prd.12436
http://dx.doi.org/10.1007/s00535-012-0738-1
https://doi.org/10.1007/s00535-012-0738-1
https://doi.org/10.1007/s00535-012-0738-1
http://dx.doi.org/10.1038/s41598-020-60904-8
https://doi.org/10.1038/s41598-020-60904-8
https://doi.org/10.1038/s41598-020-60904-8
http://dx.doi.org/10.1111/jcpe.13523
https://doi.org/10.1111/jcpe.13523
https://doi.org/10.1111/jcpe.13523
http://dx.doi.org/10.5483/BMBRep.2021.54.6.050
https://doi.org/10.5483/BMBRep.2021.54.6.050
https://doi.org/10.5483/BMBRep.2021.54.6.050
http://dx.doi.org/10.3389/fcimb.2022.776996
https://doi.org/10.3389/fcimb.2022.776996
https://doi.org/10.3389/fcimb.2022.776996
http://dx.doi.org/10.3390/pathogens10020193
https://doi.org/10.3390/pathogens10020193
http://dx.doi.org/10.1136/annrheumdis-2019-216919
https://doi.org/10.1136/annrheumdis-2019-216919
http://dx.doi.org/10.1177/0022034519898144
http://dx.doi.org/10.1177/0022034519898144
https://doi.org/10.1177/0022034519898144
http://dx.doi.org/10.3389/fimmu.2022.804822
https://doi.org/10.3389/fimmu.2022.804822
http://dx.doi.org/10.1111/odi.13962
https://doi.org/10.1111/odi.13962
http://dx.doi.org/10.1080/14767058.2019.1613363
http://dx.doi.org/10.1080/14767058.2019.1613363
https://doi.org/10.1080/14767058.2019.1613363
https://doi.org/10.1080/14767058.2019.1613363
http://dx.doi.org/10.1007/s00784-020-03287-4
https://doi.org/10.1007/s00784-020-03287-4
https://doi.org/10.1007/s00784-020-03287-4
http://dx.doi.org/10.1016/j.jri.2021.103293
https://doi.org/10.1016/j.jri.2021.103293
http://dx.doi.org/10.1038/s41598-020-72807-9
https://doi.org/10.1038/s41598-020-72807-9
http://dx.doi.org/10.1186/s12903-022-02293-0
https://doi.org/10.1186/s12903-022-02293-0
http://dx.doi.org/10.1111/prd.12386
https://doi.org/10.1111/prd.12386
http://dx.doi.org/10.1038/s41598-021-96495-1
https://doi.org/10.1038/s41598-021-96495-1
https://doi.org/10.1038/s41598-021-96495-1
http://dx.doi.org/10.3389/fcimb.2022.873683
http://dx.doi.org/10.3389/fcimb.2022.873683
https://doi.org/10.3389/fcimb.2022.873683
http://dx.doi.org/10.1111/prd.12294
https://doi.org/10.1111/prd.12294
http://dx.doi.org/10.3390/pathogens10020193
https://doi.org/10.3390/pathogens10020193
http://dx.doi.org/10.1136/annrheumdis-2019-216919
https://doi.org/10.1136/annrheumdis-2019-216919
http://dx.doi.org/10.1177/0022034519898144
http://dx.doi.org/10.1177/0022034519898144
https://doi.org/10.1177/0022034519898144
http://dx.doi.org/10.3389/fimmu.2022.804822
https://doi.org/10.3389/fimmu.2022.804822
http://dx.doi.org/10.1111/odi.13962
https://doi.org/10.1111/odi.13962
http://dx.doi.org/10.1080/14767058.2019.1613363
http://dx.doi.org/10.1080/14767058.2019.1613363
https://doi.org/10.1080/14767058.2019.1613363
https://doi.org/10.1080/14767058.2019.1613363
http://dx.doi.org/10.1007/s00784-020-03287-4
https://doi.org/10.1007/s00784-020-03287-4
https://doi.org/10.1007/s00784-020-03287-4
http://dx.doi.org/10.1016/j.jri.2021.103293
https://doi.org/10.1016/j.jri.2021.103293
http://dx.doi.org/10.1038/s41598-020-72807-9
https://doi.org/10.1038/s41598-020-72807-9
http://dx.doi.org/10.1186/s12903-022-02293-0
https://doi.org/10.1186/s12903-022-02293-0
http://dx.doi.org/10.1111/prd.12386
https://doi.org/10.1111/prd.12386
http://dx.doi.org/10.1038/s41598-021-96495-1
https://doi.org/10.1038/s41598-021-96495-1
https://doi.org/10.1038/s41598-021-96495-1
http://dx.doi.org/10.3389/fcimb.2022.873683
http://dx.doi.org/10.3389/fcimb.2022.873683
https://doi.org/10.3389/fcimb.2022.873683
http://dx.doi.org/10.1111/prd.12294
https://doi.org/10.1111/prd.12294
http://dx.doi.org/10.4103/jisp.jisp_45_21
http://dx.doi.org/10.4103/jisp.jisp_45_21
https://doi.org/10.4103/jisp.jisp_45_21
http://dx.doi.org/10.3389/fcimb.2021.745117
https://doi.org/10.3389/fcimb.2021.745117
https://doi.org/10.3389/fcimb.2021.745117
http://dx.doi.org/10.1016/j.placenta.2020.07.016
https://doi.org/10.1016/j.placenta.2020.07.016
http://dx.doi.org/10.3389/fmicb.2020.591626
https://doi.org/10.3389/fmicb.2020.591626
http://dx.doi.org/10.3390/ijms23052473
https://doi.org/10.3390/ijms23052473
http://dx.doi.org/10.3390/mps4030061
https://doi.org/10.3390/mps4030061
http://dx.doi.org/10.1111/prd.12436
https://doi.org/10.1111/prd.12436
https://doi.org/10.1111/prd.12436
http://dx.doi.org/10.1007/s00535-012-0738-1
https://doi.org/10.1007/s00535-012-0738-1
https://doi.org/10.1007/s00535-012-0738-1
http://dx.doi.org/10.1038/s41598-020-60904-8
https://doi.org/10.1038/s41598-020-60904-8
https://doi.org/10.1038/s41598-020-60904-8
http://dx.doi.org/10.1111/jcpe.13523
https://doi.org/10.1111/jcpe.13523
https://doi.org/10.1111/jcpe.13523
http://dx.doi.org/10.5483/BMBRep.2021.54.6.050
https://doi.org/10.5483/BMBRep.2021.54.6.050
https://doi.org/10.5483/BMBRep.2021.54.6.050
http://dx.doi.org/10.3389/fcimb.2022.776996
https://doi.org/10.3389/fcimb.2022.776996
https://doi.org/10.3389/fcimb.2022.776996
http://dx.doi.org/10.4103/jisp.jisp_45_21
http://dx.doi.org/10.4103/jisp.jisp_45_21
https://doi.org/10.4103/jisp.jisp_45_21
http://dx.doi.org/10.3389/fcimb.2021.745117
https://doi.org/10.3389/fcimb.2021.745117
https://doi.org/10.3389/fcimb.2021.745117
http://dx.doi.org/10.1016/j.placenta.2020.07.016
https://doi.org/10.1016/j.placenta.2020.07.016
http://dx.doi.org/10.3389/fmicb.2020.591626
https://doi.org/10.3389/fmicb.2020.591626
http://dx.doi.org/10.3390/ijms23052473
https://doi.org/10.3390/ijms23052473
http://dx.doi.org/10.3390/mps4030061
https://doi.org/10.3390/mps4030061
http://dx.doi.org/10.1111/prd.12436
https://doi.org/10.1111/prd.12436
https://doi.org/10.1111/prd.12436
http://dx.doi.org/10.1007/s00535-012-0738-1
https://doi.org/10.1007/s00535-012-0738-1
https://doi.org/10.1007/s00535-012-0738-1
http://dx.doi.org/10.1038/s41598-020-60904-8
https://doi.org/10.1038/s41598-020-60904-8
https://doi.org/10.1038/s41598-020-60904-8
http://dx.doi.org/10.1111/jcpe.13523
https://doi.org/10.1111/jcpe.13523
https://doi.org/10.1111/jcpe.13523
http://dx.doi.org/10.5483/BMBRep.2021.54.6.050
https://doi.org/10.5483/BMBRep.2021.54.6.050
https://doi.org/10.5483/BMBRep.2021.54.6.050
http://dx.doi.org/10.3389/fcimb.2022.776996
https://doi.org/10.3389/fcimb.2022.776996
https://doi.org/10.3389/fcimb.2022.776996

	1 牙龈卟啉单胞菌与炎症性肠炎
	2 牙龈卟啉单胞菌与癌症
	2.1 牙龈卟啉单胞菌与结直肠癌
	2.2 牙龈卟啉单胞菌与胰腺癌
	2.3 牙龈卟啉单胞菌与食管癌
	2.4 牙龈卟啉单胞菌与肺癌

	3 牙龈卟啉单胞菌与心血管疾病
	4 牙龈卟啉单胞菌与阿尔茨海默病
	5 牙龈卟啉单胞菌与糖尿病
	6 牙龈卟啉单胞菌与类风湿性关节炎
	7 牙龈卟啉单胞菌与早产
	8 牙龈卟啉单胞菌与非酒精性脂肪肝炎
	9 展望
	参考文献

