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Abstract

Objectives: Periodontal bacteria that have been studied show a strong connection

to various vascular diseases. Among the many kinds of periodontal bacteria,

Porphyromonas gingivalis (Pg) is well examined in the general aspects and in a rat

model. However, whether other periodontal bacteria work or react differently is not

studied well.

Material and methods: We chose Aggregatibacter actinomycetemcomitans (Aa) and

Prevotella intermedia (Pi) as different types of periodontal bacteria. Low-density and

high-density bacterial solutions were injected in the small artery of rats' groins using

our rat model. Eighteen limbs of 9 SD male rats (500–650 g) were used. After 7 days,

14–18 days, and 28 days, the rats were sacrificed. A pathological and an immuno-

histochemical study was conducted and reported on the low-density group with

12 limbs because the Pi group lacked a high-density study. Immuno-histochemical

staining of live Pg was performed on three limbs of three rats at 1 h, 3 h, and 1 week

after injection.

Results: The appearances from the acute, at 7 days, to chronic phases, at 28 days,

were observed. The differences of the species were certainly observed in the internal

elastic lamina (IEL), and immuno-histochemical reactions. The inflammatory reactions,

such as cellular distribution or intra-thrombus materials, were similar in all. One

week later, we could not see any living bacteria in the specimen or immunological

observation.

Conclusions: The three species were essentially the same, except for Aa's stronger

disruption of IEL, and more CD3 (Pan T cell) in Pi and more CD79a (Pan B cell) in Pg.

We propose a new concept of a possible mechanism of vascular diseases, in which

the work of LPS (lipopolysaccharides) and a toll-like receptor (TLR) is emphasized.
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1 | INTRODUCTION

Porphyromonas gingivalis (Pg) is well and widely examined (Li et al.,

2002; Li et al., 2008; Mikuls et al., 2014). The relationship between

periodontal bacteria, especially Pg, and arterial lesions of the abdomi-

nal aorta (Kurihara et al., 2004), the arteries of the extremities (Iwai

et al., 2005), and the cervical arteries (Wu et al., 2000) were reported

from a mostly positive or causative standpoint. Periodontal bacter-

emia (Carroll & Sebor, 1980; Lockhart et al., 2008) is a common occur-

rence in patients suffering from chronic periodontitis or gingivitis;

however, the properties of the periodontal bacteria-containing arterial

thrombi are not reported, because of the absence of good animal

models prior to our recent report (Iwai et al., 2019). In our report, the

thrombus model that employed Pg demonstrated pathological and

immuno-histochemical aspects of experimental thrombus formation.

Pg injected vessels showed an acute inflammatory reaction followed

by chronic fibrous changes in only 28 days. Immunohistochemistry

showed the expected inflammatory changes induced by noninvasive

bacteria Pg. These immuno-histochemical changes seemed to be a

natural immunological response.

Furthermore, pathogenic bacteria are counted in about 10 species

(Socransky & Haffajee, 2000) and the differences of pathological

action in the other bacteria are unclear. The Pg are indwelling in the

blood stream, in a clotted platelet (Li et al., 2008) or in a monocyte

itself (Suwatanapongched et al., 2010), and might have died within

hours, even though they arrived alive, because they are non-invasive

and anaerobic and show pathologically low toxicity outside the gingi-

val pocket of dental biofilms (Offenbacher et al., 2008). They died

in the thrombus leaving their DNA or toxic material, such as lipopoly-

saccharides. As for Aggregatibacter actinomycetemcomitans (Aa) bacte-

ria, some reports show their presence in heart disease or thoracic

aortic lesions (Ishihara et al., 2004), but Pg bacteria were found in the

extremities' vascular lesions or mid-sized arteries and varices (Iwai

et al., 2005; Seymour et al., 2007; Wu et al., 2000). These differences

may be clear from the pathological or toxicological differences in our

study.

This time, three species of the periodontal bacteria, Pg, Aa, and

Prevotella intermedia (Pi), were used in the same densities and almost

the same amounts of bacterial volume due to vessel thickness. We

chose these two species because they were the ones obtained from

the occluded Buerger disease patients' arteries (Iwai et al., 2005). Aa

is believed to be the specific virulent species among periodontal bac-

teria and has been discovered in coronary or thoracic aortic specimens

of atherosclerosis (Ohki et al., 2012). In Buerger disease cases, the

most prevalent species was Treponema denticola (Td). However, we

were unable to use it, because we lack a culture system for it in the

Periodontology Department. The main purpose is to learn whether

the three species are also in the same group as oral bacteria showing

similar action and activity for the thrombus formation and immunolog-

ical reaction.

Actually, the loose ligation method, in which sausage-like shape

vessels are made for bacterial injection, was employed. Arterial thickness

(0.6–1.0 mm in diameter) might be an associated factor, both technically

and medically (Figure 1). Each periodontal bacterium seems to have a

different nature or toxic reaction to the thrombus and arterial wall. In

our rat model, the groin artery was thought to be the smallest one that

was possible to inject without incurring distal tissue loss. Other methods

include the stenosis formation method or temporary tight ligation that is

then released after several hours. However, in these, the thrombus for-

mation rate is low or complicated in an aseptic condition.

In the final session of this article, we added possible pathogene-

ses and mechanisms of vascular diseases such as thromboangiitis

obliterans (Buerger disease) and atherosclerosis.

2 | MATERIALS AND METHODS

SD male rats of 500–650 g body weight were used. All the rats were

healthy without hypertension, diabetes, or hyperlipidemia (dyslipidemia).

F IGURE 1 (a) Arterial puncture of the Pg, Aa, Pi, and control
solutions in the rat. (b) Technical method of the injection into the
artery (Iwai et al., 2019)

2 IWAI ET AL.



In all, 18 limbs of 9 rats were injected with bacteria and phosphate

buffer saline (PBS) as controls. General anesthesia and aseptic maneu-

vers were used. The groin incision revealed small arteries, about 1 mm

in diameter, and exposed 10–15 mm long arteries. The proximal and dis-

tal artery areas were ligated loosely with 4–0 monofilament nylon

suture. Then, using a 32-gauge needle, periodontal bacteria Pg (strain:

A7A1-28), Aa (strain: Y4), and Pi (strain: ATCC25611) of the same densi-

ties were injected; about 0.3 ml for vessels (Figure 1). The injected solu-

tions were PBS as a control without bacteria, and a low and high

densities of 1 × 107 and 1 × 108 CFU (colony-forming units)/ml of Pg,

Aa, and Pi bacteria solution. The surrounding area was washed well with

normal saline and the wound was closed carefully. Postoperatively, no

antibiotics were used. The weight of the rats was measured every day.

The method of bacterial culture, Pg and Aa, is described in our co-

author's paper (Aoyama et al., 2011). A Pi culture was done following

the Pgmethod.

Postoperatively, 7, 14–18, and 28 days were selected for study

following their sacrifice. The specimens were fixed with a 10% for-

malin solution or a 4% paraformaldehyde phosphate buffer solution,

and embedded in paraffin as usual. The slices, which were from the

proximal one-half of the specimen, were stained mainly with Hema-

toxylin Eosin (HE) and Elastica van Gieson (EVG). Part of the sliced

specimen was examined using smooth muscle cell staining. Compo-

nents of the blood cells of all the arterial thrombi, including the ves-

sel walls, were analyzed as much as possible by the pathologist

using a blind method. The cells and materials included red blood cells

(RBC), granulocytes, the usual lymphocytes, plasma cells, macro-

phages (monocytes), platelets, giants cells, elastic fibers, hemosiderin,

fibrin, and recanalization, including their quantitative grades (1): less

than 10 cells, (2): 11–20 cells, (3): 21 cells, or (1): few, (2): moderate,

(3): rich for a non-cell material. The IEL was classified by disruption,

shrinkage, and reduplication. CD3 (Pan T cells) and CD79a (Pan B

cells) were immunologically stained and their location and quality

were examined. Finally, we chose low-density groups, 12 limbs,

because the Pi group lacked a high-density specimen and no signifi-

cant differences between Pg and Aa in the two densities. As for

the live study, three rats were sacrificed for 1 h, 3 h, and 1 week,

respectively.

Cell or material distribution in the thrombus, and the occluded

vessel was evaluated using the Student's t test to compare the

groups.

An inter-leukin-6 (IL-6) immuno-histochemical study was carried

out in the three groups and control specimens.

Observation of live Pg using immuno-histochemical staining

(Rajakaruna et al., 2018) was performed separately from three pieces

in the study using three rats (Figure 4).

2.1 | Statement on ethical approval

The animal experimentation was conducted according to the protocol

approved by the director of the Moriya Keiyu Hospital after the

review by Institutional Animal Care and Use Committee.

• Ethic committee Permit No. RO2-11.

• Institutional Animal Care and Use Committee Permit No. SKL-A-

13063/SKL-A14020/SKL-A-14029/SKL-A-15014/SKL-A-15072/

SKL-A-16010.

This experiment is compliant with the following guides:

• Act on Welfare and Management of Animals (October 1, 1973;

Law No. 150).

• Guidelines for Proper Conduct of Animal Experiments (Science

Council of Japan).

3 | RESULTS

All the rats were alive, the wounds were clear without infection,

and no limb necrosis was observed. The weight of the rats gradually

increased and no significant change between the control rats and

injected rats was seen. All specimens were obtained using sterile tech-

niques. The results showed the ligation site was adequate. Animal care

was satisfied. The rat's ligation site was the external iliac artery, which

does not cause limb necrosis, even in human cases. Thrombus forma-

tion was observed in all specimens including the control group. At

7 days after the Pg 1 × 107 injection, microscopic examination rev-

ealed (Figure 2) many red blood cells, moderate granulocytes, a few

lymphocytes, macrophages, and spindle cells in the thrombus. The IEL

was intact. In the media, granulocytes and edema were present. At

14–18 days after the same Pg injection, the granulocytes disappeared

and recanalization appeared in the thrombus. The IEL showed disrup-

tion, shrinkage, and reduplication. Edematous media and outer elastic

lamia disruption were present. At 28 days after the same Pg injection,

lymphocytes and plasma cells were present in the thrombus. Elastic

fibers were numerous. The IEL showed shrinkage. The media revealed

minimum changes. At 7 days after Aa, many granulocytes were pre-

sent in the fresh thrombus. The IEL was intact. The media showed a

few granulocytes and edema. At 14–18 days after the same-density

Aa injection, elastic fibers were rich in the thrombus. The IEL showed

disruption and shrinkage. At 28 days after the Aa injection, plasma

cells were moderately rich in the thrombus. Giant cells were outside

of the adventitia. The IEL showed disruption and shrinkage with

reduplication. At 7 days after Pi injection, there were a few RBC,

granulocytes, lymphocytes, and rich macrophages in the thrombus.

The IEL was intact. At 14–18 days after the Pi injection, moderate

granulocytes, macrophages, and spindle cells were present in the

thrombus. At 28 days after the same Pi injection, there were rich spin-

dle cells, and lymphocytes in the thrombus. The IEL showed disrup-

tion, shrinkage, reduplication and moderate rupture. In the thrombus,

marked fibrous changes were present. Pictures of the control showed

no granulocytes and the intact IEL. No bacterium was seen in any

phase in microscopic observation and immuno-histochemical staining.

The other changes are shown in Table 1A.

Immuno-histochemical staining showed the same amount (1–2)

of CD3 (Pan T cell) and CD79a (Pan B cell) cells in Pg and less in the
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Aa groups. The Pi group showed that CD3 was maintained moderately

(2) during the three phases and a smaller amount (1) of CD79a cells.

These cells were seen in the control groups (0) or (1) (Figure 3,

Table 1B).

Statistical analysis revealed (a) cells and materials changes in the

thrombus were not significant between three groups, (b) disruption of

the IEL was significantly (<0.05) remarkable in the Aa group, (c) CD3

(Pan T cells) positive cells were significantly (<0.05) rich in the Pi

group, and (d) CD79a (Pan B cells) were significantly (<0.05) rich in

the Pg group.

Using an immune-histochemical staining technique (Rajakaruna

et al., 2018), our observation of live Pg suggested it lives several hours

maintaining its shape after causing a thrombus in the rat (Figure 4a).

One week later we could not see any living bacteria in the specimen

or immunological observation (Figure 4b). With this technique, it is

impossible for the bacteria to be washed out during the process.

F IGURE 2 Pathological serial
changes after injection of Pg, Aa,
and Pi to the artery and the
control. (a) 7 days after Pg
1 × 107 CFU/ml injection (left
HE, right EVG stain ×400);
(b) 14–18 days after the same Pg
injection (left HE stain ×400, right
EVG stain ×100); (c) 28 days after

the same Pg injection (EVG&HE
stain ×100); (d) 7 days after Aa
(left) (HE stain ×100);
(e) 14–18 days after the same
density Aa injection (HE stain
×400); (f) 28 days after same Aa
injection (HE stain ×100);
(g) 7 days after Pi injection
(HE and EVG stain ×200);
(h) 14–18 days after Pi injection
(HE and EVG stain ×200);
(i) 28 days after the same Pi
injection (HE and EVG stain
×200); (j–l) pictures of control
show no granulocytes and the
intact IEL; (m–o) enlarged views
of granulocytes (from a),
recanalization (from h) and
macrophages (from i) in the figure
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An IL-6 study was carried out. However, because of the timing or

other reasons, good pictures were not obtained.

4 | DISCUSSION

The thrombosis animal model of bacterial exposure has been shown

in several methods. Only with the stenosis technique, it is very diffi-

cult to form thrombosis by bacteria injection; other methods use tight

ligation in the proximal and distal arteries and then inject the bacteria

to reopen the wound to release the ligatures completely several

hours or days later (Nagase, 1975). This method is quite troublesome.

Our method formed the luminal thrombus in all specimens. The early

development of recanalization in the arterial model seems to mean

that, in the ligation, the slippery material that is used is loose enough

to allow a small flow from the proximal to the distal lumen. It is a stan-

dard technique for thrombus formation study (Iwai et al., 2019).

The density of bacteria is another problem, so from the two kinds

of standard densities for animal experiences, we chose the weaker

one based on the academic report (Genco et al., 1991). In our previous

report, we chose both densities and reported the negligible differ-

ences with Pg (Iwai et al., 2019). Therefore, the density which we

chose here was reasonable for this animal study. The pure cultured

bacteria, Pg, Aa, and Pi, were obtained from the Laboratory of the

Periodontal Department, Tokyo Medical and Dental University, which

has a number of academic reports on periodontal bacteriology.

Of course, the study might be done by poly-microbial injection in

the next step because of the poly-microbial nature of periodontal dis-

ease. However, as the first step, it will be necessary to know the reac-

tion of each one of the species.

The length of the observation was decided from the increased

titer of the immunological reaction in the rat model since 28 days is

almost sufficient (Harada, 2002). The rat's weight increased at the

same rate as that of the control rats. This means that the whole body

changes were not caused by an infection. The main transportation

system of Pg seems to be achieved by the mass production of plate-

lets (Li et al., 2008) (Figure 5); these masses will then occlude the very

small arteries. On the other hand, Pg is transferred indwelling in the

monocytes (Suwatanapongched et al., 2010), which promotes adhe-

sion to the luminal wall in combination with adhesion factors. The

above-mentioned study is limited to Pg bacteria, but almost the same

mechanisms may be used on the Aa and Pi bacteria as they are in

the same category of bacteria. Other possible paths to enter the ves-

sels may be discussed. In vitro, Pg has been reported to invade and

survive in human oral cells, including buccal epithelium cells (Rudney

et al., 2001), oral epithelium cells (Sandros et al., 1993), and gingival

epithelium cells (Lamont et al., 1995), as well as in human coronary

artery cells (Dorn et al., 1999). These facts are interesting in terms of

the character of the periodontal bacteria.

Due to its several limitations, our small arterial rat model seems

to be a useful model in which it is possible to observe actual inflam-

matory thrombus and arterial conditions using a microscope.

TABLE 1 (A) HE and EVG staining result of the Pg, Aa, and Pi injection; (B) immunohistochemistry of the arterial specimen Pg, Aa, and Pi

Control group (n = 3) Pg group (n = 3) Aa group (n = 3) Pi group (n = 3)

Days 7 14–18 28 7 14–18 28 7 14–18 28 7 14–18 28

A Thrombus RBC 2 0 1 3 0 0 2 1 0 3 0 0

Granulocyte 0 0 0 2 0 0 1 0 0 1 1 0

Lymphocyte 1 2 1 1 1 1 1 1 0 3 3 1

Plasma cell 0 0 0 0 0 1 0 0 0 1 0 0

Macrophage 1 1 1 1 1 1 1 0 0 2 1 1

Recanalization 0 2 1 0 2 1 1 2 3 1 2 1

Elastic fiber 1 1 1 0 1 3 2 3 1 0 2 3

Internal elastic lamina Disruption 0 0 0 0 1 0 3 2 1 1 1 0

Shrinkage 0 0 0 0 2 1 0 1 3 0 0 0

Reduplication 0 0 0 0 2 0 0 0 1 0 0 0

Media Granulocyte 0 0 0 1 0 0 0 0 0 2 1 0

Lymphocyte 0 0 0 1 1 0 1 0 0 1 1 0

Plasma cell 0 0 0 0 0 0 0 0 0 0 0 0

Swelling 1 1 1 1 1 1 1 0 1 1 1 1

B CD3 (Pan T cell) 0 1 1 2 1 1 1 1 1 2 2 2

CD79a (Pan B cell) 0 1 0 2 2 0 1 1 1 1 1

Notes: Control: phosphate buffered saline. Quantitative count criteria of blood cells: RBC (red blood cells), granulocytes, lymphocytes, plasma cells,

macrophages: less than 10 cells (1), 11–19 cells (2), 20 cells (3). Elastic fiber, internal elastic lamina (IEL) (disruption, shrinkage, reduplication) and

recanalization classification: none (0), few (1), moderate (2), rich (3). Count criteria: see Figure 3.
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The thrombus showed acute inflammatory changes with

granulocytes (neutrophils) at 7 days after injection and settled the

condition at 28 days, showing a fibrous cell increase. The direct bacte-

rial injection might induce the innate immunological reaction showing

the macrophages or plasma cells that appeared in our most recent

specimen and immuno-histochemical staining study. In practical medi-

cine, the bacteremia caused by periodontal bacteria will continue for a

long period and will show aseptic inflammation within the thrombus

and vessels walls. This condition was observed in the Pg, Aa, and Pi

groups in almost the same fashion. Unfortunately, IL-6 immuno-

histochemical staining was not successful this time. It will be re-done

using new raw materials. These pathological phenomena are strongly

suggestive of the same pathology of thromboangiitis (thrombitis plus

angiitis) in which we found the Pg, Td, or Pi bacterial DNA in Buerger

disease patients. No proliferation of the bacteria in the specimens will

mean that toxic bacterial components, lipopolysaccharides, etc., may

react in the thrombus in the Pg, Aa, and Pi groups equally, so the blood

chemistry changes are minimal from a clinical perspective, except for

a slight elevation in the highly sensitive CRP (C-reactive protein) level

in clinical cases (Noack et al., 2001; Olin, 2000). A very recent sup-

portive research report showed that the serum levels of the toll-like

receptor 4 were significantly higher in the acute phase of throm-

boangiitis patients, which indicates the trigger of the disease might be

Gram-negative bacteria, such as those in our groups, Pg, Aa, or Pi

F IGURE 3 Immuno-
histochemical staining of Aa and
Pi. CD3 (Pan T cell) and CD79a
(Pan B cell) at 7 and 28 days are
shown. Pg findings are in the
literature (Iwai et al., 2019). Red
arrows are positive cells. In the
corner, the enlarged ones are
added. (a) Aa at 7 days, CD3 (1) in

the surrounding area and no
reaction in the thrombus. CD79a
did not show in the entire area.
(b) At 28 days, CD3 was shown
with arrows. CD79a (1) in the
thrombus with an arrow. (c) Pi at
7 days, CD3 (2) in the thrombus
and surrounding area. CD79a
(1) in the surrounding area. (d) At
28 days, CD3 (2) in the thrombus,
the media and surrounding area.
CD79a (0) in the thrombus and
the media, (1) surrounding area.
Quantitative criteria: less than
10 cells (1), 11–19 cells (2), more
than 20 cells (3)
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(Mohareri et al., 2018). Another report on Buerger disease that stud-

ied the toll-like receptor, suggested the presence of innate immunity

(Koizumi et al., 2019), which was demonstrated in our animal models.

The differences among the bacterial species or amounts were

estimated by the changes of granulocyte counts, lymphocyte counts,

or the disruption of the internal elastic lamina. Aa had an apparently

strong reaction to the IEL, showing severe disruption (<0.05). The Pi

group showed a different reaction in the cellular numbers shown in

Table 1A, but the fibrous reaction was rich compared with the other

two groups. The granulocytes' invasion to the media were shown in

three groups and the Pi group demonstrated more invasion (Table 1A).

These rat model results seem to reflect the clinical course of oral

bacteria-related-diseases.

The immunological staining in the three groups showed almost

the same reaction, demonstrating moderate increases of T cells and B

cells, which indicated the progression of an innate immunological

F IGURE 4 Immuno-
histochemical staining of live
P. gingivalis. (a) 3 h after injection
of Pg. Two positive staining
bacteria (red arrow) were
observed. (b) After 1 week, no
positive bacteria were shown

F IGURE 5 Platelets
aggregated mass showing those
over 100 μm in diameter. Pg is
indwelling inside of the platelets
(Li et al., 2008). The arrow shows
Pg bacteria in a great number of
aggregated platelets. This is a
phase contrast electron
microscopic view

IWAI ET AL. 7



reaction. Also, it seemed to be in preparation for the acquired immu-

nological reaction. Among the three groups, Pg and Pi seem to

have had a slightly stronger immunological reaction as shown in the

results. The histological observation in all three groups was mainly

thrombitis and partly angiitis, as shown in Table 1A. The only differ-

ences between Pg and Aa were the destroy strength on the IEL and

that Pi showed apparently richer fibrous changes in the thrombus and

IEL area. Other well-known species of periodontal bacteria may react

the same, to a greater or lesser degree. The explanation of related dis-

eases, such as low-weight babies (Vergnes & Sixou, 2007) or rheuma-

toid arthritis (Mikuls et al., 2014), may require more examination using

the rat models, and not only a pathological study, but also new techni-

cal analysis.

5 | POSSIBLE MECHANISMS OF THE
THROMBITIS, ANGIITIS , AND
THROMBOANGIITIS FROM OUR RAT MODEL
INDUCED BY THE PERIODONTAL BACTERIA,
AND THE LITERATURE

It is clear that the periodontal bacteria (Gram-negative bacteria)

appeared and became fixed in the peripheral area of the artery or vein.

At least three mechanisms act in the area. The first one is a micro-

embolic occlusion of the peripheral artery. It is apparent because the

platelets aggregated mass was observed to reach up to 100 μm in diam-

eter, which cannot pass through the capillary channel (Li et al., 2008).

This occlusion gradually accumulates in the proximal area. The phase-

contract electron microscope showed the mass clearly after dropping

the bacteria into the platelet rich suspension (Figure 5).

The second one is a reaction with the internal surface (endothelial

cells) and the bacteria. LPS of the bacterial membrane break the

endothelial cells and invade the IEL and the media (Bnnerman &

Goldblim, 1999). In the case of Pg, gingipain will act in the same way

to break the luminal surface (Baba et al., 2002). It causes angiitis,

which consists of granulocytes, macrophages, or plasma cells. Disrup-

tion of the IEL may lead to easy passage through the inflammatory

cells. The third one is the adhesion of the monocyte, which includes

the bacteria, to the luminal lumen (Suwatanapongched et al., 2010).

The adhesion area will be the site of invasion.

All reactions may be followed by a cytokine release. Again, LPS is

a characteristic material of Gram-negative anaerobic bacteria, like

periodontal bacteria, and acts as a cell killer. LPS is a substance of the

Gram-negative bacterial outer layer and it shows the toxic effect or

biological activities. It is strongly related to the mechanism of the

innate immunological reaction. The action of LPS will accumulate

to disrupt the endothelial barrier function mostly from the endotoxic

action with cytokine, or enhancement of immunity (Bnnerman &

Goldblim, 1999; Meyrick et al., 1989; Penn & Chisolm, 1991).

Recently the toll-like receptor was studied and a relation with

LPS reaction was found to impair the endothelial function (Zimmer

et al., 2011). Using an immuno-histochemical staining technique

(Rajakaruna et al., 2018), our observation of Pg suggested it lived

several hours, maintaining its shape after causing a thrombus in the

rat (Figure 4a). At least, 1 week later we could not see any living

bacteria in the specimen or immunological observation (Figure 4b). An

old report (1975) showed Buerger disease-like pathological changes

after injecting LPS purified from Escherichia coli in a rabbit neck artery

(Nagase, 1975). This suggests the same response in our rat model

(Iwai et al., 2019).

All of the possible mechanisms of thromboangiitis and related ath-

erosclerotic changes are shown in Figure 6. This shows the combination

mechanism with periodontal bacteremia and nicotine mixed with gene

effects or bad oral care, etc. Finally, as a result of aging, thromboangiitis

will change to atherosclerotic pathology modified by hypertension,

hyperlipidemia (dyslipidemia), or diabetes mellitus, which are excluded

from the strict exclusion criteria of the thromboangiitis (Buerger disease)

diagnosis (Shionoya, 1990).

Buerger disease was discussed from 1957 to 1970 (Baker, 1962;

Wessler et al., 1961) but there was confusion about whether it was

just due to atheromatous changes in the young people. At that time,

the combined changes, namely Buerger disease plus atherosclerosis,

were accepted even in the case of pure Buerger disease. So, Buerger

disease criteria excluded atherosclerosis-accelerating factors such as

hypertension, hyperlipidemia, and diabetes mellitus, except cigarette

F IGURE 6 Possible mechanisms of thromboangiitis and
atherosclerosis. DM, diabetes mellitus; HL, hyperlipidemia
(dyslipidemia); HT, hypertension; LPS, lipopolysaccharides of
Gram-negative bacteria; TLR, toll-like receptor

8 IWAI ET AL.



smoking (Shionoya, 1990). However when any factor is added

to Buerger disease criteria, the pathological changes are not

described. In 1998, Prof. Tanaka, a well-known Japanese pathologist

in angiology, proposed that Buerger disease and atherosclerosis have

very similar processes (Tanaka, 1998). Buerger disease is a relatively

pure change that occurs in young people who only smoke heavily and

in unknown intimal trauma. Atherosclerosis is a disease complicated

by smoking, hypertension, hyperlipidemia or diabetes mellitus, and

unknown intimal trauma. Prof. Tanaka suggested a common factor:

intimal trauma is the key to Buerger disease and atherosclerosis

pathology and etiology. This time we were able to find one of the trig-

gers of intimal trauma. It is Gram-negative bacterial infection including

LPS, which is present in the outer layer of the bacterial cell. Also, the

bacteria should be non-invasive and anaerobic. The bacteria died

shortly after arriving in the peripheral area of the vessel. These spe-

cific bacteria will be limited, such as the periodontal bacteria itself.

Clinically, a Buerger disease patient becomes an atherosclerotic

patient after 50 years of age when the patient suffers from athero-

sclerotic factors. Smoking has a lot of effects on the etiology of

both vascular diseases. Nicotine, tar, and carbon monoxide lead to

immunological suppression, ischemic gingiva, tooth damage, or vessel

spasms around the teeth (Georgia & Guthmiller, 2007; Sopori, 2002),

etc. Genetic relations are reported, such as, HLA, CD14 (Chen

et al., 2007), etc. Following the micro-embolism of platelets mass

(Figure 5) or monocyte adhesion to the lumen, direct intimal trauma

by LPS or a toll-like receptor, and inflammatory and immunological

reaction proceed. Then arterial and venous thrombosis occurs. This is

the story of Buerger disease, and afterward, when it is modified by

hypertension, hyperlipidemia, or diabetes mellitus, atherosclerosis

occurs (Figure 6).

6 | CONCLUSION

The arterial thrombus model caused by periodontal bacteria in rats

was studied pathologically, including immunological staining as the

second continuation of the previous report (Iwai et al., 2019). Three

anaerobic periodontal bacteria (Pg, which is well-studied, and Aa and

Pi, which are not well-studied), were used in same densities and same

thicknesses using our own rat model. The findings showed no prolifer-

ation of the bacteria at 7 days and a granulocyte rich-inflammatory

reaction. At 28 days, the reaction shows fibrous changes with a mac-

rophage and plasma cell increase. Immuno-histochemistry staining

showed a moderate increase of CD3 (Pan T cells) and CD 79a (Pan B

cells) after injection of the bacteria, proving an innate immunological

response. The pathological differences were observed by species,

showing a slightly different tendency: namely, Aa is stronger in

destroying power than Pg and Pi, pathologically (<0.05). Thrombus'

cells and materials had no significant changes (<0.05). Whether more

popular species, such as Td or Campylobacter rectus, are almost the

same or not is the next interest of the study. More investigation is

required, including poly-microbial injection.

Finally, we concluded the pathogeneses and possible mechanisms

of thromboangiitis and atherosclerosis, emphasizing the LPS plus

toll-like receptor reaction to the vessel wall as a traumatic initial

effect. The initial-traumatic damage to the endothelial cells is the most

mystifying factor in understanding thromboangiitis and atherosclero-

sis. Further investigation with more study of immunological cells, or

proteases, or cytokines (again), will be the next step.
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