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Abstract
Buerger's disease is a clot forming vasculitis which can lead to severe complications such as amputation of
extremities. It is more prevalent in young male smokers and has a higher occurrence in eastern regions of
the globe. The risk factors which raise the susceptibility to this condition include infection, tobacco
consumption, and genetic factors. It is also hypothesized that the LPS of oral commensal bacteria can lead
to various immune reactions that are seen in this disease. Several pathways have been proposed to be
responsible for this disease, and the main pathways are through the innate and adaptive immune systems.
One of the controversial aspects of the pathophysiology of this disease is its relation to the T cell immunity;
histopathology findings have shown T cell infiltration in the arterial wall. In this literature review, our aim
was to review the articles published in relation to Buerger’s disease, and the conclusion was that the T cell
adaptive immunity might have a fundamental role in the disease pathophysiology, however, further
investigation is needed.
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Introduction
Buerger’s disease or Thromboangiitis
Obliterans (TAO) is a non-sclerotic
obliterative disorder of the small and
medium-sized arteries and veins of the
superior and inferior limbs (1). It leads to clot
formation and recurrent and progressive
inflammation of the vessels (2). Painful
ulcers on the tip of phalanges and intermittent
phalangeal pain are the main two signs of
TAO (3). Several risk factors have been
known to be associated with this condition;
these include smoking and any other kind of
tobacco consumption, however, the exact

cause of the disease is still unknown (4).
Buerger’s disease is more prevalent in men
than women, but it is showing a rising
incidence in women too. This could be
attributed to the increasing smoking trend in
women (4).
Although the incidence of TAO is decreasing
in North America and Western Europe, it’s
shown a rising pattern in the eastern and
Mediterranean parts of the world (4-6). TAO
usually leads to severe complications such as
organ amputation; the only way to stop the
progression of the disease is to quit smoking
and any other kind of tobacco consumption
(7, 8). Although the role of cigarette smoking
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in the disease pathogenesis is prominent, the
etiology of the disease remains controversial
(9). Other proposed etiologies of the disease
are drug abuse, bacterial and viral infections,
environmental
factors,
and
genetic
predispositions (10, 11).
The cellular immune response is among the
proposed causes of this disease (12, 13). In
this study, we aim to review the articles that
discussed the role of the immune system,
especially cellular immunity, in the
pathogenesis of the disease.
Buerger’s Disease
Several clinical reports from the 19th century
described patients with signs resembling that
of TAO, but most of them lack pathologic
certifications or could be attributed to
arteriosclerosis (14). In 1879, Felix von
Winiwarter described histopathological
findings of TAO in the autopsy of a person
suffered from chronic calf ischemia (15). In
1908, Leo Buerger reported detailed
pathological features of 11 amputated limbs,
proposing the hallmark of the disease as a
pre-senile auto-amputation (7). He also
reported the phenotype of TAO patients
being a young male between 20 to 40 years
old suffering from cold extremities, pallor,
and pain. Trophic disorders leading to
gangrene formation in the extremities and
major amputations of the limbs are common
in TAO patients. Other clinical findings in
Buerger’s
disease
are
perivascular
inflammation and fibrosis-adhesion of the
terminal nerves and the veins of the lower
extremities (8).
Demographic Features and Epidemiology of
Buerger’s Disease
TAO has been reported globally, but its
incidence rate is variable (16). Between 8 and
12.6 per 100,000 people in North America
suffer from TAO. It is rare among the
European nations; the highest incidence of
TOA is in India, Japan, South Korea, Sri
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Lanka, and amongst the Ashkenazi Jews (4,
16, 17). The distribution of TAO incidence
could be related to the specific methods of
tobacco consumption in the prevalent
regions, such as homegrown Kawung
cigarettes in Indonesia or Bidi cigarettes in
Sri Lanka and Bangladesh (18).
Genetic Predisposition
TAO incidence is high in Israel, India, and
Japan (4, 19, 20). These epidemiologic
findings
suggest
that
major
histocompatibility
complex
(MHC)
molecules have an effect on the pathogenesis
of the disease.
Mc Loughlin et al. reported that HLA-A9 and
HLA-B5 are more common in TAO patients
(9). Furthermore, a study conducted by
Otawa et al. shows that the prevalence of
HLA-A1 and HLA-BW is higher in Japanese
males who suffer from TAO (21). Several
other HLA types are related to TAO,
including HLA-DR4 and HLA-B8 (9, 22).
HLAB12 may have a protective effect on the
disease (10).
Clinical Manifestations
Differential diagnosis of the TAO includes
all conditions that have the potential to cause
terminal ischemia of the extremities. The
signs of TAO include pain at rest, ulceration,
and gangrene formation (4, 18, 23). Despite
the arteriosclerosis in this group of patients,
intermittent claudication is one of the rare
manifestations. If intermittent claudication is
present, it would be a sign of calf artery’s
involvement. The most common signs of
TAO are pain at rest due to ischemia and
ulcers
of
the
fore-foot.
Unlike
arteriosclerosis, the involvement of the
superior part of the limb is common. Around
50% of the patients have isolated lower
extremity involvement, in 30 to 40% of the
cases, both lower and upper extremities are
involved, and in 10% of the cases, only the
upper extremity is affected (17). Unlike
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atherosclerosis, TAO presents with Raynaud
phenomenon or Frank digital ischemia, due
to the involvement of the upper extremities.
Thrombophlebitis is present in 40 to 50% of
TOA cases (17). Histopathological findings
suggest the involvement of aortic, iliac,
cerebral, coronary, mesenteric, pulmonary,
and even the spermatic artery (24-26). Unlike
the other necrotizing autoimmune arteritis,
around 90% of TAO patients have
involvement of lower extremities (16).
Due to the need for major limb amputation,
the prognosis of TAO is worse than
arteriosclerosis and other types of arteritis
(16, 27). A review reported that 19% of TAO
cases need Hallux amputation, amputation of
the forefoot, and 6.3% will have finger
amputation (16). There is a greater number of
amputation cases reported in North America
and Europe than in Japan. Tobacco
consumption makes TAO patients more
prone to amputation, but the process of the
disease seems benign in those TAO patients
who cease tobacco consumption. In a study
conducted by Olin et al., amputation was not
needed in 94% of patients who quit cigarette
smoking, but 43% of TAO patients who
continued smoking had at least one
amputation procedure (4, 28). Life
expectancy in TAO patients is the same as the
healthy general population. It has a 97% fiveyear survival and 94% ten-year survival rate
(16).
Pathogenesis
Allen and Brown were the first who
hypothesized that the etiology of TAO
disease might be linked to a pathogenic
microbe or virus (29, 30). In 1923, a gramnegative bacillus was successfully cultured
from the blood samples of TAO patients, and
in 1925, various organisms, such as
staphylococcus and gram-negative bacilli,
were cultured from the tissues of the affected
organs (30). Only in one case, the inoculation
of the disease was reported, which was in a
3
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limb amputation surgery of a TAO patient,
and arteriography supported the assumption
about the infectious nature of the disease
(31). Leo Buerger prepared a mixture of the
arteries from the TAO patients’ amputated
organs and inoculated a series of volunteers,
who were in the silent phase of the disease,
with the mixture. After ten years, the
collected data could not support the
hypothesis of the disease being infectious
(32). In 2005, Iwai et al. found oral bacterialike Porphyromonas in an arterial thrombosis
(33). A gram-negative commensal bacterialike
Porphyromonas
gingivalis
can
commonly induce IL23 expression in
macrophages, through the adenosine
triphosphate pathway (ATP) (34). IL23
triggers the differentiation of naïve T cells
into Th17 or increases the stability of Th17.
Th17 plays a key role in inflammatory
autoimmune diseases (35, 36).
Lipopolysaccharides
(LPSs)
of
oral
commensal bacteria like P. gingivalis can
lead to platelet aggregation and reduce the
risk of endothelial thrombomodulin,
however, they cause arterial thrombosis and
inflammation (37). LPS of aggressive
bacteria
like
P.gingivalis
activates
endothelial cells through TLR4 and leads to
increased production of proinflammatory
molecules such as IL1β, IL6, IL8, MCP-1,
ICAM-1, VCAM-1, and E-selectin (33, 3740). This, in turn, can affect monocytes,
induces TNF-α, IL1β, and IL6 production,
and increases monocyte adhesion to the
endothelium (41, 42). TLR4 is a member of
the Toll-like receptor family and plays a
crucial role in the innate immune response to
the microbial components. TLR4 can
recognize the LPS of gram-negative bacteria
through a receptor of LPS called CD14 (39,
40). Overexpression of CD14 molecules can
cause progressive tissue degradation (43).
Neutrophilic elastase and reactive oxygen
intermediates (ROIs) can cause tissue
degradation (42). Cigarette smoking
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produces ROIs. Neutrophilic elastase
increases IL8 through TLR4 (43). In the
presence of LPS, TLR4 can induce immune
responses of Th1 and Th17 (44). In the early
stages of the inflammatory response to
P.gingivalis, LPS can trigger inflammatory
reactions through monocyte/macrophage
activity (45). Inflammatory cells release
vasoactive mediators, histamine, bradykinin,
prostaglandins, ROIs, and chemokines like
IL8 and MCP-1, causing vasodilation or
constriction (44, 45). In addition to the
detection of microbial components, TLR-4
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recognizes exogenous free oxidative radicals
in cigarette smokers (46).
LPS can also inhibit Prostaglandin I2 (PGI2)
synthetase. Prostaglandin
H2 (PGH2)
accumulates in the cells and causes smooth
muscle contraction. Therefore, PGH2 should
be converted to Prostaglandin E2 (PGE2),
which is an inducer of P-selectin (47). LPS
can modify platelet function, and aggregation
can cause more thrombotic events through
increasing platelets (48, 49). Figure 1
summarizes the role of LPS in TAO
pathogenesis.

Figure 1. Schematic that illustrates the role of gram-negative bacteria lipopolysaccharide.

The Role of the Notch Signaling Pathway
The Notch signaling pathway plays an
important role in differentiation, survival,
angiogenesis, and cell proliferation (11-13,
50). In endothelial cells, the Notch pathway
aids VEGF in the regulation of VEGFR-1 and
VEGFR-2 receptors, this, in turn, will control
the activity of the endothelial cells and leads
to the production of new blood vessels
through angiogenesis (13, 50-53). Although
recent studies proposed the important role of
the Notch signaling pathway in angiogenesis
(54, 55), limited data exist about the
association of TAO and the Notch signaling
pathway (56).
Literature Review of Humoral Immune
System and Buerger’s Disease
Kobayashi et al. did a study on the TAO
patient’s arterial walls, and they showed that
the cells’ infiltration mainly occurs in
4

thrombus and intima. The number of
infiltrated T cells (CD3+) was much higher
than B cells (CD20+). In acute and sub-acute
phases of the disease, macrophages (CD68+)
and dendritic cells (S-100+) are present in the
intima of the vessels. Furthermore, IgG, IgM,
IgA, and complement factors such as 3d and
4c were precipitated out in the internal elastic
lamina (57).
In an immunological study which was
conducted on 10 TAO patients by Gulati et
al., adaptive immunity by T cells, in response
to arterial antigens, led to increased serum
immunoglobulins and anti-arterial antibody
formation, and immune complexes were
observed. Therefore, immunological factors
could be a plausible explanation (22).
A study conducted on the immunological
causes of autoimmune diseases, such as
TAO, showed that there is a link between
tobacco consumption and a decrease in the
level of IFN, the activity of antigen-
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presenting cells, and the level of circulating
immunoglobulins; this will result in the
suppression of adaptive immune system. In
addition, cigarette smoking can increase free
oxidative radicals, release intracellular
antigens, and increase the activity of B cells
and circulatory level of T cells, causing
allergies, inflammatory, and autoimmune
diseases (58).
The Zheng et al. study showed that Gamma
globulins, immune complex, and IgG levels
rise during the disease, and the T cell
immunity is dampened. Light microscopy
provided evidence of infiltration of
lymphocytes, neutrophils, and monocytes in
all layers of the vessel. Electron microscopy
showed immune complex precipitation in the
involved vessels. They, therefore, proposed
that TAO is an autoimmune disease that
correlates well with the Ab-Ag complex (59).
Li et al. and Roncon de Albuquerque et al.
proposed that immune complex precipitation
in blood vessels is a main histopathological
finding in this disease (60, 61).
Papa et al. concluded that TAO patients who
smoke show the same degree of cellmediated
response
to
tobacco
glycoprotein (TGP), compared to smokers
who are not suffering from TAO; however,
there was not any T cell-mediated response in
non-smokers (62).
A study in 2012 showed that there is an
increase in cytokine production in TAO
patients, which correlates with the
inflammatory response in patient’s blood
vessels. Besides, increased circulatory IL-17
and IL-23 suggested the presence of an
autoimmune cause (63).
Conclusion
The current literature examining the
association between T cell immunity and
TAO disease supports the presence of an
immunological basis of the TAO disease as
an autoimmune condition. In some studies, it
is concluded that infectious particles act as a
5
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trigger for the disease, through the release of
cytokines such as IL23 which will induce the
formation of Th17; this plays a key role in the
pathogenesis of autoimmune diseases such as
TAO. One of the known bacteria that causes
IL23 secretion is Porphyromonas gingivalis.
A voluntary inoculation of the silent patients
with tissues of the TAO patients did not
support the infectious nature of the disease;
therefore, the association of the infectious
disease with TAO remains controversial.
Several histopathological studies discussed
the role of the T cell-mediated immunity in
the pathophysiology of the disease on the
basis of T cells presence in the arterial tissue.
Furthermore, the immune complex and
complement precipitate in vascular tissue,
which does support the immunological
hypothesis of TAO. Despite the fact that
several studies validated the role of T cell
immunity in the pathogenesis of the disease,
studies conducted on the immunological
basis of the TAO showed suppression of T
cell immunity during the course of the
disease. In addition, another study showed no
difference in cell-mediated immune response
between TAO patients who smoke and
smokers who do not have TAO. To conclude,
studies that investigated the effect of T cellmediated immunity could not come to a
conclusion with a robust result, and this link
remains controversial. Since the treatment of
medical conditions is mainly based upon
their pathophysiology, it is advisable for
researchers to analyze the hypothesis behind
this condition, especially the T cell-mediated
pathways. Furthermore, even though we
know that tobacco consumption might
initiate an immunologic response, such as T
cell response, further investigations are
required to prove the role of smoking in this
mechanism.
Conﬂict of Interest
The authors declare that there are no
conﬂicts of interest.

Review article

J Bas Res Med Sci 2021; 8(1): 1-9.

References
1. Olin JW. Thromboangiitis obliterans.
Curr Opin Rheumatol. 1994;6(1):44-50.
doi:
10.1097/00002281-19940100000008.
2. Rivera-Chavarría IJ, Brenes-Gutiérrez
JD.
Thromboangiitis
obliterans
(Buerger's disease). Ann Med Surg.
2016;7:79-82.
doi:
10.1016/j.amsu.2016.03.028.
3. Arkkila PE. Thromboangiitis obliterans
(Buerger's disease). Orphanet j rare dis.
2006;1(1):14. doi: 10.1186/1750-1172-114.
4. Olin JW. Thromboangiitis obliterans
(Buerger's disease). N Engl J Med.
2000;343(12):864-9.
doi:
10.1056/NEJM200009213431207.
5. Shionoya S. Buerger's disease: diagnosis
and
management.
Vascular.
1993;1(3):207-15. (PMID: 8076031)
6. Puechal
X,
Fiessinger
J-N.
Thromboangiitis obliterans or Buerger's
disease:
challenges
for
the
rheumatologist.
Rheumatology.
2007;46(2):192-9.
doi:
10.1093/rheumatology/kel388.
7. Buerger L. Thrombo-angiitis obliterans: a
study of the vascular lesions leading to
presenile spontaneous gangrene. Am J
Med Sci. 1908;136(4):567-80.
8. Buerger L. The Circulatory Disturbances
of the Extremities: Including Gangrene,
Vasomotor, and Trophic Disorders:
Saunders; 1924.
9. McLoughlin G, Helsby C, Evans C,
Chapman D. Association of HLA-A9 and
HLA-B5 with Buerger's disease. Br Med
J.
1976;2(6045):1165-6.
doi:
10.1136/bmj.2.6045.1165.
10. Moerloose P, Jeannet M, Mirimanoff P,
Bouvier C. Evidence for an HLA‐Linked
Resistance Gene in Buerger's Disease.
Tissue Antigens. 1979;14(2):169-73. doi:
10.1111/j.1399-0039.1979.tb00835.x.
6

11. Bray SJ. Notch signalling: a simple
pathway becomes complex. Nat Rev Mol
Cell Biol. 2006;7(9):678-89. doi:
10.1038/nrm2009.
12. Kopan R, Ilagan MXG. The canonical
Notch signaling pathway: unfolding the
activation
mechanism.
Cell.
2009;137(2):216-33.
doi:
10.1016/j.cell.2009.03.045.
13. Harrington LS, Sainson RC, Williams
CK, Taylor JM, Shi W, Li J-L, et al.
Regulation of multiple angiogenic
pathways by Dll4 and Notch in human
umbilical
vein
endothelial cells.
Microvasc res. 2008;75(2):144-54. doi:
10.1016/j.mvr.2007.06.006.
14. Shionoya S. Venous involvement. Edited
by Shionoya S. Buerger’s disease;
Pathology, diagnosis, and treatment.
Univ. of Nagoya Press; 1990.
15. Winiwarter F. Ueber eine eigenthümliche
Form von Endarteriitis und Endophlebitis
mit Gangrän des Fusses. v. Arch Klin
Chir. 1879;23:202-26.
16. Mills JL, Porter JM. Buerger's disease
(thromboangiitis obliterans). Ann Vasc
Surg.
1991;5(6):570-2.
doi:
10.1007/BF02015288.
17. Mills JL, editor Buerger’s disease in the
21st century: diagnosis, clinical features,
and therapy. Seminars in vascular
surgery; Elsevier. 2003Sep;16(3):179-89
doi: 10.1016/s0895-7967(03)00023-1.
18. Mills JL. Buerger's disease: current
status. Vasc Med. 1994;5(2 vmr):139-50.
doi: 10.1177/1358863X9400500206.
19. Lie J. The rise and fall and resurgence of
thromboangiitis obliterans (Buerger's
disease). Pathol Int. 1989;39(3):153-8.
doi:
10.1111/j.14401827.1989.tb01494.x.
20. Grove W, Stansby G. Buerger's disease
and cigarette smoking in Bangladesh.
Ann R Coll Surg Engl. 1992;74(2):115118. (PMID: 1567129)

Review article
21. Ohtawa T, Juji T, Kawano N, Mishima Y,
TOHYAMA H, ISHIKAWA K. HL-A
antigens in thromboangiitis obliterans.
JAMA.
1974;230(8):1128.
doi:10.1001/jama.1974.0324008001801
5
22. Gulati SM, Singh KS, Thusoo TK, Saha
K.
Immunological
studies
in
thromboangiitis obliterans (Buerger's
disease). J Surg Res. 1979;27(5):287-93.
doi: 10.1016/0022-4804(79)90142-2.
23. Shionoya S. Diagnostic criteria of
Buerger's disease. Int j cardiol.
1998;66:S243-S5. doi: 10.1016/s01675273(98)00175-2.
24. Olin JW. Thromboangiitis obliterans
(Buerger's disease). The New England
journal of medicine. 2000;343(12):864-9.
doi: 10.1056/NEJM200009213431207.
25. Cope E. Thrombo-angitis obliterans of
the spermatic cord. S Afr Med J.
1968;42(33):872-3. (PMID: 5682774)
26. Abercrombie
GF.
THROMBOANGIITIS OBLITERANS OF THE
SPERMATIC CORD. Br J Surg.
1965;52:632-3.
doi:
10.1002/bjs.1800520818.
27. Ohta T, Shionoya S. Fate of the ischaemic
limb in Buerger's disease. Brit j surg.
1988;75(3):259-262.
doi:
10.1002/bjs.1800750324.
28. Olin J, Young J, Graor R, Ruschhaupt W,
Bartholomew J. The changing clinical
spectrum of thromboangiitis obliterans
(Buerger's
disease).
Circulation.
1990;82(5
Suppl):IV3-8.
(PMID:
2225420)
29. ALLEN EV, BROWN GE. ThromboAngiitis Obliterans: A Clinical Study of
200 Cases: I. Etiology, Pathology,
Symptoms, Diagnosis. Ann Intern Med.
1928;1(8):535-49. doi: 10.7326/00034819-1-8-535.
30. Williams G. Recent views on Buerger's
disease. J clin pathol. 1969;22(5):573-8.
doi: 10.1136/jcp.22.5.573.
7

J Bas Res Med Sci 2021; 8(1): 1-9.
31. Allen EV, Barker NW, Hines EA.
Peripheral Vascular Diseases. Acad Med.
1946;21(5):319.
32. Schatz IJ, Fine G, Eyler WR.
Thromboangiitis obliterans. Brit heart j.
1966;28(1):84-91.
doi:
10.1136/hrt.28.1.84.
33. Iwai T, Inoue Y, Umeda M, Huang Y,
Kurihara N, Koike M, et al. Oral bacteria
in the occluded arteries of patients with
Buerger
disease.
J vasc
surg.
2005;42(1):107-15.
doi:
10.1016/j.jvs.2005.03.016.
34. McKenzie BS, Kastelein RA, Cua DJ.
Understanding the IL-23–IL-17 immune
pathway.
Trends
immunol.
2006;27(1):17-23.
doi:
10.1016/j.it.2005.10.003.
35. Mus A, Cornelissen F, Asmawidjaja PS,
van Hamburg JP, Boon L, Hendriks RW,
et al. Interleukin‐23 promotes Th17
differentiation by inhibiting T‐bet and
FoxP3 and is required for elevation of
interleukin‐22, but not interleukin‐21, in
autoimmune experimental arthritis.
Arthritis
&
Rheumatism.
2010;62(4):1043-50.
doi:
10.1002/art.27336.
36. Morishima N, Mizoguchi I, Takeda K,
Mizuguchi J, Yoshimoto T. TGF-β is
necessary for induction of IL-23R and
Th17 differentiation by IL-6 and IL-23.
Bioch
biophys
res
commun.
2009;386(1):105-10.
doi:
10.1016/j.bbrc.2009.05.140.
37. Inomata M, Ishihara Y, Matsuyama T,
Imamura T, Maruyama I, Noguchi T, et
al. Degradation of vascular endothelial
thrombomodulin by arginine-and lysinespecific cysteine proteases from
Porphyromonas gingivalis. J periodontol.
2009;80(9):1511-7.
doi:
10.1902/jop.2009.090114.
38. Takahashi Y, Davey M, Yumoto H,
Gibson Iii FC, Genco CA. Fimbria‐
dependent
activation
of
pro‐

Review article
inflammatory
molecules
in
Porphyromonas
gingivalis
infected
human aortic endothelial cells. Cell
microbiol.
2006;8(5):738-57.
doi:
10.1111/j.1462-5822.2005.00661.x.
39. Amar S, Wu S-c, Madan M. Is
Porphyromonas gingivalis cell invasion
required
for
atherogenesis?
Pharmacotherapeutic implications. J
Immunol. 2009;182(3):1584-92. doi:
10.4049/jimmunol.182.3.1584.
40. Gibson I, Frank C, Genco CA.
Porphyromonas gingivalis mediated
periodontal disease and atherosclerosis:
disparate diseases with commonalities in
pathogenesis through TLRs. Curr pharm
des.
2007;13(36):3665-75.
doi:
10.2174/138161207783018554.
41. Shapira L, Takashiba S, Amar S, Dyke T.
Porphyromonas
gingivalis
lipopolysaccharide stimulation of human
monocytes: dependence on serum and
CD14 receptor. Oral Microbiol Immunol.
1994;9(2):112-7. doi: 10.1111/j.1399302x.1994.tb00044.x.
42. Chow JC, Young DW, Golenbock DT,
Christ WJ, Gusovsky F. Toll-like
receptor-4 mediates lipopolysaccharideinduced signal transduction. J Biol.
1999;274(16):10689-92.
doi:
10.1074/jbc.274.16.10689.
43. Devaney JM, Greene CM, Taggart CC,
Carroll TP, O'Neill SJ, McElvaney NG.
Neutrophil
elastase
up‐regulates
interleukin‐8 via toll‐like receptor 4.
FEBS lett. 2003;544(1-3):129-32. doi:
10.1016/S0014-5793(03)00482-4.
44. Banus S, Stenger RM, Gremmer ER,
Dormans JA, Mooi FR, Kimman TG, et
al. The role of Toll-like receptor-4 in
pertussis vaccine-induced immunity.
BMC immunol. 2008;9(1):1. doi:
10.1186/1471-2172-9-21.
45. Hajishengallis G, Sojar H, Genco RJ,
DeNardin E. Intracellular Signaling and
Cytokine Induction upon Interactions of
8

J Bas Res Med Sci 2021; 8(1): 1-9.
Porphyromonas gingivalis Fimbriae with
Pattern‐Recognition Receptors. Immunol
invest.
2004;33(2):157-72.
doi:
10.1081/imm-120030917.
46. Zhang X, Shan P, Qureshi S, Homer R,
Medzhitov R, Noble PW, et al. Cutting
edge:
TLR4
deficiency
confers
susceptibility to lethal oxidant lung
injury. J Immunol. 2005;175(8):4834-8.
doi: 10.4049/jimmunol.175.8.4834.
47. Bachschmid M, Thurau S, Zou M-H,
Ullrich V. Endothelial cell activation by
endotoxin involves superoxide/NOmediated nitration of prostacyclin
synthase and thromboxane receptor
stimulation. FASEB j. 2003;17(8):914-6.
doi: 10.1096/fj.02-0530fje.
48. Jayachandran M, Brunn GJ, Karnicki K,
Miller RS, Owen WG, Miller VM. In
vivo effects of lipopolysaccharide and
TLR4 on platelet production and activity:
implications for thrombotic risk. J Appl
Physiol.
2007;102(1):429-33.
doi:
10.1152/japplphysiol.01576.2005.
49. Hirschfeld M, Ma Y, Weis JH, Vogel SN,
Weis JJ. Cutting edge: repurification of
lipopolysaccharide eliminates signaling
through both human and murine toll-like
receptor 2. J Immunol. 2000;165(2):61822. doi: 10.4049/jimmunol.165.2.618.
50. Funahashi
Y,
Shawber
CJ,
Vorontchikhina M, Sharma A, Outtz HH,
Kitajewski J. Notch regulates the
angiogenic response via induction of
VEGFR-1.
J
angiogenesis
res.
2010;2(1):1. doi: 10.1186/2040-2384-23.
51. Suchting S, Freitas C, le Noble F,
Benedito R, Bréant C, Duarte A, et al.
The Notch ligand Delta-like 4 negatively
regulates endothelial tip cell formation
and vessel branching. Proc Natl Acad Sci
U S A. 2007;104(9):3225-30. doi:
10.1073/pnas.0611177104.
52. Matsuda T, Miyagawa S, Fukushima S,
Kitagawa-Sakakida S, Akimaru H, Horii-

Review article
Komatsu M, et al. Human cardiac stem
cells with reduced notch signaling show
enhanced therapeutic potential in a rat
acute infarction model. Circ J.
2014;78(1):222-31. doi: 10.1253/circj.cj13-0534.
53. Fukuda D, Aikawa M. The expanding
role of delta-like 4 mediated Notch
signaling in cardiovascular and metabolic
diseases. Circ j. 2013;77(10):2462-8. doi:
10.1253/circj.cj-13-0873.
54. Gridley T. Notch signaling in vascular
development
and
physiology.
Development.
2007;134(15):2709-18.
doi: 10.1242/dev.004184.
55. Phng L-K, Gerhardt H. Angiogenesis: a
team effort coordinated by notch. Dev
cell.
2009;16(2):196-208.
doi:
10.1016/j.devcel.2009.01.015.
56. Tamai H, Kobayashi M, Takeshita K,
Kodama A, Banno H, Narita H, et al.
Possible involvement of notch signaling
in the pathogenesis of Buerger’s disease.
Surg today. 2014;44(2):307-13. doi:
10.1007/s00595-013-0566-9.
57. Kobayashi M, Ito M, Nakagawa A,
Nishikimi
N,
Nimura
Y.
Immunohistochemical analysis of arterial
wall cellular infiltration in Buerger's
disease (endarteritis obliterans). J vasc
surg.
1999;29(3):451-458.
doi:
10.1016/S0741-5214(99)70273-9.
58. Arnson Y, Shoenfeld Y, Amital H.
Effects of tobacco smoke on immunity,
inflammation and autoimmunity. J

9

J Bas Res Med Sci 2021; 8(1): 1-9.
autoimmun. 2010;34(3):J258-J65. doi:
10.1016/j.jaut.2009.12.003.
59. Zheng P, Fu P, Wang W, Xu W, Tang X,
Ye M, et al. Immunological studies on
thromboangiitis obliterans. Chin med j.
1989;102(2):129-36. (PMID: 2505978)
60. Roncon dAR, Delgado L, Correia P,
Torrinha JF, Serrao D, Braga A.
Circulating immune complexes in
Buerger's disease. Endarteritis obliterans
in young men. J card surg.
1989;30(5):821-5. (PMID: 2808505)
61. Li L. [Preliminary application of the
immunogold-silver staining technique in
diagnosing thromboangiitis obliterans].
Chin j surg. 1989;27(4):233-5, 54.
(PMID: 2478349)
62. Papa M, Bass A, Adar R, Halperin Z,
Schneiderman J, Becker C, et al.
Autoimmune
mechanisms
in
thromboangiitis obliterans (Buerger's
disease): the role of tobacco antigen and
the major histocompatibility complex.
Surgery. 1992;111(5):527-31. (PMID:
1598672)
63. Dellalibera‐Joviliano R, Joviliano EE,
Silva JSd, Evora PRB. Activation of
cytokines corroborate with development
of inflammation and autoimmunity in
thromboangiitis obliterans patients. Clin
Exp Immunol. 2012;170(1):28-35. doi:
10.1111/j.1365-2249.2012.04624.x.

