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Abstract: Until recently, the aetiology of Buerger’s disease (BD) has been unknown. Although
there is a close relationship between BD and smoking, it cannot explain the low prevalence of BD
among smokers or the disease’s geographical distribution. Infectious pathogens, such as
Rickettsial infection, have also been suggested as the trigger of BD development, but this theory
has neither been proven nor ruled out. The aim of this study was to evaluate the footprint of
Rickettsial infection in tissue specimens obtained from amputees with Buerger’s disease. Forty-
nine tissue biopsies were obtained from three below-the-knee amputees who also had a diagnosis
of BD according to Olin’s criteria (between 14-21 biopsies for each patient). After extraction of
DNA from the tissue samples, the existence of 16strRNA was evaluated using a PCR test. The
sequence of PCR products was evaluated using Geneious 11.1.2 software and NCBI blast. The
16stRNA was found in 3 to 7 samples from each patient. The sequence of the PCR products had
a 98% homology with Rickettsia Tabaci. The sequences of the three patients were aligned, and no
difference was found in the sequence of 16sTRNA amongst the patients. Rickettsia Tabaci is
a pathogen that infects tobacco leaves. Thus, BD might be an infectious disease for which
smoking could be the route of pathogen entry into the bloodstreams of the sufferers. However,
further studies are highly recommended to confirm this hypothesis.
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Introduction

Buerger’s disease (BD) is a non-atherosclerotic, inflammatory and thrombotic occlu-
sive peripheral vascular disease, usually seen in male smokers and it can result in
gangrene and limb loss. BD is more common in the Middle East, the Far East and
southeast Asia."

To date, the aetiology of BD remains unknown. Although there is a close relation-
ship between BD and smoking, it cannot explain the low prevalence of BD amongst
smokers or the disease’s geographical distribution.? Infectious pathogens, such as
Rickettsial infection, have been suggested as the trigger of BD development,®™ but
this theory has neither been proven nor ruled out.

We present three cases of Buerger’s disease in which the patients underwent some
below-knee amputations and we evaluated the footprint of Rickettsial infection in
tissue specimens obtained from amputees. Under sterile operating room conditions,
tissue biopsies were obtained from the anterior and posterior tibial arteries, the small
and great saphenous veins, the microvasculature close and far from the site of gangrene,
after which DNA was extracted from the tissue samples.
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Table | Primers and Program Used for PCR Amplification for
I6srRNA Specific for Rickettsiales.

Primers Program

“F:5'-CGCAACCCTCATTCTTAT DNA denaturation at 94 -C

TTGC-3"” for 5 min, PCR amplification for 35 cycles as
“R:5'-CCTCTGTAAACACCATTG follows: denaturation at
TAGCA-3" 94 <C for 60 s, annealing at 56 °C for 45 s and

extension at 72°C for 60 s.

Note: Data from Giulieri et al.®

The existence of 16srRNA specific for Rickettsiales
were evaluated using a polymerase chain reaction (PCR)
test following Giulieri et al primers sequences.’ The
sequence of the primers and the PCR programme is sum-
marised in Table 1. The purified DNA of Rickettsia conorii
(AMPLIRUN®, Spain) was considered the positive con-
trol. Two negative controls were considered for this study.
One was the DNA extracted from the blood of a healthy
young man to verify whether the primers amplified any
homo sapiens gene. The next negative control was nucle-
ase free water to control any contamination during the
process of PCR testing.

The PCR products were sequenced by Macrogen’s
sequencing service. The sequence of PCR products was
analysed using Geneious 11.1.2 software and the basic
local alignment search tool of the national center for
information (NCBI BLAST). Written
informed consent was provided by the patients for mole-

biotechnology

cular investigations on the tissue samples and to have the
case details and any accompanying images published and
got an ethical code from Mashhad University of Medical
Sciences (Ethical code: MUMS-951595).

Case Presentation

Case |

A 42-year-old Caucasian man with a ten-year-old diagno-
sis of Buerger’s disease reported in September 2013 com-
plaining of gangrene and severe pain at rest in his left
forefoot. His past medical history included a history of
cold foot thrombophlebitis
migrans, night burning pain of toes, and amputations of
the left fourth toe and below the right knee in the five
years prior to consulting with us. The patient was and had

sensitivity, claudication,

been a heavy smoker (three packs of cigarettes per day) for
28 years.

Upon physical examination, the first, second and third
toes of the left foot were completely gangrenous, with

cyanosis of the fifth toe (Figure 1A). The dorsalis pedis
(DP) and tibialis posterior (TP) pulses of the left foot were
absent. The popliteal pulses of both sides were also absent.
The femoral pulses were intact.

The laboratory tests revealed that he had normal fasting
blood sugar and a normal lipid profile, and the angiogra-
phy of his left limb was characteristic of Buerger’s disease
(Figure 1B).

The patient underwent a below-knee amputation of the
left leg. In the pathology study of the amputated leg,
infiltration of inflammatory cells within all layers of the
vessel walls, preserved vascular architecture and intima
thickening were observed (Figure 1C). The PCR 150bp
band for 16sTRNA was found in eight samples from 21
tissue biopsies. Next, the PCR bands were separated from
the electrophoresis gel, after which the sequence of PCR
products was evaluated using Geneious 11.1.2 software
and NCBI BLAST.

Case 2

A 45-year-old Caucasian man with a 14-year-old diagnosis
of Buerger’s disease reported in August 2011 complaining
of gangrene and severe pain at rest in the first and third
toes of his left foot. His past medical history included
a history of Raynaud’s phenomenon in the hands, calf
claudication, thrombophlebitis migrans and night burning
pain of left toes. In addition, he had undergone an amputa-
tion of the second left toe and left lumbar sympathectomy
in May 2009. Approximately five months prior to report-
ing to us, he had undergone autologous stem cell therapy.
He had also been treated with aspirin and amlodipine for
the five years prior to reporting to us.

The patient was and had been a heavy smoker (two to
three packs of cigarettes per day) for 30 years.

Upon physical examination, the third toe of the left
foot was completely gangrenous, and the gangrene had
extended to the first toe, along with forefoot discoloration
(Figure 2A). The DP and TP pulses of both feet were
absent. The popliteal pulses were also absent on the left
side. The femoral pulses were intact. The radial pulse of
the right hand was absent, and the Allen’s test of both
hands was positive.

The laboratory tests revealed that he had normal fasting
blood sugar and a normal lipid profile, and the angiogra-
phy of his left limb was characteristic of Buerger’s disease
(Figure 2B).
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Figure | Case |, (A) gangrene of forefoot; (B) angiography characteristics for Buerger’s disease; (C) infiltration of inflammatory cells in all layers of the vessel and organized
thrombus are suggestive for Buerger’s disease.

Due to the progression of the gangrene to the forefoot, infiltration of inflammatory cells within all the layers of
the patient underwent a left below-knee amputation. In the  the vessel walls, preserved vascular architecture and
pathology study of the amputated leg, organised thrombus, intima thickening were observed (Figure 2C). The PCR
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Figure 2 Case 2, (A) gangrene of forefoot; (B) angiography characteristics for Buerger’s disease; (C) organized thrombus in medium and small sized vessels along with
intima thickening and infiltration of inflammatory cells in all layers of the vessels and are suggestive for Buerger’s disease.
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150bp band for 16stTRNA was found in five samples from
14 tissue biopsies. Next, the PCR bands were separated
from the electrophoresis gel, after which the sequence of
PCR products was evaluated using Geneious 11.1.2 soft-
ware and NCBI BLAST.

Case 3

A 40-year-old Caucasian man with a one-year-old diagno-
sis of Buerger’s disease reported in July 2015 complaining
of gangrene and severe pain at rest in his right forefoot.
His past medical history included a history of Raynaud’s
phenomenon of the right foot, foot claudication that man-
ifested as burning rather than cramping pain, and night
paraesthesia. The patient was and had been a heavy smo-
ker (one pack of cigarettes per day) for 20 years.

Upon physical examination, the second through fifth toes
of the right foot were completely gangrenous, and the gang-
rene had also extended to the forefoot (Figure 3A). The DP of
both feet and TP of the right foot were absent. The popliteal
and femoral pulses of both sides were intact.

The laboratory tests revealed that he had normal fasting
blood sugar and a normal lipid profile, and the angiogra-
phy of his left limb was characteristic of Buerger’s disease
(Figure 3B).

The patient underwent a below-knee amputation. In the
pathology study of the amputated leg, infiltration of inflam-
matory cells within all the layers of the vessel walls, pre-
served vascular architecture and intima thickening were
observed (Figure 3C). The PCR 150bp band for 16sTRNA
was found in three samples from seven tissue biopsies, close
to the margin of gangrene. Next, the PCR bands were sepa-
rated from the electrophoresis gel, and the sequence of PCR
products was evaluated using Geneious 11.1.2 software and
NCBI BLAST. The PCR 150bp band for 16srRNA was
found in five samples from 14 tissue biopsies, after which
the PCR bands were separated from the electrophoresis gel.
The sequence of PCR products was evaluated using
Geneious 11.1.2 software and NCBI BLAST.

Sequencing of 16srRNA and Data Analysis
The sequence of the 16srRNA PCR products from the
amputees was TCGCAACCCTCATTCTTATTTGCCAG
CACTTCGGGTGGGAACTTTAAGGATACTGCCAGTG
ACAAACTGGAGGAAGGCGGGGACGACGTCAAGT-
CATCATGGCCCTTACGACCAGGGCTACACACGTGC
TACAATGGTGTTTACAGAGGA. The sequence had
a 98% homology, with the Rickettsia endosymbiont of
Bemisia Tabaci (R. Tabaci) with E value 2e-39. The

sequences of the 16sRNA PCR products of these three
amputees were aligned using Geneious 11.1.2 software.
No differences were found in the sequence of 16srRNA
amongst the patients. As the homology was 98%, we
decided to design another pair of primers specific to
R. Tabaci to confirm our results. However, no reference
gene for 16STRNA of R. Tabaci has been introduced by
NCBI. Therefore, we aligned the five submitted sequences
of R. Tabaci that were found according to the previous
BLAST and then designed the primers. The sequence of
the primers and the PCR programme is summarised in
Table 2.

The sequence of the R.Tabaci 16STRNA PCR products
from the same samples was AGATTTATCCCCAACCAC
GGGAAAATTAGCGACACACTGCCCGTCACGCCATG
GGAGTTGGTTTTACCTGAAGGTGGTGAGCTAACGC-
AAGAGGCAGCCAACCACGGGAAAATTAGCGACA-
ATAGCCATCAGCTCTTCGATTCGATGGGTTCTTAGAG
GACAGGACCCTGGCTTGCTCTATTTCTCCCCTGCTC-
TGGCACTGCCTCACACTCAGGACTTGCTAGGGCCA-
TTTAGAGTGGGAGGGTCCTGT

After alignment with the sequence of the 16srRNA of
Rickettsia Endosymbiont of Besimia Tabaci, 110 nucleotides
had 98.67-100% homology with different species of
R. Tabaci with an E value of 1-e4l — 9-e34 (Figure 4).
Notably, 23 base pairs (bp) were repetitive and are bolded
in the sequence. The remaining 130 bp had 100% homology
with homo sapiens oestrogen-related receptor beta (ERRB).
The PCR test for R. Tabaci was conducted three times at
a minimum of two-week intervals and sequenced three times
to evaluate the accuracy of the results.

Discussion

To date, the aetiology of BD remains unknown. Infectious
pathogens, including oral bacteria and Rickettsia, have
been suggested as the trigger of BD development,®* >’
but this theory has neither been proven nor ruled out.
Even in this theory, it is still unknown if the clinical
manifestation of BD is due to the pathogenesis of the
infectious pathogen or due to an autoimmunity that is
induced by the pathogen.

Amongst the suggested infectious pathogens, Rickettsia
infection drew our attention because it could explain the ratio
of male to female involvement with BD, the pain character-
istics, the involvement of small- and medium-sized vessels
and also the pathological characteristics of BD.®

Following evaluation of the IgG class antibody
against Rickettsia rickettsii, which has cross-reactions
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Figure 3 Case 3, (A) gangrene of forefoot, (B) angiography characteristics for Buerger’s disease; (C) Infiltration of inflammatory cells in all layers of the vessel and organized
thrombus are suggestive for Buerger’s disease.
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Table 2 Primers and Program Used for PCR Amplification for
16srRNA Specific for Rickettsia Endosymbiont Besimia Tabaci

Primers Program

F:5- CATCATGGCCCTTACG DNA denaturation at 94 -C

GGTT-3' for 5 min, PCR amplification for 40 cycles
R:5’- GTCGCTAATTTTACCGT | as follows: denaturation at
GGTTGG-3’ 94 -C for 60 s, annealing at 53 °C for 45

s and extension at 72°C for 60 s.

with the spotted fever group, and Rickettsia typhi, which
has cross-reactions with the typhus fever group, 92% of
the patients were positive for Rickettsia rickettsii
antibodies.’

In this study, we aimed to evaluate the presence of any
Rickettsia pathogen inside the vascular tissue of the ampu-
tees using PCR for 16sRNA, specifically for Rickettsials.
Notably, the specific PCR band was detected only in the
vessels with thrombosis. Each band was sequenced and
then BLASTed to detect the type of Rickettsia.

Homology of about 98% between the sequence of our
detected band and the sequence of Rickettsia Endosymbiont
of Bemisia Tabaci emerged as a hypothesis if the infected
tobacco leaf could serve as a reservoir for horizontal

transmission of Rickettsia to humans (i.e. botanosis). To

evaluate our hypothesis, we designed specific primers for
R. Tabaci. Through the sequencing of the specific PCR
band, approximately half of the PCR product had 98.63—
100% homology with R. Tabaci, and the remainder of the
sequence belonged to the ERRB homo sapiens gene.
According to the negative controls and owing to the fact
that the specific primers had been BLASTed and could not
detect any homo sapiens gene, our findings may indicate
that the Rickettsia integrated its genome inside its host
genome. It is not known whether integration within the
ERRB gene is significant or merely a coincidence. The
function of ERRB is not well understood in humans, but it
is known that it plays a role in the regulation of cell cycles.”
Rickettsia may integrate its genome inside the ERRB gene
to break the control of ERRB on endothelial cell prolifera-
tion as its cellular host. However, this hypothesis requires
further evaluation.

All in all, because R. Tabaci can influence the response
of its insect host (whitefly) to heat stress and because
infected whiteflies are most commonly found in areas

with high temperatures,'*"!

this hypothesis could explain
the geographical distribution of BD. Also, it may explain
the prevalence of BD amongst people from the low and

middle classes of society due to their tendency to smoke

< C @ blastncbinlm.nih.gov/Blast.cg Y o
Job Title Nucleotide Sequence Filter Results
RID 1GKP1DOP016 Search expires on 01-1117:15pm  Download All v
R Organism only top 20 will appear [ exclude
Program BLASTN@® Citation v g ly top PP _J
Database Nt See details v ’ Type common name, binomial, taxid or group name ‘
Query ID Icl|Query_43045 + Add organism
Description None Percent Identity Evalue Query Coverage
Molecule type dna
to to to
Query Length 110
Other reports Distance tree of results MSA viewer @ m
Descriptions Graphic Summary Alignments Taxonomy
Sequences producing significant alighments Download ~ ge Col ¥ Show | 100V | @
select all 7sequences selected GenBank Graphics Distance tree of results
" Max Total Query E Per. .
pespe Score Score Cover value Ident gocesed
Rickettsia sp. MEAM1 (Bemisia tabaci), complete genome 159 159 80% 1e-41 98.88% CP016305.1
Rickettsia endosymbiont of Bemisia tabaci gene for 16S ribosomal RNA, partial sequence, strain: 4_Q2/R 159 159 80% 1e-41 98.88% AB981355.1

Rickettsia endosymbiont of Bemisia tabaci partial 16S rRNA gene, clone 31_3_6

Rickettsia endosymbiont of Bemisia tabaci partial 16S rRNA gene, clone 31_3_5

CE<E<HE<N<N<N<

Rickettsia endosymbiont of Bemisia tabaci partial 16S rRNA gene, clone 31_3_1

159 159 80% 1e-41 98.88% DQ077707.1
139 139 68% 2e-35 100.00% LN829699.2
139 139 68% 2e-35 100.00% LN829698.1
137 137 67% 7e-35 100.00% LN829697.2

134 134 68% 9e-34 98.67% LN829696.2

Figure 4 Alignment of the PCR product sequence of |6srRNA of Rickettsia Endosymbiont Besimia Tabaci with submitted sequences for the same pathogen in NCBI.
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cheap brands of cigarettes containing infected tobacco
leaves.

However, the root of entrance of R. Tabaci to the body
is the main challenge to this hypothesis. It is not known
whether the pathogen survives the high temperature asso-
ciated with burning tobacco or whether its gene is over-
taken by another pathogen, such as oral bacteria, and then
passes through the body.

Although more evidence and case studies are needed to
reach the conclusion that R. Tabaci plays a role in the
development of BD, our findings might provide a clue for
understanding the disease’s pathophysiology.

Conclusion

All in all, further studies about the possible transmission of
an infectious pathogen from the tobacco leaf to humans
are highly recommended. Because, inhibition of tobacco
leaf disease, may reduce the risk of smokers developing
vascular disease and further studies from different geogra-
phical areas could prove or disprove this hypothesis.
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