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ABSTRACT

Borrelia burgdorferi, the causative agent of Lyme disease, has recently been demonstrated to infect
and enhance the invasive properties of breast cancer cells, while also influencing the expression of
inflammatory chemokines (CXCL8 and CXCL10). This study investigates the presence of B. burgdorferi
in invasive breast cancer tissues using commercially available, FDA-approved breast cancer tissue
microarrays consisting of 350 ductal, 32 lobular, and 22 intraductal invasive breast carcinomas,
alongside 29 normal breast tissues. Employing fluorescent immunohistochemical staining and high-
resolution imaging, the findings revealed that approximately 20% of invasive lobular and ductal car-
cinomas, followed by 14% of intraductal carcinomas, tested positive for B. burgdorferi, while all normal
breast tissues tested negative. PCR analysis further confirmed the presence of B. burgdorferi DNA in
breast cancer tissues. Moreover, 25% of B. burgdorferi-positive tissues exhibited expression of both
chemokines, CXCL8 and CXCL10, which was not observed in B. burgdorferi-negative tissues. Analysis
of available patient data, including age, indicated a correlation between older patients and B. burgdorferi-
positive tissues. This study validates the presence of B. burgdorferi in invasive breast cancer tissues
and highlights the involvement of key CXCL family members associated with inflammatory processes.
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INTRODUCTION

According to the American Cancer Society, infectious agents are associated with 20% of all
cancers [1]. In recent years, among infectious agents, bacterial infections have been the center
point for the emergence and progression of different types of cancer. Pathogenic bacteria
have been shown to promote chronic inflammation and evasion of the immune system
leading to a specialized niche tissue microenvironment that can lead to enhanced cell pro-
liferation and increased risk of tumorigenesis [2].

The most well-known instance of bacterial infections leading to cancer development is
Helicobacter pylori infection causing gastric cancer [3, 4]. Additionally, the significance of
various pathogens in cancer, such as Salmonella typhi in gall bladder cancer, Chlamydia
spp. in pulmonary Mucosa-Associated Lymphoid Tissue (MALT) lymphoma, Streptococcus
spp. in colorectal carcinoma, and chronic infection and inflammation via Chlamydia spp. and
Mycoplasma spp. in lung and ovarian cancer, has been recognized by several studies [5, 6].
Staphylococcus epidermidis and strains of Escherichia coli have also been found in breast
cancer; however, the causal relationship has not been firmly established [5, 7].

A recent microbiome study examining various types of breast cancer tissues identified
DNA signatures of several human pathogens, including Borrelia burgdorferi, a spirochetal
bacterium, the causative agent of Lyme disease [8]. The presence of B. burgdorferi has been
associated with poor prognosis. This prompts inquiry into whether this spirochete might play
a role in aggressive breast cancers, as prior studies have connected B. burgdorferi infection
with malignancies such as cutaneous B-cell lymphoma and non-Hodgkin lymphoma [9–11].
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Many pathogens can penetrate host cells and use the host
niche environment for colonization. They replicate in the
cellular compartments and cross host barriers for dissemi-
nation [12]. B. burgdorferi was previously found to be
capable of disseminating and colonizing into multiple host
organs and tissues which aid in its pathogenicity and overall
survival [13]. Intracellular localization of B. burgdorferi has
also been reported for different mammalian cells which
could help the bacteria evade environmental changes, anti-
biotic treatment, and the host immune system [14–19].
The pathogenicity of B. burgdorferi was also seen to be able
to persist in different tissues through mechanisms that
manipulate the innate and adaptive immune response along
with host-protein interaction to induce vascular and extra-
cellular matrix changes [20].

A recent in vitro study also demonstrated that B. burg-
dorferi can invade triple-negative breast cancer cells at greater
rates than normal mammary epithelial cells and increase
cancer cell invasive potential [19]. Further studies showed a
significant change in genome-wide RNA and miRNA ex-
pressions upon B. burgdorferi infection in triple-negative
breast cancer and normal mammary epithelial cells [21, 22].
The genes affected were further analyzed for their role in
physiological processes, including host inflammation and
cancer signaling pathways. It was discovered that B. burgdor-
feri actively alters cellular responses to favor pathways asso-
ciated with inflammation and tumor progression [23]. One of
themajor findings from this study was that several members of
the C-X-C motif chemokine family, especially CXCL8 and
CXCL 10 were highly elevated after B. burgdorferi infection
[22]. The CXCL8 protein, also known as interleukin 8 (IL-8),
is secreted by cells of the innate immune system and serves as a
chemoattractant to recruit neutrophils [23]. CXCL10, on the
other hand, exerts its functions through its receptor CXCR3,
inducing pleiotropic effects such as the stimulation of NK cells,
monocytes, and T-cell migration. It also serves as a key regu-
latory factor in the context of the ‘cytokine storm’ [23]. The
importance of these findings warrants additional investigation
into the presence of B. burgdorferi within cancer tissues to
explore deeper into the underlying processes.

This study aims to investigate the presence of B. burg-
dorferi antigen/DNA in commercially available, FDA-
approved paraffin-embedded breast cancer tissue arrays.
B. burgdorferi localization and morphology were evaluated
by IHC staining combined with high-resolution microscopic
analysis of these breast cancer tissues. Moreover, previously
reported inflammatory markers induced by B. burgdorferi,
such as CXCL8 and CXCL10, were analyzed to elucidate
potential correlations between the presence of B. burgdorferi
and host inflammatory responses.

MATERIALS AND METHODS

Breast cancer tissue arrays

Commercially available FDA-approved breast cancer paraffin-
embedded tissue arrays containing breast cancer tissues were

purchased from US Biomax, Inc., Rockville, MD (BR2161,
BN1021, BR2082, BR2082a, BR041, BR082b) and Novus Bi-
ologicals USA (NBP2-42080). Together these tissue arrays
contained 404 cases covering all the common types of breast
cancer tissues from female patients of various age groups with
different pathological diagnoses and grades of tumor. This
study also included 29 normal breast cancer tissues as con-
trols. Each breast cancer tissue core was 5 μm in thickness and
1mm in diameter.

Immunohistochemical (IHC) staining

The breast cancer tissue arrays were deparaffinized on a slide
warmer for 15 min and followed with three 5-min xylene
washes at room temperature (RT). The tissue array was then
rehydrated by immersing in 100, 90, and 70% methanol
wash for 5 min each respectively, and placed under slow-
running tap water for 25 min to remove the traces of alcohol
from the slide. The slides were rinsed with 1X Phosphate
Buffered Saline (PBS, Sigma-Aldrich, St. Louis. MO, USA)
mixed with 1% bovine serum albumin solution (Sigma-
Aldrich) and distilled water for 5 min each. The excess
solution around the tissue was gently wiped using Kim
wipes. The water bath was equilibrated to 99 8C and slides
were immersed into a Coplin jar with preheated mediated
antigen retrieval buffer (10 mM sodium citrate, 0.05%
Tween 20, pH 6.0) for 10 min. The Coplin jar was then
removed from the water bath and set at RT for 20 min to
cool the buffer. This step was followed by placing the slides
under slow-running tap water to remove the traces of the
sodium citrate buffer for 5 min. Then slides were washed 3x
with 1X PBS þ1% BSA and distilled water for 5 min each.

The tissue sections were then blocked with a 1:200
dilution of goat serum (Thermo Fisher Scientific, Waltman,
MA, USA) in 1X PBS for 1 h in a humidified chamber at RT.
Excess solution was gently dabbed on a Kim wipe, and the
slides were rinsed with 1X PBS þ1% BSA and distilled water
for 5 min each. Different sets of tissue array slides were
stained for CXCL8 using polyclonal IL8/CXCL8 rabbit
antibody (Cat#A2541, ABclonal Technology, Woburn, MA,
USA) and for CXCL10 using polyclonal CXCL10 antibody
(Cat#DF6417, Affinity Biosciences, Cincinnati, OH, USA).
Both antibodies were diluted to 1:200 in 1X PBS before being
added to the tissue slides. The slides were incubated at 4 8C
overnight in a humidified chamber. The next day the slides
were rinsed 3x with 1X PBS þ1% BSA and distilled water for
5 min each. The tissue sections were then treated with a
1:200 dilution of the secondary anti-rabbit antibody with a
fluorescent red tag (goat anti-rabbit IgG (HþL), DyLight
594 conjugated, (Cat#35569, Invitrogen, Waltman, MA,
USA) and incubated for an hour at RT. The excess solution
around the tissue was gently wiped and washed as
mentioned above. The slides were then treated with
B. burgdorferi monoclonal antibody (Cat#MA1-7006, Invi-
trogen) which was diluted to 1:200 with 1X PBS and added
to the slides. The slides were incubated at 4 8C overnight in a
humidified chamber. The next day the slides were washed 3x
with 1X PBS þ1% BSA and distilled water for 5 min each.
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The tissue sections were then treated with a 1:200 dilu-
tion of the secondary anti-mouse antibody with a fluorescent
green tag (goat anti-mouse IgG (HþL), DyLight 488 con-
jugated, Cat#35502, Invitrogen) and incubated for an hour
at RT than washed as mentioned above. The slide sections
were then counterstained with 0.1% Sudan black (Sigma) for
20 min at RT. Slides were washed again one last time with
1XPBS and then mounted with Prolong Diamond Antifade
Mounting media with DAPI (Thermo Fisher Scientific).
Images were taken and processed using a Nikon Eclipse
80i and Leica Thunder widefield fluorescent microscope at
200X and 400X magnifications.

DNA Extraction/PCR

Genomic DNA was extracted from paraffin-embedded tissue
arrays using a Qiagen AllPrep DNA/RNA FFPE Kit (Qiagen
Cat# 80234, Hilden, Germany). First, the slides were depar-
affinized as described above and the tissues on the slides were
scraped off using a sterile scalpel and collected in sterile
microcentrifuge tubes. The genomic DNA was then isolated
using the DNA extraction protocol as suggested by the
manufacturer. The DNA samples were quantified using a
BioTek (Winooski, VT, USA) Microplate Spectrophotometer.

The DNA samples were tested with standard PCR using
primers designed to amplify B. burgdorferi CTP synthase
genes using published primers [24]. CTP synthase sequences
were amplified in nested reactions. First-round primers were
F: 50-ATTGCAAGTTCTGAGAATA-30 and R: 50-CAAA-
CATTACGAGCAAATTC-30 in a 50 μL reaction with Hot-
StarTaq buffer (Qiagen), 25 pmoles of each primer, MgCl2
adjusted to 2.5 mM, and 1.5 units HotStarTaq (Qiagen, Cat#
203203). Reaction conditions were an initial denaturation
at 94 8C for 15 min, followed by 30 cycles of 94 8C/30 s,
48 8C/30 s, 72 8C/30 s, and a final extension at 72 8C/5 min.
The nested reaction primers were F: 50-GATATGGAAAA-
TATTTTATTTATTG-30 and R: 50AAACCAAGACAAAT-
TCCAAG-30 in a 50 μL reaction containing 25 pmoles of
each primer, 2.5 mM MgCl2, 1.5 units HotStarTaq. Reaction
conditions were an initial denaturation at 94 8C for 15 min,
followed by 35 cycles of 94 8C/30 s, 50 8C/30 s, 72 8C/30 s,
and a final extension at 72 8C/5 min. The PCR products
were analyzed by standard agarose gel-electrophoresis
technique and Hi-Lo DNA maker was used to determine
the size of the obtained bands (Minnesota Molecules, Min-
neapolis, MN).

Sequence analysis

The amplified DNA was purified using the QIAGEN PCR
purification kit (Qiagen) following the manufacturer’s in-
structions. To confirm the amplified products belonged to
Borrelia spp, the purified DNA samples were sent for
sequencing in both directions with forward and reverse
primers to Eurofins Genomics, Louisville, KY. The
sequencing results were matched against the NCBI server
using the Basic Local Alignment Search Tool (BLAST,
https://blast.ncbi.nlm.nih.gov/Blast.cgi) which confirmed the
data obtained through PCR.

Ethics

It is not applicable because this study used FDA-approved,
commercially available breast cancer tissue array slides.

RESULTS

The first part of this study was to determine the presence of
B. burgdorferi in human breast cancer tissues in FDA-
approved, commercially available breast cancer tissue arrays
using fluorescent (IHC) staining technique with B. burg-
dorferi sensu stricto (s.s.) specific monoclonal antibodies.

The tissue array slides included 350 ductal, 32 lobular,
22 intraductal invasive breast carcinomas, along with
29 normal breast tissues. The IHC results demonstrated that
approximately 20% of invasive breast ductal carcinoma, 19%
lobular, and 14% intraductal invasive breast carcinomas
were positive for B. burgdorferi antigen while all the normal
control breast tissues were negative (Table 1).

Figure 1A and B provide the representative IHC images
for B. burgdorferi-positive and negative breast cancer tissues
and normal breast biopsy tissues. B. burgdorferi-positive
breast cancer tissues of invasive ductal and lobular carci-
nomas which had fluorescent green staining are shown in
Fig. 1A; Panels H, K respectively. B. burgdorferi-negative
breast cancer tissues with no detectable green signal can be
seen in Fig. 1A; Panels B, E. There was no B. burgdorferi
specific staining in any of the control samples from healthy
donors (Fig. 1B; Panels B, E, H, K).

To visualize the tissue morphology in the different biopsy
samples, differential interference microscopy (DIC) was used
(Fig. 1A and B; Panels C, F, I, L). DAPI nuclear staining
was utilized to detect nuclei of the cells (Fig. 1A and B:
Panels A, D, G, J).

The B. burgdorferi-positive breast cancer tissue sections
were further visualized with a Leica Thunder widefield
fluorescence microscope in the breast cancer tissues along
with their 3D distribution (Fig. 2). The DAPI/Borrelia
merged images visualize the presence of the spirochetal form
along with some B. burgdorferi aggregates at specific sites of
the tissues (Fig. 2: Panels: A–D). The tissue morphology of
the different biopsy samples was visualized using DIC
(Fig. 2; Panels E, F, G, H).

In Fig. 2, Panel I demonstrates a 3D image made by
Z-stacks (using Leica Thunder microscopy) of the B. burg-
dorferi-positive sample (Fig. 2, Panel D) visualizing that the
spirochetes aggregated inside the breast cancer tissu.

Table 1. B. burgdorferi-positive breast cancer samples and normal
breast tissues according to the pathology of tissue

Type of Tissue

Percentage of B. burgdorferi
sensu stricto positive

samples (%)

Invasive ductal carcinoma (350) 20
Invasive lobular carcinoma (32) 19
Intraductal carcinoma (22) 14
Normal breast tissues (29) 0
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The study further focused on determining if there was
any evidence of inflammatory stimuli due to the presence
of B. burgdorferi infection, using the previously reported
inflammatory markers CXCL8 and CXCL10. The obtained
IHC results suggest evidence for inflammatory response
localized near the B. burgdorferi spirochetes and aggregates
(Fig. 3; Panels B, C, F, and G). On the contrary, the breast
cancer tissues were negative for B. burgdorferi (Fig. 3;
Panels D and H) and normal breast tissues had no
detectable CXCL8 and CXCL10 staining (Fig. 3; Panels A
and E).

Quantitative analysis of the presence of CXCL8 and
CXCL10 on the B. burgdorferi-positive and negative breast
cancer samples with 70 cases/marker showed that the tissue
samples positive for B. burgdorferi were also positive for
both markers in about 25% of the cases. Individually, out of
the B. burgdorferi-positive tissues, 32% were positive for the
CXCL8 marker and 25% were positive for the CXCL10
marker from their respective tissue samples (Fig. 4). Inter-
estingly, all the inflammatory marker-positive tissue samples

were found to be ductal carcinoma except a single lobular
carcinoma sample in the CXCL8-positive tissues.

The B. burgdorferi-positive breast cancer and B. burg-
dorferi-negative normal breast tissue samples were used to
confirm the presence of B. burgdorferi DNA using a nested
pyrG-specific PCR reaction as described previously [33].
Due to the small size of the tissue samples, tissues from
ten different cases of B. burgdorferi-positive invasive ductal
carcinoma were pooled together for DNA extraction. The
amplified PCR product was then evaluated using gel elec-
trophoresis and direct sequencing. Figure 5 demonstrates
that a positive 603 bp long amplicon was obtained from
the extracted breast cancer DNA samples as well as from
the positive B. burgdorferi DNA control but not from the
‘No DNA’ negative control samples. The PCR amplified
products were further confirmed for the presence of Borrelia
spp. by direct sequencing analysis and mapped using the
Basic Local Alignment Search Tool (BLAST, Fig. 6). The
maximum hits observed were B. burgdorferi s.s. specific
strains (Identity: 99%).

Fig. 1. Representative images of B. burgdorferi specific IHC staining of breast cancer and normal breast tissue arrays. Fig. 1A, Panels B and E
show B. burgdorferi-negative breast cancer tissues and Panels H and K show B. burgdorferi-positive breast cancer tissues (green staining).
Panels A, D, G, J show the DAPI stained nucleus of the corresponding tissues. Panels C, F, I, L: Differential interference microscopy (DIC)
demonstrating the size and tissue morphology of the corresponding tissues. Fig. 1B: Panels B, E, H, K show B. burgdorferi-negative normal
breast tissues and Panels A, D, G, J show the DAPI nuclear stain of the corresponding normal breast tissues. Panels C, F, I, L: Differential

interference microscopy (DIC) demonstrating the size and tissue morphology of the corresponding tissues. White scale bar: 100 μm
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Fig. 2. Representative images of B. burgdorferi-specific IHC staining of breast cancer tissue array. Panels A–D: Merged DAPI (blue nuclei
staining) and B. burgdorferi (green staining) showing the localization of B. burgdorferi spirochetes and aggregates in breast cancer tissues
Panels E–H: Differential interference microscopy (DIC) demonstrating the size and tissue morphology of the corresponding tissues. Panel I:

A representative Leica Thunder Z-stack 3D image of B. burgdorferi-positive breast cancer tissue (Panel D). White scale bar: 100 μm

Fig. 3. Representative images of CXCL8 and CXCL10 inflammatory markers on B. burgdorferi-positive and negative breast cancer and
normal breast tissues. Panels: B and C show B. burgdorferi-positive breast cancer tissues stained Borrelia monoclonal antibody (green) and
CXCL8 monoclonal antibody (red). Panels: F and G show B. burgdorferi-positive breast cancer tissues stained Borrelia monoclonal antibody
(green) and CXCL10 monoclonal antibody (red). Panels: D and H show no staining on B. burgdorferi-negative breast cancer tissue samples
for both inflammatory markers, CXCL8 and CXCL10 respectively. Panels: A and E show negative control; normal breast tissues are negative

for B. burgdorferi and both inflammatory markers. White scale bar: 100 μm
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This study also aimed to find whether breast cancer
progression and metastasis correlate with the presence of
B. burgdorferi using available patient clinical data from the
commercial tissue arrays. Breast cancer grade and patient

age at the time of obtaining the biopsy tissues were
considered as primary criteria for the quantitative analysis of
B. burgdorferi-positive tissues out of the total number of
tissues for each criterion.

The cancer grade data for patient tissue samples are
categorized as follows: Grade I, resembling normal breast
cells and exhibiting slow growth; Grade II, displaying
characteristics less like normal breast cells and growing
faster than usual; Grade III, consisting of abnormal breast
cells and typically showing aggressive growth. The analysis
considered the correlation between cancer growth rate and
the percentage of B. burgdorferi-positive tissue samples,
revealing the following distribution: Grade I (37%), Grade II
(14%), and Grade III (28%) (see Fig. 7).

To investigate a possible correlation between patient
age and B. burgdorferi-positive breast cancer tissues, patients
were divided into three age groups. The percentages of
B. burgdorferi-positive samples within each age group were
as follows: 20–40 years (15%), 41–60 years (19%), and
61–70þ years (30%) (see Fig. 8).

DISCUSSION

This study investigated the presence of B. burgdorferi in
various types of breast cancer tissues, including invasive
lobular, ductal, and intraductal carcinoma. Immunohisto-
chemistry staining was conducted on FDA-approved human
breast tissue samples to detect B. burgdorferi s.s. antigens. The
results revealed B. burgdorferi spirochetes/aggregates in

Fig. 4. A summary diagram of the B. burgdorferi, CXCL8 and CXCL10-positive and negative breast cancer tissues with a total of 70 cases

Fig. 5. A representative gel electrophoresis image for the B. burg-
dorferi amplified PCR products using pyrG gene as the target.

Lanes 1: Hi-Lo DNA maker, Lane 2: PCR amplified breast cancer
tissue DNA, Lane 3: positive control, B. burgdorferi DNA and Lane

4: No DNA control
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approximately 20% of invasive lobular and ductal carcinoma
samples, followed by 14% in intraductal carcinoma samples.
The presence of B. burgdorferi in tissue samples identified by
immunohistochemistry was further confirmed using nested
PCR and direct sequencing analysis to detect Borrelia DNA.
Microscopic analysis of the B. burgdorferi-positive tissues
revealed individual spirochetes and aggregates distributed
deep within the breast cancer tissues. Negative control samples
of normal breast tissues showed no evidence of either
B. burgdorferi antigens or DNA. Inflammatory marker staining
conducted on these breast cancer tissues revealed a pronounced
host inflammatory response, with significant staining observed
for both CXCL8 and CXCL10 markers in 25% of the
B. burgdorferi-positive breast cancer tissue samples.

Quantitative analysis of individual patient clinical data
for cancer grade revealed that grades I and III are the most
frequently observed grades associated with the detection of
B. burgdorferi-positive tissues. Additionally, analysis based

on patient age criteria indicated that older patients (60þ
years old) were more likely to have a higher incidence of
B. burgdorferi-positive breast cancer tissue.

Recently, there has been growing speculation about the
influence of bacterial microbiota on cancer development and
its progression. For instance, another spiral-shaped bacte-
rium, H. pylori is recognized as a causative agent for gastric
cancer and MALT lymphoma [4]. Studies have identified
two potential mechanisms by which H. pylori contributes to
cancer development [25]. Firstly, H. pylori infection induces
chronic inflammation of the gastric mucosa, leading to
conditions such as atrophy and intestinal metaplasia. Sec-
ondly, it has been demonstrated that H. pylori can produce,
release, and modify bacterial virulence factors within the
tissue microenvironment, thereby promoting cancer pro-
gression [25]. Another bacterial genus implicated in various
cancers, including cervical, ovarian, and lung cancers, is
Chlamydia [26–28]. Interestingly, previous studies have

Fig. 6. A representative pairwise alignment analysis of the sequencing results of the PCR product of B. burgdorferi-positive breast cancer
tissues using the NCBI BLAST tool
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documented the co-infection of B. burgdorferi with H. pylori
and Chlamydia spp. in patients with Lyme disease [29, 30].

Infectious diseases have long been implicated in chronic
infection-related inflammation [31]. Chronic inflammation
is closely associated with the initiation of cancer [32, 33],
with studies indicating that chemokines, along with cyto-
kines, can act as early inflammatory mediators that influence
the host response to pathogen exposure [34]. Chemokines
belonging to the C-X-C family are known to play a
role in leukocyte recruitment and regulate the tumor

microenvironment by controlling tumor cell proliferation,
metastasis, invasion, angiogenesis, and therapeutic resistance
[23]. Numerous studies on Chlamydia trachomatis have
demonstrated its capacity to upregulate C-X-C chemokine
levels at the site of infection, thereby inducing an intense
inflammatory response [35, 36].

B. burgdorferi has long been associated with chronic
inflammation in various organs. A classic example is the skin
condition characterized by dense lymphocytic infiltration
known as acrodermatitis chronica atrophicans (ACA) [37].

Fig. 8. Comparison of B. burgdorferi-positive samples identified across various age groups ranging from 20 to 70þ years. The pie charts
illustrate the percentages of B. burgdorferi-positive tissues (depicted in blue) relative to the total number of tissues within each age group.
Additionally, the table above provides the numerical tissue count and the number of B. burgdorferi-positive samples in each age group

Fig. 7. Represents a quantitative analysis of B. burgdorferi-positive samples categorized by their respective cancer grade. The pie charts
illustrate the percentage of B. burgdorferi-positive tissues (depicted in blue) relative to the total number of tissues identified within each
grade. Additionally, the table above provides the numerical tissue count for each grade alongside the number of B. burgdorferi-positive

samples in each grade
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Additionally, a study demonstrated the adaptive and resis-
tant nature of B. burgdorferi, where lingering and debili-
tating symptoms persisted in a Lyme disease patient despite
years of antibiotic treatment [38]. This study revealed
the presence of B. burgdorferi in multiple organs, accom-
panied by an infiltrating CD3þ T-lymphocytic response.
Numerous other reports have indicated that B. burgdorferi
can upregulate inflammatory mediators such as interleukins
and CXCL chemokines in host cells [39–41].

Inflammatory markers within the CXCL family were
investigated in relation to chemo/cytokine-mediated neu-
roinflammation in the cerebrospinal fluid of Borrelia-infec-
ted patients [40]. The study concluded that abnormal serum
antibody indices and elevated levels of CXCL8 and CXCL10
indicated a potential connection to Borrelia-mediated
inflammation [40]. A similar upregulation was observed in
human brain microvascular endothelial cells (hBMECs)
infected with Borrelia bavariensis, wherein CXCL8 and
CXCL10 were significantly elevated, correlating with cellular
stress and the innate immune response [41].

Gene ontology analysis of these markers revealed
signaling cascades associated with cell communication, or-
ganization of the extracellular matrix, cellular responses
triggered by pattern recognition receptors, and antigen
processing. These pathways suggest potential mechanisms
exploited by B. burgdorferi to traverse the blood-brain bar-
rier (BBB) [41].

A recent transcriptomic analysis of B. burgdorferi-
infected breast cancer cell line (MDA-MB-231) and a
normal mammary epithelial cell line (MCF10A) revealed a
spectrum of differentially expressed genes modulated by the
intracellular invasion of B. burgdorferi [22]. Ontological
analysis of these genes demonstrated multiple markers
associated with infection, inflammation, and cancer devel-
opment [22]. This study highlighted a significant trend with
an upregulation of chemokines, including members of the
C-X-C motif chemokine family (such as CXCL8 and
CXCL10), in both cell lines upon B. burgdorferi infection.

The CXCL8 and CXCL10 chemokines have been impli-
cated in stimulating tumor angiogenesis and promoting the
migration and invasion of breast and ovarian tumor cells
[42–46]. Our study revealed localized CXCL8 and CXCL10
inflammatory responses near the B. burgdorferi spirochetes
and aggregates, accounting for 25% of the B. burgdorferi-
positive tissues for both markers (32% for CXCL8 alone).
Interestingly, this observation was predominantly found in
ductal carcinomas. These findings raise the question of
whether other inflammatory markers, such as additional
members of the CXCL family or IL-6 which were shown to
increase after B. burgdorferi infection of triple-negative
breast cancer cells [22] could also be involved. Furthermore,
it would be also interesting to determine what is the deciding
mechanism that stimulates certain inflammatory pathways
in breast carcinomas.

In a follow-up study, we aim to explore the connection
of B. burgdorferi infection to other inflammatory markers,
including other members of the CXCL family, IL-6,
C-reactive protein, and tumor necrosis factor-α, all of which

have been reported to be highly elevated in breast cancer.
Additionally, we will investigate the potential coinfection of
B. burgdorferi-positive breast cancer tissues with H. pylori
and Chlamydia spp., as coexistence has been demonstrated
in B. burgdorferi infected skin tissues.

A significant limitation of this study lies in the restricted
availability of individual patient clinical data, which hampers
our ability to fully understand the correlation between
B. burgdorferi infection, cancer grade, and patient age.
For instance, the variability in sample sizes across different
cancer grades undermines the support for the hypothesis
suggesting that B. burgdorferi infection may contribute to
cancer progression. Similarly, the correlation between pa-
tient age groups and B. burgdorferi infection lacks sufficient
data for a comprehensive analysis, warranting the need for a
larger patient dataset to validate the findings of this study.
Other factors that could enhance our understanding include
assessing the correlation between breast cancer types based
on hormone receptor status and TNM staging classification,
which unfortunately was unavailable for the majority of
patient biopsy samples and therefore not incorporated into
our analysis. Although limitations exist, these tissue biopsy
microarrays are FDA-approved and commercially available
making them reliable and easily reproducible for similar
cancer studies.

In summary, this study suggests that pathogenic in-
fections such as B. burgdorferi may play a role in promoting
breast cancer and/or contributing to persistent infection by
modulating the immune-inflammatory response within the
tumor microenvironment. The findings illustrate B. burg-
dorferi’s capability not only to disseminate as spirochetes but
also to form aggregates deep within breast cancer tissues.
Furthermore, B. burgdorferi was observed to induce high
levels of localized inflammatory responses near the infected
area via the CXCL8 and CXCL10 chemokines. Consequently,
further investigation into inflammatory markers is impera-
tive to elucidate B. burgdorferi’s role in cancer progression
and immune response manipulation. This research could
offer opportunities for developing a diagnostic marker panel
to monitor B. burgdorferi infection and cancer progression.
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