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ABSTRACT

Background and Aim: Mastitis remains a major health challenge in dairy cattle, often caused by Gram-positive pathogens.
Toll-like receptors (TLRs) and chemokine receptors (CXCRs) play essential roles in the innate immune response of mammary
epithelial cells (MECs). However, the differential expression of these genes in response to specific mastitis-causing Bacillus
spp. has not been comprehensively evaluated. This study aimed to characterize the temporal gene expression patterns of
TLR and CXCR family members in murine mammary epithelial HC11 cells exposed to Bacillus cereus and Bacillus subtilis,
thereby providing insights into their immunological roles in mastitis pathogenesis.

Materials and Methods: HC11 cells were cultured and infected with B. cereus and B. subtilis (5 x 107 colony-forming units/mL)
and incubated at 37°C with 95% O, and 5% CO, for 48 h in RPMI 1640 medium supplemented with serum and antibiotics.
Gene expression of interleukin (IL)-6, IL-8, TLR2, TLR4, IL-1 alpha (IL-1ct), and CXCR1 was evaluated by quantitative real-time
polymerase chain reaction at 0, 6, 12, 24, 48, and 72 h post-infection. Expression levels were normalized to glyceraldehyde-
3-phosphate dehydrogenase and analyzed using ACt methods and Spearman correlation.

Results: TLR2 exhibited a biphasic expression pattern, with early upregulation followed by suppression, while TLR4 showed
higher expression in response to B. subtilis than B. cereus. IL-6 displayed prolonged expression under B. subtilis challenge but
was transient under B. cereus exposure. IL-1a showed consistent expression across both bacterial challenges, suggesting its
potential as a stable biomarker for mastitis susceptibility. CXCR1 exhibited delayed but sustained expression, indicative of its
role in secondary neutrophil recruitment. IL-8 expression correlated with early immune activation and chemotactic signaling.

Conclusion: Theimmune response of HC11 MECs to Gram-positive bacterial infection is gene- and pathogen-specific. TLRand
CXCR genes show distinct temporal profiles, underscoring their utility in understanding epithelial-driven immune defense.
These findings provide molecular insights into mastitis pathogenesis and identify IL-1, IL-6, and CXCR1 as promising targets
for genetic selection and therapeutic intervention.

Keywords: Bacillus cereus, Bacillus subtilis, chemokine receptors, gene expression, HC11 cells, innate immunity, mastitis,
toll-like receptors.

Corresponding Author: Nova Dilla Yanthi

E-mail: nova002@brin.go.id, nova.dy@gmail.com ertworld'
Received: 13-11-2024, Accepted: 24-03-2025, Published online: 25-04-2025

Co-authors: AA: ria.anneke@yahoo.co.id, SS: syahruddinsaid01@gmail.com, SuS: sugiyonosaputra@gmail.com, RDS: retnodmail@yahoo.com,

MM: muladno@gmail.com, NH: nina.herlina.0212 @gmail.com, IF: imafauziah37@gmail.com, HAN: herjunoari@gmail.com,

MEFN: fajarnashrulloh@gmail.com, RT: ridatiffarent@gmail.com

How to cite: Yanthi ND, Anggraeni A, Said S, Saputra S, Soejoedono RD, Muladno M, Herlina N, Fauziah I, Nugroho HA, Nasrulloh MF, and Tiffarent R
(2025) Differential expression of TLR and CXCR genes in mammary HC11 cells challenged with Bacillus cereus and Bacillus subtilis: Implications for mastitis
resistance, Veterinary World, 18(4): 1014-1024.

Copyright: Yanthi, et al. This article is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/ by/4.0/)

1014


https://orcid.org/0000-0003-4550-888X
https://orcid.org/0009-0007-8279-8886
https://orcid.org/0000-0001-8681-4985
https://orcid.org/0000-0002-5449-3387
https://orcid.org/0000-0002-0182-3880
https://orcid.org/0000-0002-9457-7606
https://orcid.org/0000-0001-5437-9712
https://orcid.org/0000-0001-6986-3021
https://orcid.org/0000-0003-4661-1491
https://orcid.org/0000-0001-8832-1711
https://orcid.org/0000-0002-1371-0285
https://crossmark.crossref.org/dialog/?doi=10.14202/vetworld.2025.1014-1024&domain=pdf

doi: 10.14202/vetworld.2025.1014-1024

INTRODUCTION

Mastitis is among the most prevalent diseases
affecting dairy cattle, primarily caused by bacterial
infections that impact the udders of cows (Bos taurus)
in both subtropical [1] and tropical regions [2]. These
bacterial infections compromise the immune system,
resulting in decreased milk yield and diminished milk
quality [2]. The associated inflammatory response
involves the mobilization and retention of hematopoietic
cells at the site of infection to initiate tissue repair.
Intramammary infection leads to damage to the ductal
and secretory epithelium, thereby creating pathways
between secretory cells and increasing the permeability
of blood capillaries [3].

Microbial pathogens are detected by the innate
immune system, which initiates immediate defense
mechanisms and facilitates the development of
long-lasting adaptive immunity [4]. This recognition
system identifies the location, viability, replication,
and pathogenic potential of microbial invaders [5].
The primary causative agents of mastitis are typically
Gram-positive bacteria, including Staphylococcus spp.,
Streptococcus spp., and Bacillus spp. [6]. Interactions
between pathogen-associated ligands and host cell
wall components activate signaling cascades mediated
by toll-like receptors (TLRs), which are essential for
initiating the immune response.

The TLR family belongs to a group of pattern
recognition receptors (PRRs) that play a distinctive
role in detecting the onset of infection and are
potent inducers of inflammatory responses [7]. This
specificity is due to the combinatorial coding inherent
to TLRs, with TLR1-10 identified in most mammals and
TLR11-13 present in mice. Fisher et al. [8] emphasized
that TLRs constitute the first line of defense,
serving as innate immune sensors that monitor
and identify a wide range of pathogenic challenges.
TLRs act as critical barriers against pathogenic
microorganisms.

TLR2 is expressed on the cell surface and binds to
peptidoglycan and lipoteichoic acid (LTA) components
of Gram-positive bacteria, thereby activating
downstream signaling that leads to nuclear factor-kB
(NF-xB) activation and subsequent production of
proinflammatory cytokines [9]. Both TLR2 and TLR4
signal through the MyD88-dependent pathway to
recruit receptor-associated genes [10], ultimately
activating kinases that regulate transcription factors
responsible for proinflammatory gene expression.
Concurrent activation of these receptors also triggers
the kB kinase (IKK) family, leading to the activation of
the NF-kB pathway through the IxBo inhibitor [11]. This
activation enhances the transcription of inflammatory
cytokine genes, including interleukin (IL)-6 and IL-1
alpha (IL-1at). Moreover, NF-kB signaling promotes
the expression of chemotactic genes that mobilize
neutrophils, dendritic cells (DCs), and natural killer
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cells, including IL-8 and the chemokine receptor gene
(CXCR1) [12].

CXCR1, a member of the CXCRs family, plays
a critical role in restraining bacterial infections by
promoting neutrophil activity [13]. Mammary epithelial
cells (MECs) are derived from mammary stem cells,
which differentiate into epithelial precursor cells, giving
rise to alveolar progenitors and lacteal duct cells [14].
Estrogen and progesterone promote the development
of ductal precursors into basal and luminal epithelial
cells, with alveolar cells proliferating substantially
during pregnancy [15]. During lactation, these alveolar
cells differentiate into secretory cells responsible
for milk production. Utilizing epithelial cells to study
immune responses against pathogenic bacterial
exposure provides valuable insights into host-pathogen
interactions [15].

Cell lines are derived from primary cultures and
maintained continuously in in vitro conditions using
media supplemented with low serum concentrations
(approximately 2%) [16]. The HC11 cell line, originating
from mid-pregnancy BALB/c mice, comprises mammary
stem or progenitor cells [17].

Genetic resistance strategies have the potential
to reduce the prevalence of diseases that compromise
innate immunity. These approaches enable selective
proliferation of cells capable of mounting effective and
protective innate immune responses [18]. However,
identifying genetic contributions to mastitis resistance
remains challenging due to the complexity of host-
pathogen interactions [18].

Although mastitis is a widely studied disease
in dairy cattle, research has predominantly focused
on major pathogens such as Staphylococcus aureus
and Escherichia coli, with limited emphasis on Gram-
positive Bacillus species. Moreover, the molecular
mechanisms by which Bacillus cereus and Bacillus
subtilis interact with MECs, particularly through PRRs
such as TLRs and CXCRs like CXCR1, remain poorly
understood. Most existing studies rely on in vivo
models, where the complexity of systemic immune
responses may obscure cell-specific signaling events.
There is a critical need for in vitro investigations that
isolate epithelial cell responses to specific pathogens.
To date, no comparative analysis has comprehensively
characterized the temporal gene expression patterns of
TLR and CXCR family members in response to Bacillus-
induced subclinical mastitis using the HC11 murine MECs
model. This represents a significant gap in the current
understanding of host-pathogen interactions at the
epithelial interface.

The aim of this study was to investigate the
differential expression of proinflammatory resistance
genes - specifically TLR2, TLR4, IL-6, IL-1a, IL-8, and
CXCR1 - in mammary epithelial HC11 cells challenged
with B. cereus and B. subtilis. By employing a high-
resolution time-course analysis over a 72-h period
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post-infection, we sought to elucidate the dynamics
of innate immune signaling pathways and identify
potential gene markers indicative of mastitis resistance
or susceptibility. This research provides novel insights
into the molecular basis of epithelial immune
responses to Gram-positive mastitis pathogens and
may contribute to the development of diagnostic and
therapeutic strategies for improving udder health in
dairy cattle.

MATERIALS AND METHODS

Ethical approval

Ethical approval was not necessary for this study.
The samples were collected in accordance with standard
collection procedure without any harm or unnecessary
discomfort to the animals.

Study period and location

The study was conducted from September 2016
to August 2017 in the Animal Health Laboratory,
Biotechnology, Indonesian Institute of Sciences (LIPI).

Cell lines

Expression studies and profiling of mastitis
resistance genes, including members of the TLR and
CXCR gene families, in response to bacterial infections
associated with subclinical mastitis in dairy cow milk,
were conducted using mammary epithelial HC11
cell cultures. The HC11 cells were provided by the
Friedrich Miescher Institute, Switzerland, and the
Department of Community Sciences, Bogor Agricultural
University. The proliferation medium for HC11 cells
consisted of RPMI 1640 supplemented with 10% fetal
bovine serum, gentamicin (50 ug/mL), insulin (5 ug/mL),
and epidermal growth factor (10 ng/mL).

Sample collection

HC11 cells (10° cells/mL) were incubated in a
sterile environment containing 95% O, and 5% CO, at
36°C—37°C for 48 h until reaching confluence (Figures 1a
and b). Following this, the medium was replaced with
antibiotic-free RPMI 1640, and the cells were challenged
with B. cereus and B. subtilis at a concentration of 5 x 107
colony-forming units/mL [19]. This study employed
an innovative time-course design, monitoring gene
expression changes at multiple interval (0, 6, 12, 24, 48,

and 72 h) post-infection. By integrating a high-resolution
temporal framework, the study provides novel insights
into the dynamic regulation of HC11 cells in response
to Bacillus-induced mastitis. The incubation period
required to achieve 80% confluence in the proliferation
medium was 48 h. At each time point, cells were
collected, centrifuged, and subjected to RNA extraction
using the RNeasy® Mini Kit (Qiagen, Germany), following
the manufacturer’s protocol. Gene expression was
quantified using real-time polymerase chain reaction
(PCR) with the SensiFAST™ SYBR No-ROX One-Step Kit
(Bioland, USA).

PCR analysis

Detection of TLR and CXCR gene expression was
performed using the lllumina Eco real-time PCR system
in accordance with the Bioland program protocol. The
thermal cycling protocol included reverse transcription
at 45°C for 10 min, polymerase activation at 95°C for
2 min, followed by 40 cycles of denaturation at 95°C
for 5 s and annealing at 58°C for 10 s (optimized for
target gene melting temperature), and a melt curve
stage at 95°C for 15 s. Each reaction was performed in
duplicate, and the mean cycle threshold (Ct) value was
used to quantify gene expression. Normalization of
target gene expression was performed using the mean
Ct value of the housekeeping gene glyceraldehyde-
3-phosphate dehydrogenase (GAPDH). The primer
sequences used for six target genes (IL-6, IL-8, TLR2,
IL-10, TLR4, and CXCR1), along with GAPDH, are listed in
Table 1. All primers were designed using the Primer3Plus
software.

Statistical analysis

The condition of HC11 cell proliferation in RPMI
1640 culture medium was assessed before and after
bacterial challenge. Gene expression was analyzed
through real-time PCR to determine the presence and
quantity of resistance genes in RNA samples. Data were
statistically evaluated using the Spearman correlation
method to assess relationships between gene expression
variables and the subclinical mastitis condition. The
delta Ct (ACt) value was calculated by subtracting the Ct
value of the housekeeping gene from the Ct value of the
target gene (ACt = Ct_target - Ct_GAPDH) [20].

Figure 1: The proliferation of HC11 cell cultures: (a) culture conditions of HC11 cells at an initial concentration of 10°/mL
cells, (b) culture conditions of HC11 cells at 40% of the initial concentration, and (c) confluent condition 80%—90% of the

initial concentration of cell culture.
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Table 1: Base sequences of primers for amplifying mastitis resistance genes.

No. Gene Primer Base sequences of primers Length (bp)

1. TLR2 Reverse 5'-GAC CTG AAC CAG GAG GAT GA-3' 199
Forward 5'-GCC TCG ACC TGT CCA ACA AT-3’

2. TLR4 Reverse 5'-TTA CGG CTT TTG TGG AAA CC-3' 213
Forward 5'-TGC TGG CTG CAA AAA GTATG-3'

3. IL-1A Reverse 5'-GAG TCG GAC ATG ACT GAG CA-3' 189
Forward 5'-GTC TCA GTT TGC TGCTGC TG-3'

4. IL-6 Reverse 5-TAA GTT GTG TGC CCA GTG GA-3' 182
Forward 5'-TGC AGT CTT CAA ACG AGT GG-3'

5. IL-8 Reverse 5'-CAG ACCTCG TTT CCATTG GT-3’ 190
Forward 5'-TGC TCT CTG CAG CTC TGT GT-3'

6. CXCR1 Reverse 5'-GAC CTA GAT GAG GGG GTT GA-3’ 191
Forward 5'-TCATCT TTG CTG TCG TGC TC-3'

7. GAPDH Reverse 5'-TGG AAA CAT GTG GAA GTC AGG-3' 130
Forward 5'-GGC CTC CAA GGA GTA AGG T-3'

TLR2=Toll-like receptors 2, IL=Interleukin, CXCR1=Chemokine receptors 1, GAPDH=Glyceraldehyde-3-phosphate dehydrogenase

RESULTS

The expression patterns of immune-related genes,
particularly TLRs and CXCRs, in MECs were evaluated
over a 72-h period following bacterial infection, as
illustrated in Figures 2 and 3. At 0 h, Abbas et al. [21]
noted that immune defense mechanisms in mast cells
begin to activate. Observations at this initial time point
revealed elevated expression levels across nearly all
studied genes for both bacterial species. According
to Piliponsky et al. [22], mast cells, which function
as progenitor immune cells, are widely distributed
throughout various tissues, capable of environmental
sensing, and act as sentinel cells that respond to
infection. The activation of immune gene expression
was observed to commence at 6 h post-infection, as
shown in Figure 2 and in the 3-time interval method.

Following 6 h of bacterial challenge, cellular
responses indicated gene-specific activation dependent
on ligand-pathogen interactions. Previous research
by Yanthi [23] identified Gram-positive bacteria as
the predominant cause of subclinical mastitis in West
Java. Particular attention was given to LTA, a glycolipid
present in the membranes of Gram-positive bacteria.
LTA, comprising an acylated glycerol backbone linked
to diverse carbohydrate moieties through ether bonds,
is a ligand recognized by TLR2. The high correlation
coefficient (r?) values between both bacterial treatments
suggest that gene expression during infection is closely
associated with these molecular interactions. TLR2, a
transmembrane receptor, plays a vital role in recognizing
specific ligands derived from Gram-positive bacteria.
A novel finding of this study was the biphasic expression
pattern of TLR2 — characterized by early upregulation
followed by suppression — possibly indicating receptor
desensitization or immune feedback regulation. This
challenges the conventional understanding that TLR
activation follows a linear, sustained trajectory.

Alongside TLR2, the TLR4 gene is also integral
in initiating immune responses against a wide range
of pathogens, including both Gram-negative and

Gram-positive bacteria, as well as fungi and viruses [24].
TLR4 expression patterns revealed notable differences
between the two bacterial species: B. cereus exhibited
a markedly lower r? value, whereas B. subtilis showed a
significantly higher r? value.

The IL-6 gene, encoding a pleiotropic cytokine,
is expressed by various cell types, including stromal,
hematopoietic, epithelial, and muscle cells [25]. In
contrast to prior studies that predominantly associate
IL-6 with acute inflammatory responses, our results
demonstrated a sustained upregulation of IL-6 following
B. subtilis infection, whereas a transient response was
observed with B. cereus. These findings suggest that
different mastitis-causing pathogens may employ
distinct strategies to evade or modulate host immune
responses.

IL-8, a chemokine, plays a central role in
chemotaxis by directing leukocyte migration to sites of
inflammation [26]. This chemotactic activity is evident in
Figures 2 and 3, where the directional movement pattern
of IL-8 reflects migration toward the inflammatory
center. The recruitment of neutrophils from circulation
into the mammary gland is essential for enhancing the
gland’s immune response. IL-8 exerts its function by
binding to CXCRs, particularly CXCR1 (CXC motif 1), which
in turn initiates chemotaxis and strengthens mammary
immune defense [27]. Furthermore, CXCR1 activation
supports neutrophil survival through the induction of
bovine genes responsive to live bacterial stimulation
and early inflammatory mediators, including tumor
necrosis factor (TNF) and IL-1 [28-30]. Although the
overall expression level of CXCR1 was lower than that
of other immune genes, its expression consistently
increased from the 0-h mark through to 72 h
post-infection.

IL-1o0 is a biologically active cytokine expressed
in numerous cell types. It does not require further
processing upon activation, unlike some other
cytokines. Both IL-1at and IL-13, members of the IL-1
family, are key mediators involved in inducing fever,
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Figure 3: Immune gene expression was observed at time intervals in Bacillus subtilis bacteria.

production [31]. The consistent presence of IL-1c
across cell types contributed to its robust expression
throughout the 0-72 h period (Figure 3), with distinct

facilitating infection response, activating neutrophils,
recruiting monocytes, synthesizing prostaglandins, and
stimulating T and B cell responses as well as cytokine
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response patterns observed for each bacterial
treatment.
DISCUSSION

Innate immunity encompasses a complex

network of mechanisms involving leukocytes and
their interactions with various physiological systems
to confer resistance against microbial pathogens. This
integrated system collectively protects the host from
invading organisms [32]. Host defense operates through
two primary strategies: resistance, which involves
the elimination of pathogens or harmful stimuli, and
tolerance, which refers to the capacity of cells to
minimize tissue damage without necessarily reducing
pathogen viability [33].

The coordinated activation of immune genes
by various cell types plays a vital role in maintaining
microbial homeostasis in infected tissues. The udder
comprises diverse cell populations, each exhibiting
unique immune characteristics determined by their
level of immune competence [34]. The interaction
among these cells is essential in orchestrating the
immune response during the early stages of udder
infection [3]. The HC11 MECs line, composed of
epithelial cells, is crucial for detecting bacterial
invasion [35]. These cells express PRRs that recognize
pathogen-associated molecular patterns (PAMPs),
serving as the first line of defense against intramammary
infection [36]. This study enhances current
understanding by demonstrating that HC11 cells exhibit
gene-specific immune modulation depending on the
bacterial species involved. The results suggest that host
responses to Gram-positive bacteria are not uniform but
rather tailored to the specific virulence factors of each
pathogen. The observed variation in gene expression
reflects differences in the host’s immunological
engagement with B. cereus and B. subtilis.

Both bacterial species triggered similar immune
activation profiles, notably increasing the expression
of TLR4 and IL-6. This upregulation is likely due to
the activation of TLR2-associated defense ligands in
response to Gram-positive bacteria [24], which in turn
signal epithelial cells and macrophages to elevate the
expression of additional immune-related genes as part
of the tolerance response. Conversely, TLR2 expression
was downregulated following infection, potentially
indicating an evolved resistance mechanism to prevent
tissue infiltration by Gram-positive pathogens. IL-6
expression was upregulatedin response to both bacterial
species [37], consistent with findings from Kawecka-
Grochocka et al. [38], who reported IL-6 induction in
MECs upon Gram-positive bacterial challenge. The
IL-1a gene, another key proinflammatory cytokine, also
exhibited increased expression.

According to Wu et al. [28], IL-8 levels are elevated
in both acute and chronic phases of subclinical mastitis,
including during the dry period. Consistent with our
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results, IL-8 levels increased post-infection. Neutrophils
play a central role in innate defense by phagocytosing
bacteria and releasing reactive oxygen species and
antimicrobial factors [39]. During mastitis, neutrophils
become the predominant leukocyte population in the
mammary gland, surpassing macrophages [3].

TLR genes are critical components of the host
defense system, mediating responses through the
TLR signaling pathway [40]. These receptors recognize
microbial ligands embedded in the cell wall, activating
downstream signaling to coordinate epithelial cell
activity at the infection site. The mammary gland’s
immune response involves a concerted action
between surface-bound and inducible genes, including
proinflammatory cytokines that orchestrate pathogen
defense [41].

Key proinflammatory cytokines — TNFa, IL-1, IL-6,
and interferon-gamma — stimulate the production
of additional cytokines and chemokines that bind to
receptors on epithelial cells [42, 43]. TLR activation also
induces inflammatory cytokine expression, initiates
immune responses, regulates cell differentiation, and
promotes apoptosis [44, 45].

This study conducted gene expression analysis on
HC11 cells exposed to mastitis-causing bacteria found
in milk. Different bacterial species contribute variably to
mammary tissue damage [46]. Gram-negative bacteria
typically induce rapid inflammatory responses leading to
clinical mastitis, whereas Gram-positive bacteria often
provoke more prolonged, subclinical infections that
may progress to chronic inflammation and prove more
challenging to treat [46]. Controlling Gram-positive
pathogens, which are prevalent in dairy environments,
remains a significant concern.

Inflammation is a protective immune response
to harmful stimuli, such as pathogens, dead cells, and
irritants. Subclinical inflammation, in particular, can lead
to chronic systemic disorders [47]. The innate immune
system uses PRRs to detect both PAMPs and danger-
associated molecular patterns (DAMPs), which signal
cellular stress. PRR activation triggers downstream
signaling cascades that release type | interferons
(interferon-or and interferon-B) and proinflammatory
cytokines [47].

Sterile inflammation, initiated by DAMPs in the
absence of pathogens, is also a feature of chronic
inflammatory diseases [48]. Following PAMP recognition,
MECs rapidly signal for the recruitment of immune
effector cells, such as neutrophils and macrophages,
to the infection site [38]. Neutrophil mobilization from
the bloodstream can significantly alter tissue dynamics
within 24 h, enhancing pathogen resistance [49].

Macrophages act as early responders to infection
by producing proinflammatory cytokines. This defense
response is initiated when host receptors detect
microbial patterns, activating pathways that upregulate
these cytokines [50].
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The TLR pathway is essential in recognizing
PAMPs. In Gram-positive bacteria, LTA serves as a TLR2
ligand, initiating NF-kB activation and inflammatory
signaling cascades [51]. NF-kB transcription factors
are pivotal regulators of immune and inflammatory
responses [52]. TLR2 and TLR4 exhibit strong
co-expression, suggesting coordinated regulation
during udder infection [53].

Interestingly, B. cereus and B. subtilis both
induced significant increases in TLR4 mRNA in
HC11 cells [54, 55], despite previous findings by
Chantratita et al. [56] suggesting that Gram-positive
bacteria do not directly activate TLR4. Instead, TLR4
appears to modulate inflammatory responses to Gram-
positive pathogens, reflecting complex crosstalk within
the immune network.

In situ hybridization revealed high expression of
TLRs in MECs from infected glands, underscoring their
role as pathogen sensors [57]. These receptors are
predominantly expressed by antigen-presenting cells,
such as macrophages and DCs, and are activated by
PAMPs [58], playing crucial roles in both innate and
adaptive immunity.

IL-1 is a proinflammatory cytokine family
comprising IL-1c;, IL-1B, and IL-1 receptor antagonists.
These  molecules regulate inflammation by
inducing vasodilation and promoting leukocyte
migration [29, 59, 60]. While they amplify immune
responses, their overactivation can lead to tissue
damage, particularly when mediated by caspase-1-
dependent pathways [61].

Proteins encoded by these genes belong to the
IL-1 family and are involved in inflammation, immune
responses, and hematopoiesis. Monocytes and
macrophages typically synthesize them as proproteins,
which are cleaved and activated in response to cell
injury, often inducing apoptosis [62].

The inflammasome — a multiprotein complex
assembled in response to PAMPs or DAMPs — is a
central component of innate immunity [63]. Beyond
IL-1, other early-response cytokines, such as IL-8, also
contribute to antimicrobial defense in MECs [64]. IL-8,
produced by epithelial and endothelial cells, among
others, facilitates phagocytosis and chemotaxis at
infection sites [29, 60].

IL-8 gene expression was significantly upregulated
in early infection phases, consistent with Wu et al. [28].
MECs play a vital role in neutrophil recruitment and
activation during early post-infection stages through
the IL-8 signaling axis [49].

IL-8 acts as a strong chemoattractant for
neutrophils and  other  granulocytes  during
mastitis [59]. Cabrinietal. [65] highlighted IL-8's essential
role in neutrophil recruitment as a defining feature of
epithelial immune responses. The strong chemokine
induction in epithelial cells supports their role in guiding
polymorphonuclear neutrophils to the mammary gland
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to combat infection [66]. A lack of sufficient cytokine
signaling reduces chemokine production and impairs
neutrophil chemotaxis, heightening susceptibility to
infection [65].

Observations following B. subtilis infection
indicated increased IL-6 expression after 6 h. IL-6,
a pleiotropic cytokine secreted by monocytes and
macrophages, is pivotal in vascular inflammation
and infection defense. Its expression varies based
on pathogen type and immune context. Epigenetic
factors may also modulate IL-6 expression in mammary
cells [42]. Wu et al. [28] reported that abnormal
physiological conditions can suppress proinflammatory
gene expression, diminishing immune responsiveness.

A notable finding in this study was the delayed
but sustained expression of CXCR1, indicating a
secondary phase of immune activation linked to
prolonged neutrophil recruitment. This diverges
from the previously assumed concurrent expression
of CXCR1 with IL-8. According to Matsushima
et al. [29], CXCR1, expressed on neutrophils, binds to
CXCL8 (IL-8), facilitating neutrophil chemotaxis. Goulart
and Mellata [59] also noted that neutrophil recruitment
is a key defense mechanism during mastitis. In this
study, IL-8 appeared to exert a more dominant influence
than CXCR1. CXCR1 expression notably increased at 12 h
post-infection. However, its overall expression remained
lower than other resistance genes in HC11 cells exposed
to intramammary infection.

Infections were experimentally induced in
HC11 cells using B. cereus and B. subtilis, two prominent
mastitis-associated bacteria previously underreported
in gene expression studies. Notably, the expression
of immune genes was higher in response to B. cereus
compared to B. subtilis.

The host response to Gram-positive infections
in HC11 cells is mediated through the MyD88-
dependent pathway, activated by TLRs. Expression
of TLR genes was promptly induced at 0 h post-
infection [68].

According to Kawecka-Grochocka et al. [38], TLR2
on epithelial cell surfaces binds peptidoglycan and
LTA from Gram-positive bacteria, initiating a signaling
cascade that activates NF-kB and stimulates cytokine
production. Both TLR2 and TLR4 utilize the MyD88-
dependent signaling axis.

This pathway recruits genes, such as IRAK4, IRAK1,
TRAF6, TAB1, TAB2, and TAK1 [69], which activate
transcription factors that induce proinflammatory
cytokines. This signaling cascade also activates the
IKK complex, resulting in IkBow phosphorylation and
subsequent NF-kB activation [70]. NF-kB regulates
expression of IL-6 and IL-1A and other inflammatory
genes [71], while also stimulating chemotactic genes
such as IL-8 and CXCR1 [72]. CXCR1, part of the CXCRs
family, is notably active in neutrophil-mediated bacterial
defense [73].
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CONCLUSION

This study provides novel insights into the
immunogenetic response of mammary epithelial
HC11 cells to Gram-positive mastitis-causing bacteria,
B. cereus and B. subtilis. Our time-course gene
expression analysis demonstrated that immune gene
activation in epithelial cells is both time-dependent
and pathogen-specific. Notably, TLR2 exhibited a
biphasic expression pattern with early upregulation
followed by suppression, potentially reflecting
receptor desensitization. In contrast, TLR4 showed
higher expression in response to B. subtilis, suggesting
differential signaling roles in pathogen recognition.
Proinflammatory cytokines IL-6 and IL-1o. were
significantly upregulated post-infection, while IL-8 and
CXCR1 were differentially expressed, indicating their
involvement in neutrophil recruitment and immune
modulation.

The strength of this study lies in its high-resolution
temporal analysis and the use of a well-characterized
MECs model (HC11), which enabled precise monitoring
of host-pathogen interactions without systemic
confounding factors. In addition, the comparative
approach revealed distinct gene expression profiles
between the two Bacillus species, challenging the
assumption that all Gram-positive bacteria elicit similar
immune responses.

However, this study is subject to certain limitations.
The use of an in vitro monoculture model does not fully
capture the complexity of immune cell interactions,
hormonal influences, and systemic regulation present
in vivo. Furthermore, the reliance on mRNA expression
does not account for post-transcriptional and post-
translational modifications that could influence protein
activity and immune outcomes.

Future research should explore the downstream
signaling pathways activated by TLR2 and TLR4 in
response to different bacterial ligands, incorporating
proteomic and functional assays to validate gene
expression data. In addition, expanding this work
to include co-culture models with immune cells or
in vivo validation in dairy animals could provide a more
holistic understanding of mastitis pathophysiology.
The identification of IL-1c, IL-6, and CXCR1 as
key modulators offers promising avenues for the
development of molecular biomarkers and genetic
selection strategies aimed at enhancing mastitis
resistance in dairy herds.

AUTHORS’ CONTRIBUTIONS

NDY and MM: Planned and designed the study.
NDY: Sample collection. NDY, AA, SS, and RD: Conducted
the study and analyzed the results. SuS, NH, IF, HAN,
MEN, and RT: Research and media preparation. NDY
and AA: Wrote the manuscript. AA and IF: Reviewed
and edited the manuscript. All authors have read and
approved the final manuscript.

1021

ACKNOWLEDGMENTS

The authors gratefully acknowledge that this
research was funded by the Hibah Insentif Sinergi Grant
of 2016 from the Ministry of Research and Technology
and Higher Education, Indonesia (No. 290/SP2H/LT/
DRPM/111/2016).

COMPETING INTERESTS

The authors declare that they have no competing
interests.

PUBLISHER’S NOTE

Veterinary World remains neutral with regard to
jurisdictional claims in published institutional affiliation.

REFERENCES

1.  Ouellet, V., Toledo, I.M., Dado-Senn, B., Dahl, G.E.
and Laporta, J. (2021) Critical temperature-humidity
index thresholds for dry cows in a subtropical climate.
Front. Anim. Sci., 2: 706636.

2. Bhakat, C., Mohammad, A., Mandal, D.K., Mandal, A.,
Rai, S., Chatterjee, A., Ghosh, M.K. and Dutta, T.K.
(2020) Readily usable strategies to control mastitis
for production augmentation in dairy cattle: A review.
Vet. World, 13(11): 2364-2370.

3. Rainard, P, Gilbert, F.B. and Germon, P. (2022)

Immune defenses of the mammary gland epithelium

of dairy ruminants. Front. Immunol., 13: 1031785.

Kiboneka, A. (2021) Principles of innate and adaptive

immunity. Immunity to microbes & fundamental

concepts in immunology. World J. Adv. Res. Rev.,

10(03): 188-197.

5.  Remick, B.C., Gaidt, M.M. and Vance, R.E. (2023)

Effector-triggered immunity. Annu. Rev. Immunol.,

41: 453-481.

Langhorne, C., Horsman, S., Wood, C., Clark, R.,

Price, R., Henning, J., Grewar, J.D., Wood, B.J,

Ranjbar, S., McFowan, M.R. and Gibson, J.S. (2024)

Bacterial culture and susceptibility test results for

clinical mastitis samples from Australia’s subtropical

dairy region. J. Dairy Sci., 107(2): 1151-1163.

Sameer, A.S. and Nissar, S. (2021) Toll-like receptors

(TLRs): Structure, functions, signaling, and role

of their polymorphisms in colorectal cancer

susceptibility. Biomed. Res. Int., 2021: 1157023.

Fisher, J.R., Chroust, Z.D., Onyoni, F. and Soong, L.

(2021) Pattern recognition receptors in innate

immunity to obligate intracellular bacteria. Zoonoses

(Burlingt), 1(1): 10.

Oliveira-Nascimento, L., Massari, P. and Wetzler, L.M.

(2012) The role of TLR2 in infection and immunity.

Front. Immunol., 3: 79.

Srivastava, N., Shelly, A., Kumar, M., Pant, A., Das, B.,

Majumdar, T. and Mazumder, S. (2017) Aeromonas

hydrophila utilizes TLR4 topology for synchronous

activation of MyD88 and TRIF to orchestrate anti-
inflammatory responses in zebrafish. Cell Death

Discov., 3: 17067.

Liu, T., Zhang, L., Joo, D. and Sun, S.C. (2017) NF-xB

10.

11.



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

doi: 10.14202/vetworld.2025.1014-1024

signaling in inflammation. Signal Transduct. Target.
Ther., 2: 17023.

Starska-Kowarska, K. (2023) The role of different
immunocompetent cell populations in the
pathogenesis of head and neck cancer-regulatory
mechanisms of pro- and anti-cancer activity and
their impact on immunotherapy. Cancers (Basel),

15(6): 1642.

Mattos, M.S., Ferrero, M.R., Kraemer, L.,
Lopes, G.A.O., Reis, D.C.,, Cassali, G.D,
Oliveira, F.M.S., Brandolini, L., Allegretti, M.,
Garcia, C.C.,, Martins, M.A., Teixeira, M.M. and

Russo, R.C. (2020) CXCR1 and CXCR2 inhibition by
ladarixin improves neutrophil-dependent airway
inflammation in mice. Front. Immunol., 11: 566953.
Fu, N.Y., Nolan, E., Lindeman, G.J. and Visvader, J.E.
(2020) Stem cells and the differentiation hierarchy in
mammary gland development. Physiol. Rev., 100(2):
489-523.

Kobayashi, K. (2023) Culture models to investigate
mechanisms of milk production and blood-milk barrier
in mammary epithelial cells: A review and a protocol. J.
Mammary Gland. Biol. Neoplasia, 28(1): 8.

Roosita, K. (2008) Peranan [-Karotendan
Nutrasetikal Galohgor dalam Proliferasi, Diferensiasi,
dan Ekspresi Gen Sel Epitel Usus (CMT-93) dan Sel
Kelenjar Mammae (HC11). [Dissertation]. Sekolah
Pascasarjana Institut Pertanian Bogor, Bogor, ID.
Sornapudi, T.R., Nayak, R., Guthikonda, PK.,
Kethavath, S., Yellaboina, S. and Kurukuti S. (2018)
RNA sequencing of murine mammary epithelial stem-
like cells (HC11) undergoing lactogenic differentiation
and its comparison with embryonic stem cells. BMC
Res. Notes, 11(1): 241.

Thompson-Crispi, K., Atalla, H., Miglior, F. and
Mallard, B.A. (2014) Bovine mastitis: Frontiers in
immunogenetics. Front. Immunol., 5: 493.

Liu, Q., Li, A., Tian, Y., Wu, J.D., Liu, Y., Li, T., Chen, Y.,
Han, X. and Wu, K. (2016) The CXCL8-CXCR1/2
pathways in cancer. Cytokine Growth Factor Rev.,
31:61-71.

Gunawan, A., Sahadevan, S., Cinar, M.U., Neuhoff, C.,
GroRe-Brinkhaus, C., Frieden, L., Tesfaye, D.,
Tholen, E., Looft, C. and Wondim D.S. (2013)
Identification of the novel candidate genes and
variants in boar liver tissues with divergent skatole
levels using RNA deep sequencing. PLoS One, 8(8):
e72298.

Abbas, A.K., Lichtman, A.H. and Pillai, S. (2022)
Cellular and Molecular Immunology. 10*" ed. Elsevier,
Pennsylvania.

Piliponsky, A.M., Acharya, M. and Shubin, N.J. (2019)
Mast cells in viral, bacterial, and fungal infection
immunity. Int. J. Mol. Sci., 20(12): 2851.

Yanthi, N.D. (2018) Activity TLRs and CXCRs Gene in
Increasing the Resistance of Dairy Cows to Mastitis
[Dissertation]. Institut Pertanian Bogor, Bogor, ID.
Xia, P., Wu, Y., Lian, S., Yan, L., Meng, X., Duan, Q. and
Zhu, G. (2021) Research progress on Toll-like receptor
signal transduction and its roles in antimicrobial

1022

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

immune responses. Appl. Microbiol. Biotechnol.,
105(13): 5341-5355.

West, N.R. (2019) Coordination of immune-stroma
crosstalk by IL-6 family cytokines. Front. Immunol.,
10: 1093.

Raza, S., Rajak, S., Tewari, A., Gupta, P,
Chattopadhyay, N., Sinha, R.A. and Chakravarti, B.
(2022) Multifaceted role of chemokines in solid
tumors: From biology to therapy. Semin. Cancer Biol.,
86(Pt 3): 1105-1121.

Verbeke, J., Piccart, K., Piepers, S., Van Poucke, M.,
Peelman, L., De Visscher, A. and De Vliegher S. (2015)
Somatic cell count and milk neutrophil viability
of dairy heifers with specific CXCR1 genotypes
following experimental intramammary infection with
Staphylococcus chromogenes originating from milk.
Vet. J., 204(3): 322-326.

Wau, Y., Chen, J., Sun, Y., Dong, X., Wang, Z., Chen, J.
and Dong, G. (2020) PGN and LTA from Staphylococcus
aureus induced inflammation and decreased
lactation through regulating DNA methylation and
histone H3 acetylation in bovine mammary epithelial
cells. Toxins (Basel), 12(4): 238.

Matsushima, K., Yang, D. and Oppenheim, J.J. (2022)
Interleukin-8: An evolving chemokine. Cytokine,
153:155828.

De Oliveira, J.G.,, Rossi, A.FT, Nizato, D.M.,,
Cadamuro,A.CT.,, Jorge, VY.C.,, \Valsechi, M.C,
Venancio, L.P.R., Paula, R., Pavarino, E.C., Goloni-
Bertollo, E.M. and Silva, A.E. (2015) Influence of
functional polymorphisms in TNF-a, IL-8, and IL-10
cytokine genes on mRNA expression levels and risk
of gastric cancer. Tumour Biol., 36(12): 9159-9170.
De Menezes, M.N., Salles, E.M., Vieira, F., Amaral, E.P.,
Zuzarte-Luis, V., Cassado, A., Epiphanio, S.,
Alvarez, J.M., Alves-Filho, J.C., Mota, M.M. and
D’Império-Lima M.R. (2019) IL-1o. promotes liver
inflammation and necrosis during blood-stage
Plasmodium chabaudi malaria. Sci. Rep., 9: 7575.
Masters, E.A., Ricciardi, B.F, Bentley, K.L.M.,
Moriarty, T.F., Schwarz, E.M. and Muthukrishnan, G.
(2022) Skeletal infections: Microbial pathogenesis,
immunity and clinical management. Nat. Rev.
Microbiol., 20(7): 385—400.

Sharma, S., Sharma, H. and Gogoi, H. (2023) Bacterial
immunotherapy: Is it a weapon in our arsenal in the
fight against cancer? Front. Immunol., 14: 1277677.
Bronzo, V., Lopreiato, V., Riva, F., Amadori, M.,
Curone, G., Addis, M.F., Cremonesi, P., Moroni, P,
Trevisi, E. and Castiglioni, B. The role of innate
immune response and microbiome in resilience of
dairy cattle to disease: The mastitis model. Animals
(Basel), 10(8): 1397.

Lu, J., Gu, B., Han, X. and Feng Y. (2023) Mammary
epithelial cell-derived exosomal miR-155-inhibitor
played a key role in the treatment of mastitis via
down-regulation of TLRs/NF-KB signaling pathway to
inhibit inflammatory response. Cell Mol. Biol. (Noisy-
le-grand), 69(15): 160—-166.

Gondaira, S., Higuchi, H., lwano, H., Nishi, K., Nebu, T.,



37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

doi: 10.14202/vetworld.2025.1014-1024

Nakajima, K. and Nagahata H. (2018) Innate immune
response of bovine mammary epithelial cells to
Mycoplasma bovis. J. Vet. Sci., 19(1): 79-87.

Kim, Y.M., Lee, K.S., Kim, W.M., Kim, M., Park, H.O.,
Choi, CW., Han, J.S., Park, SY. and Lee, K.S. (2022)
Hydrochloric acid-treated Bacillus subtilis ghosts
induce IL-1 beta, IL-6, and TNF-alpha in murine
macrophage. Mol. Cell. Toxicol., 18(2): 267-276.
Kawecka-Grochocka, E., Zalewska, M., Rzewuska, M.,
Kosciuczuk, E., Zgbek, T., Sakowski, T., Marczak, S. and
Bagnicka E. (2021) Expression of cytokines in dairy
cattle mammary gland parenchyma during chronic
staphylococcal infection. Vet. Res., 52(1): 132.

Effah, C.., Drokow, E.K., Agboyibor, C., Ding, L., He, S.,
Liu, S., Akorli, SY., Nuamah, E., Sun, T., Zhou, X.,
Liu, H., Xu, Z., Feng, F., Wu, Y. and Zhang, X. (2021)
Neutrophil-dependent immunity during pulmonary
infections and inflammations. Front. Immunol.,
12: 689866.

Duan, T, Du, Y., Xing, C., Wang, HY. and Wang R.F.
(2022) Toll-like receptor signaling and its role in cell-
mediated immunity. Front. Immunol., 13: 812774.
Ahmad, H.l., Jabbar, A., Mushtaqg, N., Javed, Z,
Hayyat, M.U., Bashir, J., Naseeb, I., Abideen, Z.U.,
Ahmad, N. and Chen, J. (2022) Immune tolerance vs.
Immune resistance: The interaction between host
and pathogens in infectious diseases. Front. Vet. Sci.,
9: 827407.

Akhtar, M., Guo, S., Guo, Y.F., Zahoor, A., Shaukat, A.,
Chen, Y., Umar, T., Deng, P.G. and Guo, M. (2020)
Upregulated-gene expression of pro-inflammatory
cytokines (TNF-o,, IL-1p and IL-6) via TLRs following
NF-kB and MAPKs in bovine mastitis. Acta Trop.,
207:105458.

Yagdiran, Y. Tallkvist, J.,, Artursson, K. and
Oskarsson A. (2016) Staphylococcus aureus and
lipopolysaccharide modulate gene expressions of
drug transporters in mouse mammary epithelial cells
correlation to inflammatory biomarkers. PLoS One,
11(9): e0161346.

Reshi, A.A., Husain, I., Bhat, S.A., Rehman, M.U.,
Razak, R., Bilal, S. and Mir, M.R. (2015) Bovine
mastitis as an evolving disease and its impact on the
dairy industry. Int. J. Curr. Res. Rev., 7(5): 48-55.
Bhol, N.K.,, Bhanjadeo, M.M., Singh, ALK,
Dash, U.C., Ojha, R.R., Majhi, S., Duttaroy, A.K. and
Jena, A.B. (2024) The interplay between cytokines,
inflammation, and antioxidants: Mechanistic insights
and therapeutic potentials of various antioxidants and
anti-cytokine compounds. Biomed. Pharmacother.,
178:117177.

Stanek, P., Z6tkiewski, P. and Janus, E. (2024) A review
on mastitis in dairy cows research: Current status and
future perspectives. Agriculture, 14(8): 1292.
Jentho, E. and Weis, S. (2021) DAMPs and innate
immune training. Front. Immunol., 12: 699563.
Zindel, J. and Kubes, P. (2020) DAMPs, PAMPs, and
LAMPs in immunity and sterile inflammation. Annu.
Rev. Pathol., 15: 493-518.

Brenaut, P.,, Lefevre, L., Rau, A., Lalog, D., Pisoni, G.,

1023

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Moroni, P.,, Bevilacqua, C. and Martin, P. (2014)
Contribution of mammary epithelial cells to the
immune response during early stages of a bacterial
infection to Staphylococcus aureus. Vet. Res., 45(1): 16.
Qu, M., Zhu, H. and Zhang, X. (2022) Extracellular
vesicle-mediated  regulation of  macrophage
polarization in bacterial infections. Front. Microbiol.,
13:1039040.

Saito, S., Okuno, A., Cao, D.., Peng, Z., Wu, HY. and
Lin, S.H. (2020) Bacterial lipoteichoic acid attenuates
toll-like receptor dependent dendritic cells activation
and inflammatory response. Pathogens, 9(10): 825.
Jimi, E., Huang, F. and Nakatomi, C. (2019) Review:
NF-kB signaling regulates physiological and
pathological chondrogenesis. Int. J. Mol. Sci., 20(24):
6275.

Alhussien, M.N., Panda, B.S.K. and Dang, AK.
(2021) A comparative study on changes in total and
differential milk cell counts, activity, and expression
of milk phagocytes of healthy and mastitic indigenous
Sahiwal cows. Front. Vet. Sci., 8: 670811.
Goldammer, T, Zerbe, H., Molenaar, A,
Schuberth, H.J.,, Brunner, R.M., Kata, S.R. and
Seyfert, H.M. (2004) Mastitis increases mammary
MRNA abundance of beta-defensin 5, toll-like-
receptor 2 (TLR2), and TLR4 but not TLR9 in cattle.
Clin. Diagn. Lab. Immunol., 11(1): 174-185.

Madera, L., Greenshields, A., Coombs, M.R. and
Hoskin, D.W. (2015) 4T1 murine mammary carcinoma
cells enhance macrophage-mediated innate
inflammatory responses. PLoS One, 10(7): e0133385.
Chantratita, N., Tandhavanant, S., Seal, S,
Wikraiphat, C., Wongsuvan, G., Ariyaprasert, P,
Suntornsut, P., Teerawattanasook, N., Jutrakul, Y.,

Srisurat, N, Chaimanee, P., Mahavanakul, W.,
Srisamang, P., Phiphitaporn, S., Mokchai, M.,
Anukunananchai, J.,,  Wongratanacheewin, S,

Chetchotisakd, P., Emond, M.J., Peacock, S.J. and
West, T.E. (2017) TLR4 genetic variation is associated
with inflammatory responses in Gram-positive
sepsis. Clin. Microbiol. Infect., 23(1): 47.

Khan, M.Z., Wang, J., Ma, Y., Chen, T., Ma, M,,
Ullah, Q., Khan, I.M., Khan, A., Cao, Z. and Liu, S.
(2023) Genetic polymorphisms in immune- and
inflammation-associated genes and their association
with bovine mastitis resistance/susceptibility. Front.
Immunol., 14: 1082144,

El-Zayat, S.R., Sibaii, H. and Mannaa, F.A. (2019) Toll-
like receptors activation, signaling, and targeting: An
overview. Bull. Natl. Res. Cent., 43(1): 187.

Goulart, D.B. and Mellata, M. (2022) Escherichia
coli mastitis in dairy cattle: Etiology, diagnosis, and
treatment challenges. Front. Microbiol., 13: 928346.
Carbone, M.L. and Failla, C.M. (2021) Interleukin
role in the regulation of endothelial cell pathological
activation. Vasc. Biol., 3(1): R96—R105.

Macleod, T., Berekmeri, A., Bridgewood, C,
Stacey, M., McGonagle, D. and Wittmann, M. (2021)
The immunological impact of IL-1 family cytokines on
the epidermal barrier. Front. Inmunol., 12: 808012.



62.

63.

64.

65.

66.

67.

doi: 10.14202/vetworld.2025.1014-1024

Kaneko, N., Kurata, M., Yamamoto, T., Morikawa, S.
and Masumoto, J. (2019) The role of interleukin-1 in
general pathology. Inflamm. Regen., 39: 12.
Lara-Reyna, S., Caseley, E.A., Topping, J., Rodrigues, F.,
Macias, J.J., Lawler, S.E. and McDermott, M.F.
(2022) Inflammasome activation: From molecular
mechanisms to autoinflammation. Clin. Transl.
Immunology, 11(7): e1404.

Che, HY., Zhou, C.H., Lyu, C.C.,, Meng, Y., He, YT,
Wang, H.Q., Wu, HY., Zhang, J.B. and Yuan, B.
(2023) Allicin alleviated LPS-induced mastitis via the
TLR4/NF-kB signaling pathway in bovine mammary
epithelial cells. Int. J. Mol. Sci., 24(4): 3805.

Cabrini, G., Rimessi, A., Borgatti, M., Lampronti, 1.,
Finotti, A., Pinton, P. and Gambari, R. (2020) Role
of cystic fibrosis bronchial epithelium in neutrophil
chemotaxis. Front. Immunol., 11: 1438.

Zemanova, M., Langova, L., Novotna, I., Dvorakova, P.,
Vrtkova, |. and Havlicek, Z. (2022) Immune
mechanisms, resistance genes, and their roles in

68.

69.

70.

71.

72.

MedComm (2020), 3(2): e147.

Zhang, J., Sheng, H., Hu, C,, Li, F., Cai, B.,, Ma, Y.,
Wang, Y.and Ma, Y. (2023) Effects of DNA methylation
on gene expression and phenotypic traits in cattle:
A review. Int. J. Mol. Sci., 24(15): 11882.

Kany, S., Vollrath, J.T. and Relja, B. (2019) Cytokines in
inflammatory disease. Int. J. Mol. Sci., 20(23): 6008.

Leiba, J., Ozbilgic, R., Hernandez, L., Demou, M.,
Lutfalla, G., Yatime, L. and Nguyen-Chi, M. (2023)
Molecular actors of inflammation and their signaling
pathways: Mechanistic insights from zebrafish.
Biology (Basel), 12(2): 153.

Capucetti, A., Albano, F. and Bonecchi, R. (2020)
Multiple roles for chemokines in neutrophil biology.
Front. Immunol., 11: 1259.

Zhang, J., Zhang, R., Li, W., Ma, X.C., Qiu, F. and
Sun, C.P. (2023) IkB kinase [ (IKKB): Structure,
transduction mechanism, biological function, and
discovery of its inhibitors. Int. J. Biol. Sci., 19(13):
4181-4203.

Keestra-Gounder, A.M. and Nagao, P.E. (2023)
Inflammasome activation by Gram-positive bacteria:
Mechanisms of activation and regulation. Front.
Immunol., 14: 1075834,

the prevention of mastitis in dairy cows. Arch. Anim. 73.
Breed., 65(4): 371-384.
Li, H., Wu, M. and Zhao, X (2022) Role of chemokine
systems in cancer and inflammatory diseases.
%k sk sk ok k %k k ok

1024



