Facultad de Odontologia

Revista Odontologica Mexicana

Vol. 17, No. 4 e October-December 2013
pp 224-230

ORIGINAL RESEARCH

Effect of lipoteichoic acid on gene expression
in mice (H9c2) cardiomyocite

Efecto del acido lipoteicoico sobre la expresion
de genes en cardiomiocitos de raton (H9c2)
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ABSTRACT

Most dental pulp diseases and diseases of tissues surrounding
the root are somehow related to micro-organisms. Peptidoglycans
and lipoteichoic acid are two of the main Gram-positive bacteria
components with activities related to sepsis development. When
tissues sustain microbial invasion the host responds with both
unspecific inflammatory defenses and specific immunological
reactions. Surgical and non surgical endodontic treatments are
essentially debridement procedures intended to destroy and
eliminate the microbial eco-system associated to the pathological
process. It is essential for clinicians to understand the intimate
relationship existing between micro-organisms and endodontic
disease, so as to be able to tailor a rational and effective treatment
especially in subjects susceptible to infective endocarditis
processes. In the present study research was conducted on TNFa,
IL-1 COX-2 expression through the effect of lipoteichoic acid (LTA)
of Streptococcus sanguinis by characterizing intra-cellular signals
involved in H9¢” cardiomyocytes. The cell line was treated with
LTA at different concentrations during 30 minutes. When compared
to control group, responses to LTA treatment were dependent on
dosage. That expression was assessed by means of a One Step
RT-PCR (Invitrogen) analysis. It was noted that the aforementioned
expression resembled the organisms’s physiological response
during an infective endocarditis episode and to exacerbation
observed during an endodontic procedure.

RESUMEN

La mayoria de las enfermedades de la pulpa dental y de los tejidos
perirradiculares guardan relaciéon con microorganismos. Los pepti-
doglucanos y el &cido lipoteicoico son dos de los principales compo-
nentes de las bacterias Gram positivas que tienen actividades rela-
cionadas con el desarrollo de sepsis. Tras la invasion microbiana de
estos tejidos, el huésped responde con defensas tanto inflamatorias
inespecificas como inmunoldgicas especificas. El tratamiento endo-
doncico quirdrgico y no quirdrgico son en esencia, procedimientos
de desbridamiento destinados a destruir y eliminar el ecosistema
microbiano, asociado con el proceso patolégico. Es importante que
los clinicos comprendan la intima relacion entre presencia de mi-
croorganismos y enfermedad endoddncica, con el fin de disefar un
tratamiento racional y efectivo; sobre todo en aquellos individuos
susceptibles a Endocarditis Infecciosa. En el presente estudio se
investigo la expresion de TNFa, IL-1 y COX-2 por efecto del acido
lipoteicoico (ALT) de Streptococcussanguis caracterizando las se-
nales intracelulares involucradas en cardiomiocitos H9c2. La linea
celular fue tratada con ALT a diferentes concentraciones durante
30 minutos. Comparadas con los controles, las respuestas al trata-
miento con ALT fueron dependientes de la dosis y mediante un ana-
lisis de One Step RT-PCR (Invitrogen) se evalué dicha expresion; la
cual se asemeja a la respuesta fisioldgica del organismo durante un
episodio de Endocarditis infecciosa y a la agudizacion durante un
procedimiento endododncico.

Key words: Lipoteichoic acid, H9¢c2 cardiomyocytes, Streptococcus sanguinis, RT-PCR.
Palabras clave: Acido lipoteicoico, cardiomiocitos H9c2, Streptococcus sanguinis, RT-PCR.

INTRODUCTION

The traditional concept to illustrate bacterial process
in human beings suggests the fact that disease
is caused as a result of harmful micro-organisms
invasion which fight against the host defenses and
trigger mechanisms which release antibodies and
immune cells. The impact of this approach generates
a tendency to research the most dangerous micro-
organisms which could cause most severe damage in
the host.!

Root canal infections possess a nature different
from caries and periodontitis, since they have originally
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settled in sterile compartments of the oral cavity. In
many cases, this leads to the idea that the etiology of
infections of the root canals imply one single pathogen.
Recently, the frequent presence of Enterococus faecalis
in root canals associated to persistent infections has
renewed interest to research this bacteria. This bacteria
has become the ideal micro-organism to test different
irrigating agents , drugs and antiseptic solutions used
in vitro in the endodontic field. Results of this research
tend to point out the bacteria’s capacity for innate
resistance. Nevertheless, the great interest poured
on E. faecalis has resulted in far less information on
the existence of other organisms in these infections,
which might present similar tolerance characteristics
as E. faecalis and which could reveal the existence of
persistent poly-microbial communities.?

Poly-microbial infections extend from the root canal
to adjacent tissues surrounding the root. Endodontic
abscesses are mixed infections, all of them host
different bacterial strains. During root canal treatment,
acute exacerbation of the disease could appear after
initiating or continuing root canal treatment. Incidence
thereof varies from 1.4 to almost 45%.!

Lipoteichoic acid (LPA) is a unique component of
Gram-positive bacteriae cellular walls. It is a glycerol-
phosphate polymer containing sugar and two acyl
groups which confer the property of anchoring in the
cellular membrane. A non-acetylated form of LTA is the
teichoic acid which is covalently linked to polyglican of
the cellular wall of Gram positive bacteriae.?*

It has been mentioned that a possible function
of the lipoteichoic acid could be autolysin function
regulation. Another LPA characteristic is its
polyanyonic nature, which allows to play a key role
in the maintenance of the cation-divalent balance
on the cellular surface, possibly through the cell wall
by means of an ionic change interaction. A possible
role it shares with lipoglycans is the participation as
mediator in interactions cell-cell, cell-substrate and the
consequent bacterial virulence.*®

LTA has also been identified as the responsible agent
for the hydrophobicity of group A Streptococcus ‘surface,
in which participates adherence of the bacteria to the
fibronectin in the surface of endothelial cells, as well as
adherence of Staphylococcus saprophyticus to the uro-
epithelial cells; in Staphylococcus epidermidis adherence
takes place to fibrin-platelet clots and in Staphylococcus
aureus with epithelial and mucosa cells.

It has recently been detected that LTA shares with
lipopolysaccharide (LPS) many physio-pathological
properties, and that it acts as a potent antagonist with
anti-inflammatory properties, besides playing a key
role in septic shock.>®

LTA is synthesized in great amounts when cariogenic
bacteria find saccharose as available carbonated source.
LTA is anchored by hydrophobic forces to the membrane
of Gram-positive bacteria such as streptococci. When
bacteria divide or decrease pH, LTA is exported to the
extracellular matrix where it induces pro-inflammatory
citokines expression.5 In vitro studies demonstrated
the fact that monocytes express interleukin1f (IL-1p),
interleukin -6 (IL-6) and tumor necrosis factor (TNFa) as
response to treatment with LTA.”®

Infective endocarditis is a term preferred to bacterial
endocarditis, since the disease can be caused by
several micro-organisms. The spectrum of afflicted
patients has changed in recent years. In former years,
infective endocarditis affected mainly patients with
congenital heart disease or rheumatic valve disease.
Presently there is a rise in the mean age of patients
and heart disease is no longer common history, by
contrast degenerative valve changes play an important
role in aged patients.

Presently, it is important to also consider the
iatrogenic causes of infective endocarditis, the
most important of which still are gingival and dental
infections, respiratory and urinary tract infections, as
well as skin infections.

Infections of oral tissues causing diseases such as
periodontitis and periapical abscesses allow, through
blood circulation, entrance and dissemination of a mix
of oral pathogens and commensal bacteria. These
poly-microbial bacteremia can spontaneously appear
in the midst of innocent activities such as routine
oral hygiene practices; they can also be the result of
invasive dental procedures. Once in the blood, even
micro-organisms which are harmless in the oral cavity
can behave as pathogens and infect susceptible
cardiac valves.™

METHODS

The study population was the cell line H9c2 (ATCC:CLR-
1446TM) from mice cardiomyocyte. Approximately 1,000
cells were placed in each well. Inclusion criteria were:
mice cardyomiocyte, tapered shaped cells with large oval
central nuclei. Exclusion criteria were: Mice cardiomyocite
contamination of medium cells. Elimination criteria: Mice
cardiomyocite. Confluent.

VARIABLES

e Dependent: TNFao, IL-1 and COX-2. Defined by the
presence of bands corresponding to the following
molecular weights of the following proteins: IL-1 275.5
base pairs (bp), COX-2 .309 bp and TNFa: 500bp
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* Presence of bands whose optical density was
measured taking as reference the control group; it was
observed with ultraviolet light camera. Independent
lipoteichoic acid of S. sanguinis (1 png/mL).

e Cell treatment: Cardiomyocyte stimulation was
conducted at different concentrations with LTA of S.
sanguinis.

RT-PCR ESSAY

Total RNA (1 mg) was subjected to reverse form
(RT) using equipment One Step RT-PCR (Invitrogen).
Polymerase chain reaction (PCR) was conducted
using the primer for COX-2 (5’ to 3’) TTC AAA TGA
GAT TGT TTTAAA ATT GCT, COX-2 (5’ to 3’) AGA
TCA TCT CTG CCT GAG TAT CTT, TNFa (5’ to 3’)

ATT GGT CCC AAC AAG GAC GAT, TNFa (5’ to
3’) GGA CTC CGT CAT GTC TAAGTC, IL-1 (5" t0 3)
GGC TGC AGT TCAGTG ATC GTACAG Gy IL-1 (5
to 3’) AGA TCTAGA GTA CCT GAG CTC GCC AGT
GAA. PCR conditions included denaturalization at 94
°C for 1 minute, alignment at 55 °C for 1 minute and
extension at 72 °C for 1.5 minutes.

Identity of the fragment was characterized by its
apparent size in agarose gels stained with ethidium
bromide.

STATISTICS

Experiments were conducted in three separate
instances and images were digitalized. At a later point
they were analyzed with LabWorks® software. Results
were represented as mean + Standard error.

RESULTS

Dose response of TNFa in mice cardiomyocyte
(H9c2) treated with lipoteichoic acid

Cardiomyocytes were treated with lipoteicoic
acid at different dosages. RT-PCR densitometric
analysis revealed the fact that TNFa expression
was dependent upon concentration of lipoteichoic
acid (Figure 1). Basal level was the first, that is to
say where no LTA stimulation was present, and
therefore, since there was no inflammatory response
to the toxin there was no TNFa expression. TNFa
expression was observed even at the lowest
concentration used in the present study (1 pg/mL)
and gradually increased when applying 2.5 and 5
pg/mL. It increased significantly when a 10 pg/mL
dosage was applied, at which point it elicited the
highest expression levels. At a 15 ug/mL dosage,

a decrease in TNFa was observed, which resulted
in cell receptors saturation. TNFa expression was
determined by optical density and was analyzed
with the Lab/Works® program.

DOSE RESPONSE OF IL-1 EXPRESSION
IN MICE CARDIOMYOCYTE (H9C2) TREATED
WITH LIPOTEICHOIC ACID

As we previously mentioned, cardiomyocytes
were treated with lipoteichoic acid at different doses.
RT-PCR densitometry analyses revealed the fact
that IL-1 expression depended on lipoteichoic acid
concentration (Figure 2). IL-1 expression appeared
from the moment a minimum dosage of LTA was
applied (1 pg/mL). At greater concentrations (2.5
and 5 ug/mL) expression increased proportionally.
Maximum level of expression was once more
achieved at a dosage of 10 ug/mL, a decrease was
observed when the dose increased to 15 pg/mL.
This suggested that 10 pg/mL was the most toxic
dose, and cell receptor saturation was observed at
15 pg/mL.

IL-1 expression was determined with the help of optical
density and was analyzed with LabWorks® program.
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Figure 1. Dose response of lipoteichoic acid effect on
TNFa expression on cardiomyocytes. H9c2 cells (1 x 10°)
were seeded into 6-well boxes, and incubated overnight
at 30 °C. Later on cells were treated with lipoteichoic acid
indicated doses, upon completion, cells were processed to
obtain RNA as well as RT-PCR quantification and reaction.
A densitometric analysis of obtained gel was performed. The
image was a representative experiment of three separate
occasions.
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DOSE RESPONSE OF COX-2 EXPRESSION
IN MICE CARDIOMYOCITE (H9C2) TREATED
WITH LIPOTEICHOIC ACID

H9c2 cells were treated with lipoteichoic acid at
different doses. RT-PCR densitometric analysis revealed
the fact that, as with other genes COX-2 expression was
dependent on lipoteichoic acid concentrations (Figure
3). At basal level no expression was observed. There
was COX-2 expression from the minimum LTA dose
application onwards (1 ug/mL). A gradual increase was
observed when higher concentrations were used (2.5 and
5 pg/mL). Maximum expression was once again achieved
at a 10 pg/mL dose. When dosage was increased to 15
ug/mL, a decrease in COX-2 was observed, and as was
the case for other studied genes there was no receptor
availability, and therefore, expression was decreased;
therefore, even though LTA dosage was increased,
maximum expression was attained at the most toxic dose
(10 wmL). COX-2 expression was determined through
optical density and analyzed with Lab/Works® program.

DISCUSSION

The main role or micro-organisms in the pathogenesis
of pulp and periapical diseases has been clearly
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Figure 2. Response dose of lipoteichoic acid effect on IL-1
expression on cardiomyocytes. H9c2 cells (1 x 10%) were
seeded into 6-well boxes and incubated overnight at 30 °C.
At a later point, cells were treated with prescribed doses of
lipoteichoic acid. At the end of process, cells were processed
in order to obtain RNA, as well as RT-PCR quantification
and reaction. Densitometric analysis of obtained gel. Image
is an representative experiment of three separate instances.

established since mid-XX century, when Kakehashi,
Moller and Sundqvist established the fact that bacterial
presence within root canals was a determining factor for
the development of endodontic lesions.2

Dental caries is the main entrance way for micro-
organisms into root canals, and is mainly associated
to Gram positive micro organisms found in lipoteichoic
acid as main pathogenic agent.'" 12

Once cariogenic microorganisms de-mineralize
enamel or cement, they invade dentinal tubules
and are recognized by the first antigen-identifying
cells, the dendritic cells, which are associated to
the odontoblastic layer. An inflammatory response
is then triggered in pulp tissues, inasmuch as, if the
causing agent is not removed, there is evolution until
reaching necrosis of the pulp tissue, giving thus rise to
periapical disease.?213

Previous studies have established the fact that
LTA and LPS are potent inductors of inflammatory
cytokines as well as other factors involved in
inflammatory response and tissue destruction. In fact,
LPS is recognized as one of the most potent stimuli
to induce cytokine formation, which are inflammation
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Figure 3. Response dose of lipoteichoic acid effect on COX-
2 expression on cardiomyocytes. H9c2 cells (1 x 10°) were
seeded into six-well boxes and incubated overnight at 30
°C. In a similar fashion to previous experiments cells were
treated with previously determined doses of lipoteichoic acid;
at the end of the experiment, cells were processed so as
to obtain RNA and to determine quantification and reaction
of RT-PCR. Densitometry analysis (optical densitometry
analysis) of obtained gel. The image is a representative
experiment of three separate instances.
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chemical mediators as well as metalloproteinases in
macrophages, monocytes, periodontal ligament cells
and human gingival fibroblasts.

Nevertheless, information concerning LTA is rather
scarce. LTA could be considered the equivalent of
LPS in Gram-positive bacteria, which are the first to
colonize the oral cavity and establish on dentobacterial
plaque. Therefore, in the case of pulp cells and
odontoblasts, more emphasis has been given to
LPS.™ Previous studies have established vascular
endothelial growth factor by LPS induction through
TLR4 and CD14 receptors. Nevertheless, Telles'®
found that LTA is also capable of inducing VEGF in
mice pulp cells, through its TLR2 receptor.

Most pathogenic micro-organisms, as well as their
main substrate, necrotic pulp, can be removed during
endodontic procedures. Nevertheless, in common
clinical practice this cannot be completely achieved
due to the limitations imposed by the complex anatomy
of the root. Microorganisms can lodge within dentinal
tubules, ramifications, apical deltas or isthmus and
thus re-establish infection.6-®

Microorganisms associated to persistent periapical
lesions are characterized by being limited to a small
number of microbial species (generally only one
species). Prevalence of facultative anaerobic Gram
positive microorganisms is observed.'2" That is the
case of Enterococus faecalis, a Gram positive coccus
which possesses a cellular wall with group D antigens
(lipoteichoic acid intracellular glycerol associated to
the cytoplasmic membrane). This microorganism is
preponderant in persistent endodontic infections, and,
by virtue of its phenotypical and microbiological specific
characteristics is capable to survive in nutrient and
oxygen poor, arid environments. It is also capable of
forming biofilm among same-species microorganisms
or with other microorganisms, and is equally able to
survive when faced to irrigation, intra-canal medication
and obturation materials protocols.?223

In root canal non surgical treatment, bacteremia
incidence is low, but there is a possibility for micro-
organisms to extend beyond the root apex. Since
infective endocarditis is a very serious disease,
susceptible patients, before being subjected to dental
procedures capable of causing baceteremia, must
receive antibiotic coverage, according to current AHA
guidelines. The purpose for this procedure is to attempt
to clean the circulation of bacteria which settle within
damaged cardiac valves.? Percentages of reported
bacteremia caused by dental procedures varies
according to the procedure. In endodontic procedures,
it varies from 9-32% when observing complete
isolation, joined to > 20% when performing endodontic

procedures. The aforementioned calculation does not
include infection variables.

Focal infection theory concerning teeth with non-
vital pulp as well as endodontically treated teeth has
been disapproved. Nevertheless, there is increasing
evidence of clear relationship between oral and
general disease. Recent case-based epidemiological
studies have shown a positive relationship between
periodontitis and both cardio-vascular and cerebral-
vascular diseases. Periodontitis has also been related
to premature, low weight births. In 1993, De Stefano
& al reported the fact that subjects afflicted with
periodontitis experienced a 25% increase in coronary
heart disease risk, when compared to subjects
experiencing minimal periodontal disease.?

Meyer and Taylor report the fact that inflammatory
mediators such as alpha tumoral necrosis factor (TNFa),
interleukin 1 B (IL-1p) and prostaglandins play an important
role in heart disease. Bacterial toxins initiate IL1
expression. This process prevents fibrinolysis, but favors
clotting and thrombosis. Aorta diseases are associated to
TNFo and IL-B secretion. These cytokines favor cholesterol
accumulation and smooth muscle proliferation, which
presumably results in thinning of vascular walls. Thus,
the LTA way, which activates inflammatory mediators is
involved as an important mechanism in heart disease and
atherosclerosis pathogenesis.®

We are acquainted with the fact that dental pulp
inflammation is similar to inflammation of other
connective tissues and is mediated by cellular and
molecular factors. One of the main molecules involved
in inflammatory response are prostaglandins such as
PGE2, PGF2a, which have been widely associated to
pulp pain and tissue destruction caused by regulation of
cytokines and enzymes such as metalloproteinases.™

General systemic responses have been observed
in endodontic treatments. These can be due to
penetration of bacteria into the tissues, as well as
transient bacteremia. It has also been shown that the
endotoxin of microorganisms is able to penetrate into
periapical tissues, and is present in sufficient amounts
so as to induce diseases like infective endocarditis.
Evidence supports the assumption that periapical
and pulp disease lead to a general exposition to oral
bacteria, and thus a potential source of systemic
inflammatory mediators able to initiate or exacerbate
conditions associated to cardiac disease.?*

The aim of the present study was to characterize
TNFa, IL-1 and COX-2 on H9c2 treated with LTA. With
this purpose in mind, we achieved a H9c2 cells cellular
culture where we conducted experiments of the type
dose-response so as to characterize gene induction
through RT-PCR.
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Our results showed that TNFa, IL-1 and COX-2
expression appeared from the moment a minimal dose
was applied (1 pg/mL). Nevertheless, we found a more
intense induction when a 10 ug/mL dose was applied.
This dose induced higher expression levels. The
aforementioned expression decreased when a 15 ug/
mL dose was applied, this was probably due to cellular
receptors’ saturation or toxicity induced cellular death.

Peptidoglycans and lipoteichoic acid act like ligands
of TLR-2 receptors, and although both agents induce
pro-inflammatory molecules expression it has been
demonstrated that these ligands elicit different biological
responses. No molecular bases have been established to
explain in which way peptodoglycans and lipoteichoic acid
act synergistically. This would allow the determination
of which are the signaling events which result in organ
failure, and thus propose new therapies to counter-act its
effects. Further studies are needed to support the role of
lipoteichoic acid as an important virulence factor.

CONCLUSIONS

The present study revealed the following: a)
lipoteichoic acid induced genetic expression of H9c2
cells in a dose-dependent proportion. b) lipoteichoic
acid is considered the main factor for Gram positive
bacteria, c) lipoteichoic acid functions as adhesion
molecule which enables bacteria association to cells,
colonization and tissue invasion.

In turn, the present research project showed the
possible consequences of deficient endodontic treatment
which could lead to activation of biological processes
caused by the interaction of microorganisms with host
cells. This could elicit, not just the untoward evolution of
the treatment, it could also foster the development of a
systemic disorder such as infective endocarditis.

The American Heart Association (AHA) has updated
their recommendations for prophylactic antibiotic
coverage of medically compromised patients. These
guidelines are not based upon controlled clinical
studies, but rather on relevant articles analysis. They
are offered as adjuvants for clinicians and certainly not
as a treatment norm or clinical judgment substitute.
In case of any doubt on the need to use antibiotic
prophylaxis, the clinician should consult with the
patient’s physician.

Moreover, it is important to develop further clinical
studies which could allow abating the bacterial lysis
in the bloodstream as well as prevent LTA and
peptodoglycans release, and thus decrease risk of
infections such as infective endocarditis.

There are still many questions to be answered
on the precise role of oral bacteria at the initiation

and progression of systemic disorders Clarification
is needed on whether there is indeed a cause-effect
relationship between periodontal and systemic disease.
Nevertheless, there is no scientific evidence to support
the idea that bacteria remaining in dentinal tubules
after a properly conducted endodontic treatment act as
infection foci able to trigger chronic systemic disease.
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