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Abstract

The main cause of mastitis, one of the most cadidgases in the dairy industry, is
bacterial intramammary infection. Many of theseteaa are biofilm formers. Biofilms
have been associated with resistance to antibiatidso the host immune system. Here,
we evaluated different experimental models repitasgacterial biofilm lifestyle with
the aim to study bacterial invasion into bovine maamny ephitelial cells and the
interaction of these cells with planktonic or biofi Saphylococcus aureus.
Saphylococcus aureus V329, its nonbiofilm-forming mutant and bovine nmaary
alveolar cells (MAC-T) were used. Bacterial invasiwas studied using the gentamicin
exclusion test, cell viability by trypan blue exsion technique, TLR2 expression by
flow cytometry, IL1B/IL6 production by ELISA and IL8/TN& gene expression by real-
time polymerase chain reaction. Biofilm and plamit S. aureus showed differences
in their invasion ability, with the biofilm mode eWing a lower ability. Planktoni&
aureus reduced MAC-T viability after 6 h of co-culture hike biofilms did so at 24 h.
MAC-T infected with planktonic bacteria showed mased TLR2 expression. Both
lifestyles increased IL8 expression and pLIL6 production but did not modify TNE
expression. Our results demonstrate that the balctgestyle affects the invasion
behavior, suggesting that biofilms reduce the b&ctpithelial cell interaction.
Planktonic cultures seem to induce higher cellaletivation than biofilms. Further
knowledge about the complex host-biofilm interactis necessary to design more

efficient therapies against bovine mastitis.

Keywords: planktonic and biofilm lifestyles, innate immuresponse, epithelial cells,

in vitro experimental model&aphyl ococcus aureus, bovine mastitis
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1. Introduction

Mastitis is one of the most costly diseases indhe&y industry. The main cause of
mastitis is the intramammary infection producedbagcteria such aStaphylococcus
aureus, Streptococcus uberis, Escherichia coli and coagulase negati®aphylococcus
[1]. The severity and outcome of the intramammafgation depend on several factors,
including the host innate resistance and immunistdhe host immune response can
vary depending on both the species and the stfaiheoinfecting bacterium [1]. The
intramammary infection caused Byaureus mostly induces subclinical mastitis, which
may result in a chronic disease and lifelong ptsie of the pathogen [2].

In the last two decades, the observation that bagbeesent in most biological systems
exist in biofiims rather than in a free-living (@lanktonic) state has led to a
revolutionary paradigm shift in the field of miciology [3]. Biofilm-forming bacteria
are encased into extracellular polymeric substanetsch allow them to be highly
tolerant to antibiotics as well as to the host immuesponse. In addition, bacteria
growing within biofilms behave differently from tee growing in planktonic cultures,
which suggests that biofilm communities have enmgygproperties that cannot be
predicted from the study of free-living bacterialls [4]. Persistent infections in plants,
animals and humans, as well as in medical devicek implants, are caused by
microorganisms in biofilm form [4,5]. Consequentdyconsiderable research effort has
been made to develop novel experimental methodgpbicate bacterial biofilmsn
vitro[3].

In veterinarian researcim vitro studies are extremely needed because animal use mu
be avoided as much as possible to promote aninmédneg6]. Thenjn vitro co-cultures

of prokaryotes and eukaryotes represent importais to acquire empirical data about

biofilms and to provide the basis for confirmatamyivo studies [3]. Despite their great
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versatility and numerous benefits, these modelsvssmme limitations, as they do not
allow evaluating the interactions with other cedlsch as those of the host immune
system or commensal flora [7].

Resident mammary epithelial cells (MECs) are predds be key primary actors in the
initiation of a species-associated response [8-3%6Yeral studies have evaluated the
capacity ofS aureus isolates from bovine mastitis to produce biofilndats ability to
adhere and invade bovine MECs [11-14]. However,dewlies have addressed the role
of epithelial cells in the immunity of the mammagland against biofilm-forming
mastitis pathogens.

Some of the most important etiological agents ofifi® mastitis are staphylococci due
to their virulence factors such as their abilitypgenetrate inside MECs and to form
biofilm [12]. Polysaccharide intercellular adhestncomponent o&. aureus biofilms,
has been detected in udders fr@raureus-infected cows [15]. Moreover, all the 209
Saphylococcus spp. isolated from bovine mastitis in our group éndeen found to
produce biofilmin vitro [16]. Then, the biofilm lifestyle could represent mnportant
virulence factor of bacteria to persist within tt@vine mammary gland. Recently, Fang
et al. studied the genome-wide expression of mRalAEmMIRNAS in bovine mammary
gland cells after 24 h of intramammary infectiorthagither high or low concentrations
of S aureus and, in those infected with high concentrationS.afureus, they identified
194 highly-confident responsive genes, predomigambolved in pathways and
biological processes related to the innate immuwsem, such as cytokine-cytokine
receptor interaction and inflammatory response.[Pfevious studies have suggested
that TLRs mediate the innate immune recognitionstaphylococcal species during

planktonic growth, and that biofilms seem to evadst immunity by circumventing
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TLR2 and TLR9 recognition [18]. TLR2 is importamt ihe defense againSt aureus
and recognizes lipoproteins present on the badtia

In most of the studies conducted to date, bactersi-interactions involve bacteria in
their planktonic state. However, considering thaithelial cells actively contribute to
the innate immune system, virulence factors sudha®iofilm lifestyle are relevant to
assess the outcome of staphylococcal infectionrefbie, knowledge about the host-
biofilm interaction might lead to the design of newd more efficient therapie§hus,
the aim of this study was to compare differentitro experimental models to represent
bacterial biofilm lifestyle (planktonic growth, diislged biofilms and established
biofilms) that allow us to study bacterial invasiomo bovine MECs. Additionally, we

studied the interaction of bovine MECs with plamktoor biofilm S, aureus.

2. Materials and methods

2.1. Bacterial strains, cell line and growth condibns

The well-characterized®. aureus V329 strain isolated from cows with subclinical
mastitis and its nonbiofilm-forming double mut&htaureus V329 4bap4ica were used
in this study [13,20].Saphylococcus aureus Newbould 305 (ATCC 29740) was
included as an invasive strain for invasion as$2¥t Bacteria were routinely grown in
trypticase soy broth (TSB) containing 0.25 % glecaad agar (TSA) (Britania. Buenos
Aires, Argentina).

The established bovine cell line produced from manynalveolar cells (MAC-T) [22]
was cultured as detailed in Isaac et al. [23].

2.2. Bacterial invasion in different co-culture moels

To evaluate the response of eukaryotic cells takptaic or biofilm bacterial infection,

different experimental models to represent badtdmafilm lifestyle were selected:
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planktonic, dislodged biofilms and established ino$ [13,24—-26]. These models are
described below and schematically representedgar€&il.

<Figure 1>
For the bacterial invasion assay, MAC-T cells weeeded in 96-well plates at 5%¥10
cells/well and allowed to attach for 24 h. Bactaearesenting planktonic or biofilm
lifestyles were added, and internalized bacterisewsmunted. Planktonic growth was
compared to biofilm lifestyle represented by thuegiants: S aureus V329 biofilm-
forming in planktonic mode, dislodged biofilm anstablished biofilm-.
Model 1: Planktonic mode (P).Bovine cells were infected wit8 aureus V329 or its
nonbiofilm-forming mutant,S. aureus V329 Adbap4ica, in planktonic mode [13,26].
Bacteria were inoculated into TSB and incubatedmygét at 37°C. Cultures were then
diluted to 0.5 in the McFarland scale and colonyriog units (CFU) were determined
by plate count on TSA. A final dilution was mader&ach a multiplicity of infection
(MOI) of 100 bacteria per cell. The bacterial ine&sby S aureus V329 4bap4ica was
compared whit thad. aureus V329, both in planktonic mode, at the same MOI.
Model 2: Dislodged Biofilm mode (DB).Dislodged biofilm was obtained according to
Daw et al. [24]. Briefly,S aureus V329 was grown overnight in TSB at 37°C. The
culture was diluted in TSB to 0.5 in the McFarlasahle and 10 mL of this bacterial
suspension was dispensed into a 100 mm x 20 mnréla@et culture polystyrene dish
(Corning®, Corning, NY, USA) to allow biofilm formt@n. After incubation (37°C, 24
h), the medium with non-adhered bacteria was diethrand the plate was washed
twice with sterile phosphate buffered saline (PBA&jlhered bacterial cells were
resuspended in 5 mL of TSB, dislodged with a cetlhger and vortexed to disrupt
clumps. The CFU of the dislodged biofilm were detered by plating serial dilutions

on TSA. An aliquot of broth corresponding to a M@1100 bacteria per cell was used
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as appropriate to infect the eukaryote cells. Thetdyial invasion by the dislodged
biofilm was compared with that by planktor8caureus V329 at the same MOI

Model 3: Established Biofilm mode (B).Bacterial biofilms were obtained using the
MBEC™ Biofilm Inoculator (Innovotech. Edmonton, AB, Calad, a 96-peg lid device
used to grow biofilms in a multi-well microplate aseviously described [25]. The
culture was diluted in TSB to 0.5 in the McFarlawdle and 150 pL of this aliquot was
dispensed into each well to allow biofilm formatidrhe bacterial load on the pegs was
calculated according to Bowler et al. [25]. Briefigfter 24 h of incubation witls.
aureus, the pegs were removed and washed with PBS, plate@00uL of PBS and
sonicated for 5 min. Then, the bacterial suspensias vortexed and subjected to
sequential 10-fold dilutions that were spot platedl counted to know the number of
CFU per peg. In this way, the MOI of 100 bacterex pell was known in biofilm
lifestyle. The lid with the biofilms on the pegs svalaced on a 96-well microplate with
MAC-T cells and co-cultures were incubated. Thetdr@al invasion by the established
biofilm was compared with that by planktor8caureus V329 at the same MOI

After 2 h at 37°C of co-culture, the bacterial isian was determined in the different
experimental models using the gentamicin excluagsay according to Valle et al. with
modifications [13]. Then, the medium of the co-awds was replaced with Dulbecco's
Modified Eagle Medium (DMEM; Gibco. Grand Island,YNUSA) containing 100
ug/mL of gentamicin for 1 h to kill extracellular adhered bacteria. Then, bacterial cell
count was evaluated after eukaryotic cell lysinghviti % Triton X-100 (Sigma-Aldrich.
St. Louis, MO, USA). Intracellular bacterial countis determined by plate count in
TSA for 24 h at 37°C and expressed as Log CFU/mL.

2.3. Cell viability



172 Viability of uninfected MAC-T cells and MAC-T cellsnfected with planktonic or
173 biofilm S aureus V329 was studied by the trypan blue exclusion ¢éstell viability,
174  using a Neubauer chamber [27] at different co-caltumes, using experimental model
175 3.

176  2.4. Cellular immune mediators released in respons® planktonic or biofilm S.
177  aureus

178 The key mediators of the immune response of MACellscto S aureus V329 in
179  planktonic or biofilm lifestyle was studied accardito model 3, using the MBEY
180  Biofilm Inoculator.

181  2.4.1. Toll-like receptor (TLR) 2 expression

182  TLR2 surface expression in MAC-T cells was evaldaby flow cytometry. MAC-T
183  cells were grown in DMEM medium (Control conditioor) co-cultured withS. aureus
184 in planktonic or biofilm mode. Bacterial infectiomas performed at a MOI of 100
185  bacteria per cell, at 37 °C for 2 and 4 h. TLR2 &8BR) expression was assessed by
186  staining with human anti-bovine CD282:Alexa Fluog®7 (BIO-RAD, Hercules, CA,
187  USA) for 30min at 4 °C in the dark. Cell suspensions were iaedwon a BD Accuri™
188  C6 flow cytometer (BD Biosciences, San José, CAAJ&nd the data were analyzed
189  using FlowJo software V 7.6.2 (Tree Star Inc., Askl, OR, USA).

190 2.4.2. Expression and production of cytokines

191  2.4.2.1. Tumor Necrosis Factor alpha (TN&) and Interleukins (IL) 8 expression

192 TNFa and IL8 mRNA levels were measured by reverse trgmson quantitative
193  polymerase chain reaction (RT-qPCR).

194  Total RNA was isolated from MAC-T cells after 4 hap-culture and DNase treated
195 using the EasyPure RNA kit (TransGen Biotech Ceijiyy, China) according to the

196  manufacturer’s instructions. The quantity and duadf purified RNA was determined
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using a microliter spectrophotometer (Picodrop,xtin, UK) and by visualization on a
denaturing agarose gel. The RNA was stored atC8ntil use.

Total RNA (100 ng) was used for RT-gPCR, which wasried out using the iTaq
Universal SYBR® Green One-Step Kit (BIO-RAD, Heresi CA, USA) on a CFX96
Touch Time™ PCR-Real Time (BIO-RAD, Hercules, CASA) according to the
manufacturer’s instructions with modifications. Tieaction mixture consisted of 5 pL
of iTag Universal SYBR® Green reaction mix (2X),084 upL iScript reverse
transcriptase, 0.3 pL of 10 uM forward and revenseers, 2 puL of template RNA and
2.31 pL of nuclease-free water. The RT-gPCR reastiwere initiated with a reverse
transcription reaction at 50 °C for 10 min, polyas® activation and DNA denaturation
at 95 °C for 1 min, followed by 40 cycles of amylition at 95 °C for 10 sec
(denaturation), and 55-60 °C for 30 sec (anneaixtghsion plus plate read). A melting
curve was performed at the end of the run accorthntpe instrument user guide. No
template controls were included for each primenr paaction and each RT-qPCR
reaction was carried out in duplicate. Amplificatiplots and dissociation curves were
obtained with the CFX Manager Software version(BID-RAD, Hercules, CA, USA).
The baseline and Cq were automatically determingdhk software. Gene-specific
amplification was confirmed by a single peak in tmelting-curve analysis. Two
reference genedj-actin and Glyceraldehyde-3-phosphate dehydroge@#é¢°DH),
were evaluated. The sequences of the oligonuckstigsed in this study and the
amplicon lengths are shown in Table 1. The relativenges in gene expression data of
TNFa and IL8 were calculated using the threshold cyoihod (2**“") with untreated
samples as controls and GAPDH as the reference [@8heThe transcript quantities
were expressed as changes (n-fold) relative tevdhees of the control.

<Table 1>
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2.4.2.2. IL1B and IL6 secretion

IL1B and IL6 concentrations in culture supernatantseweeasured by ELISA after 2
and 4 h of infection using commercial kits (Ther@oientific-Pierce Biotechnology,
Rockford, IL, USA) following the manufacturer’s ingctions.

2.5. Statistical analyses

All experiments were performed three times in icgle. The results are reported as the
meant standard error. The data were analyzed with thepeddent t-test, one-way
ANOVA and Bonferroni's post-test or Kruskal-Waltesst, as appropriate. Mean values
were considered significantly different @k 0.05. The Infostat software version 2017

was used for all statistical analyses [29].

3. Results

3.1. Invasion of MAC-T by S. aureus on different experimental models to represent
bacterial biofilm lifestyle

In a first step, we compared the invasionSoaureus using the different experimental
models mentioned above. The intracellular bacteoaints in MAC-T cells infected by
the wild type form ofS. aureus V329 (Planktonic or Dislodged Biofilm modes) ansl i
nonbiofilm-forming mutant were similar (Fig. 2A),uggesting that the bacterial
invasion was not affected by the inability to grmwbiofilm or loss of biofilm structure.
In contrast, the bacterial load found in MAC-T sedlo-cultured with the established
biofilm was significantly lower than that found tells co-cultured with planktonic
bacteria (-22 %) (Fig. 2B). This may be becausestingcture of the biofilm in that
model may have been preserved. Taking these raatdtsaccount, for the following
assays, we selected the biofilm mode (obtainedheyimoculator methodology) as

representative of biofilm to evaluate the inter@asi between bacteria and host cells.

10
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<Figure 2>
3.2. Analysis of MAC-T cell viability after infection with planktonic or biofilm S.
aureus at different co-culture times
MAC-T cell viability was assessed by trypan bluelagion test. MAC-T cells were
infected withS aureus in planktonic or biofilm mode, and uninfected MACeells
were used as controls. Cells were observed at@add 24 h at 37 °C. The left column
in Figure 3A shows the aspect of uninfected MACellsc The middle column shows a
large number of free-livings. aureus V329 contacting the MAC-T cells. The right
column shows fragments & aureus biofilms detached from the pins of the MBEC
biofilm inoculator used to obtain the establisheafilm; these fragments were larger at
longer infection times.
PlanktonicS. aureus did not affect MAC-T cell viability at 2 or 4 h ahfection, but
significantly reduced it at 6 h (- 69 %) (Fig. 3®).contrast, bacterial biofilms affected
cell viability significantly only after longer tingg as shown at 24 h of co-culture (- 97
%) (Fig. 3B). For that reason, in subsequent tegtg)sed co-culture times of 2 and 4 h.
<Figure 3>
3.3. Effect ofS. aureus lifestyle on TLR2 expression in MAC-T cells
We evaluated TLR2 expression in MAC-T cells co-ardtl with planktonic or biofilm
S aureus V329 for 2 and 4 h by flow cytometry (Fig. 4A). Weund that TLR2
expression was significantly higher (4-fold) in MAKCcells infected with planktoni§.
aureus V329 for 4 h than in uninfected cells. In contrasftter the co-culture with
biofilm S aureus V329, TLR2 expression was intermediate betweesdrmnditions
(Fig. 4B). Similar results were obtained at 2 ltofculture (data not shown).

<Figure 4>
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3.4. Effect of S. aureus lifestyle on the induction of immune mediators bybovine
cells

Then, we evaluated transcripts of IL8 and BN& MAC-T cells and the production of
IL6 and IL1B in supernatants after infection with planktonidbafilm S aureus V329.
Both the planktonic cultures and the bacterialibiosignificantly increased twice IL-8
MRNA levels at 4 h co-culture than those of unitddccondition (Fig. 5A). However,
TNFa expression was not modified by the infection aftdr (Fig. 5A). The planktonic
cultures increased II3lconcentration in the supernatant at 2 and 4 loafutture (145
and 84-fold respectively) and IL6 secretion atélkculture (3-fold) as compared to the
uninfected condition (Fig. 5B). On the other hatite bacterial biofilm significantly
increased both Il and IL6 secretion at 2 h (86 and 5-fold respebttjvand 4 h (150
and 6-fold respectively) of co-culture (Fig. 5B).

<Figure 5>

4. Discussion

Chronic biofilm infections have great economic iropan the dairy industry. Therefore,
understanding the mechanisms whereby staphylocoboafiilms alter immune
recognition pathways requires neawitro models. In this work, we compared different
experimental models (planktonic, dislodged biofileusd established biofilms) used
indistinctly in research to represent bacterialfibio lifestyle, and selected bacterial
invasion as a representative parameter of biofiisticell interactions. The results
obtained showed that the biofilm model affectedtdéaa invasion, suggesting that
bacterial biofilms reduce the interaction with @pital cellsin vitro.

It has been shown th& aureus, S uberis, andE. coli are able to invade and persist

within bovine MECs, representing a niche where thegy evade phagocytosis and

12
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immune system recognition [1]. In the present stagythelial cells showed a reduction
of bacterial load when cultured with the bacteb@ifilm mode. In agreement, by using
Pseudomonas aeruginosa and human epithelial cells A549 as pathogen-hosteh
Bowler et al. found that planktonic bacteria argngicantly more internalized than
biofilms [25]. Similarly, other researchers haveaded lower bacterial invasion of
bovine MECs after co-culture with a biofilm-prodngiS. aureus strain [11,13]. In
contrast, Kunyanee et al. found that the biofilnemttype, unlike a nonbiofilm-forming
mutant strain, promoted internalization 8urkholderia pseudomallel into human
epithelial A549 cells (MOI of 10, 2 h) [26]. Diffences with our findings could be
attributed to the different biofilm-producing phéyoe, strong foiS. aureus V329 and
moderate foB. pseudomallel H777. On the other hand, RAW 264.7 macrophages and
JAWS Il dendritic cells phagocyte intact and digled Enterococcus faecalis biofilms

at levels similar to or higher than the planktomode [24]. The differences observed
could be related to the experimental model usewelk as to the way in which the
biofilm is represented. The dislodged biofilms stddconsisted of fragments that may
retain some features of the intact biofilm [30].vi&ver, the invasion assay showed that
dislodged biofilms presented no differences witangtonic bacteria, suggesting that
free bacteria from dislodged biofilms can retaire tbharacteristics of planktonic
invasion. In fact, different outcomes can be exgectvith young newly forming
biofilms as opposed to mature (24 h growth) bia$ilfa5], which was the model chosen
in this work to represent the established biofilRrobably, intracellular or biofilm
lifestyles constitute strategies to avoid detectgnprofessional phagocytes used by
planktonic bacteria and biofilms, respectively.

PlanktonicS aureus V329 bacteria affected the viability of MAC-T celafter 6 h of

co-culture, while biofilms did so at 24 h. SimilgrBowler et al. found that planktonic

13



321 bacteria cause more death of A549 cells than bidfidcteria, although the 4 h exposure
322  to biofilm also produced cell death [25]. In costtan our study, biofilms did not affect
323 MAC-T viability in short co-cultures. Differencesuld be explained because cell death
324 induction byS aureus depends on the specific cell types and strainestiyated, as
325 well as on the MOI used [31].

326  One mechanism used by biofilms to evade host imtyusito circumvent TLR2 and
327 TLR9 recognition [32]. ForS aureus biofilms, the mechanism(s) responsible for
328 TLR2/TLR9 evasion is/are not known but could alse bxplained by ligand
329 inaccessibility. Biofilms consist of a complex tbrdimensional structure with few
330 bacteria exposed at the outer surface, which alltesn to avoid detection by the
331 pattern recognition receptors expressed on thesurdf phagocytes [33]. The lower
332 induction of TLR2 expression Iy aureus V329 biofilms observed in the present study
333  supports the above. In agreement, it has been shiwat®. aureus D30 isolated from
334 the anterior nares of a healthy human donor prosnatdelay in the upegulation of
335 TLR2 receptor in nasal epithelial cells, a stratdggt may enable a significant window
336 to evade the host's innate immunity [34].

337  Pro-inflammatory cytokines like IL1, IL6 and TNFare major cytokines that arbitrate
338 the inflammatory response during bovine mastitis].[8L6 is a key pro-inflammatory
339 cytokine, which also has anti-inflammatory propsti[35]. The chemokine IL8
340 promotes the recruitment of neutrophils, which gotent phagocytic leukocytes, to the
341 udder, and protection from infection is dependent the rapid recruitment of
342  neutrophils and subsequent phagocytosis of invadiimgoorganisms [36]. It has been
343 reported that staphylococcal biofilms divert th@ate immune response of the host
344 from a proinflammatory phenotype to an anti-inflaatory phenotype to promote

345 bacterial persistence [18}. aureus culture supernatant is sensed by TLR2 in mammary
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370

epithelial cells, that activate the NdB pathway [37]. HereS aureus V329 in both
lifestyles (planktonic and biofilm) induced IL8 exgsion and promoted IBland IL6
secretion (2 h of co-culture) in levels similarcomparison whith to those of uninfected
cells. TNFe expression was similar in uninfected MAC-T cellsdaMAC-T cells
infected withS. aureus V329 in both lifestyles. Despite the differenceghe ability to
invade, effects on cell viability and stimulatiohTLR2, biofilms were able to induce
the expression of certain pro-inflammatory cytokin&ogether, these results suggest
that innate host defense epithelial cells recogsiaphylococcal biofilms and are mildly
stimulated.

Staphylococcal biofilms escape immune recogniti@nks to their chronic and indolent
nature and may shift the host immune response fopnoinflammatory bactericidal
phenotype toward an anti-inflammatory response finatrs bacterial persistence [18].
It is possible that the IL6 induction here obseriedMAC-T cells co-cultured witls
aureus on biofilm mode (4 h of co-culture) is relatedtihe anti-inflammatory response.
In fact, IL6 is a pleiotropic cytokine with pro- @manti-inflammatory properties and, in
several mouse models, IL6 classical signaling semeal to induce the regeneration of
epithelial cells after damage [38].

As mentioned in the introduction of the work, itshaeen postulated that the bacterial
biofilm lifestyle would be an escape route for maglns, which would allow bacteria
not to be recognized by the host's immune systeoh ot to be affected by
antimicrobial therapies. However, finding vivo evidence ofStaphylococcus biofilm
formation in the bovine mammary gland and studyitg implication in the
development of mastitis is very complex. Our grtwgs reported theftaphylococcus
spp. isolates from bovine mastitis have the abtbtyorm biofilmsin vitro [16]. In this

work, the aim was to study the interaction betwéefiims and bovine mammary
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392
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395

epithelial cells and the induced immune responseerGthe difficulties of evaluating
this interaction, we used three experimental modeld demonstrated that bacteria
released from biofilms were able to internalizébovine mammary epithelial cells and
stimulate mediators of the innate immune respoAfteough we expected to observe
greater differences between the lifestyles of thpgbogens, biofilms presented certain
differences in their interaction with host celldiigh must be considered to combat their
resistance to current therapies, being a challéaggudy themin vivo. Finally, the
results of this work highlight the importance ofvdlping models that allow studying
the interactions between bacterial biofilms andt lveis to find more clues that can be

used in the development of anti-biofilm strategies.

5. Conclusion

The results of this study corroborate that the gaden and initiation of the innate
immune response depend on the bacterial lifes@ie. results showed differences in
how the biofilms invaded and affected the viabibfybovine MECs. In addition, TLR2
expression in MAC-T cells was less stimulated kofitns than by planktonic bacteria.
Nevertheless, biofilms were able to stimulate keadrators of the immune response in
levels comparable to planktonic cultures, sugggsthmat biofilms could stimulate a
differential delayed response. Additional studie®e areeded to investigate the
mechanisms that lead to the impairment of the mesponse upon contact with
Saphylococcus spp. biofilms. Taking into account that staphylozal biofilms are
considered a significant virulence factor in peesis and chronic infections, biofilm-
host interactions should be better understood veldp new strategies to treat them. In
summary, our findings try to compare the differerperimental models and shed new

data about the behavior of mature staphylococcaliltois in comparison with
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396 planktonic cultures. These data can lay the basisetter understand the behavior of
397 bacterial biofilms and their interaction with MECs.

398
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Table 1. Oligonucleotides used in this study

Amplicon T°
Gene Primers sequences (5~ 3) length annealing Reference
(bp) C)
F: CCCCTGGAGATAACCTCCCA .
TNFa R- CAGACGGGAGACAGGAGAGC 101 60 Mookherjee et al. [39]
Primers were derived from the published
F: ACCAATGGAAACGAGGTCTGCCTA -
IL8 R: ACACCAGACCCACACAGAACATGA 217 55 sequence in the Genbank database under
the accession number NM_173925
F: GGCGTGAACCACGAGAAGTATAA
GAPDH R: CCOTCCACGATGCCAAAGT 120 55/60 Herath et al. [40]
. F: CAAGGAGAAGCTCTGCTACG 231
B-actin R GATGTCGACGTCACACTTCA 55/60 Ibeagha-Awemu et al. [41]

F: forward primer, R: reverse primer
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Figure legends

Figure 1. Schematic representation of the differenéxperimental models used to
represent bacterial biofilm lifestyle to study bacerial invasion.

Figure 2. Bacterial invasion of bovine epithelial ells under different experimental
models to represent bacterial biofilm lifestyle Saphyl ococcus aureus invasion was
compared after 2 h of co-culture with MAC-T celtsaaVOl of 100 bacteria per cell. A)
Planktonic (P) and dislodged biofilm (DEXaphylococcus aureus Newbould 305 strain
(ATCC 29740) was included as control of invasionPBanktonic (P) and Established
Biofilm (B). Different letters show significant ddrencesi§ < 0.05).

Figure 3. Viability of MAC-T cells uninfected or infected with planktonic or

biofilm S. aureus V329 (MOI of 100) at different co-culture times.(A)
Photomicrographs of MAC-T cells. 10x magnificatisoale bar: 160 um. (B) The
trypan blue exclusion test was used to study MAGRIT viability. Different letters

show significant differencep & 0.05).P: Planktonic, B: Established Biofilm.

Figure 4. TLR2 expression in MAC-T cells uninfected or infecéd with planktonic
or biofilm S. aureus V329 (MOI of 100, 4 h co-culture).(A) Representative dot plot
and histograms of negative controls and infectedQVIA cells. (B) Percentage of
TLR2-positive MAC-T cells. Different letters shovgsificant differencesg < 0.05). P:
Planktonic, B: Established Biofilm.

Figure 5. Expression and production of cytokines by MAC-T cd§ after infection
with planktonic or biofilm S. aureus V329. (A) The RNA of MAC-T cells was
isolated after 4 h of co-culture with planktonic mofilm S aureus V329. TNFx and
ILB mRNA levels were determined by reverse trampdon quantitative polymerase
chain reaction. (B)L1p and IL6 concentrations were analyzed in cultungesnatants

of MAC-T cells after 2 or 4 h of co-cultures witlhapktonic or biofilmS. aureus V329
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594 by ELISA. Different letters show significant diffamces | < 0.05). P: Planktonic, B:

595 Established Biofilm.
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Highlights

Incidence of biofilmsin bovine mastitis demands innovative research strategies

Different experimental models representing bacteria biofilm lifestyle were evaluated

Biofilms reduce the bacteria-epithelial cell interaction

Planktonic cultures seem to induce higher cellular activation than biofilms
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models of coinfection. It provides evidence on the host cell responses elicited by bacteria of
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