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The mammary gland of the cow is particularly susceptible to infections of a wide range of pathogenic bacteria, including both
Gram-positive and Gram-negative bacteria. The endotoxins of these pathogenic bacteria include peptidoglycan (PGN), lipoteichoic
acid (LTA) and lipopolysaccharide (LPS), and they are the pathogen-associated molecular patterns (PAMPS) to induce mastitis. Cow
mastitis is a detrimental factor in dairy farming industry. Lipoteichoic acid (LTA) is the main component of Staphylococcus aureus cell
wall and the key cytotoxic factor causing inflammation. The aims of our work was to establish inflammatory model of study procedures
were approved by the Animal Care and Use Committee of the Sumy National Agricultural University, Sumy, Ukraine, and the Henan
Institute of Science and Technology, Xinxiang, China, and performed in accordance with the animal welfare and ethics guidelines.

The BMECs harvested from mid-lactation dairy cow milk were isolated by our laboratory. Briefly, the base medium for this cell
is DMEM/F-12 (Gibco, USA, cat.12400-024). The complete growth medium included 10% fetal bovine serum (Biological Industries,
Israel, cat.04-011-1A/B), DMEM/F-12, and 10 ng/mL epidermal growth factor (Sigma, USA, cat. E4127). Cells were maintained at
37°0n an incubator containing 5% CO2. When cells grew to 80% confluency, the cells were rinsed twice with PBS, and then the
primary mammary epithelial cells were trypsinized with 0.25% trypsin plus 0.02% EDTA and passaged. In this study, one inflammatory
bovine mammary epithelial cell (BMEC) model was established by infecting the cells with LTA. The BMEC viability induced by LTA
were evaluated. The expressions of pro-inflammatory cytokines (TNF-a and IL-6) were measured by ELISA and RT- gPCR. The results
showed that the treatment of BMECs with LTA at 20 ng/uL for 24 h obviously improved TNF-a and IL-6 protein and gene expression
levels. The establishment of the model will play an important role in the screening of anti-inflammatory drugs and the study of the
mechanism of action in the future.
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Introduction. Mastitis is one of the most prevalent and
devastating inflammatory diseases in dairy cows over the world.
It results in severe economic losses to the dairy industry, due to
reduced milk yield and quality as well as increased treatment
costs and the cull rate of cows. The annual total economic cost of
mastitis was estimated at approximately 2 billion dollars and 1.55
billion euros in the USA and Europe, respectively (Zowalaty,
A.E.E.al, 2018).

When a cow suffers from mastitis, its mammary epithelial
cells can synthesize and secrete a large number of
proinflammatory factors, mainly including interleukin (IL)-1B, IL-6,

Bichuk CymcbKoro HauioHanbHOro arpapHoro yHisepcurteTy

IL-8, tumor necrosis factor (TNF)-a and other cytokines. This
might disturb the proliferation and milk synthesis of bovine
mammary epithelial cells (BMECs), resulting in a decrease in milk
yield and quality. The amounts and secretory activity of BMECs
are related to milk yield (Sun, X.D.al., 2019), and the lipid content
of milk, is an important indicator of milk quality (Shen, J. al.,
2018). Triglyceride (TG) accounted for more than 98% of milk
lipid, (Sheng, R. al., 2015). Fatty acids can be rapidly taken up
and converted into lipid droplets by the lactating mammary gland
(Viguier, C. al., 2009). Non-esterified fatty acid (NEFA) is a
source of fatty acids and can increase milk fat synthesis (Szyda,
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J. al., 2019). A variety of genes, such as fatty acid synthase
(FASN), acetyl coenzyme-A carboxylase 1 (ACACA), and
stearoyl-CoA desaturase (SCD), etc., are involved in milk fat
synthesis (Nagasawa, Y al., 2018). FASN catalyzes the synthesis
of long-chain fatty acids (He, X.J al., 2019), ACACA is the rate-
limiting enzyme catalyzing the first reaction step of fatty acid
synthesis, and SCD is responsible for catalyzing the synthesis of
mono-saturated fatty acids (Qi, L. al., 2014).

With the development of society and the expansion of
dairy farming industry, bovine mastitis continues to be one of the
most common diseases worldwide and has been seriously
impacting on milk yield, milk composition and animal welfare
(Seegers H et al., 2003). Mastitis is the persistent inflammatory
response of mammary tissue attributed to intra-mammary
invasion of pathogens (Rinaldi Met al., 2010). Bovine mammary
gland inflammation is mainly caused by changes in metabolism,
physiological trauma, and contagious or environmental
pathogenic microorganisms (Oviedo-Boyso et al., 2007;
Lahouassa H et al., 2007). So for mastitis, it is important to
understand the mechanisms controlling the immune response at
the molecular level (Wellnitz O and Bruckmaier RM,2012).

Literature Review. The BMECs was first infected when
the pathogenic bacteria infect the mammary gland through the
milk duct to reach the acinar of the mammary gland, and then
inflammatory reactions occur (Park HJ et al., 2016). Bovine
mammary epithelial cells (DMECs) are capable of initiating an
innate immune response (IIR) to invading bacteria (Zhao and
Lacasse, 2008).

Gram-positive bacteria as Staphylococcus aureus (S.
aureus) is one of the major contagious pathogens which account
for clinical and subclinical bovine mastitis through rapid
multiplication and persistent adhesion in mammary gland tissue,
and it a chronic and recurrent disease that affectdairy cattle
worldwide (Bradley AJ.,2002).S. aureus by the mammary gland
is not as well as known therecognition of Escherichia coli, another
major pathogen for themammary gland. The counterpart of E. coli
outer membrane lipopolysaccharide (LPS), asa proinflammatory
bacterial agonist of the mammary glandinnate immune system,
has not yet been established for S.aureus.Lipoteichoic acid (LTA)
is the main component of S. aureus cell wall and the key cytotoxic
factor causing inflammation(Schroder NW et al., 2003; Bougarn
Setal.,, 2010).LTA has beenshown to be an important pattern for
immunerecognition of S. aureus (Van Amersfoort E.S. et al.,
2003).0ne of the advantages of LTA as a tool tomodel
inflammation, it is a definedbacterial PAMP which targets
identifiedpattern recognition receptors (PRR) andincreasingly
defined accessory molecules forrecognition and for the signaling
cascade. LTA signals through toll like receptor 2(TLR2) in the
bovine mammary gland by bMEpC (Schréder N.W.et al., 2003;
Henneke P.et al., 2005). In this study, we used a purified
commercial preparation of S. aureus LTA to determine whether
the bovine mammary gland responds to LTA, to determine the
dose-response effects, and to begin to characterize the induced
inflammatory response. The establishment of the model will play
an important role in the screening of anti-inflammatory drugs and
the study of the mechanism of action in the future.

Aims. The aims of our work was to establish
inflammatory model of bovine mammary epithelial cells induced
by lipoteichoic acid

Materials and Methods. Bioethics statement The study
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procedures were approved by the Animal Care and Use
Committee of the Sumy National Agricultural University, Sumy,
Ukraine, and the Henan Institute of Science and Technology,
Xinxiang, China, and performed in accordance with the animal
welfare and ethics guidelines.

Cultivation and treatment of BMECs

The BMECs harvested from mid-lactation dairy cow milk
were isolated by our laboratory. Briefly, the base medium for this
cell is DMEM/F-12 (Gibco, USA, cat.12400-024). The complete
growth medium included 10% fetal bovine serum (Biological
Industries, Israel, cat.04-011-1A/B), DMEM/F-12, and 10 ng/mL
epidermal growth factor (Sigma, USA, cat. E4127). Cells were
maintained at 37°Cin an incubator containing 5% CO2. When
cells grew to 80% confluency, the cells were rinsed twice with
PBS, and then the primary mammary epithelial cells were
trypsinized with 0.25% trypsin plus 0.02% EDTA and passaged.

The BMECs were seeded into 6-well plated overnight at
37°C. Then, the cells were treated with different concentration (0,
10, 20, 40, 80 ng/uL) lipoteichoic acid (LTA) (Inviogen, Carlsbad,
CA, USA, cat. tIrl-slta). After 12 h, 24 h, and 48 h of stimulation,
the BMECs were harvested for subsequent analyses.

Extraction and purification of total RNA

Total RNA was extracted from adherent BMECs using
RNAiso Plus (TaKaRa, Dalian, P. R. China, cat. 9109) in
accordance with the manufacturer's instructions. The
assessment of the quantity and quality of RNA was verified using
a NanoDrop 1000 (Thermo Scientific, Co., Ltd., P. R. China). The
260:280 nm optical density value was between 1.8 and 2.0. Then,
the first-strand cDNA was synthesized using PrimeScriptTM RT
reagent Kit with gDNA Eraser (TaKaRa, Dalian, P. R. China, cat.
RRO47A).

Cell Counting Kit-8 Assay

BMECs were seeded at a concentration of 1x104 cell per
well in 96-well plates with eight replicates per condition. At the
indicated timepoint, Cell counting KIT-8
(Beijing Solarbio Science & Technology Co., Ltd., Beijing, P. R.
China, cat.CK04)solution at a medium dilution of 1:10 diluted was
added to each well and the plate was incubated at 37°C for 3 h.
The absorbance was measured at a wavelength of 450 nm by a
micoplate reader (Bio-Rad, Hercules, CA), and the proliferation
of each groups was calcuted using the equation: [(AS - Ab)/ (AC
- Ab)Ix100%.

AS: The absorbance value of the wells with cells, LTA,
CCK-8;

AC: The absorbance value of the wells with cells, CCK-8;

Ab: The absorbance value of the wells without cells.

Real-Time Cell Assay (RTCA)

The Real-Time Cell Assay (RTCA) was used to detect the
effect of different concentrations (0, 10, 20, 40, 80 ng/uL) of LTA
on BMEC proliferation. The Cl value is directly proportional to the
number of cells. RTCA was determine the Cl value by measuring
the impedance record.

Enzyme-linked immunosorbent assay (ELISA)

BMECs were cultured for 12h, 24 h, and 48h in fresh
serum-free medium after treatment with LTA. The medium was
collected and centrifuged at 12,000 rpm for 5 min to remove cell
debris. The levels of tumor necrosis factor a (TNF-a), and
Interleukin-6 (IL-6) in the supernatants of BMECs were detected
according to the ELISA kit instructions (Jiangsu Mei Biao
Biological Technology Co., Ltd., Jiangsu, P. R. China, cat. MB-
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4838A\MB-4837A).

RT-gPCR analysis

Real-time PCR primers for amplification of mRNA were
designed using Primer Premier 5.0 and synthesized by Sangon
Biotech (Shanghai, P. R. China, Co., Ltd.). The primers used are
in Table 1. Real-time quantitative PCR was performed using TB

Green Premix Ex TaqTM Il (TaKaRa, Dalian, P. R. China,
cat#RR820B) on a 7500 Real-Time PCR system (Applied
Biosystems Inc., Foster City, CA). GAPDH was used as a
reference gene. The relative gene expression was calculated
using the 2-AACt method.

Table 1.
Real-time quantitative PCR Primer Information
Gene Accession Sequence Product size (bp)
TNF-a NM_173966.3 F:5GGTGGTGGGACTCGTATGCCAATGC3 151
R:5’'GTGAGGAACAAGGGGGTGGY
IL-6 NM_173923.2 F:5ACAGCTATGAACTCCCGCTT3 226
R:5' TCTCACATATCTCCTTTCTCATTGC3
GADPH NM_001034034.2 F:5AGATGGTGAAGGTCGGAGTG3 189
R:5CGTTCTCTGCCTTGACTGTG3

Statistical analysis

The results are expressed as means + SD. Statistical
differences were analyzed using a t-test for independent groups.
The ANOVA was performed using GraphPad Prism version 6.01
(GraphPad Software Inc., San Diego, CA, USA). Statistical
significance was declared as *P< 0.05, **P< 0.01, and ***P<
0.001. Each experiment was repeated at least 3 times.

Results

CCK-8 and RTCA assay for cell viability
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CCK-8 assay carried out to examine the viability of cells.
The viability of BMECs infected with LTA were lower than that of
the normal BMECs. RTAC was used to detect the effect of
different concentrations of LTA on the proliferation of BMECs, the
results were shown in Figure 2. With the increase of LTA
concentration, the proliferation activity of BMEC cells was
inhibited. According to the change of cell index value and different
proliferation curves, the dynamic detection after LTA treatment of
cells was found.
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Fig. 1. The cell viability of LTA in BMEC
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Fig. 2. Effect of LTA on the BMEC proliferation

Secretion of inflammatory cytokines by BMEC

It shown that the basal expression of TNF-a and IL-6
protein in the culture supernatant of BMECs in the blank control
group was low (Figure 3). BMECs were stimulated by different
mass concentrations of LTA for different time, the expression of
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TNF-a and IL-6 protein Significantly increased. When different
mass concentrations of LTA acted on cells for 12h, 24h, and 48h,
the expression of TNF-a and IL-6 protein reached its peak when
the mass concentration of LTA was 20 ng/uL. At the LTA mass
concentration was 40 and 80 ng/uL, the expression of TNF-a and

33

Cepist «<BeTepuHapHa meanmHay, Bunyck 3 (50), 2020



IL-6 protein was lower than that at 20 ng/uL, but they were still | significantly higher than the control group.
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Expression of inammatory cytokines by BMEC

It shown that the TNF-a and IL6 mRNA expression in the
culture supernatant of BMECs in the blank control group was low
(Figure 4). As the BMECs were stimulated by different mass
concentrations of LTA for different time, the mRNA expression of
TNF-a and IL-6 increased significantly. The LTA acted on the
cells for 12h and 48h, the mRNA expression of IL-6 did not
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Fig. 3. Effect of LTA on the BMEC TNF-a and IL6 production. (A) (B)

change significantly with the increase in mass concentration.
However, the mRNA expression of TNF-a changes significantly.
The mRNA expression of TNF-a and IL6 reached the
maximum,when the LTA concentration was 20 ng/uL with
different times later. It can be seen that the LTA of 20
ng/uLtreating BMECs for 24 h can induce a significant cellular

immune response in BMECs.
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Discussion and Conclusion

Inflammatory response refers to the multi-cytokine
involved in the occurrence and development of inflammation by
regulating the balance between pro-inflammatory factors and
anti-inflammatory systems (Wu T, et al., 2016; Dinarello, C. A.
2009). TNF-a is the earliest and most important inflammatory
mediator in the process of inflammation. IL6 can induce B cells to
differentiate and produce antibodies, and is a promoter of
inflammatory response. LTA is an important component of the cell
wall of Staphylococcus aureus and can activate inflammatory
cells to cause inflammation. In the process of inflammation, LTA
activates macrophages through the TLR2 receptor, which leads
to the production of inflammatory cytokines TNF-a and ILG. The
secretion of cytokines can induce further activation of
inflammatory cells, leading to excessive or uncontrolled
inflammatory response, and ultimately causing inflammatory
case damage to host tissues and organs (Giovannin AE J, et al.,
2017). Due to the immune characteristics of BMECs, specific
inflammatory substances can be selected to induce BMECs to
produce an immune response. The most used in the experiment
is LPS and bacterial culture filtrate. However, there are few
reports on the establishment of inflammation models by LTA on
BMECs.In this study, LTA was used as a proinflammatory
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mediator. The two classic acute early cytokines, IL-6 and TNF-q,
were selected as the criteria for measuring the success of the
model. CCK-8, RTAC, ELISA and qRT-PCR were used to test the
method, the results showed that treatment of bovine mammary
epithelial cells with 20 ng/uL LTA for 24 h can significantly
increase the protein and gene expression levels of TNF-a and IL-
6. The establishment of this model could play an important role in
screening anti-inflammatory drugs and studying the mechanism
of action in the future.
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Mine Croti, acnipaHm, CymcbKull HauioHanbHUl agpapHull yHisepcumem (M. Cymu, Ykpaina), Konedx Hayk npo meapuH ma
gemepuHapHy MeduyuHy, IHcmumym Hayku i mexHonozili XeHarb (CiHbcsiH, Kumati)

TemsHa ®omina, 0okmop eemepuHapHuUXx Hayk, npoghecop, Cymcbkull HauioHanbHUl agpapHull yHisepcumem (M. Cymu,
Ykpaina)

laHHa ®omiHa, dokmop eemepuHapHux Hayk, npogbecop, CymchbKull HayioHanbHul azpapHull yHisepcumem (M. Cymu, Yk-
paiHa)

CaHxy BaH, npogbecop Konedxy Hayk npo meapuH ma eemepuHapHoi MeduyuHu, IHcmumym Hayku i mexHiku XeHaHsb, CiHb-
csH, Kumadi.

BcmaHoeneHHs1 MoOeni 3ananeHHs enimenianbHUX KnimuH MOJIOYHOI 3a/103U Kopie

B pobomi suknadeHi pesynbmamu ocidxeHHs ecmaHo8IeHHS MOOei 3ananeHHs enimenianbHUX KAimuH MOIOYHOI 3a103u
Kopig w0 iHOykyembcs ninomelixoesoto kucrnomoto. Macmum kopie € pakmopom pu3uKy 0 MonoyHil 2anysi. [Jo cknady KmimuHHOT
cminku Staphylococcus aureus 8xodsms MypeiH | ninometixoesi kuciomu. Jlinometixoesa kucroma ([1TA) € 201108HUM KOMNOHEHMOM
KMimMUHHOI cmiHKu 3010mucmo20 cmadifiokoka ma Ki408uM 4UmOmOKCUYHUM (hakmopom, WO 8UKIUKae 3ananeHHs. Memoro po-
6omu 6yno susHayumu MoOesb 3ananeHHs enimenianbHUX KNimuH MOIOYHOI 3ano3u Kopig nid dieto minomelixogoi Kucromu 30110-
mucmoeao cmacpinokoka. [ocnioxeHHs nposodunu 8 nabopamopii beaneku ma skocmi npodykmie meapuHHuymea Cymcekoeo HAY,
axynsmemy gemepuHapHoi meduyuru, Cymu, YkpaiHa ma Ha 6a3i Haykogo-mexHiyHoeo iHcmumymy XeHatb, CiHbcsaH, Kumadi.
Locnidxenus 6ynu npogedeHi 32i0Ho sumoz Komimemy 3 numaHb 6ioemuku ma 8UKOHy8anuch idnosidHo Ao KepigHUX NPUHYUNIG
0obpobymy ma emuxku meapuH. bynu gidibpaHi 3pasku Kopos's4yoeo Mosoka cepedHb020 nhepiody nakmauii, de 1abopamopHo
gudinanu EKM3. [ns docnidxerHs: sukopucmosysanu memod imyHoghepmeHmHozo aHanisy ma [1/IP diaeHocmuky. [lposodunu
aHani3 knimu+ 3 sukopucmartam /1P y peanbHomy qaci (RTCA) dns gusigneHHs ennugy pisHux koHueHmpauid (0, 10, 20, 40, 80 He
/mkn) ninomedixosoi kuciomu (LTA) Ha nponicpepauiro EKM3. Pesynsmamu I®A ma qRT-PCR nokasanu, wjo 06pobka enimeniass-
HUX KiMuH MOJI04HOT 3ao3u eenukoi poezamoi xydobu 20 He / mkn LTA npomszom 24 200uH MOXe 3HaYHO nidguwumu pieeHb
excnpecii binka ma 2enig TNF-a ma IL-6. CmgopeHHs yiei Modesni Moxe 3igpamu 8axsusy posib y CKpUHIH2Y npomusanasnbHuX npe-
napamig ma 8UBYeHHI MexaHiamy Oii 8 MalibymHbomy.

Knroyosi cnoea: ninomelixosa Kucnoma, Macmum Kopie, 3onomucmuti cmacbiriokok. enimenianbHi KnimuHu MOIOYHOI 3a-
7103U.

[ata HagxomkeHHs go pegakuii: 27.10.2020 p.

Bichuk CymcbKoro HauioHanbHOro arpapHoro yHisepcurteTy
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