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Abstract

Endometritis is a prevalent reproductive diseasedairy cows, and is a
superficial inflammation of the endometrium. S108icwm-binding protein A4
(S100A4) is suggested to be implicated in the gsgjon of inflammation. However,
to our knowledge, no study has reported the chamgeS100A4 during bovine
endometritis. The objective of this study was teestigate S100A4 gene expression
and protein levels in the uterus with endometritisdairy cows. Vaginal mucus
samples were collected for diagnosis of the sevelgigree of endometritis and the
detection of S100A4 protein content. Blood sampled endometrial biopsies were
collected and divided into the control (CN), milehdemetrtis (M), and severe
endometritis (S) groups according to the charastiesi of the vaginal mucus type.
The isolated bovine endometrial epithelial cellEEESs) were challenged with coli
(2x1C¢ CFU/mL, 2x10 CFU/mL) or lipopolysaccharide (LPS, 3 and dgmL) as an
inflammatory model. RT-gPCR was used to detect ghre expression levels of
S100A4 and cytokines, including interleukif-1(IL-1B), interleukin-6 (IL-6),
interleukin-10 (IL-10), and tumour necrosis faetdpha (TNFe), in tissues or cells.
Enzyme-linked immunosorbent assay (ELISA) was usedS100A4 protein level
detection in tissues, cells, cell supernatant, nelgnucus, and serum samples. The
results showed that S100A4 gene and protein lelediseeased in bovine endometrium
with endometritis and irE. colr or LPS-stimulated BEECs. We failed to detect
S100A4 in the cell supernatant, vaginal mucus, aedim samples. This study

suggested that S100A4 is a pathogenesis-relateteiprof endometritis, and
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decreased expression of S100A4 may pave the wayther development of
endometritis in dairy cows.

Key words: S100A4, endometritis, dairy cow

1. Introduction

As a result of milk accounting for a large propantiof the human diet, the health
conditions of dairy cows have attracted great &tian Reproductive disease,
especially endometritis, is one of the most impur@diseases compromising animal
welfare and causing increased economic loss inldimg industry [1]. Endometritis is
highly prevalent in dairy cows and can result iheotkinds of reproductive diseases,
including pyometra, anovulation and pregnancy l@sswell as reduce productive
performance [2, 3].

S100 calcium-binding proteins are widely reporiethe crucial to many diseases
and are considered potential biomarkers in thendisig and treatment of several
diseases [4]. S100A4 is an S100 protein family mamimat functions in both
intracellular and extracellular pathways[5]. Exigtistudies have shown that S100A4
protein is expressed in immune cells, such as mgesc macrophages, and
polymorphonuclear granulocytes, and is also expreas low levels in normal tissues
[6, 7]. S100A4 plays important roles in a rangdiiogical functions, including cell
adhesion, movement, invasion, and metastasis [@hdYous studies on S100A4 have
focused on tumours and cancer [5]. S100A4 haslkaen reported tobe involved in
inflammation progression. For example, S100A4 aqgravate the clinical symptoms

of colitis in mice [9], and it may be a potent ge&y of inflammatory processes and
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induce the release of cytokines [10]. It has alserbreported that S100A4 promoted
the progression of endometritis, while deficiendy S100A4 reduced the mRNA
expression levels of ILfland TNFe in the endometrium of mice [11]. However, the
roles of S100A4 in bovine endometritis have notrbegported. To investigate the
roles of S100A4 in endometritis of dairy cows, wetetmined the gene and protein
expression of S100A4 in endometrial tissues, vdginaucus, serum,E.
coli/LPS-stimulated endometrial epithelial cells, aell supernatant.
2. Materialsand methods
2.1. Animals and diagnostic samples

We randomly selected twenty-two Holstein-Friesiaws, aged 3 to 5 years and
2 to 3 parities on 40 to 60 days postpartum witheygtemic symptoms. Vaginal
discharge samples were collected using a draw-#lbeows were divided into three
groups based on discharge detection: control g(@MNy n=6) characterized by clear
vaginal mucus, mild endometritis group (M, n=8) rEtderized by less than 50%
white or off-white mucopurulent material in vaginalischarge, and severe
endometritis group (S, n=8) characterized by mbaa t50% white or yellow purulent
material in vaginal discharge [12]. Endometrialdsp samples were obtained using
sterile uterine biopsy punch forceps from the rigjde of the uterine horn. The tissue
samples were divided into two parts: one was imatetyi placed into liquid nitrogen
for total protein and RNA extraction, and anotheaswplaced into 10% neutral

formalin for histopathology using routine haematoxgnd eosin (HE) staining.
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Bovine endometrial epithelial cells (BEECs) weralased from a healthy uterus
of a six-month old dairy cow. Briefly, a healthyeuis was brought to the laboratory
in a sterile PBS (pH.2) containing penicillin (10Qg/mL)
and streptomycin (100/mL). Endometrium from the uterine horn was ctitiofo 2—
3cm long pieces, washed in PBS (pR) twice, and then uterine tissue was digested
with 1% collagenase | (Sigma, USA) diluted in DMEM2 (HyClone, USA) for @.
The digested endometrium was scraped using a estesll scraper, and scraped
materials were collected and washed in PBS{@)l Then, the collected materials
were centrifuged at 1009 for 5min to collect the cell suspension. Trypan Bluénsta
was used to estimate cell viability. Cells werdwdd in DMEM/F12 with 10% foetal
bovine serum (Gibco, Australia), penicillin (10§/mL), and streptomycin (109/mL)
at 37°C with 5% CO2 and 95% sterile air when the viapitt95%. The medium was
changed every Bays until the cells reached approximately 90% loenice.

Considering that the cultures were inevitably mixath some stromal cells, we
removed stromal cells according to the differemntsgevities of epithelial cells and
stromal cells to trypsin [13]. We conducted tim#etent digestion thrice to obtain
purified epithelial cells. We used the expressibremithelial-specific cytokeratin to
estimate the purification of epithelial cells usiagmouse monoclonal antibody
(Abcam, ab49779) and goat anti-mouse IgG-FITC (Acab6785).

Cells growing in logarithmic phase were inoculaiatb a six-well plate at a
concentration of 2xRxells/well, and incubated for 24 h as describedvab@hey

were then treated with different concentrationsEofcoli (2x16 CFU/mL, 2x10
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CFU/mL) for 2 h or LPS (0O111:B4, Sigma) at 0, 3,1dr ug/mL for 24 h. After
stimulation, the cells and supernatant were cabtbdor gene or protein analysis of
S100A4.Three biological replicates and three technologieplicates were included.
2.2. Diagnostic assays

Total RNA was extracted from BEECs or endomethapsy tissues using
RNAiso Plus (Takara, Japan), and 600 ng of RNA wsed for reverse transcription
by the PrimeScript RT reagent Kit with gDNA Era¢€akara, Japan). RT-gPCR was
performed using SYBR Premix Ex Taq (Takara, Japan) on an iQ5 thermal cycler
(Bio-Rad, USA). The fold change in mRNA expressiatative to -actin was
calculated using the 2 method. The involved primers are detailed in Tdble

A commercial kit (Transgen, China) was used foaltgirotein extraction in
endometrial biopsies and cells. Briefly, groundiisgues (ground with liquid nitrogen
using a mortar) and cells were treated with lysistson to release total protein. Then,
the samples were centrifuged at 14,000xg for 10 ahia°C to collect total protein.
The concentration of total protein was measuretigusi BCA Protein Assay Kit
(Takara, Japan).

We used a commercial ELISA kit for human beings 82BIO, China) to
determine the S100A4 level in total protein samglesn tissues and cells, cell
supernatant, vaginal mucus, and serum samplesddteetion range of the S100A4
contents using this ELISA kit is 0.9 ng/mL to 60/m§. MULTISKAN MK3
(Thermo, USA) was used to read the plate. Serumisadated from blood samples by

centrifugation at 3008 g for 10 min. Pre-treatment of vaginal mucus wagopmed
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before ELISA detection. The mucus was diluted wdterile PBS containing
protease inhibitor, then centrifuged at 12,80 for 10 min. A BCA Protein Assay
Kit (Takara, Japan) was used to measure the caatient of total protein in mucus.
2.3. Statistical analysis

Statistical data analysis was carried out with gsialof variance built in SPSS
19 (Chicago, IL, USA). All data are presented asamgg SD. One-way ANOVA
analysis was used to compare the results amonggr&iatistical significance was
considered aP<0.05. Differences among all groups at each inderewperformed.
Totally different letters indicated significant fdifence between two group<0.05).
3. Results

As shown in Fig. 1, the healthy endometrium tissugd a complete epithelium
composed of normal epithelial cells; in mild enddnitis tissues, the epithelial cells
were arranged irregularly in the endometrium witforpinent lymphocyte-rich
infiltration and low-grade plasmocyte infiltratiorihe endometrium tissues with
severe endometritis showed lymphocyte migrationent@rhage, and epithelial
necrosis. The histopathological features of thedhgroups were consistent with
vaginal mucus classification. The gene and proteipression of S100A4 in the
classified tissue samples was detected, and thdtgeshowed that both the gene
expression level and protein content of S100A4 wagmificantly decreased in
endometrial tissues with mild or severe endomst(kig. 2) and negatively correlated

with the severity of endometritis.
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The results of the in vitro experiment indicate@tthcompared with normal
BEECs, TNFe, IL-1p, IL-6, and IL-10 were upregualted significantly s&’hBEECs
were stimulated withe. coli (2x1¢ CFU/mL, 2x16 CFU/mL), with the exception of
IL-6 levels after 2x1OCFU/mLE. coli stimulation (Fig. 3A-D). Likewise, the mRNA
levels of TNFe, IL-1B, IL-6 and IL-10 increased significantly when BEE@sre
treated with 3 or 1Qug/mL LPS (Fig 3E-H). Nevertheless, S100A4 gene l&eve
significantly decreased in BEECs treated wHh coli (2x1 CFU/mL, 2x10
CFU/mL) or LPS (3, 1Qug/mL), and protein levels also significantly decea in
BEECs treated with 2xIGCFU/mLE. coli. Interestingly, S100A4 protein decreased
without a significant difference after LPS treatm@rig. 4). Additionally, S100A4
protein was not detected in vaginal dischargeumserand cell supernatant by
ELISA.

4. Discussion

Many S100 calcium-binding protein family membersédg@otent antimicrobial
properties and are essential components of the menmmesponse to invading
pathogens during infection and inflammation [10pr Fexample, S100A12 can
promote vascular and valve calcification to regulavascular inflammation
in non-oxidized low-density lipoprotein-induced vakar smooth muscle cells [14].
Exogenous S100A12 significantly upregulated MMP-dsd VEGF via the p38
MAPK and NF«B pathways [15], and high expression of S100A8/9 wlserved in

osteoarthritis [16].
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While some evidences strongly support S100A4 asnfiammation-related
protein, the regulatory mechanism of S100A4 is eauc[10]. One study reported that
S100A4 was upregulated in LPS-treated endometaitid, a lack of S100A4 resulted
in an impaired inflammatory response in mice modslsacute endometritis [11].
S100A4 has also been reported to induce a netwbiflammatory cytokines or
promote the inflammatory response in mononucledis d&7]. However, another
study found that S100A4 decreased the release wikiogs in a high fat-diet
inflammatory model [18]. Therefore, the inflammateegulation of S100A4 may be
different under various conditions, suggesting thatrelative mechanisms still need
further study.

Bovine endometritis often occurs postpartum with@d days. However, the
alteration of S100A4 in bovine endometritis is uokm. In this study, we chose cows
40to 60 days postpartum that experienced the pgelbruterine inflammation [12].
We first found that S100A4 mRNA expression levaid @rotein contents decreased
in bovine endometrium with endometritis (Fig. 2t increased in some reports [9,
11]. Furthermore, combined with pathological graB8&00A4 decrease was closely
related to the intensity of inflammation in bovieeadometrium (Fig. 1 and Fig.2).
Thus, decreased S100A4 may contribute to deteiooradf endometritis in dairy
Cows.

Because endometritis is an inflammatory responsmadbmetrial epithelial cells,
an inflammatory cell model should be used to rede&100A4. We successfully

developed a cell model usig coli or LPS stimulation and evaluated it by cytokine



193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

detection (Fig. 3). In vitro results showed thatio&ynes increased with the dosage of
bacteria or LPS, however, S100A4 was negativelyetated with the dosage &.
coli or LPS in BEECs (Fig. 4). Thus, the decrease 008% was also closely related
to the intensity of cellular inflammation in vitrédlthough these results were not in
agreement with other studies [17], we deem thatrgo$100A4 may be a particular
factor that can be downregulated during bovine eretdtis. Additionally, S100A4
protein could not be detected in vaginal dischasgeples and cell supernatant by
ELISA. This may result from bovine S100A4 beingiatmacellular protein located at
the perinuclear region of the cytoplasm (https:AMwwaniprot.org/uniprot/P35466),
which is different from other S100A members tha¢ @ecreted as extracellular
proteins. Meanwhile, it has to point out that wedia commercial human ELISA kit
to detect bovine S100A4 content because both poteave 96.04% similarity in
amino acid sequence (P26447 and P35466 in the ainipatabase). Although the
result is deduced, to a large extent, bovine S108Kkeération is closely related to
endometritis progression.

In conclusion, the decrease of intracellular S100Ads closely related to
endometritis in dairy cows, and S100A4 is a pathegss-related protein of
endometritis. We tentatively proposed that decias@ression of S100A4 may play
an important role in the development of bovine eneltitis. However, the function
and mechanism of S100A4 in bovine endometritis rsdiéd further investigation.
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281  Table 1l Primer pairs used for g-PCR

Gene name ID Sequence
B-actin NM_173979.3 F- CTCTTCCAGCCTTCCTTCCT
R-GGGCAGTGATCTCTTTCTGC
S100A4 NM_174595.2 F- AAAGTGAAGGCTCCTCAGGTGT
R-GTTCAGTATGGTGCTCACGTCT
TNF-a NM_173966.3 F-TCCAGAAGTTGCTTGTGCCT
R-CAGAGGGCTGTTGATGGAGG:
IL-1B NM_174093.1 F-CCTCGGTTCCATGGGAGATG
R-AGGCACTGTTCCTCAGCTTC: -
IL-6 NM_173923.2 F-GCTGAATCTTCCAAAAATGGAGG
R-GCTTCAGGATCTGGATCAGTG
IL-10 NM_174088.1 F-CCTTGTCGGAAATGATCCAGTTTT

R-TCAGGCCCGTGGTTCTCA- -

15



Figurelegends

Fig. 1 Endometrial biopsy tissue sections from dairy catesned with
HE: CN, M, and S represents endometrial biopsy fiwealthy cows,
cows with mild endometritis, and cows with sevenedametritis,
respectively. Cells labeled as E, epithelial cell; lymphocyte; P,
plasmocyte; R, red blood cell. NE represents elmtheells necrosis.
Images were magnified 480

Fig. 2 Gene expression and protein content of S100A4nclometrial
tissue. Different letters mean significant diffecenP<0.05. CN, M and S
represented healthy endometrium, mild endometridisd severe
endometritis endometrium, respectively.

Fig.3 Gene expression of inflammatory factors 6. coli or
LPS-stimulated BEECs. A-D: the expression of TiNAL-1p, IL-6 and
IL-10 in E. colistimulated BEECs. E~H: the expression of ToHFL-1J,
IL-6 and IL-10 in LPSstimulated BEECs. Different letters mean
significant differenceP<0.05.

Fig. 4 Gene expression and protein content of S100A icoli or
LPS-stimulated BEECs. Different letters mean sigaiit difference,
P<0.05. A-B: the expression and protein contentsesesed irk.
coli-stimulated BEECs; C-D: the expression and prateimtents

decreased in LPS-stimulated BEECs.
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1, This work firstly indicated that S100A4 decreased in endometritis of

dairy cowsinvivo and in vitro.



