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Abstract

The objective of this prospective cohort study wagvaluate the effect of parity and
uterine health status postpartum on the gene esipreprofile of the endometrium
early post-partum. Twenty-four Holstein cows wesadomly selected (16 multiparous
(MP) and 8 primiparous (PP)) and endometrium begpsvere collected on days 1, 3,
and 6 after calving and clinically monitored for tniés. Rectal temperature was
measured twice and fever was defined as a tempeeaf9.5C. A case of metritis was
diagnosed with the presence of red-brown watemyi-$melling uterine discharge or a
purulent discharge with more than 50% pus and fee&reen days 1 and 6 postpartum.
Cows were then retrospectively selected (cows disgth with metritis were paired with
healthy ones) to analyze the expression of 66 gemeasured on the NanoString
nCounter Analysis System. The genes selected vedated with adhesion, immune
system, steroid and prostaglandin biosynthesis lagn, insulin metabolism and
transcription factors, and nutrient transportefse Tesults indicated a different pattern
on genes related to immune function by pafyX3, involved in antigen presentation,
was increased in healthy MP compared with healfywereas inflammatory cytokine

TNFa and complement-related prote8ERPING1 was upregulated in MP compared
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with PP (P < 0.05). As expected, presence of a itisettondition affected the
expression of genes related to immune functionrdsas an increased expression of
the antiviral factorMX2 and MYH10 gene, which is involved in macrophages
recruitment, in metritic compared with healthy coffi?s< 0.05). Differences in uterine
involution from cows diagnosed with metritis weedlected by the downregulation of
IGF1 (P < 0.10), involved in endometrium remodeling, angassible compensatory
upregulation of its receptdGFR1 (P < 0.05). A greater expression of prostaglandins
and oxytocin receptorsPGR and OXTR), involved in the involution process, were
observed in metritic PP compared with healthy PR<(0.05). Overall, it seems that
metritis significantly modulate processes closedy with the physical involution of the
uterus early post-partumGFl, IGFR1, PGR, OXTR), whereas both metritis and
multiparous cows tended to upregulate genes retatedmune respons®TX3, TNFa,

SERPING1, MX2, MYH10).

Keywords: Endometrium, metritis, nanostring, parity.

1. Introduction
Metritis is the inflammation of the uterus due tcterial infection, occurring within 21
days (most commonly within 7 days) of parturititiris characterized by systemic signs
of sickness that can include all or a combinatiérnfewer, red-brown watery foul-
smelling uterine discharge, dullness, inappeteetevated heart rate, and low milk
production [5]. The endometrium is the first liné a@efense of the uterus against
microbial infections and the resolution of posttpar uterine infection and
inflammation has been identified as one of the nmiogtortant events needed to

establishment a successful pregnancy in dairyecfit}l The innate immune response to
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the bacteria is key to rapidly clear the infecti®). Recruitment of hematopoietic
immune cells and the inflammatory response, indgdiecretion of chemokines and
cytokines, all combine to clear the bacterial itiftet and restore homeostasis in the
uterus [3]. It is known that the response of themume system against bacteria
(particularly lipopolysaccharide (LPS) as a majorubence factor of endometrial
pathogenicE. coli (EnPEC) [4]) causing metritis, is stimulating TLKRépendent
inflammatory responses by endometrial cells. LP®Z lbinding activates NKB and
leads to the secretion of proinflammatory cytokinad chemokines such as TéNHL-

1B, or IL-8 [5]. Thus, it is key to evaluate the tsanpts related with the immune
system, but the environment of the endometriumngduthe first week postpartum is
still not well understood. Several studies havenbperformed trying to understand
uterine immunology at peri-partum. However, severaysiological processes others
than immune response coexist after calving and tndysto our knowledge have
assessed more broadly the expression profile gétayenes during the first week after
calving. The bovine uterus must undergo extensweodeling after parturition in order
to restore normal tissue architecture after expuolsif the calf and the placenta [1].
Similarly, the endometrium is also known for undeng extensive tissue modification
at various stages of pregnancy. For instance, gutive pre-attachment phase of
gestation, the interferon-tau produced by the cptuseinduces an array of changes in
the uterus by promoting the expression of interiesbmulated genes (ISG) [6]. These
genes are related to cell remodeling, adhesion iamdsion, cell orientation and
polarization, angiogenesis, and transporters ofaga and lipids, which are indeed
mostly upregulated by pregnancy and progesterojgg. \We hypothesized that similar
transcripts are key to become differentially expegsduring the puerperium of cows

diagnosed or not with metritis. We also aimed &1 the effect of parity in the current
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study. Dairy heifers usually calve for the firstné at 24 months of age as this
maximizes the economic benefit [9], however, sorhéhese animals might not be
physically mature at this stage [10]. Cows approagttheir first parturition have a
different metabolic status [11] and a possibly etéiht endometrial gene expression.
Moreover, the uterus of primiparous cows has nenbehallenged by cellular stresses
such as uterine involution, regeneration of theoemetrium, elimination of bacterial
contamination [12]. Thus, the objective of thisdstwas to describe the modulation of
the endometrium transcriptome in the first wk posttum associated with metritis and
parity. The gene expression analyses focused oonegtdal transcripts from functional
groups associated with extensive tissue remodelsugh as adhesion molecules,
immune function, nutrient transporters, as well steroids and prostaglandin
biosynthesis.

2. Material and Methods
2.1 Animals, experimental design and uterine biopsies
A prospective cohort study was conducted in thditi@s of the Dairy Research and
Educational Centre from the University of BritislblGmbia (UBC) in Agassiz, Canada.
All experimental procedures were approved by theCUBnimal Care Committee.
Cows were housed in free stall barns and fed &nuteed ration to meet or exceed the
requirements for the fresh cows weighing 620 kg aodiucing 40 kg/day of 3.5% fat
corrected milk (NRC, 2001).
Twenty-four Holstein cows from a group of 90 cowdially enrolled were randomly
selected (16 multiparous and 8 primiparous) andemdrium biopsies were collected
through a non-surgical process on days 1, 3, aaffe6 calving. Every sick cow later
diagnosed with metritis was retrospectively paiwith a healthy one. An epidural

anesthesia was provided using 100 mg of lidocaimgo¢aine HCI 2%, Vetoquinol,
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Lavaltrie, QC). The vulva was cleaned, and a desitdd guarded biopsy instrument
(crocodile-type biopsy forceps, Aries Surgical, 2ay CA) was introduced via the
cervix in the body of the uterus via vaginal (dgyat per rectum (days 3 and 6)
manipulations. Tissue collected was submerged ih&Oof RNAlater (ThermoFisher
Scientific, Cramlington, UK) and kept overnight&C. Then RNAlater was removed
and the tissue was stored at“@ntil further analysis.

2.2 Clinical observations and measurements

All cows were clinically monitored at days 1, 3,da postpartum for metritis. Rectal
temperature was measured twice at days 1, 3, arahd,fever was defined as a
temperature equal or greater than 38.5A case of metritis was defined as a cow with a
red-brown watery foul-smelling uterine dischargeaopurulent discharge with more
than 50% pus and fever on days 1 or 6 postpartima Metricheck device, a soft rubber
hemisphere connected to a stainless steel rod,ingasted into the vaginal canal to
assess the discharge. Vaginal discharge was esdlugter retracting the device
caudally [13] and score from 1 to 4 was assignedré&1 was clear mucus, score 2
mucus containing flecks of white or of-white puspie 3 exudate containing < 50%
pus, and score 4 exudate containing > 50% pus).

2.3 RNA extraction

Total RNA was extracted from endometrial biopsism@g total RNA isolation solution,
Tri Reagent (Invitrogen, Carlsbad, CA, USA), ane tbommercial kit PureLink
(Invitrogen, Carlsbad, CA, USA). The RNA was quheti using a Nanodrop 2000
instrument (Thermo scientific, Wilmington, DE, USA)

2.4 Analysis of gene expression

Twenty-four cows were selected to analyze the geqmession. Twelve of them had

metritis, with 5 primiparous cows and 7 multiparowshile the gene expression of 12
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healthy cows was analyzed (3 primiparous and 9ipauttus). The mRNA expression
of 66 target transcripts (Table 1) from endometbiapsy samples were measured on
the NanoString nCounter Analysis System (NanoStiieghnologies, Seattle, WA,
USA). The target mRNA (Supplementary material SAswnixed in solution with a
large excess of the reporter and capture probs,mreach targeted transcript found its
corresponding probe pair. After hybridization, essaunbound probes were washed
away and the tripartite complexes, comprising tang@NA bound to specific reporter-
capture probe pairs, were isolated. The biotinllaveéhe 3’ end of the capture probes
was used to attach the complexes to streptavidatedoslides. An electric field was
applied to orient and extend the tripartite compgon the surface of the slide to
facilitate imaging and detection of the color-codrdlecules. A microscope objective
and a CCD camera were then used to image the infizexbicomplexes using four
different excitation wavelengths (480, 545, 580 822 nm) corresponding to the four
fluorescent dyes. The different combinations of ther distinct colors allows for a
large diversity of color-based barcodes, each dasigg a different gene transcript. The
expression level of a gene is measured by couttiegiumber of the specific barcode
detected. The protocol was performed from starfinesh, including hybridization
processing and digital data acquisition, on theur@er System.

2.5 Bioinformatics

To analyze the gene expression data, filteringaofides using quality control criteria
was performed according to manufacturer's recommgoms. Row counts of quality
control-passed samples were normalized using feference genes as internal controls
(GAPDH, ACTB, RPL19, andPGK1).

2.6 Satistical analysis



150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

Previous to statistical analysis, data were eitbgs or square root-transformed when
necessary to achieve a normal distribution of #sduals. Results herein are expressed
as the means of non-transformed SEM obtained with normalized data (except
otherwise indicated). An ANOVA for repeated measusing proc MIXED of SAS
(SAS 9.4, SAS Institute Inc., Cary, NC, USA) waedido analyze gene expression
considering disease, day, and parity as fixed effeand animal as random. Tukey-
Kramer’s test was used for post hoc analysis toecofor family-wise error rate.

3. Results
3.1 Adhesion molecules
Fifteen genes related to adhesion were analy#i&H10 tended to be more expressed
in metritic than healthy cowsP(= 0.07; Figure 1), while the gene expression of
MYL12A tended to be higher in healthy than metritic cq®s= 0.07; Figure 1). The
interaction between disease and time tended taghdisant whenTIMP2 and CADM3
gene expression was analyzed (Figure 2RB; 0.05,P = 0.07). Specifically, metritic
cows reducedIMP2 expression on day 6 compared with day 1 @A®M3 on day 3
compared with day 1. Five of the analyzed geneswvsHodifferences regarding
sampling time (Table 2CLDN4 expression was reduced at day 6 compared witl8day
and day 1R < 0.01, 1.42, and 1.33-folds respectively), ZADMS3 expression was
reduced at day 3 compared with dayP1=(0.02, 1.31-folds). The expressionMd¥H10
increased by time, being different at dayP6=(0.01).TIMP2 expression was decreased
at day 3 and day 6 compared with dayX¥(0.01), and a tendency to decrease at day 3
is observed wittMYL12A (P = 0.09).
Parity was analyzed and there were 5 genes thateshalifferences: in all cases,
multiparous cows were upregulating the gene exmessompared with primiparous

cows (Table 3)SERPING1 was upregulated 1.40-foldB € 0.01),CDH11.23-folds P



175 =0.01),CADM3 1.17-folds P = 0.04),MYH10 1.09-folds P = 0.01), andlIMP2 1.03-
176 folds P = 0.01). The analysis showed that the interadbietween disease and parity
177 was significant in the expression 6LDN4, MHY10, and TIMP2 (Table 4). Healthy
178 multiparous cows expressed 1.35-folds m@EDN4 than metritic cows K = 0.01,
179 Table 4). No differences between healthy and neriimiparous cows were observed
180 (Table 1). The expression diIMP2 was increased 1.06-fold in multiparous healthy
181 cows compared with primiparous healthy coWs=0.02). Metritic primiparous cows
182 expressed 1.15-folds mokéHY10 than healthy primiparous cows.

183

184 3.2 Immune system

185 Seventeen genes related to the immune system waitgzad. Cows in the metritis
186 group tended to over-exprebbX2 compared with healthy cows (FigureR = 0.06).
187 Sampling time was significant in 11 of those geré$. gene expression increased
188 approximately 2-fold between day 1 and dayP6=(0.03, Table 2). The mRNA fold
189 changes inTNFa (1.8-fold), IL1S (1.6-fold), CXCL8 (1.5-fold), and PTX3 (1.4-fold)
190 was lower at day 1 compared with day 3 and day 6 0.01).The gene expression of
191 IDO was 1.6-folds greater on day 3 compared with dg ¥ 0.05), whereasSG15
192 andMX2 gene expression was reduced on day 6 compareddestii and day 3P(<
193 0.01 andP = 0.02). The expression @XCL10 and NFkB was increased on day 3
194 compared with day 1 and day®B <€ 0.01, 1.6, and 1.4-folds respectively). In thee of
195 SLP1 gene expression, there was a reduction on dayrpaxed with day 6 of 1.6-fold
196 (P =0.02). The interaction between disease and sagme was significant foeLP1
197 (Figure 2F,P = 0.03); metritic cows had a reduction®&fP1 gene expression at day 3
198 compared with day 1 and day 6. Parity influencesgiéne expression &XCL10, IDO,

199 TRD andIL6 (Table 3). The mRNA fold change 6XCL10, IDO, andTRD was higher
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in the endometrium of multiparous cows than primropa cows (1.4, 1.4, 1.2-fold
respectively,P < 0.02). On the other hantl,6 that tended to be more abundant in
primiparous than multiparous cows (1.4-fold, = 0.09). The interaction between
disease and parity was significant X3, NFAB, and TNFa (Table 4).PTX3 gene
expression was decreased in multiparous healthys coompared with primiparous
healthy cows R < 0.05) while a tendency to increaBiExB expression in metritic
multiparous cows compared with metritic primiparaesvs was observedP (= 0.09).
Healthy multiparous cows tende® € 0.08) to express moréNFa than healthy

primiparous Cows.

3.3 Seroid and prostaglandin biosynthesis regulation

Fourteen genes related to steroid and prostaglabdiaynthesis regulation were
analyzed. No differences were observed in the espe of any gene regarding
disease. Sampling time affected the expressio@Y#3A4, PGR, OXTR, HPGD and
ERa (table 2). The expression @fYP3A4 was up-regulated by time 2.3-fold whereas
PGR andOXTR were down-regulated 1.7 and 1.3-fold, respectiv@ly the other hand,
HPGD was down-regulated at day 1 compared with daydBday 6 (1.3-fold). Gene
expression oERa was down-regulated on day 3 compared with day tLtnbumodified

on day 6. The interaction between disease andtenaed to be significantly expressed
in the gene®GR, andERa (P=0.04) but no differences were observed betweelthyea
and metritic cows at the different sampling timEgy(re 2 CD). Parity influenced the
gene expression d?GR and ERa (Table 3), multiparous cows expressed more the
MRNA of those genes than primiparous cows (1.3 Jafiefold, respectively). Finally,
when we analyzed the interaction between diseadeparity, the gene expression of

PGR, OXTR, andERa was modified (Table 4). In all cases, healthy mpalous cows
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overexpressed the genes compared with healthy ganous cows (1.8, 1.2, 1.1-fold,
respectively) while no differences were observevben primiparous and multiparous
cows with metritis.PGR and OXTR were up-regulated in primiparous metritic cows

compared with primiparous healthy cows (1.5 ancfdl@ respectively).

3.4 Insulin metabolism and transcription factors

Eleven genes related to transcription factors veralyzed.GFR1 was significantly
increased in metritic cows compared with healthywsowhile IGF1 tended to be
downregulated in metritic cows (Figure R,= 0.03 and 0.08, respectively). When the
interaction between disease and time was analytete were differences in the
expression offlGFR1 and a tendency ihnGFBP1 and HOX10A. The expression of
IGFPB1 was down-regulated on day 3 compared with day 4-fdd, P = 0.05) in
metritic cows, and 2.15-fold the expressiorH@X10A from day 1 to day 6K = 0.09).
The gene expression 66FR1 on day 1 in metritic cows was up-regulated congbare
with healthy cows on day 1 (Figure 2ZE = 0.03), and no differences between healthy
and metritic cows were observed on day 3 or dayh@ sampling time modified the
expression of GF1, IGFBP1, IGFBP3 (1.6, 1.2, and 1.1-fold respectively, Table 2), all
genes were down-regulated by time. Furthermore ettpression ofSGK1 on day 3
tended to be down-regulated compared with thataynldP = 0.05). Primiparous cows
down-regulated the gene expressionI@FR1, DGKA, and SGK1 compared with
multiparous cows (Table 3). The interaction betwdeease and parity modified the
expression of GFR1, IGF1, HOX10A, andSGKA (Table 4). Metritic primiparous cows
expressed morEGFR1 andHOX10A than healthy primiparous cows (1.6 and 1.2-fold,

respectively). On the other hand, multiparous lhgadbws expressed moréF1 (1.3-

10
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fold) than multiparous metritic cows and also espesl moreSGK1 than primiparous

healthy animals (1.1-fold).

3.5 Nutrient transporters

Six genes encoding nutrient transporters were aadlyC1 tended to be less expressed
in metritic cows compared with healthy cows (FigureP = 0.10). Sampling time
affected the expression @iC1 and SLC2A5 (Table 2) TC1 expression was down-
regulated with time, an@LC2A5 tended to decrease with time. No differences y an
gene were observed for the interaction betweeragsesand sampling time. Parity did
not alter the expression of the analyzed genesabunteraction between disease and
parity was observed witiC1l gene expression (Table 4). Healthy multiparousscow

expressed moréC1 in the endometrium than metritic multiparous cows.

4. Discussion

The uterine environment at different stages of ajest is still a topic of extensive
research because of its key importance to improwvdrgonic survival, calving
conditions, and uterine health status. Understantia differences in endometrial gene
expression might allow us to better understand hiogv endometrium works under
different conditions. Modification in the expressiof transcripts related to the immune
system, steroid and prostaglandin biosynthesis tandther major functional groups
associated with uterine involution (e.g. nutriergnsporters and insulin metabolism)
caused by metritis, sampling time and parity wagetkin the present study.

It is interesting to observe how small intervalsween sampling times change the
expression of the genes. In the case of genesdelaith the immune system we

observed similar curves in most of the genes. Spattern was observed fdL6,

11
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TNFa, IL1S, CXCL8. When the transcription factddF4B increases on day 3 the
signaling cascade starts up-raising the expresgitme pro-inflammatory cytokines and
chemokines. This seems to indicate that the immaystem does not react to the
pathogens until day 3. Interestingly, no differeneeere found in the expression of
these cytokines between metritic and healthy cawsasly after parturition contrary to
what has been observed later on [14].

The results indicated a different pattern on gemémted to the immune function by
parity. Pentraxin-related proteifPTX3) binds with high affinity to TNF-stimulated
gene 6 TSG-6) and facilitates pathogen recognition by macropsaand dendritic cells.
Based on that, we expected to observe the sameaser decrease expression pattern
on both genes. On the contrary, we observed a asei@PTX3 in multiparous healthy
cows compared with primiparous healthy cows, whef@a (tumor necrosis factor
o) was expressed 1.8-fold more in healthy multiparazows than in healthy
primiparous cows. It has been reported that aneaszd endometrial expression of
PTX3 may lead to a recruitment and/or activation of rapbages and dendritic cells
enhancing a feedback effect dATX3 expression [15]. However, no differences have
been observed between healthy and metritic cows.

Serpin protease inhibitor G1 (SERPING1) encodesighlyrglycosylated plasma
protein involved in the regulation of the complemeascade. It has been demonstrated
that SERPINGL is over-expressed in atretic follicles comparedhwiealthy follicles
[16]. We have also found this gene was up-regul@teohultiparous cows compared
with primiparous cows (Table 3). Similarly, C-X-Cotif chemokine 10 (CXCL10) has
shown to exhibit antimicrobial properties [17] imldition to be involved in cell-
regulating the embryo-maternal recognition [18].véls of CXCL10 increases in

intrauterine tissues during human labor compareti wiose in the absence of labor

12
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[19]. In this study, we found an up-regulation &iist gene in multiparous cows
compared with primiparous cows (Table 3). Indolean,3-dioxygenase (IDO1) is
produced by immunosuppressive macrophages in resptmnIFN and prevents the
proliferation of local T cells population [20]. this study we observed an increment of
its expression in multiparous cows compared witimgrarous cows. T cell receptor
delta (TRDC) protein contributes to the gamma d@ibnchain of T cells, that increase
during pregnancy and play a role in regulating mmatleimmune function in the uteri
[21]. The upregulation ofRDC is beneficial due to the important roley@ T cells in
enabling early embryonic implantation by inducingternal immune tolerance to the
fetus [20]. In this study, we observed an upreutaof theTRDC gene in multiparous
cows compared with primiparous cows (Table 3). Rrarous cows tended to express
morelL6 than multiparous cows (Table 3).6 is a typical marker for inflammation but
in this study, we did no find differences betweeatnitic and healthy cows (though
numerically higher in metritic cows), probably besa the size sample was not enough.
It is quite hypothetical at this point for concretnclusions about what the differences
observed between cows that calved for the firsé ttmmpared with older animals mean
to subsequent fertility. Considering that primipgsaows are inherently different (i.e.
metabolic challenge, previous calving exposure,enigely to suffer from dystocia and
uterine disease, but more likely to conceive &t fireeding) when going for their first
calving, it is interesting to observe that a fewportant genes have its expression
modified. CoincidentallySERPING1, IDO1 andTRDC are all immune modulators and
upregulated in multiparous cows. This finding cosidygest that specific immune cell
activity or population number is altered in oldeimaals.

As expected, metritis incidence affected gene esgiwe pattern related to immune

function with an increased expression of the améihmyxovirus resistance 24X2) in
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metritic cow (Figure 1) [22]. On the other handhds been found overexpressed in the
endometrium of cows with severe negative energgrza, which may cause a delay in
the effective immune response to the microbial lehgle experienced after calving
[23]. MYH10 is a non-muscle myosin involved on ttegulation of cytokinesis, cell
motility, and cell polarity. Regarding cell motltit plays a role in normal adherens
junction integrity and structure. This gene hasnbfind upregulated in blood from
pregnant cows being related with macrophages myotdivards the endometrium [24].
Accordingly, we observed a tendencyMYH10 to be increased in the endometrium of
metritic cows (Figure 2), an increment in multipasacows compared with primiparous
(Table 3) and a tendency for a reduction of theegempression oMMYH10 in
primiparous healthy cows compared with multiparbealthy cows (Table 4).

It is known that there is an increment in negaéwergy balance (NEB) in postpartum
cows as they cannot consume sufficient energy-yigldutrients from voluntary dry
matter intake (DMI) to meet energetic requiremdatamilk production. Consequently,
NEB occurs for a period of days to weeks durindyelactation [25]. Fat reserves are
moved allowing glucose to be redirected for fetatabolism and lactose synthesis [26].
Those metabolic adaptations lead to insulin restgtaa physiological condition where
the body tissues have lower response to insulifj. [R7 normal conditions, growth
hormone (GH) binds to growth hormone receptor (GkHRhe liver, increasing IGF1.
This results in the synthesis of pancreatic insthat acts in the tissues to promote the
glucose uptake except in the mammary gland whergliicose flows independently of
insulin [28]. Near parturition, feed intake is redd and GHR expression, and
consequently IGF1, decrease avoiding the feedbgakist GH secretion. Circulating
IGF1 is mostly bound to high affinity IGF bindinggteins, which protect the hormone

from proteolysis and modulate its interaction vitie IGFR1 [29].
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We observed differences in the expression of geakded with uterus involution.
IGFR1 is a transmembrane receptor that is activiayelsF1 and by a related hormone
IGF2. The receptor mediates the effects of IGF1 #nid thought to support the
regression and growth of the uterine tissue dugegous cycle and throughout the
regenerative processes in women following menstmdB80]. It may also play a role
during uterus involution after calving. Differescen uterus involution with metritis
were reflected by downregulation kisF1, involved in endometrium remodeling, and a
compensatory upregulation of its recept@FR1 in metritic cows compared with
healthy cows specially on day 1 postpartum (Figré&). It has been seen that IGF1
production increases during the wound healing E®cé¢3l], stimulating the
proliferation of the epithelia and the stroma dgrirterine involution [30]. In this study,
we observed thdGF1 is downregulated through time (Table 2).

The gene expression 66FBP1, IGFBP2, andIGFBP3 (insulin growth factor binding
proteins) was not affected by lactation number iseakse. IGFBPL1 is related to cell
migration and metabolism whereas IGFBP3 may regulatal IGF1 bioavailability
[32] or transport IGFs through the cell layer fecsetion into the uterine lumen [33].
IGFBP1 and IGFBP3 were overexpressed in the endometrium on dayet aftlving
compared with day 3 and day 6.

It is known, that the uterine OXTR increases avtiogl in all mammalian species tested
to date, including cows [34]. In the cow endometrigluring pregnancy, oxytocin
stimulates PGJ; formation, which increases with gestation and dates with oxytocin
receptor binding [34]. The oxytocin receptor intgsadirectly with the myometrium
stimulating uterine contractions. Prostaglandin&)(lPegulate leukocyte function and
have a role in the mechanisms of parturition, tkeuksion of the placenta, and

postpartum uterine involution [35]. A greater exg®ien of receptors of prostaglandins
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399

and oxytocin PGR and OXTR), involved in involution processes, were obserued
metritic primiparous compared with healthy primipas @ < 0.05). It has been
hypothesized that increasing the expressio@XiR in postpartum uterine cells may
help in managing incomplete uterine involution [36lk is known that in mammals,
signaling oxytocin viaOXTR in the uterus results in the initiation of partiamt [37].
Consequently, we observed an increase in the esipresfPGR andOXTR on d1 after

parturition compared with d3 and d6.

5. Conclusions

In conclusion, there are important differences lo¢ tendometrium transcriptomes
between the metritic and healthy cows. An over-egpion offiGFR1 in metritic cows
may suggest a compensatory effect caused by therdgulation ofGF1. MYH10 and
MX2 tend to be up-regulated in metritic cows whi/L12A and TC1 tend to be
increased in healthy cows. The gene expressiomanehdometrium during the first
week postpartum also differs between primiparous emultiparous cows with main
differences related to the immune system and tigswelution and remodeling.
SERPINGL, IGFR1, CXCL10, IDO, PTX3, TNFa, PGR, and OXTR are the transcripts
with the greatest fold-change modifications causggarity. Some key gene expression
changes were found between the biopsy collectigis.dehe substantial remodeling of
the uterus does require specific timing for sangukection and correct interpretation
of gene expression results. Overall these reswdfiect the effect of metritis in
involution and immune response along with the ganiluence in post calving status of

the animal.

16



ACCEPTED MANUSCRIPT

400
401
402
403
404
405
406
407

17



408

409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456

References

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]
[10]

[11]

[12]

[13]

[14]

[15]

Carneiro LC, Cronin JG, Sheldon IM. Mechanidmking bacterial infections of
the bovine endometrium to disease and infertiRgprod Biol 2015;16:1—7.
doi:10.1016/j.repbio.2015.12.002.

Herath S, Fischer DP, Werling D, Williams EJI\.ST, Dobson H, et al.
Expression and Function of Toll-Like Receptor 4ha Endometrial Cells of the
Uterus. Endocrinology 2006;147:562—70. doi:10.12hM®005-1113.

Sheldon IM, Roberts MH. Toll-Like Receptor 4 Wates the Response of
Epithelial and Stromal Cells to Lipopolysaccharinéhe Endometrium. PLoS
One 2010;5:€12906. doi:10.1371/journal.pone.0012906

Sheldon IM, Rycroft AN, Dogan B, Craven M, Bréigld JJ, Chandler A, et al.
Specific strains of Escherichia coli are pathogémiche endometrium of cattle
and cause pelvic inflammatory disease in cattleraivg. PLoS One 2010;5.
doi:10.1371/journal.pone.0009192.

LeBlanc SJ. Reproductive tract inflammatoryedise in postpartum dairy cows.
Animal 2014;8:54—-63. doi:10.1017/S1751731114000524.

Spencer TE, Sandra O, Wolf E. Genes involvedonceptus-endometrial
interactions in ruminants: insights from reductgmniand thoughts on holistic
approaches. Reproduction 2008;135:165-79. doi: BO/REP-07-0327.
Bauersachs S, Ulbrich SE, Gross K, Schmidt SEMyer HHD, Wenigerkind
H, et al. Embryo-induced transcriptome changeswirte endometrium reveal
species-specific and common molecular markersesfné receptivity.
Reproduction 2006;132:319-31. doi:10.1530/rep.19609

Forde N, Spencer TE, Bazer FW, Song G, Roché&dRergan P. Effect of
pregnancy and progesterone concentration on expnessgenes encoding for
transporters or secreted proteins in the bovinemetrium. Physiol Genomics
2010;41:53-62. doi:10.1152/physiolgenomics.00162920

Hoffman PC, Funk DA. Applied dynamics of damgplacement growth and
management. J Dairy Sci 1992;76:3179-87.

Coffey MP, Hickey J, Brotherstone S. GenetgpActs of Growth of Holstein-
Friesian Dairy Cows from Birth to Maturity. J Dai8ci 2006;89:322-9.
doi:10.3168/jds.S0022-0302(06)72097-5.

Wathes DC, Cheng Z, Bourne N, Taylor VJ, CpfiéP, Brotherstone S.
Differences between primiparous and multiparousydaws in the inter-
relationships between metabolic traits, milk yialtl body condition score in the
periparturient period. Domest Anim Endocrinol 2@B203-25.
doi:10.1016/j.domaniend.2006.05.004.

Sheldon IM, Williams EJ, Miller ANA, Nash DM{erath S. Uterine diseases in
cattle after parturition. Vet J 2008;176:115-21i: 10 1016/j.tvjl.2007.12.031.
McDougall S, Macaulay R, Compton C. Associatietween endometritis
diagnosis using a novel intravaginal device andasyctive performance in
dairy cattle. Anim Reprod Sci 2007;99:9-23.
doi:10.1016/j.anireprosci.2006.03.017.

Sheldon IM, Cronin JG, Healey GD, Gabler Cukeeser W, Streyl D, et al.
Innate immunity and inflammation of the bovine féen@eproductive tract in
health and disease. Reproduction 2014;148:R41&1.01530/REP-14-0163.
Mansouri-Attia N, Oliveira LJ, Forde N, Fahey G, Browne J a., Roche JF, et
al. Pivotal Role for Monocytes/Macrophages and DiéndCells in Maternal
Immune Response to the Developing Embryo in Cdild. Reprod 2012;87:1—

18



457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]
[30]

[31]

12. doi:10.1095/biolreprod.112.101121.

Hayashi K-G, Ushizawa K, Hosoe M, TakahashDiffferential gene expression
of serine protease inhibitors in bovine ovariati¢td: possible involvement in
follicular growth and atresia. Reprod Biol Endooti2011;9:72.
doi:10.1186/1477-7827-9-72.

Sauty A, Dziejman M, Taha RA, larossi AS, Ne#t, Garcia-Zepeda EA, et al.
The T cell-specific CXC chemokines IP-10, Mig, dADAC are expressed by
activated human bronchial epithelial cells. J Imolu999;162:3549-58.
doi:10.4049/jimmunol.167.2.623.

Cerri RLA, Thompson IM, Kim IH, Ealy AD, HaneePJ, Staples CR, et al.
Effects of lactation and pregnancy on gene expsassi endometrium of
Holstein cows at day 17 of the estrous cycle ogpaacy. J Dairy Sci
2012;95:5657-75. doi:10.3168/jds.2011-5114.

Gomez-Lopez N, Vadillo-Perez L, Hernandez-GgabA, Godines-Henriquez
M, Olson M D, Vadillo-Ortega F. Specific inflammayanicroenvironments in
the zones of the fetal membranes at term delivamy.J Obstet Gynecol
2011;205:235.e15-235.e24. doi:10.1016/J.AJOG.2@101@.

Aagaard-Tillery M K, Silver R, Dalton J. Immalogy of normal pregnancy.
Semin Fetal Neonatal Med 2006;11:279-95. doi:1GADSINY.2006.04.003.
Heyborne KD, Cranfill RL, Carding SR, Born WK, Brien RL.
Characterization of gamma delta T lymphocytes antlaternal-fetal interface. J
Immunol 1992;149:2872-8.

Shirozu T, Sasaki K, Kawahara M, Yanagawa ¥ghno M, Yamauchi N, et al.
Expression dynamics of bovine MX genes in the eretdom and placenta
during early to mid pregnancy. J Reprod Dev 2012@%235.

Wathes DC, Cheng Z, Chowdhury W, Fenwick MAzpatrick R, Morris DG, et
al. Negative energy balance alters global geneesspyn and immune responses
in the uterus of postpartum dairy cows. Physiol @eics 2009;39:1-13.
doi:10.1152/physiolgenomics.00064.2009.

Oliveira LJ, McClellan S, Hansen PJ. Differi@tiobn of the endometrial
macrophage during pregnancy in the cow. PLoS 0d6;8:13213.
doi:10.1371/journal.pone.0013213.

Drackley JK, Cardoso FC. Prepartum and posipanutritional management to
optimize fertility in high-yielding dairy cows inoofined TMR systems. Animal
2014;8:5-14. d0i:10.1017/S1751731114000731.

Herdt TH. Ruminant adaptation to negative ggdyalance. Influences on the
etiology of ketosis and fatty liver. Vet Clin Nor&m Food Anim Pract
2000;16:215-30, v.

Kahn CR. Insulin resistance, insulin insendyi, and insulin unresponsiveness: a
necessary distinction. Metabolism 1978;27:1893-902.

Lucy MC. Regulation of ovarian follicular grdlwby somatotropin and insulin-
like growth factors in cattle. J Dairy Sci 2000;B335-47.
doi:10.3168/jds.S0022-0302(00)75032-6.

Laviola L, Natalicchio A, Giorgino F. The IGFSignaling Pathway 2007:663-9.
Llewellyn S, Fitzpatrick R, Kenny DA, Patton\Wathes DC. Endometrial
expression of the insulin-like growth factor systéuatring uterine involution in
the postpartum dairy cow. Domest Anim Endocrindd@34:391-402.
doi:10.1016/j.domaniend.2007.11.003.

Dahlgren LA, Mohammed HO, Nixon AJ. Temporapeession of growth
factors and matrix molecules in healing tendormolesi J Orthop Res

19



507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529

[32]

[33]

[34]

[35]

[36]

[37]

2005;23:84-92. doi:10.1016/j.orthres.2004.05.007.

Robinson RS, Mann GE, Gadd TS, Lamming GE,WstDC. The expression of
the IGF system in the bovine uterus throughoubtsrous cycle and early
pregnancy. J Endocrinol 2000;165:231-43. doi:1071j6@.0.1650231.

Moser DR, Lowe WL, Dake BL, Booth BA, Boes Klemmons DR, et al.
Endothelial cells express insulin-like growth faebinding proteins 2 to 6. Mol
Endocrinol 1992;6:1805-14. doi:10.1210/mend.6.132670.

Fuchs AR, Rollyson MK, Meyer M, Fields MJ, MinJM, Randel RD. Oxytocin
induces prostaglandin F2 alpha release in pregreams: influence of gestational
age and oxytocin receptor concentrations. Biol Be{d996;54:647-53.

Silva E, Gaivdo M, Leitdo S, Amaro A, Costa ta, Mateus L. Blood COX-2
and PGES gene transcription during the peripartariog of dairy cows with
normal puerperium or with uterine infection. Domasim Endocrinol
2008;35:314-23. doi:10.1016/j.domaniend.2008.07.001

Zhang Y, Guo J, Lin C, Lu L, Li C. Effect abW-intensity focused ultrasound on
endothelin-1, nitrogen monoxide and oxytocin recept the uterine tissues of
Sprague-Dawley rats following abortion. Biomed Reép@016.
doi:10.3892/br.2016.581.

Bishop C V. Progesterone inhibition of oxytoaignaling in endometrium. Front
Neurosci 2013;7:138. doi:10.3389/fnins.2013.00138.

20



530 Table 1: List of tested genes in different functional greup

Function Genes
MMP19, CLDN4, GLYCAM1, TIMP2, SPP1, LGALS3BP,
Adhesion Molecules SERPING1, EMMPRIN,

CDH1, MYH9, MYH10, MYL12A, CADM3, MUC4, MUC5B, MUC1

IGLL1, SELL, CXCL10, PTX3, TRD, MX2, IL10, IDO, LIFR, ISHGL,

Immune System SLPI, LYZ2, UHRF1, CXCLS, IL15, TNFa, NF£B, p Defensins
B3GAT1
Steroid and prostaglandin WISP2, OXYTOCIN, PTGES, CYP3A4, CYP4X1, CYP4F2, OXTR,
biosynthesis and regulation PGR, ERa, ERS, PFKFB2, PTGES2, HPGD, MOGAT1
Insulin metabolism and IGFR1, IGFBP1, IGFBP2, IGFBP3, NNMT, HOXA10, CALB2,
transcription factors NR1I2, IGF1, SGK1, DGKA
Nutrient transporters FOLR1, TC1, SLC27A6, 9. C5A6, 9. C2A5, 9. C7A10
531
532
533
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534

535

536

537

Table 2 Relative expression of genes related to adhesiomune system, steroid and

prostaglandin biosynthesis regulation, and insaigtabolism at days 1, 3, and 6 after

calving from endometrial biopsies. Means withinoav iwith different subscripts differ

atP < 0.05.
mean + SEM
Group Gene dl d3 dé P value
CLDN4 1.417 +0.08a 1.328 + 0.09a 0.994 + 0.08b 0.001
CADM3 9.835 + 0.55a 7.501 + 0.59b 8.901 + 0.56ab 0.017
Adhesion MYH10 2.369 + 0.05b 2.484 + 0.06ab 2.606 + 0.05a 0.011
TIMP2 8.957 + 0.08a 8.654 + 0.09b 8.597 + 0.08b 0.001
MYHL12 2595132 +196.31 1998590+ 211.39 2521.111 +8199. 0.088
IL6 1.992 + 0.48b 3.574 + 0.51ab 3.803 + 0.49a 0.029
TNEa 4.560 + 0.88b 8.252 + 0.93a 8.253 + 0.89a 0.009
IL1B 1.748 +0.19b 2.868 +0.21a 3.011 +0.19a <.0001
CXCL10 1.843 +0.18b 2.932 +0.19a 2.067 +0.18b 0.001
IDO 1.478 +0.19b 2.327 +0.20a 1.791 + 0.19ab 0.016
Immune
System Pl 2.484 + 0.22ab 1.768 + 0.24b 2.738 +0.23a 0.020
CXCL8 2.353 +0.21b 3.46 + 0.22a 3.325 +0.21a 0.001
PTX3 3.918 + 0.41b 5.539 + 0.44a 5.522 + 0.41a 0.006
NFKB 16.150 + 1.00b 22142 +1.07a 18.072 + 0.99b <.0001
1SG15 6.229 + 0.25a 6.571 +0.27a 5.155 + 0.25b 0.005
MX2 2.681 + 0.09a 2.734 +0.10a 2.36 + 0.09b 0.016
CYP3A4 7.216 + 0.98a 16.764 + 1.07b 14.764 + 0.99b <.0001
Steroid and
prostaglandin  PGR 21526 + 1.02a 12.718 + 1.11b 12.880 + 1.02b <.0001
biosynthesis oy 6.820+ 0.17a 5.656 + 0.19b 5102+017b  <.0001
regulation HPGD 3.020 + 0.19b 3.820 + 0.21a 3.781+0.19a 0.007
ERu 6.851 + 0.13b 6.322 + 0.14b 6.668 + 0.13ab 0.024
Insulin IGF1 28.470 + 1.09a 18.540 + 1.18b 16.449 + 1.09b <.0001
metabg"sm |GFBP1 2314 +0.12a 1.940 +0.13b 1.932 +0.12b 0.037
an |GFBP3 3.781 +0.08a 3.303 + 0.09b 3.290 + 0.08b <.0001
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transcription

SGK1 5.922 +0.07 5.675+ 0.07 5.795 + 0.07 0.054
factor
Nutrient TC1 3.901 + 0.09a 3.784 + 0.10ab 3.499 + 0.09b 0.009
ransporters g —oas 4.552 +0.24 3.563 + 0.26 3.652 + 0.24 0.088
538
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540 Table 3: Relative expression of genes related to adhesionune system, steroid and
541 prostaglandin biosynthesis regulation, and insufivetabolism by parity from
542 endometrial biopsies. Relative units of gene exgoes(meart SEM) for parity. Mean

543 within a row with different subscripts differ Bt< 0.05.

Mean + SEM
parity
Gene rimiparous multiparous P value fold
Group primip P change
1201.398 + 1683.336 +
SERPING1 0.004 1.40
126.18b 99.91a
CDH1 5.856 + 0.59 7.196 £ 0.45 0.082 1.23

adhesion CADM3  8.065+051b  9.429+0.4la 0042 117

MYH10 2.384 +0.08b 2.588+ 0.06a 0.002 1.09
TIMP2 8.611 £ 0.07b 8.861 + 0.07a 0.015 1.03
CXCL10 1.895+0.17b 2.669 + 0.14a 0.002 1.41

IDO 1.583+0.190b 2.178 £0.155a 0.023 1.38

Immune system

IL6 3.631 £0.45 2.616 £0.35 0.087 1.39
TRD 2.029 £0.13b 2.437 £0.11a 0.025 1.20
Steroid and PGR 13.724 £ 0.96b 17.692 +0.76a 0.002 1.29
prostaglandin
biosynthesis ERu 6.393+0.12b  6.835+0.10a 0.006 1.07
regulation

Insulin metabolism IGFRL ~ 9.096 +0.62b  11.754 % 0.49a 0.013 1.29
and transcription DGKA 7.686 £ 0.45b 9.100 + 0.35a 0.016 1.18
factors GK1 5.631+0.06b  5.964 + 0.05a 0.001 1.06

544
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546 Table 4 Relative expression of genes related with adimesimamune system, steroid
547 and prostaglandin biosynthesis regulation, insaletabolism, and nutrient transport by
548 parity (primiparous / multiparous) and disease Ithganetritic) from endometrial
549 biopsies. Relative units of gene expression (me8&M) for parity. Mean within a row

550 with different subscripts differ & < 0.05.

mean + SEM
primiparous multiparous
P
Group Gene healthy metritic healthy metritic
value
1.148 = 1.336 £ 1.398 £ 1.034
CLDN4 0.005
0.11ab 0.10 ab 0.08a 0.09b
, 2.258 = 2.584 + 2.494 + 2.584 +
adhesion MYH10 0.070
0.08b 0.05a 0.07a, b(t) 0.06a
8.500 + 8.684 + 8.986 + 8.726 +
TIMP2 0.021
0.11b 0.10a 0.08a(t), b 0.09ab
4.605 + 8.493 + 8.123 + 6.865 +
TNFa 0.021
1.16a(t) 1.16a 0.79a (t) 1.02a
5.845 + 4.738 + 4.014 + 5.201 +
Immune system PTX3 0.017
0.52a 0.45ab 0.38b 0.43ab
19.313+ 17.126 18.924 20.930 =
NFkB 0.072
1.28 1.13t 0.94 1.05t
11.204+ 16.266 19.592 + 15.792 +
PGR 0.006
Steroid and 1.43b 1.26a 0.99a 1.15ab
prostaglandine 5.286 + 6.617 £ 6.245 £ 5.740 £
_ _ OXTR 0.001
biosynthesis 0.24b 0.21a 0.17a 0.19ab
regulation 6.194 + 6.591 + 6.988 + 6.682 +
ERo 0.025
0.18b 0.16ab 0.12a 0.14ab
7.122 + 11.070 £ 12.019 £ 11.490 +
IGFR1 0.006
0.92b 0.82a 0.64a 0.74a
Insulin 20.898 + 22.070 % 23.717 17.928 +
. IGF1 0.01
metabolism and 1.53ab 1.35ab 1.06a 1.22b
transcription Hoxign 3764t 4531 4.709 + 4103+
factors 0.27b 0.24ab 0.19a 0.22ab '
5,521 + 5742 + 6.032 = 5.895 +
GK1 0.031
0.09b 0.08b 0.07a 0.08ab
Nutrient 3.689 + 3.704 + 3.570 +
TC1 3.960 + 0.09t 0.073
transporters 0.13 0.11 0.10t
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Figure 1. Gene expression fold change in metritic cows in relation to healthy ones.
Bars with asterisk differ (P < 0.05), and with t (P < 0.10) between metritic and healthy

cows. Genes represented are MYH10, MYL12A, IGFRL, TC1, MX2, and IGF1.

Figure 2: Gene expression of healthy cows (light grey) versus metritic ones (dark grey)
at different sampling times. TIMP2 relative gene expression (A), CADM3 relative gene
expression (B), PGR relative gene expression (C), ERa relative gene expression (D),
IGFR1 relative gene expression (E), SLPI relative gene expression (F), IGFPB1 (G),
and HOX10A (H). Bars represent mean £ SEM for the different groups. Bars with

different letters differ (P < 0.05).
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Highlights:

1

Metritic cows downregulate IGF1 compared with healthy cows, and there is a
compensatory upregulation of its receptor IGFRL.

There is a greater expression of PGR and OXTR, involved in involution
processes, in metritic primiparous cows than in healthy primiparous cows.

Metritis incidence affected gene expression pattern related to the immune
function.





