&953,%: UNIVERSITA
S v 13'”’1 DEGLI STUDI
| “ A]]Lr l O %ﬁ?ﬁﬁ% DI TORINO

AperTO - Archivio Istituzionale Open Access dell'Universita di Torino

Oxytocin precursor gene expression in bovine skeletal muscle is regulated by 17B-oestradiol and
dexamethasone

This is the author's manuscript

Original Citation:

Availability:
This version is available http://hdl.handle.net/2318/136125 since

Published version:
DOI:10.1016/j.foodchem.2013.07.029
Terms of use:

Open Access

Anyone can freely access the full text of works made available as "Open Access". Works made available
under a Creative Commons license can be used according to the terms and conditions of said license. Use
of all other works requires consent of the right holder (author or publisher) if not exempted from copyright
protection by the applicable law.

(Article begins on next page)

18 October 2024



UNIVERSITA DEGLI STUDI DI TORINO

This Accepted Author Manuscript (AAM) is copyrightand published by Elsevier. It is posted heregrg@ment
between Elsevier and the University of Turin. Chesgesulting from the publishing process - suchditing,
corrections, structural formatting, and other gyaiontrol mechanisms - may not be reflected is Harsion of
the text. The definitive version of the text wabseguently published in

Food Chem , 141(4):4358-66, 2013, doi: 10.1016/j.foodchem 2013. 07. 029.

You may download, copy and otherwise use the AAMhfan-commercial purposes provided that your liedss
limited by the following restrictions:

(1) You may use this AAM for non-commercial purpesaly under the terms of the CC-BY-NC-ND license.

(2) The integrity of the work and identification thie author, copyright owner, and publisher mugtieserved in
any copy.

(3) You must attribute this AAM in the following fimat: Creative Commons BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4&8den), http://dx.doi.org/10.1016/j.foodchem.201329



Oxytocin precursor gene expression in bovine skklatiscle is regulated by 17
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Growth promoter administration, in livestock, pdiaily poses a major threat to public health, duthé potential endocrine and carcinogenic actbfity
residues, accumulating in edible tissues, suclkedstal muscle. Therefore, development of new sangetests and methods for the detection of illicit
treatments of food animals would be useful. In gtigly the serum concentrations of oxytocin peptidee measured in beef cattle receiving 17p
oestradiol, dexamethasone or placebo over a pefi¢ll days. Changes in gene expression of oxyfeicursor in skeletal muscle were also examined
in these animals. Serum analysis using an oxytiérkit indicated a significant up-regulation o€thiosynthesis of this nonapeptide only in caftkr a
17p oestradiol, but not after dexamethasone oelptatreatment. Quantitative PCR (qPCR) analysigeti@a significant overexpression of the oxytocin
precursor gene by 33.5 and 13.3-fold in cattletetbavith 17p oestradiol and dexamethasone, resphgtin comparison to placebo treated animals.
Regulation of gene expression by some myogenidategufactors in skeletal muscle was also evatliat¢éhese animal groups, confirming the activity o
both growth promoters on this gene. To investiti@eise of the oxytocin precursor gene as bioméoké7p oestradiol and dexamethasone treatment in
beef cattle, an absolute quantification of thissgeyngPCR was developed. A standard curve wasajedemd developed with TagMan® technology and
optimal criterion value, sensitivity and specificitf this screening method were established thrdRGIC analysis. This analysis suggested that the
up-regulation of oxytocin precursor gene expressia@keletal muscle tissue is a valid marker faeck®on of illicit 17p oestradiol and/or dexametiras

use in beef cattle. This method may serve as d diagmostic tool in the screening phase, andtibduced in routine testing, may significantly e
overall efficacy and success of the food screemingess ordered by state authorities.

1. Introduction

In several countries, growth promoters (GPs), saglsex hormones and glucocorticoids, are stilpélyy used, either alone or in
combination, in livestock, particularly veal calvasd beef cattle, in order to improve meat productResidues of these substances may
remain in food, especially meat, representing @&m@! health hazard for consumers. Officially apyad analysis based on GC/MS or
LC/MS methodologies, although specific and sensjtare too time-consuming and expensive to be used mutine basis. Since they are
based on the physicochemical characteristics ajgirthey show limits, including the possibility gfarching only a few molecules known
instead of the hundreds introduced each year ibthek market. In addition, another critical pamthe absence of "legal levels" for GPs
in compliance testin¢Stephany, 2010).

The development of novel metho@3arraro et al., 2009; Divari et al., 2011b; Lopghret al., 2012; Stella et al., 2014)owing indirect
detection of illegal GP administration would enhanice efficiency and success rate of food screeamsafety programmes established
by state authorities. In particular, the tran-stipic approach to skeletal muscle tissue testingcchelp identify biomarkers suitable to
detect GP-treated animals and to understand theaul@r mechanisms underlying skeletal muscle gramdbced by GPs. In fact, muscle
development is under tight hormonal control inchglimodulation by glucocorticoids as well as undeng control. Androgenic and
oestrogenic steroids enhance muscle graBipila & Poutamo, 2003; Sipila et al., 2Q0Moreover, oestrogens play a significant role by
stimulating muscle repair and regenerative processsuding the activation and proliferation ofaléite cells(Enns & Tiidus, 2010and
increasing muscle tissue concentrations of insgilowth factor(IGF1)(Dunn et al., 2003; Johnson, White, Hathaway, Ghrist & Dayton,
1998).The latter plays a predominant role in supportingmal muscle growtliSjogren et al., 1999however, the basic mechanism of this
action is not completely understood. Although reépdaadministration of synthetic glucocorticoids Isues dexa-methasone (DEX) at
therapeutic doses induce muscle atrop@grraro et al., 2009)ittle is known about the action of low dose gluodécoid treatment on
muscle tissues.

Many proteins in skeletal muscle are regulated Bg,Gut their function in this tissue is poorly enstood. For exampl&arraro et al.
(2009)examined gene expression profiles in skeletal neustbulls treated with low-dose DEX as compareddatrols. Results of that
study showed that the expression of several engoddorant receptors was significantly up-regulatgdDEX. De Jager et al. (2011)
described an unexpected induction of oxytocin premugene (OXT) in skeletal muscle of Brahman stemrated with a mixture of sex
hormones. In addition, the concentration of cirtina OXT was increased by 50-fold in steers camgyandrug implant, compared with the
controls, suggesting a role of oxytocin in skeletaiscle growth. The main site of OXT gene exprassiod hence source of circulating
oxytocin is the hypothalamus, from where the traivsd peptide is transported to the posterior panyi and then released into the systemic
circulation (Gimpl & Fahrenholz, 2001 However, the oxytocin peptide is also synthes-igegeripheral tissues, such as utertsipus
luteum (lvell, Bathgate, Walther, & Kimura, 1998)lacenta(Gimpl & Fahrenholz, 2001 )epididymis (Filippi et al., 2005)human prostate
(Assinder & Nicholson, 2004nd testigThackare, Nicholson, & Whittington, 200 ecently, the oxytocin peptide and oxytocin recepto
(OXTR) have been found also in the heart, wherehtblemone may modulate cardiomyocyte differentiatidankowski et al., 2004).
However, few data are reported in the literatureGXT and OXTR gene expression or oxytocin peptidetssis in skeletal muscle, in
particular following glucocorticoid administration cattle.

In the present study, the serum oxytocin peptideceatration was measured in beef cattle followifig bestradiol (pE2) and DEX
treatment to determine the effect of illegal GPatneent on oxytocin synthesis and release into thmilation. Furthermore, molecular
effects of pE2 and DEX on gene transcription inetied muscle was investigated, i.e., in partictiter agents' effects on the regulation of OXT
gene expression and some muscle regulatory fa@iRés). To confirm that up-regulation of OXT gengmession in skeletal muscle is a
valid biomarker for detection of pE2 and/or DEXatment in beef cattle, a method for absolute gfiaation of this gene by qPCR was
developed.

2. Materials and methods

2.1. Experimental design

Eighteen male Charolaise beef cattle, 17-22 mooilithswere randomly divided into three groups: gréufn = 6) received five doses of
pE2 (20 mg/week/animal, IM), group B (n = 6) was adstered DEX peos (0.7 mg/day/animal) for 40 days, and group C (n wés the



control group that received a placebo. The animale sacrificed seven days after the last treatitigivari et al., 2011andUslenghi et
al., 2013).Target tissue samples were collected at the slangbuse and preserved for subsequent moleculays@esl The study was
approved by the Italian Ministry of Health and fthics Committee of the University of Turin. Carcasef treated animals were disposed.

All experiments were carried out according to Ewgap Economic Community Council Directive 86/§BEC, 1986)recognised and
adopted by the Italian GovernmébtL 27/01/1992 no. 116).

2.2. Serum oxytocin

Blood samples were collected from each animal wgujar venipuncture into vacutainers (Terumo® Veot®, Terumo lItalia, Rome,
Italy). The blood sampling was performed 35 daysrathe first GP treatment and at the time of staadng. Serum was harvested after
centrifugation at 2000g for 20 min and immediatetpred at —80 °C until analysis. The serum oxytgeéaptide concentration was
measured by enzyme immunoassay methodology usiagEtA kit developed by Enzo Life Sciences (Farmiagd NY, USA). The
manufacturer reports a limit of detection (LOD) this test kit of <12 pg/ml. Oxytocin was extractiedm 0.5-ml serum aliquots using a
solid-phase extraction (SPE), 500 mg C-18 Sep-Balcknn (Supelco®, Sigma-Aldrich, St. Louis, MO, US# a vacuum manifold (Supelco®).
An equal volume of 0.1% trifluoroace-tic acid (TFAas added to the serum sample, and the sampleiteged at 14,0009 for 15 min at 4 °C
to clarify the supernatant. The samples were teamaé to the Sep-Pack column previously equiliratéh 3 ml of acetonitrile, followed
by 15 ml of 0.1% TFA. The column was washed withmi5of 0.1% TFA and the peptides were eluted u&ingl of acetonitrile: 0.1% TFA
(60:40). Then samples were collected in a glase artd evaporated to dryness under a stream ofgeitrgas; they were reconstituted in
1 ml of assay buffer and immediately thereafter snead. The absor-bance at 405 nm was read using@pfate Reader 680 Model
(BioRad, Hercules, CA, USA) and a standard curve \weated using a four parameter logistic functiomc8ithe recovery of the peptide from
the extraction process can be variable, it is irtgrdrto optimise any process to obtain optimal veces. Extraction efficiency was
determined by spiking into paired samples and deétd@ng the recovery of this known amount of addegitocin. In this case 250 pg of
oxytocin were spiked into 0.5 ml of two controlser samples which were diluted with the equal volwhe.1% TFA and then assayed in
the kit.

2.3. Tissue sampling and processing

Samples of the sternocleidomastoid muscle weredsded from each animal after slaughtering. Pie€d$0-200 mg weight of each
sample were immediately frozen in liquid nitrogerd&ept at —80 °C for molecular studies.

2.4. Total RNA extraction and relative quantifioatof OXT, OXTR, and
MRF gene expression by gPCR

Total RNA from each tissue sample was extractedgu$iRIzol reagent (Invitrogen, LifeTechnologies, ISlaad, CA, USA), following the
manufacturer's protocol. RNA quantity was deterrdibg UV-visible spectrophotometry and the RNA intggwas verified by an automated
gel electrophoresis system (Experion InstrumendRBid). cDNA was synthesised fromuf of total RNA using the QuantiTect Reverse
Transcription Kit (Qiagen, Hilden, Germany), whiicitluded a DNase reaction, thereby following thenofacturer's protocol.

To determine the relative amounts of specific OXTR MRFs transcripts, the cDNA was subjected to gRR&bista et al., 2006)
using the 1Q5 detection system (BioRad) and theSQBR Green Supermix (BioRad). Primer sequences oT RXvere designed using
Primer 3 (vers. 0.4.qRozen & Skaletsky, 2000) (Table dnd the oligonucleotide primers of MRFs were desigas described Bhibata et
al (2006).The cyclophilin A (PPIA) gene was used as a houspkeay gene control as previously repor{®& Maria et al., 2010; Uslenghi
et al., 2013)To determine the amount of OXT and PPIA transcripBNAs were subjected to qPCR using TagMan prads;ific for the
OXT and PPIA genes. They were labelled at the 8'with fluorescein (FAM) for the OXT probe and helRrofluorescein (HEX) for the
PPIA probe; the quencher utilised for PPIA was Bleloke Quencher 1 (BHQ1) whereas the quencher ®QKT probe is unknow(iTable
1), since the transcript of the TagMan® Gene ExgiogsAssay was used (Assay ID: BtO3217196_gl; AggpBiosystems, LifeTechnol-ogies).
The probes and relative primers of PPIA were desigas previously describgDe Maria et al., 2010).

The levels of gene expression were calculated usirgative quantification assay based on the coatve G, method (AAG method)
(Bustin et al., 2009Yerifying that efficiencies of target and houselkiegmene amplification were similar. Then, the tiel@abundances of
each transcript, normalised to the endogenous lkeeging gene (PPIA) and relative to the control mamwere recorded as 29 (fold
increase)Livak & Schmittgen, 2001; Pfaffl, 2004; Wong & Metho, 2005).

2.5.Cloning of OXT and PPIA amplicons into the pDRIN&Smid vector and generation of recDNAs calibratiomves

Each amplicon, OXT gene and housekeeping PPIA geagmixed with the pDRIVE vector in a ligation céian mixture for 30 min at
16 °C using a Qiagen PCR Cloning Kit (Qiagen), andigation product was transformed into QIAGEN EZ Gmtent Cells (Qiagen). The
cell-vector mixture was incubated on ice for 5 nfiaat shocked for 30 s at 42 °C in a water batth jmmediately transferred to ice for 2 min.
The cells were then plated onto LB agar containiagaimycin, IPTG and X-gal and incubated at 37 °Cit&Vfecombinant colonies were
picked and subjected to colony PCR to confirm thegmee of the OXT or PPIA gene fragment. Positiverdes were grown in LB overnight.
The bacteria were harvested, and plasmids werdi@dinvith the QlAprep Spin Miniprep Kit (Qiagen, eany), in compliance with the
manufacturer's instructions.

After purification, each recombinant plasmid DNA&¢DNAoxr and recDNBp,,) was sequenced by BMR Genomics (Padova, Italy)gusi
M13R and M13F primers to confirm its identity. RecBiNobtained from the cloning reaction were storied-80 °C and they were utilised for
hundreds of standard curves. The concentratioadi eurified recDNA was calculated by multiple cptimeasurements at 260 nm using an
Ultrospec 3100 Pro UV/vis spectrophotometer (AmarstBiosciences, USA). The total number of recDNAaxitl recDNAp 5 bases was,
respectively, 3964 (pDrive vector, 3851 bp; OXT3Hbp) and 3946 (pDrive vector, 3851 bp; PPIA, 9%, lamd it was multiplied by 650 Da
(the average molecular weight of one DNA base gaidetermine each single-copy molecular weight)(B&suming that one Dalton is
1.67 x 10%* g, the weight (g) of each recDNA was calculatbe;iumber obtained was then used to calculaterttmieonsul~* of purified
product. RecDNAs were used as starting templatéser20ul gPCR reaction mix, and standard curves were gaeeusing serial dilutions
of recDNAs from 18to 1 molecules.

The absolute qPCR reaction for OXT and PPIA angalifon was performed together in the same well iana final volume of 2Qul,
containing 1Qul of 2x 1Q. Multiplex Powermix (BioRad), fil of each M primer for PPIA, 1ul of 20 x TagMan® OXT Gene Expression Assay



(Applied Biosystem), 1l of 2 uM TagMan® PPIA probe (seBablel), 1 ul of template DNA and fl of nuclease-free water. The PCR cycling
conditions consisted of a 3-min incubation at 956i®wed by 40 cycles of 95 °C for 10 s and 60 &€ 30 s.
Absolute quantification by gPCR was performed ushgiQ5 Detection System (BioRad). Each sample amplified in triplicate.
Primer and TagMan® probe specificity was documeitethe Experion Instrument. The amplification eiffincy, sensitivity and linearity
of the absolute gPCR were evaluated using diffestanting amounts of the recDNA; these parameterg walculated for OXT and PPIA
fragments separately, with two different TagMan@m®. PCR amplification efficiencies (E) were caledatrom the slopes of the standard
curves using the following formula:

E% =[io(-"%°P*] - 1  x 100(Rasmussen, 2001).

Assuming a linear relationship between the Loghef ©XT and the PPIA amplicon number present indRER reaction mix and the
guantification cycle (Cq) value, the equation of gtandard curve was used to determine the detdatid of the gPCR reactions. The total
number of PCR amplification cycles was set to 35.

To confirm the precision and reproducibility of ttecDNA qPCR standards curves, the variation obindnd inter-run standard curves
was tested via a covariance analysis (ANCOVA); trenBF values were determined to test any significantedéhce between slopes and
intercepts of two replicates (A and B) in each gP&3Ray (intra-run) and between slopes and intexfegik standard curves developed in
the three different gPCR assays (qPCR assay 1, 2,)dimte3-run)(Smith, Nedwell, Dong, & Osborn, 2006).

2.6. Absolute quantification of OXT gene expressi@keletal muscle of experimental animals

For the absolute quantification of OXT gene expmsin each sample of the experimental animals,@QX8 cDNA copy number was
normalised to the PPIA cDNA copy number (OXT/PPgCR experiments to determine the variabilityhie &bsolute quantification of OXT
and PPIA genes in the skeletal muscle samplesmitisingle gPCR assay (intra-assay) and betweetipteu PCR assays (inter-assay) were
carried out. Therefore, three independent qPCRyassare performed as illustrated above (QPCR a%sayand 3), each individual gPCR
assay containing three serial dilutions of an umkmsample, repeated four times. The OXT/PPIA rdto each sample dilution was
calculated from the standard curve of each qPCRya&Xalculation of variation was based on the cleasfgOXT/PPIA genes ratio (mean,
standard deviation, and coefficient of variation,%V

The gene copy humber of each gene was extrapdiatedthe recDNA standard curves. The absolute gP&Rtions were performed
in a final volume of 2Qul, containing 10ul of 2x 1Q. Multiplex Powermix (BioRad, USA), jil of each 6uM PPIA primer, 1ul of 20x
TagMan® OXT Gene Expression Assay (Applied Biogrme), 1ul of 2 uM TagMan® PPIA probe (sekablel), 1ul of template DNA and &l of
nuclease-free water. The qPCR cycling conditionsewtee same as for the standard curve construetxperiments. Each sample was
amplified in duplicate.

2.7. Criterion value, sensitivity and specificifytie OXT screening
method

The efficacy of the OXT up-regulation as a potdriiiamarker candidate to identify pE2- and/or DEXdted beef cattle was studied using
a receiver operating characteristic (ROC) analyEi® ROC curve was developed on OXT/PPIA valuesaiobt from all the experimental
groups. Specificity, sensitivity and criterion arteoff value of this potential biomarker were cdbted (with a 95% confidence interval, Cl)
by means of a ROC cur{@&able 5).

Sensitivity indicates the probability that a pE2dsr DEX-treated animal (suspect) will be corrgétlentified (true positive), and 1 —
specificity is the probability that a negative sdijwill be falsely identified as a suspect (fadesitive)(Fig. 4). To select the optimal criterion
value, the likelihood ratios of positive (+LR) vassnegative (-LR) outcomes were calculated, wiets% CI.

Tablel
Primer sequences and TagMan® probes for gPCR.
Gene (RefSeq 1D) Forward primer (5'-3") Reverse primer (5'-37) Amplicon size (bp)
OXT (NM_176855) TagMan® Gene Expression Assay 113
OXTR (NM_174134) CAAGGAAGCCTCACCTTTCA TGCACAAGTTCTTGGAAGAGG 111
MYOD1 (NM_001040478) CGACTCGGACGCTTCCAGT GATGCTGGACAGGCAGTCGA 180
MYF5 (NM_174116) ACCAGCCCCACCTCAAGTTG GCAATCCAAGCTGGATAAGGAG 150
MYOG (NM_001111325) GTGCCCAGTGAATGCAGCTC GTCTGTAGGGTCCGCTGGGA 110
MRF4 (NM_181811) GGTGGACCCCTTCAGCTACAG TGCTTGTCCCTCCTTCCTTGG 140
PPIA (NM_178320} GCCCCAACACAAATGGTT CCCTCTTTCACCTTGCCAAAG a5

TagMan*Probe HEX-TGCTTGCCATCCAACCACTCAGTC-BHQ1

2.8. Statistical analyses

All statistical analyses were performed using GRgudh InStat (vers. 3.05) and GraphPad Prism (vebS) 3oftware (GraphPad Inc., San
Diego, CA, USA). The oxytocin peptide serum concatintn data obtained for the three study groups wesdysed using the Kruskal-Wallis
test (non-parametric one-way analysis of varianédNOVA), followed by Dunn's Multiple Comparison potest, because Barlett's test
suggested that the differences among the standandtibns of the group data were significant.

The gene expression of target genes and the absplantification of OXT/PPIA were analysed by ANOMAllowed by Dunnett's post
hoc test, comparing both treatment groups agahestontrol group. Grubbs' test was used to determim exclude potential outliers.

ANCOVA was performed to compare slopes and intetxepthe six standard curves, aRdndF values were calculated. Analysis of
the absolute quantification variability of the uimkan sample was investigated using the Kruskal-Wa#st, followed by Dunn's Multiple
Comparison post test. A P value of O.05 was comsitiéo indicate statistically significant differessc

ROC curve analysis was used to achieve the optiefationship between sensitivity and specificity eTdnalysis was conducted using



GraphPad Prism (vers. 3.05) software (GraphPad 8amn Diego, CA, USA).

3. Results

3.1. Effect offiE2 and DEX on serum concentratiémxytocin peptide

Serum oxytocin levels measured after the fifth dufggE2 (on day 35) had increased almost 100-folgroup A (mean+SEM, 53.6 +11.47
pag/ml) compared to the average serum oxytocin aomagon measured in control group (0.53 +0.53 pgp(ifig. 1). This increase was
statistically significant (P< 0.05), with a sampéeovery of 92%. In contrast, DEX administratiomgioup B induced no significant increase
in serum levels of this neuropeptide after 35 dafyseatment (3.28 + 2.52 pg/ml), when compareddatrols. At the time of
slaughtering, serum oxytocin levels were equallghhin all experimental groups, including controlsthe average
concentrations were 195.41 + 51.43 pg/ml, 11&3B5.96 pg/ml, and 181.96 +44.70 pg/ml in grodpd, and C, respectively.

3.2. Relative gene expression of OXT, OXTR and MiRBkeletal muscle

Administration of pE2 and DEX induced in skeletalsule tissue a significant overexpression of thef@xne by 33.5-fold in group A
and by 13.3-fold in group Brable 2)compared to control group. Treatment with pE2 iredbialso an up-regulation of OXTR by about 3-fold
(Table 2),which was not evident in animals treated with DEXese changes in gene expression persisted intakelascle for at least 7
days (time of slaughter) following discontinuatioh drug treatment. Likewise MRF-mRNA levels in skl muscle tissue were
differently regulated by pE2 and DEX treatmentphrticular, the myogenic factor 4 (MRF4) was uptieged by pE2 and DEX by
about 3 and 4-fold, respectivelffable 2). Treatment with DEX also induced over-expressiommybgenic factor 5 (MYF5) and
myogenic differentiation 1 (MYOD1) by about 4-folhd 9-fold versus control, respective[Jable 2).For myogenin (MYOG) no
significant change in gene expression was noted.

3.3. OXT and PPIA cloning

After the PCR run, two single bands of the correngie (ampli-con relative to OXT, 113 bp; amplicaiative to PPIA, 95 bp) were
detectedFig. 2).OXT and PPIA fragments were successfully cloned tato different pDrive vectors and transformed iatbacterial host.
After purification, recDNA identities as OXT and IPRvere confirmed by sequencing.



4001

~ day 35
E [ at slaughtering
‘gj 3004
=
g 200
E‘
]
g 1004 *
= m
@ =
0 o

A

w

&

Fig. 1. The box and whiskers graph shows the sexyocin values (pg/ml) in experimental beef cafflee lines at the middle represent the group medithe boxes
extend from the 25th and the 75th percentile. Trar bars extend down to the lowest value and utheddighest. Blood samples were collected on 8agftér the

beginning of treatment and at the time of slaugiden group A (pE2-treated), group B (DEX-treateutid group C (control).*Signifkantly different frocontrol group
(P<0.05).

Table2

Fold-change in expression of the six genes analys#tk skeletal muscle of animals treated with §g@up A) and DEX (group B) versus control (graigo whom a control
value of 1 was assigned).

Genes Normalised fold expression (2-446%)
A B
OXT 33542037 133 +1457
OXTR 3.09+1.94" 1.13+1.24
MYOD 0.89 4 1.47 9.0426307
MYF5 2.10+0.87 40241277
MYOG 1.05+£0.75 1.77 £0.51
MRF4 3.11+1.75 3.82+229°
" P<005.
T P<0.01.
1500 bp Upper marker
[
——
—
——
118 bp

150D —

Lower marker
L 1

Fig. 2. A virtual gel of the automated capillargetrophoresis of the final OXT and PPIA ampliconane L: molecular weight marker and lane 1: OXT #RIA amplicons (118
bp and 98 bp, respectively). Two DNA internal markélower, 15 bp; higher, 1500 bp) were added ttidate peak alignments.

3.4. gPCR amplification reaction and reproducilyildfrecDNA standard curves

Standard curves have been constructed over a rané®@ ®-6.88 x 16molecules of OXT amplicons”l and 75.9-7.59 X 4@olecules of
PPIA amplicons”l. For each standard curve tesliitg P value, amplification efficiency%, derived from thlepe of the standard curve, and
intercept value were reportedTiable 3. Amplification efficiencies of the qPCR for the OXMaPPIA recD-NAs were very similar and close to
100%. A high linearity was detected in the range16%-10° DNA molecules. The theoreticaletection limits for the OXT and PPIA
TagMan® assays were calculated from the calibratione and they were found to be similar (7-9 afzb7respectively). These low values
indicated a great sensitivity of the gPCR protqdalble 3).

To assess the reproducibility of absolute quardifon by gPCR, it was determined whether standardecparameters calculated with
each recDNA were statistically similar. The tworayassay standard curves in each run were highlpdecible; ANCOVA analysis of the

six inter-assay standard curves revealed no sinifidifferences between the slopes, but the Pevals <0.0001 for the six elevations
(Table 3).

3.5. Variability in absolute quantification of OX&fid PPIA gene copy number in skeletal muscle sample

Variation in the absolute number of gene copie®XT/PPIA amplified from skeletal muscle tissue séspvas assessed. The cDNA of
the same unknown sample was amplified in threedaddent gPCR runs at three different dilutions (t!,Z4hd 1C¥) and the number of
gene copies of OXT/PPIA was quantified using a héAB standard curve; the CV% range for the intrasasses 5.88-36.34, with an uptrend
at low concentrations of cDNA. The trend was simita the inter-assay experiment, with a CV% ranmgenf 18.18 to 33.59Table 4).

3.6. OXT gene expression absolute quantificatiskéletal muscle tissue of experimental animals



The OXT gene expression detected by absolute qR@Re OXT gene copy number (normalised by the P§¢Ae copy number)
detected in each sample are reportelign 3. The OXT/ PPIA ratio increased in group A (mean+tSEM1 +0.40) and group B (1.16
+0.29) compared to group C (0.28 +0.1%)e overexpression compared to group C was stlbtisignificant both in group A
and B (P < 0.01). Only for one animal (number 8gioup B results were under the threshold of thiénogd criterion value, whereas only
one animal in the control group (number 17) shoaedXT/PPIA ratio higher than the threshold.

Table3

Quantitative amplification parameters calculateddix standard curves relative to OXT and PPIA rdéDdeveloped in three separate gPCR assays. Thatiear of intra- and
inter-run standard curves was tested via an ANCOMA;P and F values were determined to test amyfgignt difference between the slopes and theroset of the two replicate
in each qPCR assay (intra-assay) and between ¢épesland the intercept of the six standard cureseldped in the three different gPCR assays (ias=ay).

OXT recDNA standard curve gqPCR run 1 gPCR assay 2 gqPCR assay 3
A B A B A B
Amplification efficiency % 107.6 107.9 108.6 103.2 106.0 1124
Intercept 37.85 37.70 37.25 37.80 36.82 3617
Slope -3.153 -3.145 -3.131 -3.248 —3.186 —3.056
Sy.x 0.306 0.509 0470 0.350 0.640 0.804
Detection limit 8 7 g 8 9 g
Quantification range 68.8-6.88 « 10° 68.8-6.88 « 10° 68.8-6.88 « 10° 68.8-6.88 « 10° 68.8-6.88 « 10° 68.8-6.88 « 10°
Test linearity. ] 0.998 0.995 0.995 0.998 0.993 0.988
Intra-assay 1(P; F) Intra-assay 2 (P; F) Intra-assay 3 (P; F)
Slope 0.9505; 0.004069 0.3166; 1.1115 0.5184; 0.4480
Intercept 0.6272; 0.2510 0.644; 02257 0.6994; 0.1571
Inter-assay (P; F)
Slope 0.7802; 0.2500
Intercept <0.0001; 19.1627
PPIA recDNA standard curve gPCR assay 1 gPCR assay 2 gqPCR assay 3
A B A B A B
Amplification efficiency % 107.8 105.8 105.6 105.1 101.8 109.5
Intercept 38.8 395 383 388 382 376
Slope -3.148 -3.191 -3.194 —3.205 —3.28 -3.113
Sy.x 0.465 0.485 0587 0.269 0.281 0.591
Detection limit 16 25 11 15 9 7
Quantification range 75.9-7.59 « 10° 75.9-7.59 « 10° 75.9-7.59 « 10° 75.9-7.59 « 10° 75.9-7.59 ~ 106 75.9-7.59 ~ 10°
Test linearity. 1 0.996 0.996 0.994 0.999 0.999 0.994
Intra-assay 1(P; F) Intra-assay 2 (P; F) Intra-assay 3 (P; F)
Slope 0.7407; 0.1157 0.924; 0.009565 0.2062; 1.8277
Intercept 0.05426; 4.6402 0.09273; 3.3893 0.8453; 0.03987
Inter-assay (P; F)
Slope 0.9389; 0.06316

Intercept

<0.0001; 26,9257




Table4
Intra-assay (test precision) and inter-assay vianaltest variability) for OXT/PPIA values deternaite by three different gPCR assays. Mean of OXTARPRIlues, standard
deviation (s.d.), and coefficient of variation (CY%ere calculated from three different dilutionao€DNA sample.

Dilution Inter-assay (n=36) Intra-assay (n=12)
OXT/PFIA s.d. v qPCR assay 1 qPCR assay 2 qPCR assay 3
OXT/PPIA s.d. CV% OXT/PPIA s.d. CVx OXT/PPIA s.d. V&

1 3.60 0.65 18.18 3.94 0.94 23.73 3.36 0.43 12.90 3.50 0.51 14.53
10! 3.9 1.03 26.38 4.43 1.38 31.19 345 0.20 5.88 3.75 1.00 25.80
102 257 0.86 33.59 3.13 1.14 36.34 2.04 o0 34.75 2.54 .37 14.72
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Fig. 3. Absolute qPCR data from experimental gro@XT/PPIA ratios of each pE2-treated (group A),)Deated (group B) and control (C) animal. Thetddtline indicates the
optimal criterion value calculated by ROC curve lgss.
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3.7. ROC parameters calculated on OXT screeninghotet

The ROC curve analysis established a good diagneatiie of the OXT/PPIA gene copy number ratioE2pand DEX-treated beef cattle,
compared to the control gro@pig. 4).The area under the curve (AUC) was 0.9306, witB% @onfidence interval (0.8072-1.054; p<0.01).
Based on an optimal criterion value of 0.4665, dlegnostic sensitivity was 83.33%, with a spedyiaf 91.67%(Table 5).The positive
likelihood (+LR) and negative likelihood (-LR) rasiovere 10 and 0.18, respectivélyable 5).The OXT/PPIA values obtained from the
experimental groups A and B were higher than thtedion value calculated by the ROC curve analyBig. 3).

4. Discussion

The results of the present study in beef cattléciamte that, in accordance with previous studie®bjager et al., 201andKon-gsuwan,
Knox, Allingham, Pearson, & Darlymple, 20E2 administration induces a significant increaseifculating oxytocin levels after 35 days
of treatment. However, a correlation between OXT-mRéynthesis in skeletal muscle and serum oxytoeirels has not been shown.
Therefore, it is probable that oestrogens act @oitant regulators of oxytocin production withirethrain and/ or control its release into the
blood strean{Chung, McCabe, & Pfaff 1991; Shughrue, DellovadelM&rchenthaler, 2002)The OXT gene is primarily expressed in the
magnocellular neurons of the hypothalamic paravemtir and supraoptic nuclei, with translated oxytopeptide then being stored in the
the posterior pituitary gland from where it is r@ded into the systemic circulati¢@im-pl & Fahrenholz, 2001)Y-he concentration of oxytocin
in circulating blood might serve as a valid martedetect oestradiol treatmdntvivo.However, blood levels may be influenced by a variet
of physiological stimuli, such as suckling and patton in the female, or by certain stress fac{@snpl & Fahrenholz, 2001)he finding
that all animals at the time of slaughtering haghhievels of oxytocin in their circulating bloodpaorts the notion that the hypothalamic
nuclei increase oxytocin production and releaserésponse to the stress associated with transpaitnah handling, and the
slaughterhouse environment. Treatment with DEX mhd induce a significant increase in oxytocin cartcations in circulating blood.
Presumably, this synthetic glucocorticoid does affct the biosynthesis of this neuropeptide witthie brain, the main source for the
hormone found in blood. It is also unlikely thayahanges in the amount of oxytocin produced in cgy@s in response to DEX would have
affected oxytocin concentrations in blood, giveattbkeletal muscle represents overall only a venomsource for this hormone.

The up-regulation of OXT gene in skeletal muscléoth group A and group B was a particularly inténgsfinding of the present study.
Whilst both De Jager and Kongsuw@e Jager et al., 2011; Kongsuwan et al.2@Edcribed OXT gene overexpression in skeletal neustl
steers and sheep treated with trenbolone acetdtarapE2 implant, our study is the first to demoatst that sole treatment with either pE2
or DEX can induce an up-regulation of OXT gene esgpion in skeletal muscle of beef cattle. The meisha of OXT gene expression
induction by pE2 and DEX in skeletal muscle is nompletely understood. Transcriptional activatidritee gene coding for oxytocin by
oestrogens does not follow the classical modelestimgen receptor actiqioonhi, Ivell, & Walther, 2005)One hypothesis involves the
binding of nuclear orphan receptors oestrogen rteceplated receptor alpha (ERRa) to the oxytocionpter binding site. The oxytocin
promoter does not contain oestrogen response etefBRE); on the contrary, it possesses a high-affininding site for nuclear orphan



receptorgKoohi et al., 2005)The oestrogen-dependent up-regulation of the bowkyocin promoter was investigated in MDA-MB 231
cells. Binding of ERRa to the oxytocin promoter diimg site has been demonstrated, suggesting th@viement of this nuclear orphan
receptor in oestrogen-dependent up-regulatigoohi et al., 2005)Both, ERRp and ERRy are induced and accumulate inf-a di
ferentiation-dependent manner in skeletal musclés.c&he study ofWang, Myers, Dooms, Capon, and Muscat (20dighlighted the
regulatory crosstalk between ERRy and glucocortiaeiceptor (GR) signalling in skeletal muscle cedlad suggested that the ERRy
agonist modulates the expression of critical gehascontrol GR signalling and glucocorticoid séivei gene expression. This relationship
could explain the OXT up-regulation induced by DE¥ skeletal muscle, but other factors, deriving nirothe
hypo-thalamo-neurohypophyseal system, could algalage this gene expression.

The expression of genes susceptible of changewiollp GP treatment was determined to evaluate théeowbar effects induced in
skeletal muscle of beef cattle. Muscle developniennder the control of genes of the MRF gene fa(MlYOD1, MYF5, MYOG, MRF4) and
the up-regulation of these MRFs induced by hormdressbeen demonstrated. Although all four MRFs tsnglar functional propertiem
vitro, they exhibit distinct activities during embryogeiseéYOD and MYF-5 are essential to specificatidntlte muscle lineage, whereas
MYOG and MRF4, respectively, are involved in thdialiand late stages of differentiatiéRerry & Rudnick, 2000; Wyzykowski, Winata,
Mitin, Taparowsky, & Kon-ieczny, 2002n the present study, pE2 and DEX induced a sicaifi increase in MRF mRNA in skeletal muscle,
which persisted after drug administration was digiced(Table 2).Glucocorticoids may potentially affect proliferatiand differentiation
of myoblasts through several pathways that mayedfitly regulate the genes of the MRF gene familfjaak been reported that gluco-
corticoids increase myogenic repair and myoblastiferation; in particular, low doses of glucocadids increase the myogenic fusion
efficiency of C2C12 cell§Belanto et al., 2010).

Breton et al. (2002)escribed that functional OXTR is presenirirvitro human myoblasts and they suggested that the OXTROyBtem
may be involved in the differentiation of human Igkal muscle and its regeneration. Also in the pn¢study pE2 administration in beef
cattle induced an up-regulation of OXTR gene inated muscle. Furthermor®e Jager et al. (201 tlpmonstrated that the endogenous OXT
expression was increased in fetal bovimagissimus dorgnuscle during secondary myogenesis and functioiffalrdntiation of muscle, but
it was not clear whether sex hormones were resptenfr this overexpression.

To verify the up-regulation of the OXT gene as anmérker for the detection of pE2 and DEX treatmi@nbeef cattle, an absolute
quantification of this gene by qPCR was optimiseck ifitra-assay approach indicated that the repraditgiof recDNA standard curves by
gPCR was higlfTablel1). The developed inter-assay showed that thetaixdard curves had similar slopes, but differeterirept values.
Quantification of unknown gene copy numbers froendard curves with the sanfeand slope but different intercept values would heisu
differences in the absolute values of gene cogitaimed. For this reason, for future applicatiohthis method in meat screening, the authors
would recommend to use an internal standard cuvedch gPCR run to determine the OXT/ PPIA vatuari unknown sample. The test
precision and variability showed that the variatimpstly depended on sample dilution rather thamhenstandard curve included in each
run. Therefore, the determination of low concenbreg of cDNA could be subjected to a higher erforyway, analysis of the variation of
the absolute quantification of the unknown sampées wot significant (p = 0.3821).

A ROC curve was produced to evaluate the most itapbparameters for application of this screenew.tROC curves seek to identify
the rate of true positives versus false positived thereby provide a measure of the specificity aedsitivity of any potential
biomarker candidate.

These first results were obtained under experimeataditions, and they should be confirmed in-fielda greater number of animals. By
the way, preliminary results showed a quite cldatimction between GP-treated and control animaith an AUC value of 0.9306. The
ROC curve data indicate that, for the chosen ddtevalue, only approximately 17% of the controbgcts were wrongly identified and
about 92% of pE2- and DEX-treated beef cattle vee@urately identified. Obviously, the hormone oxjtosynthesis, storage and release
and its binding to OTR may be endogenously and erogsly regulated to counteract patho-physiologitates (such as sexual
behaviour, diabetes, cancer, and stréé¢®ro et al., 2010)Nevertheless, the OXT gene expression change letskenuscle could become
an interesting screening test to verify the healibs of the meat, taking into account the possihidi have false positive results. Given the
reason described above and the easy applicatioiX@fexpression measurements as screening tooate &1od safety laboratories, the use
of this test has been patented by the Universifjuwtn (Italy) (N. TO2012A000119).



Fig. 4. ROC curve for OXT up-regulation in pE2- and DEXated animals versus untreated control animais.drea under the ROC curve (AUC) was 0.9306 wigb% CI
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(0.8072-1.054; P> 0.01). The optimal criterion vakelected was 0.4665 with 83.3% sensitivity and®% specificity.

Table5

Criterion values (express as OXT/PPIA values) aratdinates of ROC curve for OXT up-regulation agening test (confidence interval, CI; positive

likelihood ratio, +LR; negative likelihood ratiol-R). The optimal criterion value is printed in bold

100

Criterion Sensitivity® a5% Cl Specificity® 95% C1 +LR —LR
<0.0085 16.67 0.4211-64,12 100 73.54-100.0 0.83
<0.0285 3333 4327-77.72 100 73.54-100.0 0.67
<0.0695 50 11.81-88.19 100 73.54-100.0 0.50
<0.1285 B66.67 22.28-95.67 100 73.54-100.0 0.33
<0.2475 66.67 22.28-95.67 91.67 61.52-99.79 8.00 036
<0.4665 83.33 35.88-99.58 91.67 61.52-99.79 10.00 0.18
<0.6780 83.33 35.88-99.58 83.33 51.59-97.91 5.00 0.20
<0.8990 83.33 35.88-99.58 75 42.81-94.51 333 0.22
<1.119 8333 35.88-99.58 66.67 34.89-90.08 2.50 0.25
<1.366 100 54.07-100.0 B66.67 34.89-90.08 3.00
<1.541 100 54.07-100.0 58.33 27.67-84.83 2.40
<1.809 100 54.07-100.0 50 21.09-78.91 2.00
<2.173 100 54.07-100.0 41.67 15.17-72.33 1.71
<2.318 100 54.07-100.0 33.33 9.925-65.11 1.50
<2.681 100 54.07-100.0 25 5.486-57.19 1.33
<3.129 100 54,07-100.0 16.67 2.086-48.41 1.20
«3.338 100 54.07-100.0 8.333 0.2108-38.48 1.09




5. Conclusions

Further studies are needed to understand the mechamf action of the oxytocin peptide on skeletalscle growth. The significant
overexpression of OXT gene in tissues harvestenh fp&E2- and DEX-treated animals may help explain ghabolic effect of low-dose
oestrogen and synthetic glucocorticoid administratbn muscle growth. The effect of illegal GPs ba bovine transcrip-tome has drawn
increasing attention of the scientific communitydaspurred efforts to identify biomarkers of hormatrise in livestock. The change in
OXT gene expression may well be an intriguing biokea to discover GP abuse in adult beef cattle. déscribed methodology, using an
indirect marker to detect illegal GP treatment,mises to significantly improve food safety contppbgrams once introduced. Used as a
screening test the method helps safeguarding thétgwf meat for human consumption because sigaift OXT gene up-regulation was
still detected at the time of slaughtering, i.eneaveek after the last treatment with pE2 or DEX.
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