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Abstract: The use of recombinant bovine somatotropin (rbST) in dairy cattle is forbidden in the
European Union. Due to the very low circulating concentration of rbST in treated animals, its direct
detection is still a challenge. Therefore, the use of indirect methods to detect the ab(use) of rbST
in dairy cattle appears as a good alternative. In the past few years, gene expression demonstrated
its utility in screening the use of illicit substances in both humans and animals. In this study,
a comparison of three types of matrices (milk somatic cells, blood, and hair follicles) was carried out
to evaluate their potential use for routine control of rbST using 15 gene-expression profiles. A total of
six rbST-treated cows and three control cows were included in the study. A subcutaneous injection
containing 500 mg of rbST was administered to the treated group. Samples of the three matrices were
collected before rbST administration, and at three and nine days after treatment. The quality of RNA
extracted was higher in the blood and hair-follicle samples than in the milk somatic cells. In the three
matrices, there were significant differences in the expression of some genes, with milk somatic cells
and blood presenting the the best matrices. On this note, the cyclin D1 (CCND1), interleukin 1 beta
(IL-1β), tumor necrosis factor (TNF), and insulin-like growth factor 1 receptor (IGF-1R) genes showed
potential as biomarkers of rbST treatment. Therefore, blood, somatic cells, and follicle hair should
be considered as promising sources of RNA, and can be used in gene-expression assays to routinely
control the illicit use of rbST.
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1. Introduction

The growth hormone (GH) is a single-chain polypeptide secreted by the anterior pituitary gland of
all vertebrates. This hormone is involved in a wide range of biological activities, such as growth, energy
metabolism, sexual maturation, and immunity. These actions are initiated upon the binding of GH
to membrane-bound receptors located in various tissues, including liver, muscle, bone, or mammary
tissue [1]. The GH-mediated actions in mammary tissue were studied in dairy cattle for many years.
Furthermore, studies carried out in Russia and England at the beginning of the 20th century found that
pituitary extracts from cows increased milk yield in dairy cattle [2,3]. This effect was due to the presence
of growth hormone in the extract. In the 1980s, recombinant DNA technology allowed the production
of large quantities of recombinant bovine somatotropin (rbST) in a cost-effective and efficient manner.
The galactopoietic effect of the recombinant variants was demonstrated, and the routine use of rbST
in dairy farms to increase the global milk yield started being evaluated [4]. Thus, in the year 1993,
the Food and Drug Administration (FDA) approved the use of rbST in the United States.
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Despite its capacity to enhance milk production in dairy farms, the use of rbST was controversial
since the beginning. Some studies observed that the use of rbST could increase the incidence of mastitis
and lameness in dairy farms, with a consequent deterioration of animal welfare [5]. Moreover, it was
suggested that the increased presence of insulin-like growth factor 1 (IGF-1) in milk as a consequence
of rbST use could have a detrimental effect in human health [6]. Therefore, while the use of rbST is
allowed in various countries such as United States, Brazil, and Mexico, its use is banned in others such
as Canada, Australia, and New Zealand. In 1999, the European Union (EU) definitively banned the
use of rbST in Europe, invoking animal welfare reasons and its impact on European milk policy and
consumer fears [7].

The prohibition of rbST use in the EU cannot prevent the illicit use of this substance in dairy
farms. Consequently, the illegal use of rbST in dairy farms was detected in 2013 in Spain. The persons
involved in this scandal introduced commercial injections from Mexico, where the use of this substance
is allowed. Therefore, it is clear that rbST should be included in the European residue-control plans [8].
Analytical chemistry techniques combining chromatography and mass spectrometry are commonly
used to detect the illicit use of substances in cattle (e.g., growth promoters). Furthermore, some methods
were developed to detect rbST in bovine and buffalo serum, using liquid chromatography/tandem
mass spectrometry [9,10]. However, due to different rbST variants available with varying terminal
amino-acid compositions, and the low circulation levels of rbST in blood, it is difficult to detect rbST
using these methods [11]. Therefore, the use of indirect methods could be an alternative for screening
the use of rbST in cattle. In the past few years, transcriptomics emerged as a promising tool for
evaluating the use of illicit substances in cattle [12]. Moreover, some studies used qPCR to develop
a screening panel that could elucidate the use of growth promoters in cattle [13,14]. Some studies
evaluated the gene-expression modifications caused by rbST in various tissues of dairy cattle [15–17].
However, none of these studies focused on the development of a screening panel to be used routinely
in monitoring the illicit use of rbST in dairy farms.

Routine controls of rbST ab(use) should be carried out at different time points in dairy farms to
avoid the market release of milk produced using rbST. Therefore, post-mortem samples from the liver
or muscle are totally discarded in this type of control. From a practical point of view, only matrices
that can be collected in vivo are really interesting for routine controls. The matrix which is easiest to
collect in a dairy farm is that of milk, and the somatic cells present in milk are a good alternative for
transcriptomic assays [18]. The collection of other matrices requires direct contact with the animal.
A good example of this is blood, which is commonly used for in vivo transcriptomics assays [19].
Another option to carry out in vivo transcriptomics assays is the hair follicle, as hair is a common
matrix to detect the use of illicit substances in cattle [20]. However, until now, there are no studies
focusing on the use of hair follicles for screening transcriptomics assays to control the use of banned
substances in cattle.

Therefore, the aim of this study was to compare the potential of three matrices (milk somatic cells,
blood, and hair follicles) to detect the ab(use) of rbST in dairy cattle, using gene expression. A total of
nine dairy cows were involved in the study (six rbST-treated cows and three control cows). A total
of 15 target and three reference genes were selected, and their expressions in three different matrices
were determined using a high-throughput real-time platform, allowing the simultaneous analysis of
various genes in a wide range of samples.

2. Results

2.1. RNA Isolation and Quality

The amount of RNA isolated from the samples varied across matrices (Table 1). The amount of
RNA isolated from somatic cells was significantly more abundant (p < 0.001) than that in blood and
hair follicles. Furthermore, the ratio of absorbances at 260 and 280 nm (A260/A280) was significantly
different (p < 0.001) across matrices. The RNA extracted from hair follicles presented the highest
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A260/A280 ratio, with a mean value of 1.892, while the RNA from blood presented a mean A260/A280
ratio of 1.809, and the RNA from milk somatic cells presented the lowest A260/A280 ratio, with a mean
value of 1.710. The RNA integrity number (RIN) values showed a similar tendency. The RIN values of
RNA extracted from hair follicles and blood were significantly higher than that of RNA obtained from
milk somatic cells.

Table 1. The concentration of RNA, the ratio of absorbances at 260 and 280 nm (A260/A280), and the
RNA integrity number (RIN) values of RNA isolated from the three matrices.

Matrix RNA Concentration (ng/µL) A260/A280 Ratio RIN Value

Hair follicles 53.30 ± 11.97 b 1.89 ± 0.06 a 7.76 ± 0.41 a

Blood 59.00 ± 28.02 b 1.81 ± 0.04 b 7.79 ± 0.40 a

Somatic cells 165.42 ± 71.23 a 1.71 ± 0.08 c 6.10 ± 0.57 b

Letters (a–c) in each column reflect significant differences.

2.2. Reference Genes

Three different genes, namely ubiquitously expressed prefoldin-like chaperone (UXT), ribosomal
protein S9 (RPS9), and mitochondrial glycerol 3-phosphate acyltransferase (GPAM), were evaluated as
internal controls for this gene-expression study. Their stability was evaluated using the Bestkeeper®

software. With this software, the standard deviation (SD) of crossing-point values (CPs) of candidate
reference genes was calculated, as well as Bestkeeper indexes using the SD values of candidate genes.
The most stable genes exhibit the lowest variation, and any studied gene with an SD higher than 1 can
be considered inconsistent.

There were differences in the expression of reference genes. The expression of all three reference
genes included in this study was detected in somatic-cell samples. However, in blood and hair-follicle
samples, only the expressions of UXT and RPS9 were detected. Therefore, the stability of the three
genes was calculated in somatic cells, while only the stability of UXT and RPS9 was calculated in
blood and follicle samples. Table 2 shows the SD (±CP) of the selected genes from each type of matrix.

Table 2. Standard deviation of crossing-point (CP) values obtained for the three reference
candidates—ubiquitously expressed prefoldin-like chaperone (UXT), ribosomal protein S9 (RPS9),
and mitochondrial glycerol 3-phosphate acyltransferase (GPAM). For hair follicles and blood, the
amplification of GPAM was not detected. Bestkeeper indexes were calculated based on the CP values
of reference genes. For somatic cells, the Bestkeeper index was calculated based on UXT-RPS9.

Matrix UXT RPS9 GPAM Bestkeeper Index Bestkeeper Index (UXT-RPS9)

Hair follicles 0.90 0.91 - 0.96 0.96
Blood 0.89 0.75 - 0.71 0.71

Somatic cells 0.85 0.79 1.19 0.94 0.89

The GPAM gene was only expressed in somatic cells; in the samples analyzed for this study, the
SD (±CP) was higher than 1, and could be considered as inconsistent. The SD (±CP) of the other
two genes was lower than 1, and therefore, could be considered as consistent. Furthermore, in hair
follicles, the SD (±CP) was similar for both genes (UXT and RPS9), while in the blood and in somatic
cells, RPS9 showed lower SD (±CP) values. These results indicate a better stability of this gene in
comparison with UXT. The blood samples presented the best Bestkeeper index. In the case of somatic
cells, the use of only UXT and RPS9 allowed us to obtain a better Bestkeeper index. Hair follicles
presented the worst Bestkeeper index. In this study, only the UXT and RPS9 genes were used to
normalize the expression of target genes.
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2.3. Expression Pattern of Target Genes Analyzed

The expressions of three genes, namely insulin-like growth factor binding protein 5 (IGFBP5),
collagen type III alpha 1 chain (COL3A1), and estrogen receptor 2 (ESR2), were not detected in the
matrices tested (Figure 1). In addition, the expression of IGF-1 was only detected in one cow in the milk
somatic cells. The number of target genes in which expression was detected in this study varied in each
matrix. In milk somatic-cell samples, the expressions of nine genes were detected, and the transcription
of lactotransferrin (LTF) was only detected in this matrix. In blood samples, the expressions of eight
genes were observed, and the transcription of catenin alpha-like 1 (CTNNAL1) was only detected in
this matrix. Finally, in hair-follicle samples, the transcriptions of seven genes were observed, and the
expression of insulin-like growth factor binding protein 3 (IGFBP3) was detected in this matrix.
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Figure 1. Gene-expression patterns in blood, milk somatic cells, and hair-follicle samples. Green cells
represent expression of the target gene, and gray cells represent no expression of the target gene, in the
samples of each matrix. For a list of the gene names evaluated, see Table 3.

Table 3. Genes included in this study for gene-expression assays.

Gene Symbol Gene Name NCBI Accession Number Assay ID

IGF1 Insulin-like growth factor 1 NM_001077828.1 bt03252281_m1
IGF1-R Insulin-like growth factor 1 receptor NM_001244612.1 bt03649217_m1
IGFBP3 Insulin-like growth factor binding protein 3 NM_174556.1 bt03223809_m1
IGFBP5 Insulin-like growth factor binding protein 5 NM_001105327.2 bt03258785-g1
IL-1β Interleukin 1 beta NM_174093.1 bt03212745_m1
TNF Tumor necrosis factor NM_173966.3 bt03259156_m1
LTF Lactotransferrin NM_180998.2 bt03217382_m1

COL3A1 Collagen type III alpha 1 chain NM_001076831.1 bt03249914_m1
TPD52L2 Tumor protein D52-like 2 NM_001034615.2 bt03227133_m1

ESR2 Estrogen receptor 2 NM_174051.3 bt03259198_m1
CTNNAL1 Catenin alpha-like 1 NM_001191534.1 bt04308229_m1

SIRT2 Sirtuin 2 NM_001113531.1 bt03258971_m1
CCND1 Cyclin D1 NM_001046273.2 bt03235030_m1
MFGE8 Milk fat globule epidermal growth factor (EGF) 8 protein NM_176610.1 bt03216856_m1
EEF1G Eukaryotic translation elongation factor 1 gamma NM_001040487.2 bt03229629_g1

Reference genes
UXT Ubiquitously expressed prefoldin-like chaperone NM_001037471.2 bt03229278_m1
RPS9 Ribosomal protein S9 NM_001101152.2 bt03272016_m1

GPAM Glycerol 3-phosphate acyltransferase (mitochondrial) NM_001012282.1 bt03210379_m1
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2.3.1. Expression of Target Genes in Blood Samples

Gene-expression assays were carried out the week before the first rbST administration, and on
the third and ninth days after rbST administration. Genes differently expressed between rbST and
control samples were only detected on the third day after rbST administration (Figure 2). Specifically,
eukaryotic translation elongation factor 1 gamma (EEF1G), tumor necrosis factor (TNF), and interleukin
1 beta (IL-1β) were significantly upregulated in rbST samples. However, milk fat globule epidermal
growth factor (EGF) 8 (MFGE8) was significantly downregulated in the rbST group on the third day.Molecules 2018, 23, x FOR PEER REVIEW  5 of 15 
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2.3.2. Expression of Target Genes in Milk Somatic-Cell Samples

The IL-1β, insulin-like growth factor 1 receptor (IGF-1R), and TNF genes were significantly
upregulated (Figure 3) in the rbST group on the third and ninth days after recombinant-hormone
administration. The cyclin D1 (CCND1) gene was significantly upregulated in the rbST group on
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the ninth day. On the other hand, LTF and tumor protein D52-like 2 (TDP52L2) were significantly
upregulated on the ninth day in the control group. The transcription of EEF1G was significantly
different between both groups for all sample points, including those before rbST administration, and
MFEG8 expression was higher in the rbST group on the sixth day prior to administration, but not after
rbST administration.
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2.3.3. Expression of Target Genes in Hair-Follicle Samples

In this matrix, significant differences between the rbST and control groups were only detected in
the expression of IGF-1R on the third and ninth days, and also in CCND1 on the ninth day (Figure 4).
The other genes showed no significant differences for all time points analyzed.
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3. Discussion

On the basis of the results observed in this study, milk somatic cells may be highlighted as the best
candidate for a target matrix in rbST gene-expression analysis, as it showed the highest differences in
the selected genes. Transcription patterns are expected to be tissue-specific, and, on this basis, a target
matrix should be selected following action-based criteria. The mammary gland is considered one of
the principal target tissues of rbST, and as such, it provided the most interesting transcription pattern.
Additionally, it is worth mentioning that the stability of the selected reference genes varied according
to the type of matrix. Hence, it is relevant to explore new reference candidates for hair follicles, as this
matrix showed the poorest stability for the housekeepers selected in this study. These results highlight
the importance of evaluating various candidates to find those with better stability, as reference genes
are one of the most important aspects of RT-qPCR assays [21].

In this study, various target genes were included with the aim of finding a biomarker signature
of rbST administration. Samples of the three matrices evaluated were collected at three different
time points (before rbST administration, and on the third and ninth days after rbST administration).
The expression of insulin-like growth factor 1 (IGF1) was evaluated in this study, and its expression
was only detected in one cow in the somatic cells. For the remainder of the animals, its expression was
not detected in any of the evaluated matrices. It is possible that the transcription of IGF1 associated
with rbST administration is focused in the liver, and IGF1 synthetized in this organ circulates to the
other tissues, such as the mammary gland, where rbST exerts an indirect function through an IGF1
molecule [22]. Furthermore, the expression of IGF-1R (the receptor of IGF1) was detected in all three
matrices. The expression of IGF-1R was significantly upregulated, both in somatic cells and hair
follicles, in the rbST group in comparison with the control group on the third and ninth days. However,
in blood, there were no differences across groups. Accordingly, Castigliego et al. [15] observed no
influence of rbST on the expression of IGF-1R in the muscle of treated cows. These data highlight
the tissue-specific effect of rbST, and the need for performing the selection of candidate target genes
according to the matrix that is going to be analyzed. Moreover, the expression of genes coding for
IGF-1-binding proteins was analyzed, and only the expression of IGFBP3 was detected in hair follicles;
however, no significant differences were observed across time points. These results discredit the use
of the expression of genes coding for IGF-1-binding proteins as biomarkers of rbST treatment in the
matrices studied.

Two genes related to the immune system (IL-1β and TNF) were included in this study.
The expression of these genes was detected in milk somatic cells and in blood, but not in hair follicles.
The expressions of IL-1β and TNF were clearly upregulated in milk somatic cells on the third and
ninth days after rbST administration. In blood, the differences across groups for these genes were
only significant on the third day, and these differences were less significant than in milk somatic cells.
A meta-analysis study showed that rbST administration increases health problems in dairy cows [5].
This exogenous substance can alter the immune system of cows, and this could explain the upregulation
of the immune-system-related genes, TNF and IL-1β, in the treated group. Also, in previous screening
transcriptomics studies, it was observed that anabolic treatments caused an upregulation of IL-1β

in blood and vaginal smear cells [13,23]. In addition, other processes involving infections such
as subclinical mastitis can increase the expressions of IL-1β and TNF in mammary glands [24,25].
Therefore, these genes cannot individually be considered as specific markers of rbST administration.
Therefore, in screening transcriptomic studies, it is necessary to include a range of genes, as one gene
can be up- or downregulated on the basis of several factors. As the number of genes included in the
panel increases, so does the discrimination power of the designed panel.

Other genes with functions involving cell cycle, proliferation, differentiation, and adhesion were
included in this study. It is known that rbST increases milk synthesis by increasing the turnover
(proliferation/apoptosis) and activity of mammary epithelial cells, indicating that rbST strongly
influences metabolic pathways that regulate cell turnover/cycle and metabolism [25]. Accordingly,
the CCND1 gene plays an important role in cell physiopathology because its dysregulation is strongly
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related to a drive in inappropriate cell division, and the generation of genome instability, generating
neoplastic growth [26]. This gene was significantly upregulated on the ninth day in the rbST group
for milk somatic cells and hair follicles. These results highlight the close relationship between rbST
and cell-cycle regulation. The administration of this exogenous substance causes an overexpression
of CCND1 that can result in the activation of cells in the G0 phase. Therefore, the CCND1 gene is
a promising marker for detecting the use of rbST in dairy cattle, using milk somatic cells and hair
follicles. However, in blood, the expression of CCND1 was not detected. On the other hand, the EEF1G
and MFGE8 genes were significantly upregulated and downregulated, respectively, in the rbST group
on the third day for blood samples. A previous study in the mammary tissue of rbST-treated cows also
observed an upregulation of EEF1G six days after hormone administration [16]. EEF1G is involved
in translation elongation via the transport of aminoacyl transfer RNAs (tRNAs) to the ribosome for
protein synthesis [27]. Therefore, the upregulation of this gene is associated with a higher level of
protein synthesis, potentially activated by the exogenous administration of rbST. However, in milk
somatic cells and hair follicles, it was not possible to establish a relationship between the expression of
this gene and rbST treatment. The MFGE8 gene is an essential factor for attenuating inflammation and
inhibiting inflammasome-induced IL-1β production [28]. As such, it is remarkable that, while TNF and
IL-1β expressions were upregulated in blood samples, MFGE8 was downregulated in treated cows on
the third day. These results highlight the inverse relationship between the expressions of these genes.
Due to its role in attenuating inflammation, MFGE8 could be downregulated as an inflammatory
response to the external administration of rbST.

In the case of sirtuin 2 (SIRT2), this gene was upregulated on the third day in the rbST group for
milk somatic cells, and no differences were observed in the other two matrices. SIRT2 is closely related
to cell activity, and it is involved in the cell cycle. SIRT2 is required for normal mitotic progression
and the prevention of chromosomal instability. SIRT2 levels are greatly increased during mitosis, and
its inhibition interferes with cell-cycle progression [29]. This result again highlights the influence of
exogenous rbST on cell-cycle regulation. Finally, TDP52L2 and LTF were downregulated in the rbST
group on the ninth day, and no rbST influence or expression was detected in the other two matrices
tested. These data highlight the influence of matrices in the differences observed between two groups
using gene expression, and the importance of selecting genes for the screening panel according the
matrix that is analyzed.

The transcriptional modifications after rbST administration were influenced by both time and
the matrix used. Blood and milk somatic cells are good candidates to be used as routine matrices
for screening purposes. In the case of hair follicles, IGF-1R and CCND1 were upregulated after rbST
administration. However, two genes alone are seemingly not enough to detect rbST administration.
However, the simultaneous analysis of multiple matrices can be combined. Based on the results
observed across the different matrices, IL-1β, TNF, IGF-1R, and CCND1 are good candidates to be
included in a screening panel. Although the transcription of EEF1G and MFGE8 was influenced by
rbST in blood samples, they were upregulated in milk somatic cells before hormone administration,
and their use in a panel should only be considered in blood matrices. It is important to note that, in
the presented study, control animals were not injected with excipients of Lactotropina®, as its exact
composition is not declared by the manufacturer. On the other hand, in real-farm conditions, control
animals are not treated with excipients. Nonetheless, it could be interesting to prepare excipient
injections of a known composition for control animals in any future research focused on rbST analysis.

OpenArray® technology allows the simultaneous analysis of various genes in a wide number of
samples [30]. Therefore, in routine controls, three matrices can be collected from the same farm and
can be analyzed simultaneously. The overexpression of various selected genes in different matrices
can be a good indication of rbST administration. Realistically, it is not possible to know when rbST
was administered in a farm. Ideally, every day during lactation should be controlled. However,
from a practical point of view, this suggestion is unrealistic. Therefore, a random collection of samples
(for instance, once per week and on alternating week days) is proposed. As rbST is injected on a regular
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basis throughout lactation (bi-weekly) in all lactating cows on the farm, rbST administration should
be detected at some point using an optimal sampling plan. The gene-expression data obtained from
the samples collected have to be compared with a gene-expression dataset from a control population.
The samples presenting higher values of gene expression proposed in this paper should be considered
as indicative of potential rbST administration. Finally, the gene-expression method described here
is hereafter proposed as a screening method. The illicit use of rbST can be confirmed using other
methods. It is also important to highlight the high-throughput capacity of this real-time PCR approach,
making the sampling plan a feasible one.

4. Materials and Methods

4.1. Animals and Treatments

Nine Holstein cows of first and second lactation stages with an age ranging from 1.5–4 years
were chosen from a herd of cows, and were housed separately at the same farm. Cows were
fed twice a day with ad libitum access to fresh water. The cows were divided into two groups:
the control group, composed of three cows, and the treated group, composed of six cows.
The treated group, with an average of 67 ± 4 days in lactation, was subcutaneously administrated
with 500 mg of rBST (Lactotropina®, Elanco®, Eli Lilly, Mexico D.F, Mexico), according to the
manufacturer’s recommendations.

Experimental procedures were performed after evaluation and upon approval of the
corresponding regional authorities (Service of Livestock Farming of the Provincial Government of
Lugo, Regional Ministry of Rural Affairs, Galicia), in accordance with EU guidelines and national
laws on animal experiments, in particular, Directive 2010/63/EU on the protection of animals used for
scientific purposes, and its transposition into national law. All procedures were performed respecting
animal welfare and causing no further pain, suffering, distress, or lasting harm than the equivalent of
that caused by the introduction of a needle in accordance with good veterinary practice.

4.2. Matrices Collection

4.2.1. Milk Somatic-Cell Collection

Milk somatic-cell collection was carried out before rbST treatment, and on the third and ninth
days after rbST administration. Briefly, two liters of homogenized milk from the morning milking of
each cow was collected at the milking parlor in sterile bottles (Deltalab, Barcelona, Spain), and was
immediately transported in refrigerated conditions to the laboratory. Before milking, the udder was
cleaned, and the initial contaminated milk streams were dismissed. The remaining milk that was
not collected for experimental assays was discarded. A total volume of 225 mL of fresh milk was
used to collect the milk somatic cells (MSCs) for analysis. The protocol followed for isolating MSCs
is shown in Figure 5. Briefly, 50-mL conical centrifuge polypropylene tubes were filled with 45 mL
of milk, and were centrifuged at 4500 rpm for 10 min at 4 ◦C. The supernatant (fat and whey) was
discarded, keeping the pellet, and then, the tubes were again filled with 45 mL of milk, and centrifuged
once more. This step was repeated five times for each sample in the same conical plastic tube in an
effort to concentrate the pellet. Then, the milk pellet containing the MSCs was mixed with 1 mL of
TRIzol (AmbionTM, Thermo Fisher Scientific, Waltham, MA, USA), before being transferred to a 1.5-mL
microtube and stored at −20 ◦C until further use. Additionally, a total of three MSCs samples from
other dairy farms were collected following the same procedure.
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4.2.2. Blood Collection

Blood samples were taken at three different time points from each animal involved in the
experiment. Pre-dose samples were taken prior to treatment. Further samples were taken on the
third and ninth days after rbST administration. A volume of 3 mL of blood was extracted from the
tail using tubes with tripotassium ethylenediaminetetraacetic acid (K3EDTA) (Vacuette®, Greiner
bio-one, Madrid, Spain), and the samples were transported to the laboratory in refrigerated conditions.
Then, a total of 200 µL of whole blood was mixed with 1 mL of TRIzol reagent (AmbionTM, Thermo
Fisher Scientific, Waltham, MA, USA), and the samples were frozen at −20 ◦C until use.

4.2.3. Hair-Follicle Collection

Hair samples were collected from control and treated animals before rbST administration, and
on the third and ninth days. Before hair collection, the surface of the cow chosen for sampling was
cleaned with 96 ◦C alcohol to eliminate macromolecular contamination. The hair was pulled out by
hand, and was then cut resulting in 5 mm of follicle, before being transferred to 1.5-mL microtubes.
Then, the hair follicles were mixed with 1 mL of TRIzol reagent (AmbionTM, Thermo Fisher Scientific,
Waltham, MA, USA), and samples were frozen at −20 ◦C until use.

4.3. Total RNA Extraction and Reverse Transcription

Total RNA was extracted using TRIzol reagent (AmbionTM, Thermo Fisher Scientific, Waltham,
MA, USA). Quantification of RNA was carried out with a Qubit® RNA BR Assay Kit and a Qubit®

fluorometer (InvitrogenTM, Thermo Fisher Scientific). The A260/A280 ratio of RNA samples
was determined using a BioDrop µLITE (BioDrop, Cambridge, UK). RIN values were determined
using a 2100 BioAnalyzer (Agilent Technologies, Santa Clara, CA, USA). A total of 2 µg of RNA
was reverse-transcribed to complementary DNA (cDNA) using a High-Capacity cDNA Reverse
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Transcription Kit with RNase Inhibitor (Applied BiosystemsTM, Thermo Fisher Scientific) according to
the manufacturer’s instructions. The cDNA samples were stored at −20 ◦C until further use.

4.4. Nanoliter High-Throughput qPCR

The expressions of 18 genes (Table 3) were evaluated using real-time PCR. Three genes were
used as endogenous controls to calculate the relative expressions of the other 15 candidate genes.
The selection of reference and target genes was based on results observed in previous transcriptomics
studies, where the administration of rbST and anabolic agents to cattle was evaluated [13–17,31].
Gene-expression assays were carried out with a TaqMan® OpenArray® system (Applied BiosystemsTM,
Thermo Fisher Scientific), involving a nanoliter high-throughput real-time PCR platform where 3072
reactions were performed simultaneously in the same OpenArray® plate, and the primers and TaqMan®

probes were preloaded in the plates by the company. A plate design of 18 assays in triplicate,
and 56 samples was chosen. Real-time PCR reactions were performed according to the TaqMan®

OpenArray® protocol. Briefly, in a 384-well plate, 1.2 µL of each cDNA sample was mixed with
3.8 µL of TaqMan® OpenArray® Real-Time PCR Master Mix (Applied BiosystemsTM, Thermo Fisher
Scientific). The PCR reaction mixtures were loaded automatically into the OpenArray® plates using
an OpenArray® AccuFill™ System (Applied BiosystemsTM, Thermo Fisher Scientific). The following
real-time PCR protocol was used: 40 cycles at 95 ◦C for 15 s, and 60 ◦C for 1 min.

4.5. RT-PCR Data Analysis

The LinRegPCR software (version 2017.0, J.M Ruijter, Amsterdam, The Netherlands) was used
to analyze the raw real-time PCR data [32,33]. LinRegPCR imports non-baseline-corrected data, and
performs a baseline correction on each sample. Then, a window of linearity is determined, and linear
regression analysis is used to determine the PCR efficiency per sample from the slope of the regression
line. The mean PCR efficiency of each amplicon tested and the Cq value per sample were used to
calculate a starting concentration (N0) per sample, expressed in arbitrary fluorescence units. After that,
the Factor Correction qPCR software was used to remove multiplicative between-session variation in
experiments [34]. A session factor is used to correct the observed data, and it can be calculated from
a matrix of between-session ratios, or estimated using a maximum-likelihood approach. Corrected
values are obtained by dividing the observed values by the session factor. Finally, the gene-expression
ratio was calculated by dividing the N0 of the target gene by the N0 of the geometric mean of the
three reference genes. The UXT, RPS9, and GPAM genes were used as reference genes, and they were
validated using the BestKeeper® tool for the determination of stable housekeeping genes [21].

4.6. Statistical Analysis

A one-way ANOVA and a Tukey’s honest significance test were used to determine the differences
across matrices in RNA concentration, A260/A280 ratio, and RIN values. A Kolmogorov–Smirnov
test was used to evaluate data normality. These statistical analyses were performed using the IBM
SPSS Statistics software for Windows (SPSS Inc., Chicago, IL, USA). For comparison of transcriptomics
results between the control and rbST groups at different time points, an unpaired t-test was used when
data were normally distributed, and a Mann–Whitney test was used when data were not normally
distributed. These statistical analyses were performed using the GraphPad Prism 7 software for
Windows (La Jolla, San Diego, CA, USA).

5. Conclusions

The three matrices selected in this study were shown to be promising candidates for use in cattle
gene-expression studies. The RNA quality was matrix-dependent, and the collection and isolation of
RNA should be carried out carefully to achieve better RIN and A260/A280 ratio values. The CCND1,
IL-1β, TNF, and IGF-1R genes were shown to be potential biomarkers of rbST treatment. Future
studies should focus on searching for new genes that could be included in the transcriptomic panel.
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Also, they should carry out analysis of a wide range of non-rbST-treated animals, with the aim
of establishing a gene-expression baseline of selected genes which can be compared with samples
collected in routine controls.

Author Contributions: Conceptualization and methodology, C.M.F. and A.L. Software, P.R. Formal analysis,
A.L. and P.R. Investigation, A.L. and P.R. Resources, B.V. Data curation, A.L. and P.R. Writing—original draft
preparation, A.L. and P.R. Writing—review and editing, P.R., C.M.F., and J.M.M. Visualization, A.L. and B.V.
Supervision, C.M.F. Project administration, A.C. and C.M.F. Funding acquisition, A.C. and C.M.F.

Funding: This research was funded by the Spanish Innovation Program “Programa Estatal de Investigación,
Desarrollo e Innovación Orientada a los Retos de la Sociedad” (project AGL2014-58881-R). APC was sponsored
by MDPI.

Acknowledgments: We also acknowledge “Granja Gayoso Castro” of Lugo Provincial Council for supplying
the cows, and acknowledge the farm workers for their willingness. We also acknowledge Jan (J.M. Ruijter) and
Maurice (M.J.B. van den Hoff) for their edifying workshop on amplification efficiency calculations in the analysis
of quantitative PCR data.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Moriyama, S. Subchapter 15A-Growth Hormone. In Handbook of Hormones, 1st ed.; Takei, Y., Ando, H.,
Tsutsui, K., Eds.; Academic Press: San Diego, CA, USA, 2015; p. 110-e15A-5.

2. Asimov, G.; Krouze, N. The lactogenic preparations from the anterior pituitary and the increase of milk yield
in cows. J. Dairy Sci. 1937, 20, 289–306. [CrossRef]

3. Folley, S.; Young, F. The effect of anterior pituitary extracts on established lactation in the cow. Proc. R. Soc.
Lond. B 1938, 126, 45–76. [CrossRef]

4. Bauman, D.E. Bovine somatotropin and lactation: From basic science to commercial application.
Domest. Anim. Endocrinol. 1999, 17, 101–116. [CrossRef]

5. Dohoo, I.R.; DesCôteaux, L.; Leslie, K.; Fredeen, A.; Shewfelt, W.; Preston, A.; Dowling, P. A meta-analysis
review of the effects of recombinant bovine somatotropin 2. Effects on animal health, reproductive
performance, and culling. Can. J. Vet. Res. 2003, 67, 252–264. [PubMed]

6. Dervilly-Pinel, G.; Prévost, S.; Monteau, F.; Le Bizec, B. Analytical strategies to detect use of recombinant
bovine somatotropin in food-producing animals. TrAC Trends Anal. Chem. 2014, 53, 1–10. [CrossRef]

7. The council Of the European Union. European Commision EC 1999/879/EC Council Decision on the Market and
Administration of Bovine Somatotropin (BST) and Repeling Decision 90/218/EEC; Official Journal of the European
Union: Brussels, Belgium, 1999; volume L 331, pp. 71–72.

8. Sterk, S.S. Residue control in the European Union, the present and future challenges: Experiences from the
Netherlands. Procedia Food Sci. 2015, 5, 278–281. [CrossRef]

9. Smits, N.G.E.; Blokland, M.H.; Wubs, K.L.; Nessen, M.A.; van Ginkel, L.A.; Nielen, M.W.F. Monolith
immuno-affinity enrichment liquid chromatography tandem mass spectrometry for quantitative protein
analysis of recombinant bovine somatotropin in serum. Anal. Bioanal. Chem. 2015, 407, 6041–6050. [CrossRef]
[PubMed]

10. Castigliego, L.; Armani, A.; Grifoni, G.; Mazzi, M.; Boselli, C.; Guidi, A.; Donzelli, R.; Saba, A. A LC-MS-MS
method to detect recombinant bovine somatotropin misuse in buffalos. Anal. Bioanal. Chem. 2016, 408,
4917–4926. [CrossRef] [PubMed]

11. Regal, P.; Lamas, A.; Fente, C.A.; Franco, C.M.; Cepeda, A. Tracing (r)bST in cattle: Liquid-based options for
extraction and separation. J. Liq. Chromatogr. Rel. Technol. 2017, 40, 541–548. [CrossRef]

12. Riedmaier, I.; Pfaffl, M.W.; Meyer, H.H.D. The analysis of the transcriptome as a new approach for biomarker
development to trace the abuse of anabolic steroid hormones. Drug Test. Anal. 2011, 3, 676–681. [CrossRef]
[PubMed]

13. Riedmaier, I.; Tichopad, A.; Reiter, M.; Pfaffl, M.W.; Meyer, H.H.D. Identification of potential gene expression
biomarkers for the surveillance of anabolic agents in bovine blood cells. Anal. Chim. Acta 2009, 638, 106–113.
[CrossRef] [PubMed]

http://dx.doi.org/10.3168/jds.S0022-0302(37)95698-4
http://dx.doi.org/10.1098/rspb.1938.0046
http://dx.doi.org/10.1016/S0739-7240(99)00028-4
http://www.ncbi.nlm.nih.gov/pubmed/14620861
http://dx.doi.org/10.1016/j.trac.2013.08.006
http://dx.doi.org/10.1016/j.profoo.2015.09.079
http://dx.doi.org/10.1007/s00216-015-8775-2
http://www.ncbi.nlm.nih.gov/pubmed/26077745
http://dx.doi.org/10.1007/s00216-016-9578-9
http://www.ncbi.nlm.nih.gov/pubmed/27146507
http://dx.doi.org/10.1080/10826076.2017.1331453
http://dx.doi.org/10.1002/dta.304
http://www.ncbi.nlm.nih.gov/pubmed/21898858
http://dx.doi.org/10.1016/j.aca.2009.02.014
http://www.ncbi.nlm.nih.gov/pubmed/19298887


Molecules 2018, 23, 1708 14 of 15

14. Riedmaier, I.; Spornraft, M.; Pfaffl, M.W. Identification of a potential gene expression biomarker signature
in bovine liver to detect the abuse of growth promoters. Food Addit. Contam. Part A 2014, 31, 641–649.
[CrossRef] [PubMed]

15. Castigliego, L.; Armani, A.; Grifoni, G.; Rosati, R.; Mazzi, M.; Gianfaldoni, D.; Guidi, A. Effects of growth
hormone treatment on the expression of somatotropic axis genes in the skeletal muscle of lactating Holstein
cows. Domest. Anim. Endocrinol. 2010, 39, 40–53. [CrossRef] [PubMed]

16. Mccoard, S.A.; Hayashi, A.A.; Sciascia, Q.; Rounce, J.; Sinclair, B.; Mcnabb, W.C.; Roy, N.C. Mammary
transcriptome analysis of lactating dairy cows following administration of bovine growth hormone. Animal
2016, 10, 2008–2017. [CrossRef] [PubMed]

17. Lew, B.J.; de Oliveira, M.D.S.; Júnior, J.E.F.; de Carvalho, M.V.; do Rêgo, A.C.; Rennó, F.P. Effects of BST and
high energy diet on gene expression in mammary parenchyma of dairy heifers. Rev. Bras. Zootec. 2013, 42,
511–520. [CrossRef]

18. Toral, P.G.; Hervás, G.; Suárez-Vega, A.; Arranz, J.J.; Frutos, P. Isolation of RNA from milk somatic cells as
an alternative to biopsies of mammary tissue for nutrigenomic studies in dairy ewes. J. Dairy Sci. 2016, 99,
8461–8471. [CrossRef] [PubMed]

19. Cannizzo, F.T.; Pegolo, S.; Pregel, P.; Manuali, E.; Salamida, S.; Divari, S.; Scaglione, F.E.; Bollo, E.; Biolatti, B.;
Bargelloni, L. Morphological examination and transcriptomic profiling to identify prednisolone treatment in
beef cattle. J. Agric. Food Chem. 2016, 64, 8435–8446. [CrossRef] [PubMed]

20. Regal, P.; Nebot, C.; Vázquez, B.I.; Cepeda, A.; Fente, C.A. Determination of the hormonal growth promoter
17a-methyltestosterone in food-producing animals: Bovine hair analysis by HPLC-MS/MS. Meat Sci. 2010,
84, 196–201. [CrossRef] [PubMed]

21. Pfaffl, M.W.; Tichopad, A.; Prgomet, C.; Neuvians, T.P. Determination of stable housekeeping genes,
differentially regulated target genes and sample integrity: BestKeeper—Excel-based tool using pair-wise
correlations. Biotechnol. Lett. 2004, 26, 509–515. [CrossRef] [PubMed]

22. Renaville, R.; Hammadi, M.; Portetelle, D. Role of the somatotropic axis in the mammalian metabolism.
Domest. Anim. Endocrinol. 2002, 23, 351–360. [CrossRef]

23. Riedmaier, I.; Reiter, M.; Tichopad, A.; Pfaffl, M.W.; Meyer, H.H.D. The potential of bovine vaginal smear
for biomarker development to trace the misuse of anabolic agents. Exp. Clin. Endocrinol. Diabetes 2011, 119,
86–94. [CrossRef] [PubMed]

24. Lutzow, Y.C.S.; Donaldson, L.; Gray, C.P.; Vuocolo, T.; Pearson, R.D.; Reverter, A.; Byrne, K.A.; Sheehy, P.A.;
Windon, R.; Tellam, R.L. Identification of immune genes and proteins involved in the response of bovine
mammary tissue to Staphylococcus aureus infection. BMC Vet. Res. 2008, 4, 18. [CrossRef] [PubMed]

25. Capuco, A.V.; Wood, D.L.; Baldwin, R.; Mcleod, K.; Paape, M.J. Mammary cell number, proliferation, and
apoptosis during a bovine lactation: Relation to milk production and effect of bST1. J. Dairy Sci. 2001, 84,
2177–2187. [CrossRef]

26. Qie, S.; Diehl, J.A. Cyclin D1, cancer progression, and opportunities in cancer treatment. J. Mol. Med. 2016,
94, 1313–1326. [CrossRef] [PubMed]

27. Sanders, J.; Maassen, J.A.; Möller, W. Elongation factor-1 messenger-RNA levels in cultured cells are high
compared to tissue and are not drastically affected further by oncogenic transformation. Nucleic Acids Res.
1992, 20, 5907–5910. [CrossRef] [PubMed]

28. Deroide, N.; Li, X.; Lerouet, D.; van Vré, E.; Baker, L.; Harrison, J.; Poittevin, M.; Masters, L.; Nih, L.;
Margaill, I.; et al. MFGE8 inhibits inflammasome-induced IL-1β production and limits postischemic cerebral
injury. J. Clin. Investig. 2013, 123, 1176–1181. [CrossRef] [PubMed]

29. Haigis, M.C.; Sinclair, D.A. Mammalian sirtuins: Biological insights and disease relevance. Annu. Rev. Pathol.
Mech. Dis. 2010, 5, 253–295. [CrossRef] [PubMed]

30. Lamas, A.; Franco, C.M.; Regal, P.; Miranda, J.M.; Vázquez, B.; Cepeda, A. High-throughput platforms
in real-time PCR and applications. In Polymerase Chain Reaction for Biomedical Applications; InTech: Rijeka,
Croatia, 2016.

31. Mercadante, V.R.G.; Fontes, P.L.P.; Ciriaco, F.M.; Henry, D.D.; Moriel, P.; Ealy, A.D.; Johnson, S.E.; Di
Lorenzo, N.; Lamb, G.C. Effects of recombinant bovine somatotropin administration at breeding on cow,
conceptus, and subsequent offspring performance of beef cattle. J. Anim. Sci. 2016, 94, 2128–2138. [CrossRef]
[PubMed]

http://dx.doi.org/10.1080/19440049.2014.886341
http://www.ncbi.nlm.nih.gov/pubmed/24559206
http://dx.doi.org/10.1016/j.domaniend.2010.02.001
http://www.ncbi.nlm.nih.gov/pubmed/20399067
http://dx.doi.org/10.1017/S1751731116000987
http://www.ncbi.nlm.nih.gov/pubmed/27222096
http://dx.doi.org/10.1590/S1516-35982013000700008
http://dx.doi.org/10.3168/jds.2016-11184
http://www.ncbi.nlm.nih.gov/pubmed/27497905
http://dx.doi.org/10.1021/acs.jafc.6b02996
http://www.ncbi.nlm.nih.gov/pubmed/27741397
http://dx.doi.org/10.1016/j.meatsci.2009.08.047
http://www.ncbi.nlm.nih.gov/pubmed/20374774
http://dx.doi.org/10.1023/B:BILE.0000019559.84305.47
http://www.ncbi.nlm.nih.gov/pubmed/15127793
http://dx.doi.org/10.1016/S0739-7240(02)00170-4
http://dx.doi.org/10.1055/s-0030-1267239
http://www.ncbi.nlm.nih.gov/pubmed/21031338
http://dx.doi.org/10.1186/1746-6148-4-18
http://www.ncbi.nlm.nih.gov/pubmed/18513449
http://dx.doi.org/10.3168/jds.S0022-0302(01)74664-4
http://dx.doi.org/10.1007/s00109-016-1475-3
http://www.ncbi.nlm.nih.gov/pubmed/27695879
http://dx.doi.org/10.1093/nar/20.22.5907
http://www.ncbi.nlm.nih.gov/pubmed/1461723
http://dx.doi.org/10.1172/JCI65167
http://www.ncbi.nlm.nih.gov/pubmed/23454767
http://dx.doi.org/10.1146/annurev.pathol.4.110807.092250
http://www.ncbi.nlm.nih.gov/pubmed/20078221
http://dx.doi.org/10.2527/jas.2015-0217
http://www.ncbi.nlm.nih.gov/pubmed/27285709


Molecules 2018, 23, 1708 15 of 15

32. Ruijter, J.M.; Ramakers, C.; Hoogaars, W.M.H.; Karlen, Y.; Bakker, O.; van den hoff, M.J.B.; Moorman, A.F.M.
Amplification efficiency: Linking baseline and bias in the analysis of quantitative PCR data. Nucleic Acids Res.
2009, 37, e45. [CrossRef] [PubMed]

33. Tuomi, J.M.; Voorbraak, F.; Jones, D.L.; Ruijter, J.M. Bias in the Cq value observed with hydrolysis probe
based quantitative PCR can be corrected with the estimated PCR efficiency value. Methods 2010, 50, 313–322.
[CrossRef] [PubMed]

34. Ruijter, J.; Ruiz-Villalba, A.; Hellemans, J.; Untergasser, A.; van den Hoff, M.J.B. Removal of between-run
variation in a multi-plate qPCR experiment. Biomol. Detect. Quantif. 2015, 5, 10–14. [CrossRef] [PubMed]

Sample Availability: Samples of the compounds are not available from the authors.

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1093/nar/gkp045
http://www.ncbi.nlm.nih.gov/pubmed/19237396
http://dx.doi.org/10.1016/j.ymeth.2010.02.003
http://www.ncbi.nlm.nih.gov/pubmed/20138998
http://dx.doi.org/10.1016/j.bdq.2015.07.001
http://www.ncbi.nlm.nih.gov/pubmed/27077038
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	RNA Isolation and Quality 
	Reference Genes 
	Expression Pattern of Target Genes Analyzed 
	Expression of Target Genes in Blood Samples 
	Expression of Target Genes in Milk Somatic-Cell Samples 
	Expression of Target Genes in Hair-Follicle Samples 


	Discussion 
	Materials and Methods 
	Animals and Treatments 
	Matrices Collection 
	Milk Somatic-Cell Collection 
	Blood Collection 
	Hair-Follicle Collection 

	Total RNA Extraction and Reverse Transcription 
	Nanoliter High-Throughput qPCR 
	RT-PCR Data Analysis 
	Statistical Analysis 

	Conclusions 
	References

