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Abstract

Mammary tumours are the most
frequent group of neoplasia in female dogs.
Tumorigenesis is associated with gene
expression changes in a wide variety of
genes. For this reason, real-time quantitative
PCR (qRT-PCR) is used in routine diagnostic
procedures in clinical practice due to its the
specificity, sensitivity, simplicity, and high
performance. qRT-PCR is also widely used
to measure the expression of target genes
compared to reference genes in several
tissues. We collected blood samples from
healthy female dogs and females with canine
mammary cancer in Manizales, Colombia
between June 2018 and January 2019, and
mRNA was isolated from each sample for
cDNA synthesis. qRT-PCR-based expression
assays were performed using primers designed
for gamma-actin, beta-actin, GAPDH, and

18S genes. We calculated the amplification
efficiency, specificity, and stability using
geNorm, NormFinder, BestKeeper, and the
ACt comparative method. We obtained linear
regressions to verify constant gene expression
and conducted an ANOVA to detect expression
differences regarding Ct values and healthy vs.
ill conditions. We found stability for primers
185-1, GAPDH-1, GAPDH-NM, and Gamma-
actin-1 (in increasing order). Furthermore,
these genes showed constant expression levels
in patients (R»>0.80). We report novel primers
for gamma-actin and GAPDH, which proved
to be efficient endogenous control genes
for qRT-PCR applications in blood tissue.
These primers are useful for gene expression
research in canine mammary cancer.
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Introduction

Mammary tumours are the second
most frequent group of neoplasia in
dogs, after skin tumours (Pastor et al.,
2018). Currently, mammary tumours
represent 50% to 70% of tumour
cases annually and the frequency of
this neoplasia is three times higher
in dogs than in humans (do Carmo
Silva et al., 2019). Mammary cancer
comprises several types and subtypes
that determine the prognosis and
required treatment. Therefore, the
development of reliable biomarkers
to detect, diagnose, and treat specific
mammary cancers is crucial (Clavijo-
Maldonado et al., 2020). Tumorigenesis
is associated with changes in gene
expression and, for this reason, gene
expression profiling is a common
topic in mammary cancer research and
practices for pharmacological treatment
(Guillemette et al., 2017). Quantitative
real time PCR (qRT-PCR) is currently
incorporated into the clinical practice as
a diagnostic test for mammary cancer
based on the use of molecular markers
in routine protocols (Wilson et al., 2014).

Quantitative real-time PCR
offers a wide range of advantages
compared to standard methods, such
as Northern blot and semi-quantitative
PCR. Furthermore, qRT-PCR is the
most accurate, sensitive, and widely
used tool for absolute and relative
quantification of transcription levels
of a single gene (Scharlaken et al.,
2008). This technique is wuseful to
compare the expression of target genes
to reference genes or endogenous
controls that show invariable or
constant expression in different tissues
and conditions (Pfaffl and Hageleit,
2001). Experimental reproducibility is
required for experimental inference;
however, cancer tissues often exhibit a
broader variability in gene expression
than normal tissues, due to tumour

heterogeneity, genetic instability, and
genetic alterations in diverse cancer
types that can differentially affect
cellular processes at the transcriptome
level (Rubie et al., 2005). These
characteristics present challenges for
establishing efficient reference genes
or endogenous controls in qRT-PCR
experiments in cancer studies (Jo et al.,
2019).

Cancer gene expression studies based
on qRT-PCR have used endogenous
reference genes involved in cellular
maintenance, such as glyceraldehyde-
3-phosphate dehydrogenase (GAPDH)
and beta-actin (de Kok et al., 2005). The
evaluation of endogenous reference genes
requires comparative and normalization
approaches and adequate experimental
validation, since gene expression can
vary in response to neoplastic growth,
hypoxia, or experimental treatments (de
Kok et al., 2005). Furthermore, validation
and standardization procedures based
on highly variable pathologies and
tissues, such as mixed tumours and
blood tissue, can be used for research and
development of less invasive diagnostic
techniques (Andergassen et al., 2013; Guo

et al., 2015).
The algorithms and statistical
and mathematical methods of

geNorm, (Vandesompele et al., 2002),
NormFinder (Andersen et al., 2004),
Bestkeeper (Pfaffl, 2004), and the
delta Ct (ACt) comparative method
(Silver et al., 2006) were developed
to evaluate the selection of reference
genes and provide a reliable spectrum
for subsequent gene expression
studies (Ossa-Lépez et al, 2017;
Scharlaken et al., 2008). This research
evaluated the performance of primers
for gamma-actin, beta-actin, GAPDH,
and 185 genes as endogenous controls
for qRT-PCR in canine mammary
cancer studies using blood samples
from healthy and ill female dogs in
Manizales, Colombia.
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Materials and methods

Sample collection, RNA extraction,
and cDNA synthesis

Between June 2018 and January 2019,
we collected blood samples through
aseptic venipuncture in 20 female
dogs (mixed-breed and pure-breeds)
between 6 months and 14 years old.
The samples were divided into two
groups: control or healthy samples (10)
and samples with alterations of the
mammary glands (10). The samples
were labelled and individually stored
at -80 °C in DNA/RNA Shield™ Blood
Collection Tubes (Applied Biosystems)
to optimally conserve cell-free RNA.
Total RNA (mRNA) was isolated using
Tempus™ Spin RNA Isolation Reagent
Kit (Applied Biosystems), according to
the manufacturer’s instructions. The
RNA samples were stored at -80 °C.
We evaluated RNA quality through
1% agarose gel electrophoresis, stained
with SYBR Safe® dye, and run at 80V
for 45 minutes. Furthermore, RNA
quantification was done fluorimetrically
on a Quantus Fluorometer™ (Promega®)
using  the  QuantiFluor® dsDNA
System (Promega®), according to the
manufacturer’s instructions. First-strand
cDNA synthesis from the RNA samples (3
ng/uL) of healthy and ill female dogs was
performed using SuperScript® III First-
Strand Synthesis SuperMix (Invitrogen®)
with oligo(dT),, (50 uM) according to the
manufacturer’s instructions

Review and evaluation of reference
genes and primer design

We evaluated seven primers for four
candidate endogenous reference genes
(Table 1), including three primers for
GAPDH, 185, and beta-actin, previously
reported by Sanchez-Archidona et al.
(2007), and four primers designed using
Primer-BLAST and Primer3 tools (Ye et
al., 2012). Primer design was based on
the gene sequences reported in GenBank

for gamma-actin, 18S, beta-actin, and
GAPDH. We molecularly confirmed
these genes through conventional PCR
in a final reaction volume of 40 uL that
contained 21.8 uL ultrapure water, 8 pL
5X buffer, 2.4 uL MgCl, (25 mM), 3.2
puL dNTPs mix (10 mM), 0.6 uL of each
primer (25 uM), 2 units of GoTaq® Flexi
DNA Polymerase (5 U/puL Promega®),
and 3 uL cDNA. The amplifications
were performed on a Techne TC-PLUS
thermocycler according to the following
thermal conditions: initial denaturation
at 95 °C for 10 min, followed by 41 cycles
at 95 °C for 30s, 50 °C for 20s, and 72 °C
for 60s, completing the reaction with a
final extension at 72 °C for 7 min. The PCR
products were purified using QIAquick
PCR purification kit (Qiagen®), according
to the manufacturer’s instructions, and
the samples were sequenced at Macrogen
Inc. (South Korea). The sequences were
assessed and edited using Geneious v8.14
and GeneStudio V.2.2 program. Next, we
performed a BLASTn search in NCBI and
BLAT alignment (Kent, 2002) with the
UCSC Genome Browser (Karolchik et al.,
2003) to confirm that each gene amplified
corresponded to Canis lupus familaris.
All the sequences obtained here were
deposited in GenBank.

Following confirmation of these
genes, we performed qRT-PCR on a
StepOnePlus Real-Time PCR System
(Applied Biosystem®) in a final reaction
volume of 20 uL (plus 10% to avoid
volume variations). Each reaction
contained 11 puL SYBR® Select Master
Mix with ROX (Applied Biosystem®),
0.374 pL of each primer (10 pM), 8.052
uL diethyl pyrocarbonate-treated water
(DEPC; Invitrogen®), and 2.2 uL cDNA.

We determined the qRT-PCR efficiency
(E = (10"/™) -1) for each of the primers
(Pfaffl and Hageleit, 2001) using a pooled
sample (i.e., cDNA mix of the control or
healthy samples and the samples of dogs
with mammary cancer) containing 2 uL
of each cDNA. We performed three serial
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Table 1. Primers used for qRT-PCR experiments

Amplicon % 100
“ PrlmersequenCES - S|Ze[pb] -

GAPDH-1 Forward GTCCCCACCCCCAATGTATC 1.7
GAPDU GAPDH-1 Reverse TCCGATGCCTGCTTCACTAC
*GAPDH-NM Forward TGCACCACCAACTGCTTGGC
87 100 74.6 0.83
*GAPDH-NM Reverse GGCATGGACGGTGGTCATGAG
18S-1 Forward TCGAACGTCTGCCCTATCAAC
93 100 75.2 0.97
15s 18S-1 Reverse CCTCTCCGGAATCGAACCCT
*18S-AY Forward CGGCTACCACATCCTATGAA
96 100 82.7 0.66
*18S-AY Reverse TGGAGCTGGAATTACCGCGG
Beta-actin-1 Forward GACGGGCAGGTCATCACTATT
) 160 100 N.D 0.34
bet t' Beta-actin-1 Reverse GGAGGAAACAGAAGCTGGACT
eta-actin
*Beta-actin-XM Forward CTGGAACGGAGAAGGTGACA
) 150 100 202.9 0.38
*Beta-actin-XM Reverse ~ AAGGACTTCCTGTAACAATGCA
. *Gamma-actin-1 Forward CTCCATCGTCCACCGCAAAT
gamma-actin 100 101.12  0.904

*Gamma-actin-1 Reverse

TTCGGAATTCACTCATGCAGC

*Percentage of sequence identity (Ident.) between the amplicon and the GenBank sequence
" Efficiency (E) of the qPCR reaction (calculated by the relative standard curve method)

“Reproducibility of the qPCR reaction (R2)
N.D. = undetermined or no data
* Primers designed in this study

dilutions with dilution factors 1/5, 1/15,
and 1/45 to create a relative standard
curve and determine PCR efficiency for
each of the primers. We also included a
control reaction with three replicates (in
all cases). The PCR efficiencies were used
to convert the cycle threshold values (Ct)
to raw data (relative quantities).

Gene expression stability of the
candidate reference genes

We evaluated the gene expression
stability of the candidate reference genes
using the dilutions of healthy and ill
females (three replicates) that showed
the best efficiency results. Furthermore,
we included controls with DEPC-treated
water (Ultrapure DEPC, Invitrogen®).
We used the standard reagents for
the gqPCR reactions (including SYBR
Green) and selected the comparative
Ct (A Ct) quantification method on the
StepOnePlus Real-Time PCR System
(Applied Biosystem®). The standard <60
°C program was used, which comprised
aninitial incubation step at 95 °C for 5 min,

followed by 35 cycles of denaturation at
95 °C for 20s, 55 °C for 15s, and extension
at 72 °C for 30s. Finally, we obtained a
melting curve from 55 °C to 95 °C with a
temperature increase of 0.5 °C every 10s.
The melting curves were used to verify
that the amplification yielded a single
and specific gPCR product visualized as
a single peak.

The Ct values for each of the
candidate reference genes were analysed
with geNorm (Vandesompele et al,
2002), NormFinder (Andersen et al.,
2004), BestKeeper v. 1 (Pfaffl, 2004), and
the delta-Ct (ACt) comparative method
(Silver et al., 2006). We calculated the
standard deviation (SD) for each relative
gene expression value (i.e., by measuring
the variation of the dataset) and obtained
a linear regression to verify constant gene
expression based on the Ct value. Finally,
we performed an ANOVA to determine
significant differences in the expression
of each gene regarding Ct values and
healthy vs. ill groups. We considered
a P-value <0.05 to be significant. All
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Figure 1. Molecular analysis of C. familiaris
females. a) Electrophoretic profile of total RNA on
1% agarose gel. Lanes: 1, molecular ladder (1Kb
plus Ladder); 2, negative control; 3, total RNA
sample from female dogs. Staining: SYBR Safe®.
Running conditions: 80V, 45 minutes. b) Melting
curve for the gamma-actin reference gene, -Rn:
derivative of the normalized reporter value

analyses were performed using R version
4.0.1 and the graphs were obtained using
tidyr and ggplot2 packages (Wickham et
al., 2016; Wickham and Henry, 2018).

Results

RNA extraction and cDNA synthesis
RNA quality was confirmed through
the presence of RNA bands on the agarose
gel corresponding to the 185 and 285
ribosomal subunits (Figure 1a). The RNA
concentration ranged from 50.5 to 860 ng/
mL, indicating that cONA synthesis was
done from optimal RNA concentrations.

Molecular confirmation of the
candidate reference genes

The BLASTn search and BLAT
alignment showed 100% similarity
between the 185, GAPDH, beta-actin,
and gamma-actin gene sequences and
the GenBank sequences, respectively,
for Canis lupus familiaris (Table 1). The
GenBank accessions for the sequences
obtained in this study are 18S-AY
[MT539208 - MT539209], 18S [MT539205-
MT539207] [MT539210], Beta-actin-1
[MT561359], GAPDH-NM [MT561358],
GAPDH-1 [MT561348 - MT561352], Beta-
actin-XM [MT561353 - MT561354] and
Gamma-actin-1 [MT561355 - MT561357].

Selection of reference genes for gene
expression

For the female dog samples
evaluated, the primers showed optimal
expression levels indicated by Ct >8 and
<35, correlation coefficients above 0.95,
standard deviations (SD) <0.39 (for the
dilution replicates), and no evidence of
primer dimers (Figure la-b). However,
primers GAPDH-NM, 185-1, 185-AY and
Beta-actin-1 did not achieve amplification
efficiencies between 90-120% (Table 1).

Stability analyses using geNorm
showed that the most stable primers
were Gamma-actin-1/GAPDH-NM >
GAPDH-1 > 185-1, while primers 185-AY
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Value

Gamma-actin-1 GAPDH-NM  GAPDH-1 185-1  Beta-actin-XM  18S-AY

<== Most stable genes Least stable genes ==>

Figure 2. Stability consensus of the candidate
reference genes analysed using geNorm,
NormFinder, BestKeeper, and ACt

and Beta-actin-XM showed considerably
less stability. Similarly, the results from
NormFinder indicated that Gamma-
actin-1 was the most stable, followed
by GAPDH-NM, GAPDH-1, and 185-1,
while primers 18S5-AY and Beta-actin-
XM showed differences in stability
compared to the others. BestKeeper and
ACt yielded similar results regarding the
order of stability, specifically, Gamma-
actin-1 > GAPDH-1/GAPDH-NM > 18S-1
and differences were found for 18S-AY
and Beta-actin-XM, in agreement with
the standard deviation (Figure 2). The
linear regression obtained from the Ct
values and the Log of the concentration
indicated a R?>>0.83 for primers 185-1,

185-1 18S-AY Beta-actin-1
40- RA2=097 RN2 =067 R'2=038
5 s
5-
L]
30-
25-
- "\.\.
Beta-actin-XM Gamma-actin-1 GAPDH-1
40- R'2=038 R'2=090 R'2=096
35- |\l\'
I '\t\_‘
5 '\o\
25-
20-
G -150 -125 -100 -075  -150 -125 -100 -0.75
40- R'2=083
35-
o
30-
.
25-
20-
-1's0 -1'25 -1'00 -0'75
LOG Concentration

Figure 3. Threshold cycle or Ctversus logarithmic
of the concentration for each primer used

Gamma-actin-1, and GAPDH-1, while
primers 185-AY and Beta-actin-XM
showed R?of 0.67 and 0.38, respectively
(Figure 3).

The consensus stability analysis
and normalization of the seven primers
demonstrated that the primer Gamma-
actin-1 was the most stable according
to the programs used (ie, geNorm,
NormFinder, BestKeeper, and the ACt
comparative method), followed by
the primers GAPDH-NM, GAPDH-1,
and 18S5-1, which showed differences
compared to the stability of primers Beta-
actin-XM and 18S-AY (Figure 2; Table

Table 2. Stability values for the candidate reference genes calculated by geNorm, NormFinder,

BestKeeper, and ACt

_ Stability value I
Primer name -
BestKeeper

GAPDH-1 1.665
GAPDH

GAPDH-NM 1.602

185-1 1.797
18S

18S-AY 7.619
beta-actin Beta-actin-XM 5.117
gamma-actin  Gamma-actin-1 1.602

ACt
3.449 1.556 5.79
3.427 1.444 5.79
3.584 1.111 5.91
11.790 8.778 12.62
8.335 7.333 10.23
1.030 0.278 5.38
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2). On the other hand, we did not obtain
sufficient information for Beta-actin-1 to
determine the stability of this primer by
comparison; therefore, we do not consider
it an efficient marker (Table 2). Finally,
we did not find significant differences in
any of the genes regarding Ct values or
between healthy and ill samples.

Discussion
The series of analyses based on
geNorm, BestKeeper, = NormFinder,

and ACt has been used in previous
studies to select efficient, specific, and
sensitive primers for successful relative
quantification of genes in gPCR or qRT-
PCR assays (Ossa-Lopez et al, 2017;
Scharlaken et al., 2008; Wu et al., 2017).
The comparison of these methods allows
identifying characteristics of stability,
normalization, and amplification of genes
of interest, and prevents errors resulting
from data incorporation, sample readings
in measurement instruments, and the use
of dilutions, control and sample groups,
such as those used in this study (Wu etal.,
2017). Furthermore, certain factors, such
as the biological sample, are affected by
the anatomical locality, tissue, or cellular
region of origin since these display
differential and variable gene expression
(Rubie et al., 2005). This issue is observed
in cancer pathologies, such as mammary
cancer, due to high cellular plasticity and
variability of individuals and external
factors (Pang and Argyle, 2015).

Studies based on blood samples
present similar challenges since blood
shows highly variable gene expression
profiles given that it transports
substances; also, a limited amount of
RNA can be isolated from these samples
(Jarzab et al.,, 2005). These issues can
be avoided by incorporating pooled
samples from cancer cases, such as those
described here. In previous studies, qPCR
and qRT-PCR were used in blood sample
analysis, mainly to detect and study

diverse tumours associated with humans
(Sher et al.,, 2005; Obermayr et al., 2010;
Andergassen et al., 2013; Guo et al., 2015),
canine cancers ( Dickerson et al., 2002;
Biller et al., 2007), and specifically, canine
mammary cancer (Da Costa et al., 2013).

The comparative evaluation of
seven primer pairs (three obtained
from the literature and four designed
here) allowed demonstrating optimal
levels of gene expression (Ct >8 and <35,
correlation coefficients above 0.95, and
SD <0.39) that agree with Ridgeway and
Timm (2015). We discarded two designed
primers that did not achieve reliable
amplification and efficiency, as well as
two markers (e.g., 185-AY and Beta-
actin-XM) that showed the lowest levels
of stability in the analyses. Although
we confirmed the gene and organism
specificities of 185-AY and Beta-actin-XM,
we do not recommend their application
for gRT-PCR. Overall, our analyses
showed that the primers Gamma-actin-1,
GAPDH-NM, GAPDH-1, and 185-1
display adequate efficiency, specificity,
and stability in qRT-PCR assays. Among
these primers, Gamma-actin-1 and
GAPDH-NM are reported here for the
first time with superior performance
compared to the primers reported by
Sanchez-Archidona et al. (2007).

Moreover, the statistical analyses did
not show significant differences in the Ct
values of the genes studied, confirming
that these molecular markers show
constant expression in healthy and ill
patients. Furthermore, the presence of
mammary tumours does not affect the
expression of the candidate genes and this
is optimal for the selection of reference
genes in gene expression studies in blood
samples.

This is the first study to evaluate
reference genes related to canine
mammary cancer in blood samples. We
report two candidate primers: Gamma-
actin-1 and GAPDH-NM, which both
show high specificity and efficiency.
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Therefore, we propose the use of these
primers as adequate endogenous controls
in qRT-PCR experiments, specifically,
in blood tissue samples for the study of
canine mammary cancer.
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Tumori mlijecnih Zlijezda najceS¢a su  postupcima wu klinickoj praksi, uslijed

skupina neoplazija u kujica. Tumorogeneza
je povezana s promjenama u ekspresiji
gena u Sirokom rasponu gena. Iz tog
razloga se rabi kvantitativna lancana
reakcija polimerazom u stvarnom vremenu
(QRT-PCR) u rutinskim  dijagnostickim

specifi¢nosti, osjetljivosti, jednostavnosti i
visoke ucinkovitosti ove tehnike. qRT-PCR
se Siroko rabi i za mjerenje ekspresije ciljanih
gena u usporedbi s referentnim genima u
viSe vrsta tkiva. Prikupili smo uzorke krvi
zdravih kujica i kujica s tumorom mlije¢nih
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zlijezda u Manizalesu, Kolumbiji, od lipnja
2018. do sijecnja 2019. godine. Izolirali
smo mRNK iz svakog uzorka za cDNK
sintezu. Pokusi ekspresije na bazi qRT-PCR
obavljeni su uporabom primera dizajniranih
za gama-aktin, beta-aktin, gliceraldehid-
3-fosfat dehidrogenazu (GAPDH) i 18S
gene. Izracunali smo pojacanu ucinkovitost,
specificnost i stabilnost uporabom geNorm,
NormFinder, BestKeeper i ACt komparativne
metode. Dobili smo linearne regresije
za potvrdivanje stalne ekspresije gena i
proveli smo analizu varijance (ANOVA) za
detekciju razlika u ekspresiji s obzirom na Ct

vrijednosti te zdrava u usporedbi s bolesnim
stanjima. Otkrili smo i stabilnost za primere
185-1, GAPDH-1, GAPDH-NM i Gamma-
actin-1 (rastuc¢im redoslijedom). Nadalje, ovi
geni su pokazali konstantne razine ekspresije
u pacijenata (R*0,80). Izvjestavamo o novim
primerima za gama-aktin i GAPDH, koji su se
pokazali u¢inkovitim endogenim kontrolnim
genima za qRT-PCR primjene u krvnom
tkivu. Ti primeri su korisni za istrazivanje
ekspresije gena u tumora psecih mlije¢nih
zlijezda.

Kljuéne rijeci: gama-aktin, GAPDH,
endogena kontrola, kujice, kvantitativni PCR
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