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ABSTRACT. Real-time quantitative polymerase chain reaction (RT-
qPCR) is usually employed in gene expression studies in veterinary 
research, including in studies on canine pyometra. Canine pyometra is 
a common clinical disease in bitches. When using RT-qPCR, internal 
standards, such as reference genes, are necessary to investigate relative 
gene expression by quantitative measurements of mRNA levels. The 
aim of this study was to evaluate the stability of reference genes 
and select reference genes suitable for canine pyometra studies. We 
collected 24 bitch uterine tissue samples, including five healthy and 
19 pyometra infected samples. These were used to screen the best 
reference genes of seven candidate genes (18SrRNA, ACTB, B2M, 
GAPDH, HPRT, RPL13A, and YWHAZ). The method of KH Sadek 
and the GeNorm, Normfinder, BestKeeper, and RefFinder software 
were used to evaluate the stability of gene expression in both pyometra 
and healthy uterine samples. The results showed that the expression 
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stability of the candidate gene in pyometra and healthy tissues differed. 
We showed that YWHAZ was the best reference gene, which could be 
used as an accurate internal control gene in canine pyometra studies. To 
further validate this recommendation, the expression profile of a target 
gene insulin-like growth factor 1 receptor gene (IGF1R) was investigated. 
We found that the expression of IGF1R was significantly altered when 
different reference genes were used. All reference genes identified in the 
present study will enable more accurate normalization of gene expression 
data in both pyometra infected and healthy uterine tissues.

Key words: Real-time quantitative PCR; Pyometra; Reference genes; 
IGF1R; Gene expression

INTRODUCTION

Canine pyometra is a common disease in bitches, which is usually diagnosed from 
four weeks to four months after estrus in sexually mature bitches (Niskanen and Thrusfield, 
1998). This disease is thought to be the result of bacterial and hormonal interactions (Hardy, 
1980; Arthur et al., 1989). Hormonal factors often cause only subtle changes, therefore, the 
diagnosis often occurs after the onset of the clinical symptoms (Miller-Liebl et al., 1994). 
Although the exact etiology is unknown, a repeated and prolonged response to estrogen would 
lead to hormonally mediated changes in the uterine tissues (Smith, 2006). Cystic endometrial 
hyperplasia (CEH) pyometra is a classic concept introduced by Dow (1959). It is thought 
that CEH may predispose bitches to develop pyometra (Fransson and Ragle, 2003). Based 
on previous studies, it appears that several growth factors, which cooperate with the sex 
steroid hormones, might play an important role in the pathogenesis of CEH. Insulin-like 
growth factor-1 (IGF-1) is one of the most important growth factors known to have a potential 
mitogenic effect on the uterus (Murphy et al., 1987; Murphy and Ghahary, 1990; Frost et al., 
1993; Giudice, 1994; Giudice et al., 1998). IGF-1 exerts its effects at the cellular level, by 
interacting with the type-I IGF receptor. In this study, we therefore used IGF 1 receptor (IGF 
1 R) as the target gene.

Real-time quantitative polymerase chain reaction (RT-qPCR) is an accurate, rapid, 
and sensitive technique used to assess gene expression (Kubista et al., 2006). Recently, 
it has been discussed how to normalize this method (Andersen et al., 2004; Dheda et al., 
2004; Meller et al., 2005; Rubie et al., 2005; Zhang et al., 2005). The most frequently 
applied normalization method is the use of internal reference genes (Nelissen et al., 2010). 
The reference genes are selected depending on their adequate expression in the target tissue 
(Sadek et al., 2012). However, some commonly used reference genes, like glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) and beta-actin (ACTB), have been shown to have variable 
expression patterns. Therefore, they may not be suitable for normalizing RT-qPCR data under 
certain conditions (Zhong and Simons, 1999; Stürzenbaum and Kille, 2001; Glare et al., 2002; 
Bas et al., 2004; Olsvik et al., 2005). Thus, it is recommended that an experimental validation 
of reference gene expression stability should be carried out for each target tissue and disease 
(Bustin and Mueller, 2005; Hruz et al., 2011).

So far, there is no published data about the stability of candidate reference genes for 
pyometra. In this study, we investigated the expression of seven common reference genes, 



3Reference genes and canine uterine tissues

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 15 (2): gmr.15028138

including 18S ribosomal RNA (18SrRNA), (ACTB), beta2-microglobulin (B2M), (GAPDH), 
hypoxanthine phosphoribosyl-transferase1 (HPRT), ribosomal protein L13a (RPL13A), 
and tyrosine 3-mono-oxygenase/tryptophan 5-monooxygenase activation protein and zeta 
polypeptide (YWHAZ), in healthy and pyometra infected bitches. To evaluate our results, we 
then investigated the IGF I R expression profile, using different candidate reference genes. It is 
important to have an understanding of differential gene expression between pyometra infected 
and healthy tissues, to identify disease biomarkers. This may help to diagnose pyometra at 
earlier stages and contribute to reducing bitch mortality or morbidity.

MATERIAL AND METHODS

Tissue acquisition

Canine uterine tissue was obtained from bitches that had undergone total 
ovariohysterectomy in the hospital of Tianjin Agricultural University. Samples from five 
healthy and 19 pyometra infected bitches were immediately frozen in liquid nitrogen and 
transferred to the laboratory, where they were maintained at -80°C until subsequent analysis.

Selection of reference genes and primer design

Based on the classes and functions of the genes that had already been used as reference 
genes in dog and human tissues, we selected 18SrRNA, ACTB, B2M, GAPDH, HPRT, RPL13A, 
and YWHAZ as candidate reference genes, to detect the expression stability in both healthy and 
pyometra samples. The IGF1R gene was selected to confirm the necessity of our study. The 
nucleotide sequences of all genes were obtained from GenBank (www.ncbi.nih.gov/genbank/
index.html). Primer design was performed with Primer 5.0 (http://www. premierbiosoft.com) 
and Primer BLAST (Ye et al., 2012). Information about the primers used is shown in Table 1.

Total RNA isolation and RT-qPCR

Following the manufacturer protocol (Invitrogen, New York, NY, USA), Trizol was 
used to extract total RNA from the tissue samples. The integrity and purity of the RNA was 
analyzed using a NanoDrop ND-1000 spectrophotometer (Thermo Fisher Scientific, Waltham, 
MA, USA). All-in-OneTM First-Strand cDNA Synthesis Kit (GeneCopoeia, Rockville, MD, 
USA) was used to transcribe 1 mg of each total RNA sample into cDNA, following the 
manufacturer protocol. The RT-qPCR was performed in triplicate according to the manufacturer 
protocol on a Bio-Rad CFX-96 real-time PCR system (Bio-Rad, USA). The reactions contained 
10 µL 2 X All-in-OneTM qPCR Mix, 0.2 µM reference gene primer mix, 1 µL cDNA, and 5 µL 
double distilled water, adding up to a total reaction volume of 25 µL. First, we used optimized 
cycling conditions of 95°C for 10 min for the initial cDNA denaturation, followed by 40 cycles 
of template denaturation steps at 95°C for 15 s. Finally, a 20 s annealing at the mean melting 
temperature of each gene (shown in Table 1) followed by extension at 72°C for 15 s.

Expression stability analysis of candidate reference genes

The stability of the candidate reference genes was evaluated using the method of 
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KH Sadek and colleagues (Sadek et al., 2012) and the GeNorm (Vandesompele et al., 2002), 
Normfinder (Andersen et al., 2004), BestKeeper (Pfaffl et al., 2004), and RefFinder (Xie et al., 
2011) algorithms. The method of Sadek et al. (2012) is an approach that depends on comparing 
the changes in cycle threshold values (Ct) of all reference genes within different groups. A Mann-
Whitney U-test was conducted for statistical analysis using SPSS 2000 (SPSS, Inc., Chicago, IL, 
USA). The GeNorm tool was used to calculate stability measures (M) of the internal control genes 
for each gene and the optimal number of genes (two or more) required for reliable normalisation 
of real-time PCR data is calculated by calculating the pairwise variation (V) of sequential 
normalisation factors obtained from the inclusion of additional control genes (proposed cut-off 
value V = 0.15) According to the expression stability of the candidate reference genes in a given 
sample set, Normfinder ranks the set of candidate normalization genes. The BestKeeper software 
mainly measures the stability of the internal gene using a pairwise correlation analysis of all 
reference genes and calculates the geometric mean of the most suitable genes. Lastly, RefFinder 
was used to allocate an appropriate proportion of a single gene, the geometric average weights 
were calculated, and, finally, ranked.

Validation of reference gene selection

To test the validation of the selected seven internal genes, relative expression of IGF1R 
was calculated using the 2-∆Ct method. The average of the linearized values (2-∆Ct) of the healthy 
(control) group was used as the calibrator. Statistical differences between the pyometra and 
control groups were evaluated by the Tukey test. In all cases, a statistical significance level of 
P ≤ 0.05 was used.

RESULTS

Bitch characteristics

In this study, the incidence of pyometra was 89.3% in bitches that were more than four 
years old, which is higher than that found by Fukuda (2001). The average age for this disease 
cohort was 8.03 years, which was younger than in Fukuda (2001)’s study. The average age in 
the control group was five years old.

RNA integrity and primer specificity

Each primer pair amplified a single specific amplicon, as shown by 1.5% agarose gel 
electrophoresis and melting curve analysis (data not shown). To obtain the PCR efficiency 
and correlation coefficient, we used gradient dilution of pooled cDNA (1X, 10X, 102X, 103X, 
and 104X) to draw a standard curve for each gene. The equation was as follows: Efficiency 
(E)(%) = (A - 1) x 100, where A = 10[-1/slope of standard curve]. Primer amplification efficiency of all 
genes ranged from 90.5% to 112.2%, indicating that all primers worked successfully. The 
RNA absorbance ratio at 260/280 ranged from 1.9 to 2.0 (data not shown), which indicates 
that the quality of the mRNA met the requirements of the subsequent tests (Table 1). In order 
to explore whether there was genomic DNA contamination, template mRNA that contained 
molecular grade water without template controls (NTC) was tested for each reaction. No 
product was synthesized in the NTC, which confirms the absence of DNA contamination.
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Analysis of the Sadek et al. (2012) method

The difference between two Ct values is denoted as ∆Ct. Table 2 shows the average 
∆Ct for each candidate reference gene between the control healthy and pyometra groups. The 
∆Ct data are reported as means ± SD. These results indicate that the change between the 
control to pyometra groups was largest in RPL13A. Further examination of the variation in the 
Ct values of each reference gene in the different groups are shown in Figure 1. The RPL13A 
demonstrated lower gene expression levels in the uterine tissues of the pyometra compared to 
the control group.

Table 1. Name, function and product length, mean melting temperature (Tm), and sequence primers for 
candidate reference genes for normalizing gene expression. 

Symbol Gene name Function GenBank No. Primer sequence Product 
length (bp) 

Mean 
Tm (°C) 

Efficiency 
(%) 

18srRNA 18S ribosomal RNA Ribosome subunit AY623831 Forward: AGAAACGGCTACCACATCC 
Reverse: CACCAGACTTGCCCTCCA 

173 58 108.9 

ACTB -actin Cytoskeletal structural protein NM_001195845 Forward: CCATCTTGCGTCTGGACCT 
Reverse: GCCATCTCCTGCTCGAAGT 

162 60 104.2 

B2M -2-microglobulin Component of MHC-I XM535458 Forward: ACGACACCCAGCAGAGAATG 
Reverse: CATCCTGCTCATTGGGAGTGA 

194 57 90.5 

GAPDH Glyceraldehyde 3-phosphate 
Dehydrogenase 

Glycolysis and gluconeogenesis AF327898 Forward: GATCCCGCCAACATCAAA 
Reverse: GCATCAGCAGAAGGAGCAG 

128 57 108.0 

HPRT Hypoxanthine ribosyltransferase Metabolic salvage of purines AY283372 Forward: GTTGACTGGTCATTACAGTAGCTC 
Reverse: GGGAGGCCATCACATCGTAG 

162 59 108.4 

RPL13A Ribosomal protein L13a Component of 60S ribosomal 
subunit 

XM_003432726 Forward: CGAAGATGGCGGAGGGG 
Reverse: GTTGGTGTTCATCCGCTTGC 

200 59 95.0 

YWHAZ 
IGF-IR 

Tyrosine3-monooxygenase/tryptophan 
5-monooxygenase activation protein, 
zeta polypeptide 
Insulin-like growth factor-I receptor 

Mediator of signal transduction XM533072 
XM545828.4 

Forward: CTGGTGCAGAAGGCCAAACT 
Reverse: AAGATGACCTACGGGCTCCT 
Forward: CATCCGTGGGGCTAAGAGTG 
Reverse: AACTGAGGTTACCGTTGGGC 

160 
151 

57 
58 

95.0 
96.8 

 

Table 2. Mean change in ∆Ct values (mean ∆Ct) of individual reference gene expression within the pyometra 
and control endometria.

 18SrRNA ACTB B2M GAPDH HPRT RPL13A YWHAZ 
Mean Ct 0.567 ± 3.76 0.835 ± 2.14 0.122 ± 4.50 0.118 ± 0.36 -0.876 ± 5.29 2.810 ± 3.73 0.808 ± 1.84 

 

Figure 1. Ct values calculated from raw RT-qPCR output for the 7 reference gene candidates in Pyometra and 
healthy group. Fifty percent of the values are included in the box. The median is represented by the line in the box. 
The interquartile range is bordered by the upper and lower edges, which indicate the 75th and 25th percentiles, 
respectively.
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GeNorm analysis

The results from GeNorm revealed that the candidate genes displayed a wide range of 
expression levels in the uterine tissues when comparing the control and pyometra groups. Only 
YWHAZ displayed stability in the uterine tissues across both groups. The results illustrated 
that the M values for all genes were lower than 1.5; the values for each of the reference genes 
are shown in Table 3. The most stable reference genes in the uterine tissues taken from the 
pyometra group were GAPDH, YWHAZ, and 18SRNA (M values; 0.173, 0.174, and 0.216, 
respectively; Figure 2A and Table 3). In the uterine tissue from the control bitches, the most 
stable reference genes were ACTB, YWHAZ, and HPRT (M values; 0.110, 0.115, and 0.104, 
respectively; Figure 2B and Table 3). When the uterine tissues from both control and pyometra 
groups were regarded together, the three most suitable reference genes were GAPDH, YWHAZ, 
and ACTB (M values: 0.172, 0.169, and 0.152, respectively; Figure 2C and Table 2). The cut-
off threshold that GeNorm uses is 0.15. At values below this threshold, inclusion of additional 
reference genes is considered unnecessary. The pairwise variation analysis indicated that for 
uterine tissue from the pyometra group, the optimal number of reference genes was two (V2 / 3 
value = 0.031) (Figure 3A). The optimal normalization factor was calculated as the geometric 
mean of the reference genes GAPDH and YWHAZ. For healthy uterine tissues, the optimal 
number of reference targets was also found to be two (V2 / 3 value = 0.028) (Figure 3B). The 
optimal normalization factor was determined as the mean of the reference genes ACTB and 
YWHAZ. The pairwise variation analysis data indicated that, for uterine tissue from both 
groups, the optimal number of reference genes was two (V2 / 3 value = 0.028) (Figure 3C), 
and the optimal normalization factor was calculated as the geometric mean of the reference 
genes GAPDH and YWHAZ.

Table 3. Expression levels and geNorm stability of reference gene tested in Pyometra (M1), control (M2) and 
both group (M3) endometrium.

 M1 M2 M3 
18SrRNA 0.216 0.238 0.223 
ACTB 0.158 0.110 0.152 
B2M 0.242 0.121 0.224 
GAPDH 0.173 0.135 0.172 
HPRT 0.246 0.104 0.230 
RPL13A 0.191 0.147 0.197 
YWHAZ 0.174 0.115 0.169 

 

Normfinder analysis

According to the Normfinder analyses, ACTB, GAPDH, YWHAZ, and RPL13A were 
the most stable reference genes in all samples. In Normfinder, the results from the RT-qPCR 
were used to analyze the stability of internal candidate gene expression by variance analysis. 
Although the exact order was not identical, the obtained rank was similar to that obtained 
using GeNorm. The ranking of the reference genes, based on their stability values of both 
groups, was as follows (starting from the most stable to the least stable): pyometra group: 
ACTB > RPL13A > GAPDH > YWHAZ > 18SrRNA > B2M > HPRT; control group: HPRT 
> ACTB > YWHAZ > B2M > GAPDH > RPL13A > 18SrRNA; and both groups: ACTB > 
YWHAZ > GAPDH > RPL13A > B2M > 18SrRNA > HPRT (Table 4).
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Figure 2. Stability ranking of HKG tested from Pyometra (A), control (B) and both (C) endometrium. The 
expression stability value (M-value) was determined using the geNorm program. Genes are ranked left to right in 
order of increasing expression stability, indicated by lower M values.
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Figure 3. Determination of the optimal number of reference genes for normalization in the endometrium (N = 7) 
based on their pairwise variation (V) analysis using the geNorm algorithm.
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Table 4. Expression of reference genes in endometrium using the NormFinder (stability value) algorithms. 
Lower stability value indicates more stable expression and vice versa.

 Stability value 1 Stability value 2 Stability value 3 
18SrRNA 0.131 0.159 0.134 
ACTB 0.040 0.020 0.036 
B2M 0.144 0.049 0.129 
GAPDH 0.080 0.065 0.075 
HPRT 0.147 0.019 0.134 
RPL13A 0.078 0.085 0.093 
YWHAZ 0.081 0.029 0.073 

 
BestKeeper analysis

The BestKeeper software depends on two criteria to deduce suitable reference genes; 
the standard deviation (SD) and coefficient of variation (CV). Based on BestKeeper, we found 
that the most stable genes, in both the control and pyometra group, were GAPDH and YWHAZ. 
The results of the evaluation of the reference gene by BestKeeper are shown in Table 5.

Table 5. Expression of most stable reference genes based on BestKeeper.

 18SrRNA ACTB B2M GAPDH HPRT RPL13A YWHAZ 
N 24 24 24 24 24 24 24 
geo Mean [CP] 20.94 22.87 19.89 20.37 24.68 22.14 23.14 
ar Mean [CP] 21.03 22.93 20.20 20.37 25.05 22.35 23.17 
min [CP] 16.96 20.61 15.87 19.69 17.30 17.30 21.24 
max [CP] 24.43 25.69 27.83 20.94 36.65 27.76 24.88 
std dev [± CP] 1.58 1.52 3.00 0.21 3.28 2.48 0.99 
CV [% CP] 7.53 6.65 14.86 1.03 13.11 11.11 4.28 
min [x-fold] -15.85 -4.79 -16.18 -1.60 -165.76 -28.47 -3.74 
max [x-fold] 11.23 7.05 246.69 1.49 4033.89 49.25 3.34 
std dev [± x-fold] 3.00 2.88 8.00 1.16 9.73 5.59 1.99 

 
RefFinder analysis

We found significant differences in the ranking patterns of the reference genes obtained 
from the different software programs (GeNorm, Normfinder, and BestKeeper; Tables 3-5). 
Through RefFinder’s comprehensive evaluation of the results produced by the three analysis 
methods, we were able to avoid the potential one-sidedness of any one analysis method; we 
used RefFinder, which accommodated all the logarithms to provide a comprehensive ranking 
for the final stability of the seven target genes. According to RefFinder, YWHAZ was the 
most stable gene, whereas HPRT was the least stable. The latter would therefore not be 
recommended for use in normalization (Figure 4).

Expression of IGF1R relative to different internal candidate genes

In this study, we used different reference genes as internal controls, to measure the relative 
expression of IGF1R mRNA in the uterine tissues samples. Our results indicated that IGF1R 
mRNA appeared to be up-regulated in pyometra compared with healthy control uterine tissues 
when two reference genes (GAPDH and YWHAZ) were used (Figure 5). No significant differences 
were found in IGF1R mRNA, when the other reference genes were used. These data suggest that 
different internal reference genes have great influence on the relative expression of the target gene.
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Figure 4. Expression stability value was determined using the RefFinder program.

Figure 5. Relative quantification of IGF1R expression in endometria. *P < 0.05; **P < 0.01.

DISCUSSION

In the study of animal diseases, RT-qPCR is one of the most sensitive and reproducible 
quantification methods for gene expression analysis. Because of the high sensitivity and 
specificity of this technique, small variations in input quality and quantity can have extreme 
effects on data interpretation. It is especially important in the case of the internal reference genes 
to correct and standardize the target gene expression. Even the most stable reference genes vary 
between organs and species, as shown in previously (van Rijn et al., 2012). The best reference 
genes are expected to show stable expression under all experimental conditions and detected 
tissues. However, it has been clearly demonstrated that the ideal reference gene that is stably 
expressed during all experimental conditions does not exist (Lallemant et al., 2009; Cankorur-
Cetinkaya et al., 2012). To date, previous studies involved in choosing reliable reference genes 
for qRT-PCR normalization have already been conducted in the canine (Brinkhof et al., 2006). 
However, there are no reports on reference genes selected for use in uterine tissues neither of 
healthy nor pyometra infected bitches. Therefore, it is generally suggested that reference genes 
need to be validated for each species and for each specific experimental condition. This study 
was performed to determine suitable candidate internal reference genes for RT-qPCR analysis 
in two different types of uterine tissues.

We used the methods of Sadek et al. (2012), GeNorm, Normfinder, BestKeeper, and 
RefFinder, to determine the most stable endogenous reference genes. Our findings from the 
different software and methods were consistent with recent studies that have indicated that 
both the experimental conditions and the presence of pathology could impact the expression of 
commonly used internal controls. Based on our results, particularly from the GeNorm ranking, 
YWHAZ and GAPDH were the most reliable reference genes among the seven candidate 
genes analyzed. The results from pairwise variation analysis, suggested that two of these 
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reference genes are best for analysis of relative expression in healthy and pyometra uterine 
tissues. Based on the results from the comprehensive analysis by Normfinder, ACTB and 
YWHAZ were the best reference genes. As a final step, we used RefFinder to analyze all data 
together by integrating three algorithms (GeNorm, Normfinder, and BestKeeper). Using this 
method, we found that YWHAZ was the most stable reference gene.

Ayers and colleagues showed that the optimal reference genes for comparing gene 
expression data between normal and diseased infrapatellar fat pad, were RPL13A and YWHAZ 
(Ayers et al., 2007). In another study, YWHAZ was also found to be one of the most stable 
reference genes in the combined group (van Rijn et al., 2014). It was also shown that YWHAZ 
was one of the most stable reference genes common to their syudys (Sadek et al., 2012. This is 
similar to the results found in the present study. Several studies on reference gene selection for 
canines have been conducted. Ribosomal protein S19, ribosomal protein S5, B2M, and HPRT 
have been suggested to be the most appropriate reference genes for dog material (Brinkhof et 
al., 2006). An interesting result that was found in the present study was that the RPL13A was 
down-regulated in pyometra compared with control uterine tissue. RPL13A is a protein that 
belongs to the L13P family of ribosomal proteins, ribosomes are the organelles that catalyze 
protein synthesis (Olvera et al., 1994). For this reason, RPL13A are considered as indicators 
for detecting cell vigor levels. After the onset of pyometra, the vigor levels of uterine tissues 
cells would drop, resulting in a predicted reduction in RPL13A expression. This result may 
have an important guidance purpose for future studies.

Prominent variation in gene expression in the uterine tissues of pyometra has been 
reported before, and may be held responsible for the physiological and pathological processes 
of this disease (Hagman et al., 2009). In our study, we found that the HPRT was not suitable 
as a reference gene in pyometra or control tissues. Surprisingly, HPRT was the reference 
gene used by Hagman et al. (2009). It is possible that the choice of reference gene could have 
contributed to the differences in results obtained by our group and Hagman et al. (2009).

The IGF1R expression suggested that the results may be very different, when 
different reference genes are used. Moreover, compared to the control group, the mean 
immunohistochemical score for IGF1R was higher in the pyometra group (M. Du, Y.W. Yue 
and W.Z. Ma, unpublished results). The results of our analysis indicated that, depending on 
the selected reference gene, the relative IGF1R mRNA expression appeared upregulated when 
using YWHAZ and GAPDH as reference genes. However, a limitation of our study and of 
pyometra research in general, is the use of disease-free uterine tissues samples as controls and 
the fact that the canine breed is not uniform since the samples came from domestic canine. 
Nonetheless, obtaining uterine tissue samples from normal bitches with an average age of 8 years 
are rare in contemporary practice. Despite these limitations, the results clearly demonstrate that 
most reference genes were not suitable for normalizing RT-qPCR data under these conditions. It 
is possible that different supra-physiological conditions may alter the stability of reference genes, 
such as pyometra or pregnancy. In general, our results indicate that reference gene stability varies 
between healthy bitches and those with pyometra, and a suite of internal reference genes are 
recommended to normalize and quantify gene expression accurately.

CONCLUSIONS

In this study, we evaluated the expression stability of seven candidate reference 
genes used for normalizing RT-qPCR data in pyometra infected uterine tissue. We identified 
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YWHAZ as an appropriate internal reference gene, in both pyometra and healthy samples. 
We also demonstrated that the reference gene was not expressed stably under all experimental 
conditions. To conclude, we believe that our study will be beneficial to establish gene expression 
standards in pyometra, and our data reveals a suite of internal reference genes that could be 
recommended for accurate normalization and quantification of gene expression in this disease. 
Finally, our study provides a solid foundation for future studies aimed at understanding various 
gene functions in pyometra.
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