
Research Article

Combining RPL27 with OAZ1 or RPL8 as 
Universal Normalizers of  Gene Expression in 
Canine Endometrial Studies - 
Georg Mair1, Hermann Unger1 and Cordula Gabriel2*
1Tropical Veterinary Science Laboratory, University of Veterinary Medicine, Vienna, Austria
2Institute for Anatomy, Histology and Embryology at the Department of Pathobiology, University of Veterinary 
Medicine, Veterinaerplatz 1, 1210 Vienna, Austria
*Address for Correspondence: Cordula Gabriel, Institute for Anatomy, Histology and Embryology at the 
Department of Pathobiology, University of Veterinary Medicine, Veterinaerplatz 1, 1210 Vienna, Austria. Tel: 
+0043 1 250 77 3403; E-Mail: 

Submitted: 19 July 2017; Approved: 20 September 2017; Published: 22 September 2017

Citation this article: Mair G, Unger H, Gabriel C. Combining RPL27 with OAZ1 or RPL8 as Universal Normalizers 
of Gene Expression in Canine Endometrial Studies. Int J Vet Sci Technol. 2017;1(1): 023-034.

Copyright: © 2017  Gabriel C, et al. This is an open access article distributed under the Creative 
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited.

International Journal of 
Veterinary Science & Technology



International Journal of Veterinary Science & Technology

SCIRES Literature - Volume 1 Issue 1 - www.scireslit.com Page -024

ABBREVIATIONS
ACTB: β-Actin; Cq: Quantitation cycle; CT: Cycle treshold; E: 

Estrogen; EECs: Endometrial Epithelial Cells; ESCs: Endometrial 
Stromal Cells; GAPDH: Glyceraldehyde-3-Phosphate Dehydrogenase; 
GUSB: β-Glucuronidase; HPRT: Hypoxanthine-Guanine Phospho 
Ribosyl Transferase; LCM: Laser Capture Microdissection; OAZ1: 
Ornithine decarboxylase antizyme 1; P: Progesterone; RPL27: 
Ribosomal protein L27; RPL32: Ribosomal protein L32; RPL8: 
Ribosomal protein L8; RPS20: Ribosomal protein S20

INTRODUCTION
Molecular research determining physiological as well as 

pathological changes in the uterus is faced with the lack of universal 
reference genes to determine relative changes of gene induction and 
expression. Th e complexity of interacting cell types in the uterine wall 
together with hormone-driven cyclic changes aff ects interpretation 
of expression data regardless of whether total uterine homogenates, 
layer-specifi c samples or isolated cell populations are being analyzed 
[1]. Reference genes selected for normalizing such expression data 
are likewise restricted to a cell type-specifi c application, in contrast 
to normalizers defi ned by whole-tissue analysis. Th is is evident from 
diff erent studies revealing divergent transcript me profi les closely 
related to the day of the sexual cycle aft er separating endometrial 
and stromal fractions by laser capture micro dissection (LCM) [2-4]. 
Although specifi c guidelines for the basics in quantitative RT-PCR 
analyses have been available since 2009 [5-7], only a few studies in 
veterinary medicine approached the evaluation of suitable reference 
genes [8-10]. In particular, pathological eff ects in diff erent layers 
of the uterus, and immune system driven infl uences are essentially 
unexplored.

Pyometra, the purulent infl ammation of the uterus, is a 
frequently occurring pathology of the canine endometrium in adult 
intact bitches, and is thus of major interest in veterinary medicine 
and reproduction [11,12]. In six out of ten cases the infection 
progresses into a potentially life-threatening systemic infl ammation 
[13]. Characterization of relevant genetic markers involved in the 
development of this pathology thus has a high clinical relevance. 
A detailed analysis of the genetic profi les of aff ected and healthy 
uteri already identifi ed more than 800 genes as being up regulated 
in pyometra-aff ected uteri [14]. Th ese results refl ect the serious 

alterations observed in the canine uterine tissue during pyometra 
and the associated infl ammatory response of the endometrium. 
Transcriptome studies concerning canine pyometra development 
and etiology are however rare, although a detailed investigation of 
relevant marker genes is considered necessary [15-18]. Moreover, 
abundant qRT-PCR data were produced without assessing suitable 
reference genes essential for the normalization of these data. So far, 
TUBA1A (α-tubulin) as an internal standard [15], as well as RPL27 
[17,18] and OAZ1 [16] have been applied in the context of the canine 
pyometra-aff ected endometrium. OAZ1 and RPL27 were equally 
identifi ed as stable reference genes in the cyclic porcine uterus [19], 
but their effi  ciency for specifi cally normalizing profi les of the diff erent 
cell populations in the canine uterus has never been demonstrated. 

We thus developed a stringent workfl ow for evaluating reference 
genes applicable for healthy and pyometra-aff ected canine uteri 
homogenates and isolated uterine epithelial and stromal cell 
populations. Here, the infl uence of cyclic changes was addressed 
by treating these cultured cells with estrogen and progesterone. We 
analyzed the nine most promising genes not aff ected by pyometra 
[14], under the assumption that potentially the mean of two or more 
genes could present an arbitrary normalizer.

We therefore employed healthy and pyometra-aff ected uterine 
tissue samples, two diff erent endometrial cell types stimulated 
with steroid hormones in vitro and LCM samples of the respective 
endometrial cell types, for reference gene analysis and quantifi cation 
of their respective expression levels. A mathematical and statistical 
approach was taken to evaluate the optimal combination of genes and 
their expression levels for their use as reference genes in quantitative, 
cell-specifi c profi le studies of the canine endometrium.

MATERIALS AND METHODS
Tissue and Cell Preparation

Uterine tissue was collected from routine ovariohysterectomy (n 
= 3) and surgical pyometra treatment (n = 3). Surgery was performed 
under general anesthesia at the Department of Companion Animals 
and Horses, Section of Obstetrics, Gynecology and Andrology of the 
University of Veterinary Medicine at Vienna, Austria. Tissue sampling 
and evaluation as well as anonymized publication of the received data 
were in accordance with the pet owners and the project was approved 
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by the local ethical commission at the Vetmeduni Vienna, Austria 
to be based on the respective regulations of good scientifi c practice. 
Th e dissected uterine tracts were transported in sterile Dulbecco’s 
Phosphate Buff ered Saline (Sigma-Aldrich, Steinheim, Germany) 
containing 0.5% Gentamicin (Biochrom, Berlin, Germany) and 1.5% 
Nystatin suspension (10,000 units/mL in DPBS; Sigma-Aldrich), at 
4-8°C. 

For the histological evaluation, samples (1 cm³) of the uterine 
horns (cranial and intermediate regions) as well as of the uterine body 
(bifurcation) were separated and immersion-fi xed in 4% buff ered 
formaldehyde for 24 to 48 hr at 4°C, and then embedded in Paraplast® 
(Vogel, Giessen, Germany). For histological evaluation, sections of 
3  μm thickness were cut and stained with Hematoxylin and Eosin 
(H&E) according to Romeis [20]. Evaluation of the sections was 
performed by light microscopy using a Polyvar microscope (Reichert-
Jung, Vienna, Austria) connected to a DS-Fi1 digital camera (Nikon, 
Vienna, Austria) with Nikon NIS-Elements soft ware.

For the mRNA analyses of tissue homogenates of the same regions 
of three healthy and the three pyometra-aff ected uteri, these samples 
were snap-frozen in 500μL RNA later (Qiagen, Hilden, Germany) 
in liquid nitrogen and stored at -80°C. For the mRNA analyses of 
the LCM samples, uterine samples (n = 3, healthy) of the mentioned 
regions were embedded in Tissue-Tek® O.C.T™ (Sanova Pharma 
GmbH, Vienna, Austria), and cryotome sections of 10μm thickness 
were cut with Leica Cryocut CM 1800 at -16°C. 

Laser capture microdissection (LCM)

For the LCM samples, cryotome sections were placed on a MMI 
Membrane Slide with a 1.4 μm PET membrane (Molecular Machines 
& Industries, Glattbrugg, Switzerland). Cryotome sections were air 
dried and fi xed for 30 s in 70% ethanol, subsequently rehydrated for 
30 s in aqua dest and stained for 20 s with HistoGeneTM LCM Frozen 
Section Staining Kit (Arcturus, CA, USA) followed by washing in 
aqua dest for 30 s. Aft er dehydration (30 s per step: 70%, 80%, 90%, 
100% ethanol, 5 min xylol) membrane slides were air-dried for 5 
min and placed on RNAse-free glass slides. Per sample, two slides 
with four to six tissue sections and six CapSure® Macro LCM caps 
(Arcturus, CA, USA) were placed into the VERITAS ® Laser Micro 
dissector. Endometrial Epithelial Cells (EECs) and Stromal Cells 
(ESCs) were separately localized (20x magnifi cation) and marked for 
laser capturing. Th e respective selected cell population was cut and 
captured with two diff erent lasers. Th e laser power setting ranged 
from 60 to 80 mw, pulse settings from 1700 to 2500 μs. Th e spot 
size for fi xing the cells onto the caps was determined prior to micro 
dissection, and adapted to each cell type [21]. 

Cell culture

For mRNA analysis of the uterine cell populations in vitro the 
endometrium was separated from the myometrium of a healthy 
anestrous uterus. Th e two diff erent Endometrial Cell Types (ESCs 
and EECs) were isolated as previously published [22]. In brief, aft er 
digestion of the endometrium in standard medium (88% M199 with 
L-glutamine (HyClone Laboratories, South Logan, Utah, USA); 
1% antibiotic-antimycotic solution (PAA Laboratories, Pasching, 
Austria); 1% Fungizone®, liquid (Gibco, Th ermo Fisher Scientifi c, 
Austria), without fetal calf serum, FCS) containing 1% collagenase 
type I (Sigma-Aldrich) for 3 hr, the epithelial structures (surface 
epithelium and glandular epithelium) were separated via two 

consecutive fi ltrations steps (280 μm and 40 μm mesh size, respectively; 
BD Biosciences, Erembodegem, Belgium). Th e suspension of ESCs 
was immediately centrifuged (2000 rpm, 2 min) and resuspended in 
fresh standard medium containing 10% FCS (Sigma-Aldrich). Th e 
ESCs were cultured in 25 cm² cell culture fl asks (Sarstedt, Newton, 
USA) with standard medium containing 10% FCS for 5 days at 37°C 
and 5% CO2. Epithelial structures were removed from the fi lter 
membrane, and transferred into a petri dish containing standard 
medium, and then collected in a 15 mL tube for centrifugation (2 min, 
2000 rpm). Th e structures were resuspended with 1% trypsin/EDTA 
(Biochrom, Berlin, Germany) for 4 min aft er two wash steps with 
PBS, and subsequently centrifuged for 2 min (2000 rpm) to remove 
trypsin/EDTA. Dissection of the remaining structures in the pellet 
followed on resuspension in 3 mL standard medium (10% FCS) and 
was supported mechanically via pipetting for a single cell suspension 
of EECs. Th e EECs were cultured in 25-cm² fl asks at 37°C and 5% 
CO2 for seven days with additional 1% trypsin/EDTA treatment on 
days fi ve and seven for transfer to a 75-cm² cell culture fl ask (Sarstedt, 
Newton, USA). For each cell suspension 1 mL was used to produce 
four glass platelets (24mm, VWR, Vienna, Austria) (each with 250 μL 
cell suspension and 750 μL standard medium with 10% FCS) in a 24-
well plate for immunohistochemical analysis of the isolated cell type. 
Cells were grown on the 75-cm² fl asks for four (ESCs) to eight (EECs) 
days to reach a confl uence of 80%. Th en cells were stimulated with 
either 15 pg/mL 17ß-estradiol (E) or 15 ng / mL progesterone (P) 
for 48 hr or cultured as control group without stimulation. Th e cells 
were scraped with a cell scraper (Greiner Bio-One, Kremsmunster, 
Austria) within the medium, and transferred to a 15-mL tube. Aft er 
centrifugation and decantation the dry cell pellets were frozen at 
-80°C. Th e cell culture experiment was repeated in two independent 
approaches for each cell type.

Immunohistochemistry

Identifi cation of the respective cell type was performed by means 
of immunohistochemistry. Cells grown to 80% confl uence on the 
glass platelets were washed two times with PBS and then fi xed with 4% 
buff ered formalin for 10 min at room temperature. Aft erwards, the 
formalin was removed and the glass platelets were washed two times 
with aqua dest followed by overnight drying at room temperature. 
Glass platelets were subsequently fi xed on slides with “DPX new” 
(Merck Millipore, Merck Chemicals and Life Science, Vienna, 
Austria) for staining on the following day. EECs were identifi ed 
with an anti-cytokeratin antibody (mouse clone AE1 + AE3; Sigma-
Aldrich, dilution 1:250) whereas ESCs were specifi ed with an anti-
vimentin antibody (mouse clone V9, Dako, Agilent Technologies, 
dilution 1:200). Cells on the slides were permeabilized with 0.15% 
Triton X-100 in PBS for 15 min at 4°C and then washed three times 
in PBS. Aft er a peroxidase block, the slides were incubated in 1.5% 
normal goat serum (Vector Laboratories, Burlingame, CA) for 30 min 
to minimize unspecifi c binding of the primary antibody. For anti-
vimentin antibody boiling in citrate buff er (pH 6.0, 2 x 5 min), and 
for the anti-cytokeratin antibody boiling in Tris-EDTA (pH 9.0, 3 x 5 
min) was performed. Primary antibodies were incubated over night 
at 4°C and detected by a fl uorescent secondary antibody (Alexa Fluor 
488, Molecular Probes, Th ermo Fisher Scientifi c, dilution 1:100) and 
4’,6-Diamidino-2-Phenylindole (DAPI, Molecular Probes, Th ermo 
Fisher Scientifi c) was used for nuclear counterstaining. Evaluation of 
the sections was performed using confocal laser scanning microscopy 
(Zeiss, LSM 510 Meta, Vienna, Austria) with ZEN2000 soft ware 
(Zeiss, Vienna, Austria).
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RNA treatment

Whole-tissue biopsies (3 mm³) were homogenized in 400 μl 
QIAzol reagent (Qiagen) and with a maximum of 70 standard ceramic 
beads using the MagNA Lyser instrument (Roche Life Science, 
Vienna, Austria). A portion of the homogenate (350 μL) was mixed 
with an equal volume of ethanol (99%), and total RNA was extracted 
following the Zymo Direct-zol kit (Zymo Research Corp., Irvine, 
USA) protocol. Cultured stromal and epithelial cells were pelleted 
and re-suspended with 350 μl of QIAzol reagent before lysis for 15 
min at 37°C in a heat shaker and incubation at room temperature 
for another 15 min before adding an equal volume of ethanol. Lysis 
of the LCM samples was achieved by adding 100 μl QIAzol to the 
dissected cells glued on the recovery caps, and incubation for 45 min 
at 37°C, then 15 min at room temperature. A further 100 μl of QIAzol 
were added to the homogenate before mixing with an equal volume 
of ethanol. 

RNA quality was analyzed for the whole tissue and the cell culture 
samples using the RNA 6000 Nano kit and the 2100 Bio analyzer 
instrument (Agilent Technologies, Santa Clara, USA) determining a 
mean RNA integrity number (RIN) of 8.1. Th e total RNA amount was 
further determined using the Nano Drop 2000c platform (Th ermo 
Fisher Scientifi c).

Primer design

Peer-reviewed primer sets for nine candidate genes (Table 1) 
were tested for specifi city, temperature and dimerization using 
Primer-BLAST (http://www.ncbi.nlm.nih.gov/tools/primer-blast/) 
[23] and Net Primer (http://www.premierbiosoft .com/netprimer/). 
New sets were designed using either Primer-BLAST or the Perl 
Primer tool (http://perlprimer.sourceforge.net/) [24], limiting the 
output by temperature, amplicon length and large intron spanning 
exon-exon placement. Final set defi nition was achieved by testing for 
dimerization and hairpin likelihood with the Net Primer tool and for 
amplicon secondary structures using the Mfold algorithm (http://
unafold.rna.albany.edu/?q=mfold/download-mfold) [25] for DNA 
with setup-dependent settings for temperature and salt correction. 

qRT-PCR

Th e gene-specifi c one-step qRT-PCR approaches were performed 
in a 10 μl fi nal reaction volume and consisted of 5 μl RevTrans 
Mastermix (2x) with the ds DNA binding dye Eva Green (Bio & 
SELL, Feucht, Germany), 200 nM of each primer plus a volume of 
water suffi  cient to fi ll up to the 8 μl master mix volume per reaction. 
Total RNA was added with a fi nal volume of 2 μL, whereas the fi nal 
RNA concentration of measured samples was 10 ng.

Amplifi cation was performed using the Viia 7 384-well (Th ermo 
Fisher Scientifi c) and the Rotor-Gene Q 72-well platform (Qiagen) 
and included a preceding reverse transcription step at 50°C for 15 
min, followed by heat denaturation at 95°C for 5 min, 45 cycles with 
denaturation at 95°C for 15 s and annealing/elongation at 60°C for 
50 s and a melting curve step. Th e effi  ciency of amplifi cation was 
determined by standard curve assay using pooled total RNA and the 
LinReg PCR soft ware [27], from which Cycle of quantifi cation (Cq) 
values for each gene were derived.

Reference gene stability determination

Stability of expression across tissue- and cell-type specifi c data sets 
was assessed using the effi  ciency-corrected quantities of the reference 
genes in the calculation matrix of the online tool Ref Finder (http://
omictools.com/reffi  nder-tool)and the Norm Finder Excel add-in 
[28]. Ref Finder computed a comprehensive ranking of the genes aft er 
analysis with the statistical algorithms Best Keeper [29], ge Norm [30] 
and Norm Finder [28] and the ΔCq method. Th e stand-alone Norm 
Finder tool additionally defi ned a best combination of two genes 
aft er defi nition of group identifi ers. Th e averaged quantities of these 
combinations were included as arbitrary reference genes (arbitrary 
normalizers, respectively) in a fi nal stability assessment with the Ref 
Finder tool. 

RESULTS
Workfl ow to establish optimal reference genes for 
expression studies

In order to establish a set of reference genes for cell-specifi c 
gene profi ling studies of the canine endometrium, we established 

Table 1. Peer-reviewed primer sets and primer sets designed for the present work (PW).

Name Dir Sequence : (5' to 3') Length Tm (°C)1 GC% remarks

OAZ1 FW CTGCTGTAGTAACCTGGGTC 20 57.33 * 55.0 pw
RV ACATTCAGCCGATTATCAGAGTA 23 57.21 * 39.1

GAPDH FW TGTCCCCACCCCCAATGTATC 21 58 * 57.1
[26]

RV CTCCGATGCCTGCTTCACTACCTT 24 58 * 54.1

ACTB FW CCACACCTTCTACAACGAGC 20 61.15 ** 55.0 pw
RV GAACATGATCTGGGTCATCTTCTC 24 61.27 ** 45.8

RPS20 FW GCGATTCACCGAATTAGAATTACTC 25 60.63 ** 40.0 pw
RV CGTAGTGATTCTCAGAGTCTTGG 23 60.69 ** 47.8

HPRT1 FW AGCTTGCTGGTGAAAAGGAC 20 63.3 * 50.0
[26]

RV TTATAGTCAAGGGCATATCC 20 55.7 * 40.0

GUSB FW AGACGCTTCCAAGTACCCC 19 63 * 57.8
[26]

RV AGGTGTGGTGTAGAGGAGCAC 21 63.2 * 57.1

RPL8 FW CCATGAATCCTGTGGAGC 18 61.8 * 55.5
[26]

RV GTAGAGGGTTTGCCGATG 18 60.7 * 55.5

RPL27 FW ACTACAATCACCTCATGCCC 20 61.4 * 50.0 pw
RV CTTGTACCTCTCCTCGAACTTG 22 61.8 * 50.0

RPL32 FW TTGAAGTGCTGCTGATGTGC 20 59.41 * 50.0 pw
RV CTTTCCACGATGGCTTTGCG 20 60.45 * 55.0

1 Tm values (°C) were computed either by the primer design tools Primer-BLAST (*) or PerlPrimer (**)
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a workfl ow that involved tissue and cell selection, gene expression 
measurement, and data analysis (Figure 1). Firstly, when tissue 
samples were the source material, these were subjected to detailed 
histological examination to assess whether they were healthy 
or showed signs indicative of pathologies. Th en, total RNA was 
extracted from tissue homogenates or cultured cells, and used as 
a template for one-step qRT-PCRs to quantitatively evaluate the 
expression of nine genes: ACTB (β-actin), GAPDH (Glyceraldehyde-
3-Phosphate Dehydrogenase), GUSB (β-Glucuronidase), HPRT1 
(Hypoxanthine-Guanine Phosphoribosyltransferase), OAZ1 
(Ornithine Decarboxylase Antizyme 1), RPL8 (Ribosomal Protein 
L8), RPL27 (Ribosomal Protein L27), RPL32 (Ribosomal Protein 
L32), and RPS20 (Ribosomal Protein S20). Data from the qRT-PCR 
measurements were then subjected to analysis with various algorithms 
in order to rank and assess the suitability of each gene as a reference.

Healthy and pyometra-affected uteri

Th e fi rst source of biological material that we used to defi ne 
optimum reference genes was complete canine uterus, either healthy 
or pyometra-aff ected. Histological evaluation of the healthy (control) 
group of uteri showed these to be without any pathological indications 
(Supplementary File 1A). In the pyometra-aff ected group the surface 
and the crypt epithelium displayed a foamy appearance and were 
detached from the stroma in some regions (Supplementary File1B). 
Th e stroma had partially a loose appearance, which might result from 

the presence of edema fl uid. In the dense stromal regions there was 
a large number of neutrophils and macrophages, and aggregates of 
plasma cells.

Tissue homogenates of healthy (n = 3) and pyometra-aff ected (n 
= 3) uteri were used as source material for RNA extraction and qRT-
PCR-based measurement of the expression of the nine candidate 
genes. Expression data obtained from these aggregated cell-types were 
used to rank the putative reference genes. Th e correlation between the 
gene data sets was assessed to determine the variation due to either 
random technical errors (e.g. cDNA synthesis) or infl uences that 
aff ected all genes equivalently (e.g. sample quality). Th e expression 
data were confi rmed as being reliable for further reference gene 
specifi c calculations, demonstrating that no correlation was given 
between the diff erent assays (data not shown).

Stability in these reference gene sets was fi rst determined with 
Ref Finder, which combines the out puts from the most commonly-
applied stability calculations. Briefl y, GAPDH was defi ned as best 
single normalizer by the mean of all algorithms, whereas ACTB was 
the least reliable option. Th e highly-expressed RPL genes were top-
ranked for variation analysis by Best Keeper, but at middle positions 
in the ranking summary. Th e Norm Finder calculation of the Ref 
Finder matrix top-ranked GAPDH without log-transformation and 
grouping of the raw Cq values (Table 2).

Using the stand-alone Norm Finder Excel add-on, the values 
were subsequently log transformed and grouped to analyze inter-
group variance and defi ne the combined normalizer (Table 3). 
Using log-transformed but ungrouped values OAZ1 achieved the 
top-ranking. Defi ning a healthy and a pyometra-aff ected group 
for the inter-group variance parameter again changed the ranking. 
GAPDH was identifi ed as the best single gene independent of the log 
transformation. Th e best combined normalizer for analysis of healthy 
and pyometra-aff ected canine uterine tissue was the combination of 
RPL8 and RPL27, equally with or without log transformation.

Uterine cell populations in vitro

Secondly, we sought to establish optimal reference genes 
in cultured cells corresponding to specifi c uterus-derived cell 
lineages. Cells isolated from healthy canine uteri (n = 3) and 
cultured as Endometrial Epithelial Cells (EECs) were identifi ed via 
immunohistochemical-positive staining for cytokeratin, and negative 
staining for the mesenchymal marker vimentin (Supplementary File 
2A). Cultured Endometrial Stromal Cells (ESCs) isolated and cultured 
from the same tissue samples were positive for vimentin and negative 
for the epithelial cytoskeletal fi lament cytokeratin (Supplementary 
File 2B). Th e population doubling time for the EECs was 72-96 hr, 
whereas that for the ESCs was less than 48 hr. Th e two endometrial 
cell types were subsequently stimulated with either estrogen or 
progesterone for 48 hr to introduce an additional factor for stability 
determination of the selected reference genes. 

Interestingly, assembling a combined data set of both cell types 
for correlation and comprehensive RefFinder analysis illustrated that 
gene expression ratios diff ered considerably between EECs and ESCs. 
Th e expression levels of several genes were considerably reduced in 
EECs, with GAPDH being detected with a high Cq value almost at 
the end of the dynamic range of the assay. Th e expression levels of 
the RPL genes in ESCs, however, were similar to the levels in ESCs. 
As a consequence these genes were top-ranked by comprehensive Ref 
Finder analysis due to the lower expression diff erence (Table 4). Cell 

Figure 1: Workfl ow to establish optimal reference genes for normalizing gene 
expression studies in canine uterine cells and tissues. Samples of different 
types (tissue homogenates, cultured cells, LCM sections) are used for RNA 
extraction and qRT-PCR-based measurement of the expression of a set of 
candidate reference genes. Stability is assessed using various algorithms, 
and the genes are ranked to establish arbitrary normalizers and ultimately 
a universal normalizer. Sample set or cell type-specifi c analysis confi rms 
the stability of putative reference genes more effectively than determination 
with whole-tissue samples alone. Moreover, it is necessary to re-test the 
most promising reference genes as they are typically used as a combined 
normalization strategy. Using a step-by-step ranking system for tissue and 
single cell types allows the identifi cation of unique normalizers suitable for 
all sample types, and reduces the effort in gene expression analysis via a 
preliminary reduction of the number of reference genes.
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type-specifi c analysis in contrast fi rst ranked OAZ1 for the ESCs and 
RPL32 for the EEC data set by the mean of all algorithms. GAPDH 
was considered the least appropriate reference gene for combined 
and separate cell-type analysis (Table 4). Th e Norm Finder add-on 
identifi ed RPL27 as the most stable gene of the combined data sets 
without, and OAZ1 as the stablest gene with log transformation. 
Separate analysis of the cell-type data sets selected RPL20 for EECs 
and OAZ1 for ESCs, irrespective of the log transformation. Stratifying 
the combined data sets for the cell types to apply the intergroup 
analysis confi rmed OAZ1 as being the most stable gene and best 
normalizer if fused with RPL27. Calculations with the combined 
sets being partitioned for no treatment or estrogen and progesterone 
stimulation selected the same fused normalizer and RPL27 as best 
gene. Using the equal partition for each cell type in separate analysis 
again identifi ed RPS20 for the EECs and OAZ1 for the ESCs as 
best genes. Th e best normalizer for the EECs was the combination 
of RPS20 and RPL27, while it was OAZ1 and RPL32 for the ESCs). 
Analysis of variance and ΔCq defi nition fi nally demonstrated that the 
stimulation with estrogen or progesterone did not interfere with the 
stability of any gene, regardless of the cell type (data not shown).

Proof of principle analysis of suggested gene 
combinations as arbitrary normalizers

Two of the best combinations computed by Norm Finder for 
the tissue and the cell culture experiments aft er setting respective 
group identifi ers were included in a fi nal ranking analysis with the 
Ref Finder tool. Th is proof-of-principle analysis demonstrated that 
the suggested genes-if averaged and used as arbitrary normalizers - 

were assessed as having greater stability compared to the single-gene 
solutions. Both normalizers thus were predominately top-ranked by 
the applied algorithms independent of the respective data sets (Table 
5,6). 

If not top-ranked, at least one of the combined genes was among 
the two top candidates. Th is indicated the potential of the arbitrary 
normalizers to allow for an unchanged normalization strategy 
equivalent for all sample types in pyometra-related studies, in 
contrast to the use of diff erent single genes. A comprehensive ranking 
of all positions for the RPL8/RPL27 and the OAZ1/RPL27 normalizer 
fi nally top-ranked the latter combination as a reliable reference gene 
solution (Table 7, Figure 2).

Uterine cell populations isolated by LCM

Th e third source of biological material we used to assess the 
putative reference genes were cell type-specifi c sections of canine 
uterus excised by LCM. Here, samples of the canine endometria 
selected for LCM varied in size between 800  000  μm² (surface and 
glandular EECs, Supplementary File 3A) and 300000  μm² (ESCs, 
Supplementary File 3B), due to existent lumina and necessary safety 
distance areas for cutting surface and glandular endometrial cells. Th e 
real areas of EECs were measured before selection of the cutting areas, 
and varied between 47000 and 56000 μm².

Only individual captures were considered for gene quantifi cation 
in LCM samples. Pooling captures of diff erent spots was avoided, 
to allow a more marked description of technical variation. For 
LCM experiments not only RNA measurement mistakes or varying 
RT effi  ciency need consideration, but also the laser treatment and 
resulting damage to the outer cells, the handling time, recovery, and 
undetected additional layers, all of which can cause non-biological 
infl uences. Th e observed inter-sample variance in EECs and ESCs 
samples of one of the top candidate reference genes, RPL27, refl ected 
these concerns (Figure 3 and Supplementary File 4).

Th e Cq values, as judged by eyes, were less scattered in the 
EECs with however an inconsistent variance pattern of the samples 
for the diff erent gene assays. Th e scattering of the Cq values was 
higher in the ESCs samples while the variance pattern was more 
consistent. Another factor was an observed deviation between the 
highly-expressed and medium-expressed genes. Due to the reduced 
amount of RNA per reaction, the scattering was increased for the 
latter genes. Th is confi rmed fi rst of all the challenge of using LCM 
samples for reference gene evaluation, as the data were not useful 
for a computed stability analysis. We however used the experiment 
for testing the most consistent and unbiased description of non-
biological infl uences, and fi nally analyzed the artifi cial variance 
pattern in the defi ned normalizers. Using the single-gene results 
as a benchmark, the combination of RPL27/OAZ1 was specifi ed 

Table 2:  Comprehensive ranking of putative reference genes by RefFinder analysis of expression values of healthy and affected uterine tissue samples.

Method                                   Ranking Order (Better--Good—Average)

1 2 3 4 5 6 7 8 9

Delta CT GAPDH HPRT1 RPS20 RPL32 OAZ1 RPL27 RPL8 GUSB ACTB

BestKeeper RPL27 RPL32 HPRT1 GAPDH RPS20 OAZ1 GUSB ACTB RPL8

NormFinder GAPDH RPS20 HPRT1 RPL32 OAZ1 RPL27 RPL8 GUSB ACTB

geNorm HPRT1 / GAPDH RPS20 RPL32 RPL27 OAZ1 RPL8 GUSB ACTB

Recommended 
comprehensive ranking GAPDH HPRT1 RPS20 RPL32 RPL27 OAZ1 RPL8 GUSB ACTB

Table 3: Ranking of putative reference genes of healthy and pyometra affected 
uterine tissue samples by using stability values (log transformed) determined via 
the stand alone NormFinder Excel add-on.

Ungrouped data set1 Inter-group variance dataset2

Gene Stability value Gene Stability value

OAZ1 0.0233 GAPDH 0.01076

RPS20 0.0235 RPS20 0.01082

GAPDH 0.0237 BGLR 0.01276

HPRT 0.0242 OAZ1 0.01438

RPL32 0.0293 RPL32 0.01683

BGLR 0.0303 HPRT 0.01923

PRL27 0.0312 ACTB 0.02082

RPL8 0.0319 RPL8 0.02325

ACTB 0.0367 PRL27 0.02353
1The ungrouped data set was a combination of data from the healthy and 
pyometra affected groups. 
2The inter-group variance data set was determined as variance between the 
healthy and pyometra group.
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Table 4: Comprehensive ranking of putative reference genes by RefFinder analysis of expression values of endometrial cell populations. The group "combined cells" 
represents the analysis of both endometrial epithelial and stromal cells together.

 
 

Method
 

Ranking Order (Better--Good--Average)
1 2 3 4 5 6 7 8 9

co
m

bi
ne

d 
ce

lls
 Delta CT RPL27 ACTB OAZ1 RPL32 RPL8 GUSB HPRT1 RPS20 GAPDH

BestKeeper RPL32 RPL8 HPRT1 ACTB RPL27 OAZ1 GUSB RPS20 GAPDH
NormFinder RPL27 OAZ1 ACTB GUSB RPL32 RPL8 RPS20 HPRT1 GAPDH

geNorm RPL8 | 
RPL32  ACTB RPL27 HPRT1 OAZ1 GUSB RPS20 GAPDH

Recommended 
comprehensive ranking RPL27 RPL32 RPL8 ACTB OAZ1 HPRT1 GUSB RPS20 GAPDH

ep
ith

el
ia

l c
el

ls
 Delta CT RPS20 RPL32 RPL27 RPL8 ACTB OAZ1 HPRT1 GUSB GAPDH

BestKeeper RPL32 RPL27 RPS20 RPL8 ACTB OAZ1 HPRT1 GUSB GAPDH
NormFinder RPL27 RPL32 RPS20 ACTB RPL8 OAZ1 HPRT1 GUSB GAPDH

geNorm RPL27 | 
RPL32  RPS20 RPL8 ACTB OAZ1 HPRT1 GUSB GAPDH

Recommended 
comprehensive ranking RPL32 RPL27 RPS20 RPL8 ACTB OAZ1 HPRT1 GUSB GAPDH

st
ro

m
al

 c
el

ls
 

Delta CT OAZ1 RPL32 GUSB RPL27 ACTB RPL8 RPS20 GAPDH HPRT1
BestKeeper GUSB OAZ1 ACTB RPL32 GAPDH HPRT1 RPL27 RPS20 RPL8
NormFinder OAZ1 GUSB RPL32 RPL27 ACTB RPL8 RPS20 GAPDH HPRT1

geNorm RPL8 | 
RPL27  RPL32 RPS20 OAZ1 GUSB ACTB GAPDH HPRT1

Recommended 
comprehensive ranking OAZ1 GUSB RPL32 RPL27 RPL8 ACTB RPS20 GAPDH HPRT1

Table 5: Comprehensive ranking of putative reference genes including arbitrary normalizers by RefFinder analysis of tissue samples. Norm I stands for the normalizer 
set RPL8/RPL27, whereas Norm II indicates the second applied combination OAZ1/RPL27. Combined tissue data represent analysis of healthy and pyometra 
affected tissue together.

Method
Ranking Order (Better--Good--Average)

1 2 3 4 5 6 7 8 9 10

co
m

bi
ne

d 
tis

su
e 

da
ta

 s
et

Delta CT
NORM I RPS20 OAZ1 GAPDH GUSB RPL32 HPRT1 RPL27 RPL8 ACTB
NORM II RPS20 RPL32 GAPDH HPRT1 RPL27 OAZ1 RPL8 GUSB ACTB

BestKeeper 
RPL27 RPL32 NORM I GUSB GAPDH HPRT1 RPS20 OAZ1 ACTB RPL8
RPL27 NORM II RPL32 HPRT1 GAPDH OAZ1 RPS20 GUSB ACTB RPL8

NormFinder
NORM I RPS20 OAZ1 GUSB GAPDH RPL32 HPRT1 RPL27 RPL8 ACTB
NORM II RPS20 RPL32 HPRT1 GAPDH OAZ1 RPL27 RPL8 GUSB ACTB

geNorm
RPL27/ RPL32  NORM I RPS20 GAPDH HPRT1 OAZ1 GUSB RPL8 ACTB
RPL27/RPL32  NORM II HPRT1 GAPDH RPS20 OAZ1 RPL8 GUSB ACTB

Recommended 
comprehensive 

ranking

NORM I RPL27 RPL32 RPS20 GAPDH OAZ1 GUSB HPRT1 RPL8 ACTB

NORM II RPL32 RPL27 RPS20 HPRT1 GAPDH OAZ1 RPL8 GUSB ACTB

he
al

th
y 

tis
su

e 
da

ta
 s

et

Delta CT
NORM I HPRT1 RPL27 RPS20 OAZ1 RPL8 RPL32 GAPDH GUSB ACTB
NORM II RPL27 HPRT1 OAZ1 RPS20 RPL32 RPL8 GAPDH GUSB ACTB

BestKeeper 
RPL27 OAZ1 RPL32 NORM I HPRT1 RPS20 GUSB GAPDH RPL8 ACTB

NORM II RPL27 OAZ1 RPL32 HPRT1 RPS20 GUSB GAPDH RPL8 RPL8

NormFinder
NORM I HPRT1 RPS20 RPL27 OAZ1 RPL8 GAPDH RPL32 GUSB ACTB
NORM II HPRT1 RPL27 OAZ1 RPS20 RPL32 RPL8 GAPDH GUSB ACTB

geNorm
HPRT1 / NORM I  RPS20 RPL8 RPL27 OAZ1 GAPDH RPL32 GUSB ACTB
RPL27 / NORM II  RPL32 OAZ1 HPRT1 RPS20 GUSB RPL8 GAPDH ACTB

Recommended 
comprehensive 

ranking

NORM I HPRT1 RPL27 RPS20 OAZ1 RPL8 RPL32 GAPDH GUSB ACTB

NORM II RPL27 HPRT1 OAZ1 RPL32 RPS20 RPL8 GUSB GAPDH ACTB

af
fe

ct
ed

 ti
ss

ue
 d

at
a 

se
t

Delta CT
NORM I ACTB RPL32 RPL27 GAPDH RPL8 HPRT1 RPS20 GUSB OAZ1
NORM II RPL27 RPL32 RPL27 GAPDH HPRT1 RPS20 RPL8 OAZ1 GUSB

BestKeeper 
RPL27 RPL32 ACTB NORM I GAPDH RPS20 RPL8 HPRT1 OAZ1 GUSB
RPL27 NORM II RPL32 ACTB GAPDH RPS20 RPL8 HPRT1 OAZ1 GUSB

NormFinder
NORM I ACTB RPL32 RPL27 RPL8 HPRT1 GAPDH RPS20 OAZ1 GUSB
ACTB NORM II RPL32 RPL27 GAPDH HPRT1 RPL8 RPS20 OAZ1 GUSB

geNorm
RPL27 / RPL32  NORM I ACTB RPS20 GAPDH HPRT1 RPL8 GUSB OAZ1
RPL27 / RPL32  NORM II ACTB RPS20 GAPDH HPRT1 RPL8 OAZ1 GUSB

Recommended 
comprehensive 

ranking

NORM I RPL27 RPL32 ACTB GAPDH RPL8 RPS20 HPRT1 OAZ1 GUSB

NORM II RPL27 RPL32 ACTB GAPDH RPS20 HPRT1 RPL8 OAZ1 GUSB
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as the best option for gene-of-interest normalization regarding the 
infl uence of the scattering by diff erent expression levels combined 
with the inherent variance in a sample set. A combination of RPL27/
RPL8 was considered more likely to convey the pattern exclusively 
of the highly-expressed genes, thus reducing the variance evident in 
other gene assays. Th e remaining genes HPRT1 and GAPDH were not 

considered because HPRT1 is known to be more likely infl uenced by 
biological factors [31] (and showed the most variance), and GAPDH 
expression was more scattered in the ESC samples compared to the 
other genes.

DISCUSSION
Identifi cation and application of reference gene sets is essential 

for presenting gene expression data in a meaningful way. Normalizing 
the raw expression values of genes of interest reduces technical 
infl uences caused by varying reverse transcription effi  ciencies or 
template concentrations. Reference genes have to be determined in 
a way such that they are unaff ected by the respective study design 
and the cell types involved, to avoid aff ection by diff erent cell type 
quantities. 

Th ese aspects present a specifi c challenge for analyzing 
reproductive tissues such as the endometrium, which is a highly 
dynamic tissue undergoing serious cyclic changes (for review, see 
[1,32]). Defi ning a putative normalization strategy is confronted 
with diffi  culties associated with changes in growth, diff erentiation, 
desquamation and regeneration under steroid hormone as well as 
cytokine/chemokine infl uences. Th e composition of the endometrium 
is another factor as it includes epithelial and stromal cells as major 

Table 6: Comprehensive ranking of putative reference genes including arbitrary normalizers by RefFinder analysis of cultured cells. Norm I stands for the normalizer 
set RPL8/RPL27, whereas Norm II indicates the second applied combination Oaz1/Rpl27. Combined cell data represent analysis of epithelial and stromal cells 
together.

 Method
Ranking Order (Better--Good--Average)

1 2 3 4 5 6 7 8 9 10

co
m

bi
ne

d 
en

do
m

et
ria

l c
el

ls Delta CT
RPL27 NORM I ACTB RPL32 RPL8 OAZ1 GUSB HPRT1 RPS20 GAPDH

NORM II RPL27 ACTB OAZ1 RPL32 RPL8 GUSB HPRT1 RPS20 GAPDH

BestKeeper 
RPL32 RPL8 NORM I HPRT1 ACTB RPL27 OAZ1 GUSB RPS20 GAPDH
RPL32 RPL8 HPRT1 ACTB RPL27 NORM II OAZ1 GUSB RPS20 GAPDH

NormFinder
OAZ1 RPL27 ACTB NORM I GUSB RPL32 RPL8 RPS20 HPRT1 GAPDH

NORM II OAZ1 RPL27 ACTB GUSB RPL32 RPL8 RPS20 HPRT1 GAPDH

geNorm
RPL8 | RPL32  NORM I ACTB RPL27 HPRT1 OAZ1 GUSB RPS20 GAPDH
RPL8 | RPL32  ACTB RPL27 NORM II HPRT1 OAZ1 GUSB RPS20 GAPDH

Recommended 
comprehensive ranking

RPL32 RPL27 RPL8 NORM I ACTB OAZ1 HPRT1 GUSB RPS20 GAPDH
NORM II RPL32 RPL8 RPL27 ACTB OAZ1 HPRT1 GUSB RPS20 GAPDH

 Method
Ranking Order (Better--Good--Average)

1 2 3 4 5 6 7 8 9 10

en
do

m
et

ria
l  

ep
ith

el
ia

l c
el

ls Delta CT
NORM I RPS20 RPL32 RPL27 RPL8 ACTB OAZ1 HPRT1 GUSB GAPDH
NORM II RPS20 RPL32 RPL27 RPL8 ACTB OAZ1 HPRT1 GUSB GAPDH

BestKeeper 
RPL32 RPL27 NORM I RPS20 RPL8 ACTB OAZ1 HPRT1 GUSB GAPDH
RPL32 RPL27 NORM II RPS20 RPL8 ACTB OAZ1 HPRT1 GUSB GAPDH

NormFinder
RPL27 RPL32 NORM I RPL8 RPS20 ACTB OAZ1 HPRT1 GUSB GAPDH
RPL32 RPL27 NORM II RPS20 RPL8 ACTB OAZ1 HPRT1 GUSB GAPDH

geNorm
RPL27 | RPL32  NORM I RPS20 RPL8 ACTB OAZ1 HPRT1 GUSB GAPDH
RPL27 | RPL32  NORM II RPS20 RPL8 OAZ1 ACTB HPRT1 GUSB GAPDH

Recommended 
comprehensive ranking

RPL32 RPL27 NORM I RPS20 RPL8 ACTB OAZ1 HPRT1 GUSB GAPDH
RPL32 RPL27 NORM II RPS20 RPL8 ACTB OAZ1 HPRT1 GUSB GAPDH

 
 Method

Ranking Order (Better--Good--Average)
1 2 3 4 5 6 7 8 9 10

en
do

m
et

ria
l s

tr
om

al
 c

el
ls Delta CT

RPL32 OAZ1 RPL27 GUSB NORM I RPL8 ACTB RPS20 GAPDH HPRT1
NORM II OAZ1 RPL32 GUSB RPL27 RPL8 ACTB RPS20 GAPDH HPRT1

BestKeeper 
GUSB OAZ1 ACTB RPL32 GAPDH HPRT1 RPL27 NORM I RPS20 RPL8
GUSB OAZ1 ACTB NORM II RPL32 GAPDH HPRT1 RPL27 RPS20 RPL8

NormFinder
OAZ1 RPL32 GUSB RPL27 NORM I RPL8 ACTB RPS20 GAPDH HPRT1

NORM II OAZ1 RPL32 GUSB RPL27 ACTB RPL8 RPS20 GAPDH HPRT1

geNorm
NORM II  RPL8 RPL32 RPS20 OAZ1 GUSB ACTB GAPDH HPRT1
NORM II  RPL32 RPL8 OAZ1 GUSB RPS20 ACTB GAPDH HPRT1

Recommended 
comprehensive ranking

OAZ1 RPL32 GUSB RPL27 NORM I RPL8 ACTB RPS20 GAPDH HPRT1
NORM II OAZ1 GUSB RPL32 RPL27 ACTB RPL8 RPS20 GAPDH HPRT1

Table 7:  Comprehensive ranking of arbitrary normalizers by RefFinder results 
of all calculations.

      Method

Ranking results of arbitrary normalizers
Normalizer I (RPL8/

RPL27)
 

Normalizer II (OAZ1/RPL27)

tissue cell 
culture LCM  

tissue
cell 

culture LCM

Delta CT 1/1/1 2/1/5 1/1/1 1/1/1 1/1/1 2/3/4

BestKeeper 3/4/4 3/3/8 1/1/3  
2/1/2 6/3/4 5/3/6

NormFinder 1/1/1 4/3/5 1/1/1  
1/1/2 1/3/1 3/4/4

geNorm 3/1/3 3/3/1 1/3/1  
3/1/3 5/3/1 3/4/4

Comprehensive 
ranking

1.66 2.92 1.20  1.43 1.96 3.61
1.80 2.16
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Figure 2: Representative profi les of gene expression (Cq) values for fi ve of 
the candidate reference genes in cultivated endometrial canine cells. The 
expression levels of all genes were cell type dependent and thus signifi cantly 
differed between EECs and ESCs except for RPL8 and HPRT1 genes. Note 
these data were obtained from cells without hormone treatment, thus they 
are without further imbalance by additional stimulation with progesterone and 
estrogen. The remaining genes showed an apparent reduced expression 
level in the epithelial cells, whereas GAPDH was limited to a basal level of 
expression, almost outside the dynamic range of the assay.

Figure 3: Expression levels of RPL27 in LCM-captured samples of canine 
Endometrial Epithelial Cells (EECs) and Stromal Cells (ESCs) isolated from 
healthy canine uterine tissue. Previously identifi ed, averaged normalizers are 
necessary to curate the technically imbalanced expression values in LCM 
sections of canine EEC and ESC cells. The example of the highly expressed 
candidate gene Rpl27 effectively showed the high variance in un-pooled 
epithelial and stromal LCM replicates. This variance did not allow for any 
respective analysis regarding cell-to-cell differences or stability determination. 
Compared to the other candidate genes the variance was conserved and 
thus attributed to a technical origin. Here the infl uence of the laser cutting, 
unexpected recovery of double layers or different yield after attachment to 
the adhesive cap may be a cause. The latter possibility was addressed in this 
study by using a more stringent pre-extraction workfl ow. Reference genes 
therefore need confi rmation with other samples before being employed in 
LCM-based approaches.

In a tissue homogenate the eff ects on a specifi c cell type may be 
concealed if this cell type comprises a small or the smallest proportion, 
which was the case for the endometrial epithelial cells in the uterine 
homogenates applied for the present study. Uterine tissue comprises 
only a small percentage of glandular and surface epithelial cells that 
nevertheless line the mucosal surface as a fi rst line of defense [35]. 
As an effi  cient physical barrier against infection, epithelial cells have 
evolved innate immune antimicrobial functions and can modulate 
the recruitment and activity of immune cells by chemokine release 
[36,37]. Th erefore, studies concerning pyometra etiology have to 
focus on the epithelial cells, but gene expression analyses of tissue 
homogenates will mainly generate patterns that result from the 
predominant stromal cells.

Human studies disclosed the importance of cell-specifi c gene 
expression profi ling by separating endometrial epithelial and stromal 
cell fractions using LCM [2,4,38], and assessing day-specifi c mRNA 
quantitation during the estrous cycle [4,38]. Including LCM in a study 
design is indeed a benefi cial strategy to recover cell layers or small 
amounts of specifi c cells out of a heterologous tissue sample [39], 
while alternative applications such as cell isolation by FACS [40] need 
critical consideration (for review [41]). LCM-based isolation of cell 
samples however has the consequences of quality loss because of the 
laser treatment, unpredictable infl uences on recovery by the adhesive 
surface of the capture caps, and the small scale of target cells in the 
case of un-pooled samples. Th ese factors cause high variation within 
a sample set, and typically lead to the need for a reliable normalizer 
for other sample types. Th erefore we likewise started with whole-
tissue samples for the development of a rigorous normalization 
strategy of gene expression profi les in healthy and pyometra-aff ected 
canine uterine samples and isolated endometrial cells. A subsequent 
consideration of steroid- and untreated endometrial cells and LCM 
samples involved address sing the issues of cell-type specifi city 
and the possible eff ects of hormonal stimulation. A subsequent 
consideration of cell-type specifi city was performed by the inclusion 
of an LCM-isolated endometrial cell population. Th e same cell 
populations were isolated from the endometrium, and cultured to 
determine the infl uences of estrogen and progesterone on cell-type 
specifi c reference gene expression patterns.

Th e approach faced that challenge that only a small number of 
previously-evaluated candidate reference genes had been described 
for canine expression studies. Equally valuable canine-based 
microarray data are also rare, in contrast to those from human 
or murine studies. Th erefore, highly expressed RPL genes, the 
frequently-communicated OAZ1 and “traditional” reference genes 
were included, with one of the “traditional” genes, GAPDH, being 
top-ranked in the initial analysis of the whole tissue data set. Th is was 
(strictly speaking) reasonable considering its abundantly discussed 
history as a housekeeping gene, being expressed at equivalent levels in 
diff erent organs or cell types. It was indeed interesting to see the highly 
expressed RPL genes not to be top-ranked, although the Cq values per 
sample and hence the overall expression data was more consistent. 
Th is homogeneity may likewise be considered to equally indicate high 
expression stability. Instead, more variant, mid-level expressed genes 
were better positioned. Considering that the presence of variance is 
generally due to technical reasons in homogenous sample sets, the 
mid-level expressed genes may better convey means of sample quality 
or metabolic diff erences, factors that are certainly considered by our 
stability prediction methods.

Metabolic diff erences aff ecting the expression patterns were 
demonstrated aft er the in vitro experiments using cultivated 

cell types, which interact closely but have to serve diff erent tasks 
[33,34]. Performing a disease-related evaluation of putative reference 
genes with uterine tissue samples is thus technically useful and oft en 
necessary, but more a starting point considering tissue heterogeneity 
and cell-specifi c reference gene evaluation.
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endometrial cells. Th e expression ratios in the epithelial cell 
populations were signifi cantly reduced compared to stromal cell 
populations, except for the RPL genes and HPRT1. Surprisingly, 
GAPDH was expressed only at a basal level in the cultivated epithelial 
cells. Th e less imbalanced RPL genes were hence at the top-ranked 
positions within the (however only partly applicable) combined data 
set. Cell-specifi c analysis confi rmed this ranking just for the epithelial 
cells, but top-ranked OAZ1 for the stromal cells. Stimulation with 
estrogen and progesterone did not aff ect the top candidates, pointing 
to a valuable applicability of these genes for studying cyclic changes 
of the investigated endometrial cell types. GAPDH, amongst or the 
least stable candidate reference genes for the canine endometrial in 
vitro experiments, was in contrast rejected as a candidate although 
it was considered the best for the whole-tissue experiment. A study 
involving the estrogen and progesterone stimulation of primary 
cultivated human thyroid cells demonstrated comparable results 
using ACTB as the reference gene of choice in the stimulation 
assay when compared to GAPDH and others [42]. Th e ACTB gene 
however was not a suitable reference gene in the present study using 
canine tissue and cells. Th is demonstrates convincingly that reference 
genes described in studies involving other species should be treated 
as putative and need further evaluation and validation before use in 
studies involving the species of interest. 

Here, the Ref Finder tool was highly versatile for ranking the 
genes, as it included the most respected algorithms. Plain rankings 
of the candidate genes nevertheless did not completely fulfi ll our 
demand for a potentially universal normalization strategy in our 
pyometra-related study. Th e tool lacked the determination of the 
best gene combination, as computable using the stand-alone Norm 
Finder algorithm. Th e best combination may not necessarily include 
the top-ranked genes, but comprises genes that theoretically result 
in a top stability for normalization, taking into account diff erent 
aspects of a study design, aft er averaging the quantifi ed values as an 
arbitrary normalizer. We challenged this by including two arbitrary 
normalizers for either data set in another ranking with OAZ1/RPL27 
fi nally top-ranked independent of the sample type. Top-positioning 
of this normalizer was accepted to be caused by the highest stability 
and thus allows for a reliable and universal normalization strategy of 
future pyometra experiments. Our results furthermore are partially 
consistent with other studies using RPL27 as a reference gene in canine 
pyometra tissue homogenates [17,18], and a study concerning estrous 
cycle-related changes in the canine endometrium, which determined 
OAZ1 as the most versatile reference gene [16]. Its usability for our 
in vitro stimulation assays confi rms OAZ1 as a suitable reference 
gene for analyzing cyclic changes in the canine endometrium (more 
specifi cally the stromal cells). 

A single or stand-alone reference gene however is not an adequate 
normalization strategy [30,43]. At least two genes should be defi ned 
according to past reports, a prerequisite addressed in this study by 
the defi ned normalizers RPL8/RPL27 and OAZ1/RPL27. Th e latter 
combination was actually reported as the best normalization strategy 
for tissue homogenates of the ovary, oviduct and uterus of pre-
pubertal and pubertal gilts of diff erent breeds and diff erent stages of 
the estrous cycle, but no computed confi rmation was included for 
the averaged normalizer [19]. In this study, we averaged not only the 
determined endogenous genes but ranked them again with the other 
candidate genes. Th is successfully determined the inherent stability 
of the combinations independent of the working hypothesis or the 
sample type as described above.

Th e last target, testing the genes in LCM experiments, was a 
serious challenge for this strategy. Th e gene-specifi c expression 
patterns determined with the individual samples were distinctly 
aff ected by non-biological infl uences - although the RNA extraction 
workfl ow was additionally optimized- and in the case of the EECs 
inconsistent. Th e inconsistent patterns and the consequential 
infl uence of the expression level on scattering of the Cq values caused 
us to recommend the combination of the highly-expressed (RPL27) 
and medium-expressed (OAZ1) genes. It was evident that the use of 
this normalizer did not outbalance and thus hide technical variance. 
To be more precise, we already demonstrated the high stability of the 
selected normalizer for diff erent sample types. Th is allowed the role 
of the normalizer to be defi ned in the case of LCM experiments for 
the correct depiction of the variance for high-, medium- and low-
expressed genes before curating the raw quantities. Th is was more 
evident for the RPL27/OAZ1 combination than for the combination 
of two highly-expressed genes. Still, the discussed aspects reduced 
the validity of a computed reference gene stability-ranking, and 
illustrate why such an approach is rarely discussed at all. Th e intrinsic 
advantage of this technique – analyzing selected cell types in their 
natural habitat – on the other hand is crucial for an understanding 
in gene expression of both physiological and pathological alterations 
(for review [39]). Without adequate normalization tools, determining 
the impact of cell environment including both, cell-cell and cell-
extracellular matrix interactions, on gene expression is otherwise not 
achievable.

We successfully defi ned such a reliable normalization strategy 
by demonstrating the arbitrary combination of OAZ1 or RPL8 
and RPL27 as a versatile, unique normalizer for experiments with 
canine uterine tissue homogenates, steroid- or un-stimulated 
endometrial cultured cells and even LCM-captured endometrial 
cell fractions. Th is optimal case – a universal normalization solution 
for all sample types – minimizes additional optimization eff ort 
and variation by systematically changing the reference genes for 
diff erent sample types. Th e mostly top-ranked gene OAZ1 was 
additionally highlighted as being optimal for the cell culture-related 
experiments, and the highly-expressed gene RPL27 was shown to 
be versatile even for diff erent sample types. Regarding the potential 
application of these assays for pyometra-aff ected uteri, the use of 
these universal normalizers provides opportunities for researchers 
to explore a wide range of potential etiological mechanisms, from 
hormone-driven overreactions, to bacterial invaders. Our fi ndings 
may provide support for future canine studies using the reference 
genes characterized here, and our strategy for defi ning highly stable 
normalizer combinations may prove useful to other groups wishing 
to defi ne optimum reference genes for their expression studies.
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HIGHLIGHTS
➢ We demonstrated target-specifi c reference genes to be 

mandatory for studies in canine reproductive research and 
medicine.
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➢ We defi ned a universal workfl ow for normalization of canine 
endometrial samples.

➢ Two arbitrary normalizers were defi ned as suitable for tissue- 
and cell-specifi c setups.

➢ Defi nition of arbitrary normalizers reduces the number of 
necessary reference genes.

➢       Technical variance of LCM replicates was eff ectively answered 
with our normalizers.
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