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Abstract 21 

Purpose: The aim was to assess the expression stability of three commonly used 22 

reference genes, namely, β-actin (ACTB), 18S ribosomal RNA (18S), and 23 

glyceraldehyde-3-phosphate dehydrogenase (GAPDH) in placental tissue obtained 24 

from pregnant women with polycystic ovary syndrome (PCOS) and healthy controls.  25 

Methods: mRNA was isolated after delivery from the placentae of 10 PCOS and 10 26 

control women with term, uncomplicated, singleton pregnancies. The expression of 27 

ACTB, 18S, and GAPDH was analyzed using real-time polymerase chain reaction (RT-28 

PCR). Gene expression stability was evaluated with the RefFinder, GeNorm, 29 

Normfinder, BestKeeper, and Delta-Ct tools.  30 

Results: ACTB was ranked as the most stably expressed gene, followed by 18S. The 31 

expression of GAPDH varied considerably in both studied groups, while it was 32 

increased in PCOS versus controls (5.3-fold, p<0.05).   33 

Conclusions: ACTB is an appropriate reference gene for placental gene expression 34 

studies in women with PCOS, whereas GAPDH is unfit for such a role, as its placental 35 

expression is increased in PCOS.  36 

 37 
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Introduction 42 

Polycystic ovary syndrome (PCOS) is the most common endocrine abnormality in 43 

women of reproductive age, affecting up to 18% of these women depending on the 44 

criteria used for diagnosis. PCOS is the leading cause of anovulatory infertility and is 45 

also associated with increased risk of several adverse pregnancy outcomes, such as 46 

gestational diabetes, hypertension/preeclampsia, miscarriage, and preterm delivery 47 

[1]. Although the etiology of PCOS remains unclear, data from human and animal 48 

studies suggest that PCOS might begin in utero as a result of an adverse 49 

hyperandrogenic intrauterine environment [2]. The placenta, being the source of 50 

nutrients to the fetus as well as the main steroidogenic organ in pregnancy, has been 51 

implicated in the abovementioned theory concerning the pathogenesis of PCOS. 52 

Specifically, altered placental function has been shown in PCOS [3], while 53 

investigation of the molecular mechanisms involved is a topic of extensive ongoing 54 

research.  55 

Quantitative real-time polymerase chain reaction (qRT-PCR) is one of the most 56 

common tools used to study the expression of genes in various tissues. This method 57 

provides a relative quantification of the target gene expression by comparing it to 58 

the expression of a “reference” or “housekeeping” gene (i.e., a gene that is 59 

considered to be constitutively expressed in the studied tissue). The ideal reference 60 

gene should be adequately expressed in the studied tissue and exhibit stable 61 

expression in all experimental conditions (i.e., in patients and controls), otherwise 62 

results might be spurious. Several studies have evaluated the suitability of traditional 63 

housekeeping genes to be used as reference for placental mRNA expression studies 64 
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[4,5]; results vary depending on the participants’ characteristics (healthy placenta, 65 

preeclampsia, gestational diabetes, etc.). Particularly with respect to PCOS, data 66 

regarding appropriate reference genes are very limited [3,6].   67 

In this study, we explored the placental expression stability of three commonly used 68 

reference genes, namely, β-actin (ACTB), glyceraldehyde-3-phosphate 69 

dehydrogenase (GAPDH), and 18S ribosomal RNA (18S) in pregnant women with and 70 

without PCOS.    71 

 72 

Methods 73 

Subjects and placental tissue collection 74 

We used placental samples from 20 women participating in an ongoing prospective 75 

study comparing the placental expression of several genes in pregnant women with 76 

PCOS versus controls. The study was approved by the University Hospital of Patras 77 

Ethics Committee, Patras, Greece, and all participants provided written informed 78 

consent. Ten of the participants had PCOS (diagnosed before pregnancy according to 79 

the Rotterdam criteria) and 10 were healthy controls. All subjects had term, 80 

uncomplicated, singleton pregnancies and gave birth to healthy babies. Placental 81 

tissue was collected within 15min of placental delivery. Full-depth samples 1x1cm 82 

were excised from three areas at the middle point of the placental radius, away from 83 

obvious infarcts or damage. The maternal decidua and chorionic plate tissues were 84 

removed and each sample was further divided into 2-3 pieces of 0.5-1cm3. Sampled 85 

tissues were thoroughly rinsed with saline to remove blood and were then 86 
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submerged in RNAlater solution and stored at 4oC for 24 hours and then at -20oC 87 

until analysis.  88 

RNA extraction, reverse transcription, and real-time PCR 89 

Isolation of total RNA from placental specimens was carried out, including a 15-90 

minute DNAse I treatment, using the commercially available RNeasy Lipid Tissue 91 

Mini kit (QIAGEN, Hilden, Germany), according to the manufacturer’s protocol. RNA 92 

concentration and purity were estimated by measuring optical absorption at 260nm 93 

and calculating the ratio 260/280nm, respectively.  94 

Complementary DNA (cDNA) synthesis was performed using the Transcriptor First 95 

Strand cDNA Synthesis Kit (04379012001; Roche, Basel, Switzerland) with a mixture 96 

of anchored-oligo(dT)18 primer and 1μg of total RNA, according to the 97 

manufacturer’s instructions. 98 

qRT-PCR was performed in the LightCycler 2.0 Instrument (Roche, Basel, 99 

Switzerland), using 50ng of template cDNA and FastStart Universal SYBR Green 100 

Master (Roche Hellas). PCR primers can be provided upon request for the genes 101 

ACTB (NM_001101), 18S (NR_003286), and GAPDH (NM_002046). Reactions were 102 

run in triplicates. The quality of the PCR reactions and specificity of the primers were 103 

confirmed by melting curve analysis. Relative gene expression was assessed using 104 

the ΔΔCt method.  105 

Gene expression stability analysis 106 

The RefFinder tool was used for the estimation of gene expression stability. 107 

RefFinder is a free web-based platform (https://www.heartcure.com.au/reffinder/) 108 
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which integrates the major currently available software packages (GeNorm, 109 

NormFinder, BestKeeper, and Delta-Ct method) to compare candidate reference 110 

genes in a given experiment. The RefFinder software generates a geometric mean 111 

(GM) value for each gene and ranks them in descending order from the most to the 112 

least stable. GeNorm and NormFinder provide a stability value (M) for each gene, the 113 

lowest value identifying the most stable gene [7, 8]. BestKeeper uses the standard 114 

deviation (SD) and coefficient of variation (CV) of the samples’ Ct values, genes with 115 

low parameters being considered to have high stability. This software also provides a 116 

correlation coefficient (r) for each gene, with values close to 1 indicating high 117 

stability [9]. Finally, in the method proposed by Silver et al. [10], the mean delta-Ct 118 

and its standard deviation is calculated for each pair of candidate reference genes; 119 

the average standard deviation for each individual gene is used as a stability 120 

measure, with the lowest values corresponding to the most stable genes. 121 

Statistical analysis 122 

Parameters were tested for normality with the Kolmogorov-Smirnov test. 123 

Comparisons of gene expression between the groups were performed with the 124 

Mann-Whitney U Test. All procedures were performed using SPSS 25.0 for Windows 125 

(SPSS Inc., Chicago, IL, USA). 126 

 127 

Results 128 

Demographics 129 
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Our study included 20 Caucasian pregnant women (10 with PCOS and 10 healthy 130 

controls). The mean ages of the two groups did not differ significantly (PCOS: 131 

33.0±4.97 years, controls: 30.73±7.19 years, p=0.414). 132 

Expression of reference genes 133 

Using the RT-PCR cycle threshold value (Ct) to determine the expression level of the 134 

studied genes, we found that ACTB had the highest expression in both groups (Ct 135 

range: 16.41-22.98 in PCOS and 16.29-21.24 in controls), followed by 18S (Ct range: 136 

20.89-23.64 in PCOS and 19.65-23.83 in controls); GAPDH exhibited the lowest 137 

expression in PCOS (Ct range: 21.73-32.39) and in controls (Ct range: 24.24-33.98). 138 

Regarding SD of Ct values, 18S had the lowest SD (1.16) in PCOS women, while ACTB 139 

and 18S had similar SD (1.55 and 1.49, respectively) in controls. In both groups, 140 

GAPDH showed the greater dispersion of values (SD: 3.07 in PCOS and 3.06 in 141 

controls). Ct values were available for ACTB and GAPDH in all participants, and for 142 

18S in 10 subjects (four PCOS and six controls).  143 

Gene expression stability 144 

According to GeNorm, ACTB and 18S had the best stability value (M=1.160), while 145 

GAPDH was the least stable gene (M=2.025). In the NormFinder analysis ACTB was 146 

ranked as the most stably expressed gene (M=0.580), followed by 18S (M=1.592); 147 

GAPDH exhibited the highest variation (M=2.348) (Fig. 1A-1B).  148 

Based on SD values calculated by BestKeeper, 18S was the gene with the lowest 149 

variation (SD±CP=1.28, SD±x-fold=2.43) and, hence, the most stable; ACTB was the 150 

next most stable gene (SD±CP=1.44, SD±x-fold=2.71) and GAPDH was the least stable 151 
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(SD±CP=1.76, SD±x-fold=3.39) (Fig. 1C). However, based on the correlation 152 

coefficient, ACTB was the best reference gene (r=0.978, p=0.001). 18S and GAPDH 153 

had lower r values (0.708, p=0.022 and 0.700, p=0.024, respectively).  154 

According to the Delta-Ct method, ACTB presented the lowest variation in its 155 

expression (average SD=1.619). 18S ranked second (average SD=1.998) and GAPDH 156 

was again the least stable gene (average SD=2.458) (Fig. 1D).  157 

In the comprehensive gene stability analysis provided by RefFinder, ACTB was the 158 

best reference gene (GM=1.189), followed by 18S (GM=1.414), while GAPDH 159 

exhibited the least stability among them (GM=3.000). The rankings performed by the 160 

aforementioned software tools are depicted in Table 1.  161 

Relative expression of GAPDH in PCOS versus controls 162 

Using ACTB as reference (as suggested by most gene stability software tools used), 163 

we assessed the relative expression of GAPDH in PCOS and healthy participants. We 164 

found that the placental expression of GAPDH was increased in PCOS (5.3-fold, 165 

p<0.05).  166 

 167 

Discussion 168 

In the present study, we investigated the placental expression of ACTB, 18S, and 169 

GAPDH in women with and without PCOS. We showed that ACTB had the most 170 

stable expression and is a suitable reference gene for this setting. In contrast, GAPDH 171 
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is over-expressed in PCOS placentae and should not be used as reference in studies 172 

of placental gene expression including PCOS subjects.   173 

In order to obtain reliable results in placental gene expression studies, it is necessary 174 

to use the appropriate reference genes. Although certain genes are traditionally 175 

used for normalization in RT-PCR experiments, it is evident that no single gene is 176 

constitutively expressed in all tissues and under all experimental conditions. Hence, 177 

assessment of the expression stability of potential reference genes is a prerequisite 178 

in such experiments.  179 

A few studies have sought to identify appropriate reference genes for comparative 180 

expression studies in placental tissue. Results indicate that the expression stability of 181 

the tested genes may vary widely depending on the characteristics of the subjects 182 

included in each analysis. For example, 18S and GAPDH were the most suitable 183 

reference genes in a study comparing placental gene expression in pregnancies with 184 

idiopathic fetal growth restriction and controls [5], but they were the least stable in 185 

other studies including pregnant women with diabetes and preeclampsia [4,11]. 186 

Similarly, ACTB performed well as a reference gene in certain studies [12], but not in 187 

others [5,11]. Even in studies including participants with similar characteristics 188 

results are not always consistent [4,11]. Consequently, reference gene stability 189 

should be analyzed for each tested experimental condition in any given experiment. 190 

To our knowledge, there are no studies to date specifically designed to determine 191 

good reference genes for placental gene expression experiments in women with 192 

PCOS. In a study assessing placental STAT3 signaling in PCOS, Maliqueo et al. 193 

reported that the expression of 18S and ACTB varied considerably between PCOS 194 
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and controls [3] but did not provide more information. In addition, GAPDH was used 195 

as internal control in a study profiling placental circular RNA expression in PCOS [6]. 196 

In our study, ACTB was ranked as the most stably expressed gene by almost all 197 

expression stability tools used. 18S was identified as the most stable gene by 198 

BestKeeper, based on the SD values. However, it has been suggested that the 199 

correlation coefficient is a better parameter to assess the most stable genes when 200 

using this software [13]; considering the latter parameter, ACTB was again the most 201 

appropriate reference gene. Finally, GAPDH demonstrated considerable expression 202 

variability in both studied groups, while it was over-expressed 5.3-fold in PCOS 203 

relative to control placentae. GADPH is an enzyme participating in glycolysis, but also 204 

has non-metabolic functions (e.g., transcription regulation and intracellular protein 205 

transport) [4]. Studies in non-placental tissues have shown that GAPDH expression is 206 

induced by hypoxia, growth factors, cytokines, and also by insulin and glucose [14]. It 207 

is known that insulin resistance and hyperinsulinemia are very common in PCOS and 208 

could be exacerbated in pregnancy [1]. Furthermore, placental glucose metabolism 209 

and nutrient transport have been found to be altered in PCOS [3,15]. None of our 210 

PCOS subjects had frank diabetes or received insulin treatment. One woman with 211 

PCOS presented mild hyperglycemia in the second half of her pregnancy, but 212 

excellent glycemic control was achieved with diet only; notably, GAPDH relative 213 

expression in this subject was below the average of the whole PCOS group. 214 

Consequently, although aberrant glucose homeostasis might be an explanation for 215 

the increased placental expression of GAPDH in our PCOS subjects, other factors 216 

could also be involved. For example, it has been shown that the placenta in women 217 

with PCOS is often characterized by structural and functional abnormalities (vascular 218 
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lesions, reduced weight / thickness / volume, and increased androgen production) 219 

[16]; these alterations might be associated with chronic low-grade inflammation 220 

status (another feature of PCOS), which in turn could contribute to increased GAPDH 221 

expression via upregulation of proinflammatory cytokines [14,15]. Furthermore, the 222 

structural placental abnormalities observed in PCOS have been associated with 223 

impaired blood supply from the uterine artery [16]; this might lead to reduced 224 

oxygen supply and hypoxia, which is another potent GAPDH inducer [14].    225 

The main limitation of our study is the small number of participants in the PCOS and 226 

control groups. More extensive studies are needed in order to corroborate our 227 

findings. 228 

 In conclusion, our study identified ACTB as an appropriate reference gene for 229 

relative gene quantification in placental tissue from PCOS women. GAPDH is unfit for 230 

such a role, as its placental expression is increased in PCOS. 231 

 232 
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Fig. 1 Gene expression stability analysis according to (A) GeNorm, (B) NormFinder, 329 

(C) BestKeeper, and (D) Delta-Ct methods. Low M, SD±CP, or Average SD values 330 

indicate high stability 331 
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Table 1 Ranking order of the candidate reference genes by each of the software 341 

tools used 342 

Rank GeNorm NormFinder BestKeeper Delta-Ct RefFinder 

Comprehensive ranking 

1 ACTB / 18S ACTB 18S ACTB ACTB 

2  18S ACTB 18S 18S 

3 GAPDH GAPDH GAPDH GAPDH GAPDH 

 343 
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