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Abstract
Purpose Housekeeping genes (HKGs), reference or endogenous control genes, are vital to normalize mRNA levels between
different samples. Since using inappropriate HKGs can lead to unreliable results, selecting the proper ones is critical for gene
expression studies. To this end, normal human ovaries, as well as those from patients diagnosed with ovarian endometrioid
adenocarcinoma (OEA), ovarian mucinous adenocarcinoma (OMA), ovarian serous papillary carcinoma (OSPC), and polycystic
ovary syndrome (PCOS), were used to identify the most suitable housekeeping genes.
Methods RNA was isolated from 5 normal human ovaries (52–79 years of age), 9 cancerous ovaries (3 OEA, 3 OMA, 3 OSPC;
49–75 years of age), and 4 PCOS ovaries (18–35 years of age) in women undergoing hysterectomy. cDNAwas synthesized using
a whole transcriptome kit, and quantitative real-time PCR was performed using TaqMan array 96-well plates containing 32
human endogenous controls in triplicate.
Results Among 32 HKGs studied, RPS17, RPL37A, PPIA, 18srRNA, B2M, RPLP0, RPLP30, HPRT1, POP4, CDKN1B, and
ELF1 were selected as the best reference genes.
Conclusions This study confirms recent investigations demonstrating that conventional HKGs, such as GAPDH and beta-actin, are
not suitable reference genes for specific pathological conditions, emphasizing the importance of determining the best HKGs on a
case-by-case basis and according to tissue type. Our results have identified reliable HKGs for studies of normal human ovaries and
those affected by OEA, OMA, OSPC, or PCOS, as well as combined studies of control subjects vs. each cancer or PCOS group.
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(OEA) . Ovarian mucinous adenocarcinoma (OMA) . Ovarian serous papillary carcinoma (OSPC) . Polycystic ovary syndrome
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Introduction

Transcriptional regulation is a key factor in cellular responses,
so analysis of gene expression profiles has become an essen-
tial part of biomedical research [1]. Real-time quantitative
polymerase chain reaction (qPCR) is the current method of
choice for specific and highly sensitive expression profiling
of selected groups of target genes. However, despite being a
powerful technique, data normalization remains problematic.
At present, use of the so-called housekeeping genes (HKGs),
endogenous control genes or reference genes, is the gold stan-
dard to normalize mRNA fractions of interest. HKGs are often
used to correct sample-to-sample variations, including the
amount and integrity of materials, enzymatic efficiency,
cDNA sample loading, and differences between tissues or
cells in overall transcription activity [2, 3].
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By definition, HKGs selected for normalization should not
be influenced by experimental or biological conditions, and
their own expression levels should be identical in tumors and
adjacent healthy sites. A growing number of studies show that
expression levels of commonly used HKGs are affected by
experimental conditions or vary in pathological states, partic-
ularly cancer, highlighting the risk of blind use of classic
HKGs [4–7]. Although GAPDH and beta-actin are widely
used, they are not suitable HKGs in many cases involving cell
proliferation, differentiation, metabolic changes, hypoxia, and
cancer [8–13]. Since no universal reference gene has yet been
detected, the choice of HKG(s) should be validated in each
investigated condition. To this end, bioinformatic tools like
NormFinder, BestKeeper, and geNorm have been developed
[3, 14, 15].

Regarding the incidence of polycystic ovary syndrome
(PCOS) and ovarian cancers, it is assumed that PCOS elevates
ovarian cancer risk through increased androgen exposure [16,
17], so gene analyses for early diagnosis are highly recom-
mended [17]. In order to obtain reliable results from qPCR, it
is essential to use the correct reference gene(s). With this in
mind, our study set out to assess 32 HKGs in healthy ovarian
tissue as a control group, ovarian endometrioid adenocarcino-
ma (OEA), ovarian mucinous adenocarcinoma (OMA), ovar-
ian serous papillary carcinoma (OSPC), and PCOS groups
individually, all 5 groups together, and healthy ovaries vs.
pathological cases.

Materials and methods

Source of ovaries and ethical approval

Biopsies of ovarian tissue were removed from five healthy
women to investigate the presence of ovarian metastasis.
However, all of them proved to be free of any pathology.
Moreover, samples of OEA (n = 3), OMA (n = 3), and
OSPC (n = 3) were obtained from the anatomic pathology
laboratory of Saint-Luc’s Hospital. Use of human ovarian
tissue was approved by the Institutional Review Board of
the Université Catholique de Louvain on November 28,
2016 (IRB reference 2012/23MAR/125, registration num-
ber B403201213872). The tissue was frozen in Tissue-
Tek® O.C.T.™ compound (Sakura, Netherlands) and cut
with the Microm HM 560 microtome (Thermo Fisher,
USA) into 5-μm sections (Table 1). Four PCOS samples
(Table 1) were procured from anovulatory patients resistant
to clomiphene, who had undergone laparoscopy to remove
benign ovarian cysts and assess previous ovarian resection.
At the moment of surgery, biopsies of the ovarian tissue (far
from the cysts) were collected for this study. Samples were
acquired as snap-frozen tissue in cryotubes filled with
RNAlater™-ICE frozen tissue transit ion solution

(Invitrogen, USA) from the assisted reproduction technol-
ogy center of the Careggi University Hospital in Florence,
Italy (ethical approval n. 11314_bio).

RNA extraction and cDNA synthesis

Tissue fragments were placed in lysing matrix Z tubes (MP
Biomedicals, USA) containing 2 mm yttria-stabilized zirconi-
um beads with 600 μl RLT Plus buffer from the AllPrep
DNA/RNA micro kit (QIAGEN, Germany) with 1% 2-
mercaptoethanol (Sigma-Aldrich, Germany). Samples were
lysed by bead beating for two 30-s cycles at 6 m/s in
FastPrep lysing matrix Z tubes. A cooling step on ice (40-s
cycles) was performed between the two bead beatings. Tubes
containing the lysates were then centrifuged for 3 min at
14,000g. Supernatant was collected and RNA was extracted
according to the manufacturer’s instructions. Briefly, the su-
pernatant with RLT Plus and 2-mercaptoethanol was first
passed through the DNA column to selectively bind genomic
DNA. After centrifugation at 8000g for 30 s, the eluate con-
taining RNA was mixed with 70% ethanol, before placing
inside a RNeasy MinElute spin column and centrifuging at
8000g for 30 s. At this point, the eluate was discarded and
the column was then washed once each with RW1 and RPE1
buffers, respectively, provided by the kit, with centrifugation
after each washing step (8000g for 30 s). Eighty percent eth-
anol was added to the column, followed by centrifugation
(8000g for 2 min), before finally eluting the RNA in 14 μl
RNase-free water.

Isolated RNA concentrations were measured using the
Qubit 4 fluorometer (Thermo Fisher Scientific, USA) and
the Qubit RNA broad range assay kit. Since part of our
samples were cryostat slices of OCT-embedded frozen tis-
sue [18], the QuantiTect whole transcriptome kit
(QIAGEN, Germany) was used to synthesize and amplify
cDNA from 20 ng of isolated RNA. This kit does not am-
plify small RNA molecules, such as tRNAs or miRNAs, or
degraded RNA. In fact, RNA transcripts should be longer
than 500 nucleotides. Synthesized cDNA concentrations
were measured using the Qubit 4 fluorometer (Thermo
Fisher Scientific) and Qubit dsDNA broad range assay kit
(Thermo Fisher Scientific) to be sure of loading 25 ng of
cDNA in each well.

Quantitative real-time PCR

Expression levels of 32 commonly used candidates for HKGs
(Table 2) [19, 20] were studied using predesigned TaqMan
array 96-well fast plates for human endogenous controls
(Applied Biosystems, CA, USA). Each TaqMan® gene ex-
pression assay consisted of a fluorogenic carboxyfluorescein
(FAM™) dye-labeled minor groove binder (MGB) probe and
two amplification primers (forward and reverse) provided in a

J Assist Reprod Genet



pre-formulated 20X mix; 1X final concentrations were
250 nM for the probe and 900 nM for each primer. Each assay
is estimated to have an amplification efficiency of 100 ± 10%
(Thermo Fisher Scientific) [20]. A single 96-well plate was
used for each individual sample. Ten microliters of pyrogen
together with DNAse- and RNAse-free diethyl pyrocarbonate
(DEPC) water (Invitrogen, USA) containing 25 ng cDNAwas
added to each well, followed by 10 μl TaqMan gene expres-
sion Master Mix (Thermo Fisher, Lithuania) in a total volume
of 20 μl. For every study group, all the reactions for reference
genes were performed at least in triplicate both biologically
and technically. Standard cycling conditions were as follows:
2 min at 50 °C, 10min at 95 °C, 50 cycles of 15 s at 95 °C, and
1 min at 60 °C. Thermal cycling and fluorescence detection
were performed using the StepOnePlus Real-Time PCR sys-
tem (Applied Biosystems).

Data analysis

To analyze our data, the bioinformatic tool geNorm was used.
The geNorm algorithm was developed by Vandesompele
et al. [3] and is considered the gold standard for determining
the most stable set and number of HKGs to use for accurate
relative quantification. An advantage of the geNorm algorithm
is that it is only slightly affected by the expression intensity of
candidate genes [2, 3]. In a first step, the average of qPCR
technical triplicates was computed for each target gene. If a
single technical replicate out of three was undetermined, it

was removed from downstream analysis, as previously recom-
mended [21]. Because the variability of the technical repli-
cates sharply increased when the Ct value exceeded 35
(Supplementary Fig. 1), samples withCt > 35were withdrawn
before HKG selection. The “selectHKs” function of the
NormqPCR programwas then used to pick out the most stable
HKGs by applying the geNorm algorithm. GeNorm uses
mean pairwise variation for a given reference gene candidate
compared with other candidates (M-value) and excludes the
least stable genes before repeating the analysis, until only the
most stable genes are left [3]. Since an appropriate reference
gene should have an M-value below 0.5 or 1.0 in homoge-
neous and heterogeneous cell/tissue sample sets respectively,
and we were working with cortex and medulla adjacent to the
cortex, the threshold for the M-value in this study was set at <
1 [22]. As all samples in this study belong to 5 distinct groups
(G1: normal human ovary; G2: OEA; G3: OMA; G4: OSPC;
and G5: PCOS), selection of the best HKGs was done on
samples from each group individually and all groups together,
before being applied to samples from G1 vs. G2, G1 vs. G3,
G1 vs. G4, and G1 vs. G5 (Figs. 1, 2, and 3).

Results

We analyzed a predesigned human endogenous control panel
consisting of 32 primers, one in each well in triplicate, top
identify the most stable HKGs.

Table 1 Description of study groups, ovarian tissue origin, and biopsy storage conditions

Groups Tissue type Patient age Code Tissue size Tissue condition

G1 Healthy ovarian tissue (controls) 59 1 10 fragments of 5 μm each Frozen in OCT*

61 2 10 fragments of 5 μm each Frozen in OCT*

68 3 10 fragments of 5 μm each Frozen in OCT*

52 4 10 fragments of 5 μm each Frozen in OCT*

79 5 10 fragments of 5 μm each Frozen in OCT*

G2 Endometrioid adenocarcinoma 73 6 10 fragments of 5 μm each Frozen in OCT*

49 7 10 fragments of 5 μm each Frozen in OCT*

73 8 10 fragments of 5 μm each Frozen in OCT*

G3 Mucinous adenocarcinoma 42 9 10 fragments of 5 μm each Frozen in OCT*

53 10 10 fragments of 5 μm each Frozen in OCT*

56 11 10 fragments of 5 μm each Frozen in OCT*

G4 Serous papillary carcinoma 73 12 10 fragments of 5 μm each Frozen in OCT*

75 13 10 fragments of 5 μm each Frozen in OCT*

61 14 10 fragments of 5 μm each Frozen in OCT*

G5 Polycystic ovary syndrome 35 15 0.2 cm × 0.2 cm × 0.2 cm Snap-frozen**

18 16 0.2 cm × 0.2 cm × 0.3 cm Snap-frozen**

26 17 0.3 cm × 0.3 cm × 0.5 cm Snap-frozen**

35 18 0.3 cm × 0.3 cm × 0.3 cm Snap-frozen**

*OCT: optimal cutting temperature compound

**Snap-frozen at − 80 °C
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1. The most stable HKGs per group

In five samples of normal human ovary (G1), 5 HKGs were
suggested, namely beta 2-microglobulin (B2M), ribosomal
protein L30 (RPL30), ribosomal protein P0 (RPLP0),
peptidylprolyl isomerase A (cyclophilin A) (PPIA), and ribo-
somal protein L37a (RPL37A) (Fig. 1G1). In three OEA sam-
ples, 6 HKGs, namely pescadillo ribosomal biogenesis factor
1 (PES1), ribosomal protein S17-like (RPS17), B2M,
RPL37A, PPIA, and eukaryotic 18s rRNA (18S rRNA), were
endorsed (Fig. 1G2). In three OMA samples, RPL37A,
RPLP0, and RPS17 were the most stable HKGs respectively
(Fig. 1G3). In three OSPC samples, 6 HKGs emerged, namely
B2M, PPIA, RPL30, RPLP0, RPL37A, and RPS17 (Fig.
1G4). Finally, in four PCOS samples, B2M, RPL30, PPIA,

and RPLP0 ranged from the most to the least stable HKGs in
the set threshold (Fig. 1G5).

2. The most stable HKGs in all groups

Among 18 investigated samples, RPL37A and RPS17
were shown to be the most stable HKGs (Fig. 2).

3. The most stable HKGs in the control group vs. OEA,
OMA, OSPC, and PCOS subjects

In the study of five healthy control ovarian tissue fragments
vs. three OEA samples, RPL37A, RPS17, and PPIA showed
the least variation among all investigated HKGs. On the other
hand, in an analysis of the five controls vs. three OMA

Table 2 Assay ID, gene symbol, and name of 32 investigated predesigned HKGs in 96 plates in triplicate

Target Assay ID Gene symbol Gene name

1 Hs99999901_s1 18S rRNA Eukaryotic 18S rRNA

2 Hs99999903_m1 ACTB Actin; beta

3 Hs99999906_m1 PGK1 Phosphoglycerate kinase 1

4 Hs00824723_m1 UBC Ubiquitin C

5 Hs00201226_m1 CASC3 Cancer susceptibility candidate 3

6 Hs00206469_m1 PUM1 Pumilio homolog 1 (drosophila)

7 Hs00245445_m1 ABL1 C-Abl oncogene 1; non-receptor tyrosine kinase

8 Hs00198357_m1 POP4 Ribonuclease P protein subunit p29

9 Hs99999905_m1 GAPDH Glyceraldehyde-3-phosphate dehydrogenase

10 Hs99999907_m1 B2M Beta-2-microglobulin

11 Hs99999902_m1 RPLP0 Ribosomal protein; large; P0

12 Hs00237047_m1 YWHAZ Tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation protein

13 Hs00355782_m1 CDKN1A Cyclin-dependent kinase inhibitor 1A

14 Hs00197826_m1 PSMC4 Proteasome (prosome; macropain) 26S subunit

15 Hs00152844_m1 ELF1 E74-like factor 1 (ETS domain transcription factor)

16 Hs01102345_m1 RPL37A Ribosomal protein L37a

17 Hs99999909_m1 HPRT1 Hypoxanthine phosphoribosyltransferase 1

18 Hs00609297_m1 HMBS Hydroxymethylbilane synthase

19 Hs99999910_m1 TBP TATA box-binding protein

20 Hs99999904_m1 PPIA Peptidylprolyl isomerase A (cyclophilin A)

21 Hs00153277_m1 CDKN1B Cyclin-dependent kinase inhibitor 1B (p27; Kip1)

22 Hs00426752_m1 EIF2B1 Eukaryotic translation inhibition factor 2B

23 Hs02596862_g1 MT-ATP6 Mitochondrially encoded ATP synthese 6

24 Hs00265497_m1 RPL30 Ribosomal protein L30

25 Hs99999908_m1 GUSB Glucuronidase; beta

26 Hs00183533_m1 IPO8 Importin 8

27 Hs99999911_m1 TFRC Transferrin receptor (p90; CD71)

28 Hs00172187_m1 POLR2A Polymerase (RNA) II (DNA directed) polypeptide A

29 Hs00169255_m1 GADD45A Growth arrest and DNA damage-inducible

30 Hs00362795_g1 PES1 Pescadillo ribosomal biogenesis factor 1

31 Hs00608519_m1 MRPL19 Mitochondrial ribosomal protein L19

32 Hs00734303_g1 RPS17 Ribosomal protein S17
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samples, RPL37A and RPS17 showed the best stability to be
chosen as HKGs. Controls vs. three OSPC samples identified
B2M, RPL30, PPIA, and RPLP0 as having the least variation.
Finally, in a comparison of the five controls vs. four PCOS
samples, RPL37A and RPS17 were the most stable HKGs out
of all 32 studied genes (Fig. 3).

Discussion

Although qPCR is recommended as an accurate method to
investigate precise gene expression levels with high sensitivity
[23, 24] in basic research, molecular medicine, and biotech-
nology [25], it is crucial to use the right HKGs to normalize
data [26, 27]. In this study, we conducted extensive analysis of
human ovarian tissue in an attempt to recommend specific use
of optimal HKGs for this tissue. Due to tissue specificity for
HKGs [4–7], we evaluated a panel of 32 HKGs in 18 samples
from normal human ovaries as controls, PCOS ovaries, and
three types of ovarian cancer, namely OEA, OMA, and
OSPC. In each experiment, we introduced HKGs with an
M-value less than 1 [22], and as it decreased, there was less
variation in chosen gene expression in the different analyses.
Our results suggest RPL37A, PPIA, and RPS17 to be the most
stable HKGs in expression levels in the human ovary.
RPL37A was also provided by Siemens Healthcare

Diagnostics (Cologne, Germany) for use by Sinn et al. [28]
in their studies on patients with high-stage, high-grade serous
adenocarcinomas, consistent with the general population of
ovarian cancer patients in their study. Looking into the litera-
ture and HKG studies in human ovaries, our findings on PPIA
appear to corroborate those of Yan-Li et al. [29], who sug-
gested PPIA as a reference gene in postmenopausal ovaries
and serous ovarian cancer subtypes. PPIA was also proposed
as a reference gene in native and vitrified/thawed human ovar-
ian tissue by Nikishin et al. [30]. Both geNorm and
NormFinder found PPIA to be a reliable reference gene in
studies by Li et al. [29] on serous ovarian cancer. Sharan
et al. [31] recommended that a combination of PPIA and either
GAPDH, ACTB, HPRT, or TBP, or appropriate combinations
of two or three of these genes, be used to verify results from
different studies on various human cancers. RPS17 along with
18S rRNA was suggested as a reliable HKG in Wharton’s
jelly–derived mesenchymal stem cells (WJ-MSCs) that were
undergoing transduction and differentiation by Borkowska
et al. [32]. Our results also indicate that RPLP0, B2M,
RPL30, 18S rRNA, and PES1 may be suitable HKGs in hu-
man ovary studies. RPLP0 encodes ribosomal protein compo-
nents of the 60S subunit, and Nikishin et al. [30] considered
RPLP0 to be the most stable reference gene in human native
and vitrified/thawed ovarian tissue. In another study, Shen
et al. [33] demonstrated that the RPLP0 gene may prove
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mucinous adenocarcinoma (OMA), ovarian serous papillary carcinoma
(OSPC), and polycystic ovary syndrome (PCOS). The graph on the left

represents the codes of the studied genes (X-axis) and their mean value
(Y-axis). The graph on the right represents the studied groups (X-axis)
and Ct values (Y-axis). The legend reports only the HKGs selected by
geNorm. The most stable HKGs in all groups were RPL37A > RPS17
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reliable to normalize gene expression in human cervical tissue.
RPLP0 together with RPL4 and HSPCB are also recommend-
ed for normalization in all ovarian-related research [34]. B2M
was reported by Ofinran et al. [35] as an appropriate reference
gene in human ovarian cancer, borderline ovarian cancer, and
normal ovarian tissue. RPL30 was recommended as a suitable
HKG in a study of the Scandinavian population, including
borderline ovarian tumors [36]. Our findings on 18S rRNA
as an applicable HKG in ovarian cancer are consistent with
other studies on human ovarian cancer [34, 37]. PES1, to our
knowledge, has not been stablished as a reliable HKG in hu-
man ovary, but has been used as an HKG in human lung
cancer [38]. Li et al. [39] showed that PES1 differentially
regulates the expression balance of ERα and ERβ and may
play a crucial role in ovarian cancer.

While our data could have been reinforced by more exten-
sive sampling, human ovarian tissue remains a precious ma-
terial to be used in research, particularly when it comes from
reproductive-age women. Similar to our study, Ofinran et al.
[35] also used ovarian tissue fragments to represent the whole
ovary. Such practice was also performed by Aithal and
Rajeswari [40], who collected brain samples from paraffin-
embedded blocks. Furthermore, it is important to bear in mind
that sample sizes comparable or smaller than ours have been
described in studies in different human tissues [2, 20, 40–43].

It is also important to stress that there are other factors that
could play a role in our findings, such as age difference between
control and PCOS groups, and menstrual cycle stage at the mo-
ment of ovarian biopsy collection.Moreover, we did not evaluate
genome-wide transcript expression. However, it is important to
bear in mind that, among the 32 most popular HKGs, we obtain-
ed quite similar gene results in different types of investigations.

In conclusion, our study showed RPL37A, PPIA,
RPS17, RPLP0, B2M, RPL30, 18S rRNA, and PES1 to
be the most suitable HKGs out of the 32 investigated ref-
erence genes in 18 samples from individual studies in nor-
mal human ovaries, OEA, OMA, OSPC, and PCOS sam-
ples, all groups together and control tissue vs. patient
groups (Table 3). On the other hand, as there is also disease
specificity for HKGs in the same tissue, we propose par-
ticular HKGs for some common ovarian pathologies, like
the 3 types of ovarian cancer and PCOS. Our results can be
used to provide a good starting point for developing
primers to use or be selected in gene array studies in order
to ensure generation of accurate and robust data in the
same tissue conditions in different gene expression studies.
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Table 3 Summary of the selected HKGs with an M-value < 1 in all studied groups

B2M RPL30 RPLP0 PPIA RPL37A RPS17 18S rRNA PES1

Control * * * * *

OEA * * * * * *

OMA * * * *

OSPC * * * * * *

PCOS * * * *

All * *

Control vs. OEA * * *

Control vs. OMA * *

Control vs. OSPC * * * *

Control vs. PCOS * *

Frequency out of 10 5 4 5 7 8 7 1 1

Control normal human ovary, OEA ovarian endometrioid adenocarcinoma, OMA ovarian mucinous adenocarcinoma, OSPC ovarian serous papillary
carcinoma, PCOS polycystic ovary syndrome. Frequency out of ten referring to the repetition of each gene in a total of ten experiments. Beta-2-
microglobulin (B2M), ribosomal protein L30 (RPL30), ribosomal protein, large, P0 (RPLP0), peptidylprolyl isomerase A (cyclophilin A) (PPIA),
ribosomal protein L37a (RPL37A), ribosomal protein S17-like (RPS17), eukaryotic 18s rRNA (18S rRNA), and pescadillo ribosomal biogenesis factor 1
(PES1)
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