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Abstract Selection of reference genes to normalize

mRNA levels between samples is critical for gene expression

studies because their expression can vary depending on the

tissues or cells used and the experimental conditions. We

performed ten cell cultures from samples of prostate cancer.

Cells were divided into three groups: control (with no

transfection protocol), cells transfected with siRNA specific

to knockdown the androgen receptor and cells transfected

with inespecific siRNAs. After 24 h, mRNA was extracted

and gene expression was analyzed by Real-time qPCR. Nine

candidates to reference genes for gene expression studies in

this model were analyzed (aminolevulinate, delta-, synthase

1 (ALAS1); beta-actin (ACTB); beta-2-microglobulin

(B2M); glyceraldehyde-3-phosphate dehydrogenase (GAP-

DH); hypoxanthine phosphoribosyltransferase 1 (HPRT1);

succinate dehydrogenase complex, subunit A, flavoprotein

(Fp) (SDHA); TATA box binding protein (TBP); ubiquitin C

(UBC); tyrosine 3-monooxygenase/tryptophan 5-monooxy-

genase activation protein, zeta polypeptide (YWHAZ)).

Expression stability was calculated NormFinder algorithm

to find the most stable genes. NormFinder calculated SDHA

as the most stable gene and the gene with the lowest inter-

group and intragroup variation, and indicated GAPDH and

SDHA as the best combination of two genes for the purpose

of normalization. Androgen receptor mRNA expression was

evaluated after normalization by each candidate gene and

showed statistical difference in the transfected group com-

pared to control group only when normalized by combina-

tion of GAPDH and SDHA. Based on the algorithm analysis,

the combination of SDHA and GAPDH should be used to

normalize target genes mRNA levels in primary culture of

prostate cancer cells submitted to transfection with siRNAs.

Keywords Prostate cancer cells � Primary culture �
Housekeeping genes � siRNA

Introduction

Prostate cancer (PCa) is the sixth most common cancer in the

world and the most prevalent in men, accounting for 10 % of

all types of cancers. In Brazil PCa is the second main cause of

cancer death among men [1]. Despite the rising knowledge

about the hormonal, nutritional, and environmental context

of PCa, several mechanisms concerning the pathogenesis of

prostate cancer have to be clarified. PCa is a heterogeneous
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Av Bento Gonçalves 9500, Cx. Postal 15005,

Porto Alegre, RS 91501-970, Brazil

B. S. Neto � M. Berger

Serviço de Urologia, Hospital de Clı́nicas de Porto Alegre, Rua

Ramiro Barcelos 2350, Porto Alegre, RS 90035-903, Brazil

G. Branchini

Departamento de Ciências Básicas da Saúde, Universidade
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disease with variation in clinical aggressiveness, and its

behavior could be a direct or an indirect result of gene

expression alterations in prostate epithelial cells [2]. How-

ever, the molecular events by which PCa progresses from an

asymptomatic and non-life-threatening disease to a life-

threatening disease are not well understood [2]. Thus, many

researchers are using the gene expression profile of prostate

tumors to detect alterations related to tumor development [3–

5]. The establishment of a gene expression profile for pros-

tate cancer will contribute to patients’ prognosis, tumor

stratification, classification of insignificant PCa, develop-

ment of tools for early detection, and identification of ther-

apeutic targets [2].

Real-time quantitative reverse transcription polymerase

chain reaction (RT-qPCR) is a well established, easy to

perform technique used in gene expression studies because

it allows fast, accurate, and sensitive evaluation of mRNA

levels in biological samples [6]. As RT-PCR is a multiple

step method, from sample collection to amplification data

analysis, there is an inherent variability in its use, which

may result in gene expression data distinct from the actual

data. Therefore, an appropriate normalization strategy for

the quantitative data is necessary to make accurate com-

parison between samples. Without appropriate normaliza-

tion, the expression profile of a gene could be erroneously

interpreted [7]. Several normalization strategies have been

proposed, however, the use of reference genes is the gold

standard to normalize mRNA fractions from biological

samples [8].

Housekeeping genes (HKGs), also called reference

genes or maintenance genes, maintain basic cell metabolic

functions and provide support to cell cycle [9]. To be used

as a reference gene, a gene should meet the following

criteria: stability, non-regulated expression in the analyzed

samples, absence of variation under experimental treatment

conditions, and similar expression levels to transcript levels

of the target gene [10]. Constitutive genes or housekeeping

genes meet those criteria and have been used for normal-

ization in many gene expression studies [11].

Even though an inappropriate normalization can result

in inadequate quantification of mRNA levels and erroneous

conclusions about gene expression profile, the use of ref-

erence genes commonly accepted as housekeeping genes

without prior validation of this gene under experimental

conditions is frequent [12]. Evidence shows that there is

not an universal reference gene [6]; therefore, the gene

should be chosen and validated considering the tissue and

specific experimental conditions applied to the samples

[13].

There is no information about a validated housekeeping

gene for gene expression studies in primary culture of

prostate cancer cells. Most of the previous gene expression

studies with prostatic tissues and cell lines have used the

following genes: glyceraldehyde-3-phosphate dehydroge-

nase (GAPDH) [14], beta-actin [2, 15, 16], and beta-2-

microglobulin (B2M) [17]. However, studies have shown

variation in some of those genes in prostatic tissue [18–20],

suggesting that they are inappropriate for normalization in

gene expression studies of prostate cells.

The objective of the present study was to identify

appropriate reference genes for normalization in gene

expression studies using RT-PCR in primary culture of

prostate cancer cells submitted to androgen receptor

silencing by small interfering RNAs (siRNAs).

Materials and methods

Materials and reagents

Hank’s solution, kanamycin sulfate, and fetal bovine serum

(FBS) were purchased from Gibco (Invitrogen, Carlsbad,

CA, USA). DMEM high glucose was purchased from LGC

Biotecnologia (Cotia, SP, Brazil). Six-well plates were

purchased from Nunc (Thermo Fischer Scientific, Ros-

kilde, Denmark). RNAi reagents were obtained from

Upstate (Charlottesville, Virginia, USA).

Primary culture of prostate cancer cells

Primary culture was performed from a fragment of tumor

collect on the day of surgical procedure (radical prosta-

tectomy or prostatovesiculectomy). Patients were recruited

from the Department of Urology of the Hospital de

Clı́nicas de Porto Alegre (HCPA). PCa diagnosis was

confirmed by anatomic pathology test. The patients

selected were not treated with hormone therapy or che-

motherapy, and did not have another type of cancer. All

patients provided written consent to participate in the

study. The present study was approved by the Research

Ethics Committee of the HCPA.

Ten primary cultures were performed. The initial frag-

ment was placed in Hank’s solution plus 0.5 mg/mL

kanamycin sulfate. The tissue was sectioned in 2 9 2 mm

fragments (explants), and the explants were plated in 1 mL

of FBS in 6-well plates (approximately six fragments per

well). After 24 h, FBS was replaced with 1 mL of culture

medium (DMEM high glucose supplemented with 10 %

FBS (v/v) and 0.5 mg/mL kanamycin sulfate). The cultures

were kept in 5 % CO2 at 37 �C for approximately 10 days,

and the medium was replaced every 48 h. For the purpose

of reference genes mRNA expression analysis in cells

submitted to the transfection protocol, the cells were

divided into two groups: a control group (non-transfected

cells) and a transfected group (with androgen receptor

siRNA or non-specific siRNA).
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Androgen receptor silencing

Androgen receptor siRNAs and negative controls (non-

specific siRNAs) were obtained from Upstate (SMART-

pool�) (Charlottesville, Virginia, USA). The transfection

reagent used was siIMPORTERTM Transfection Reagent

(Upstate, Charlottesville, Virginia, USA). All transfections

were done according to the manufacturer’s protocol.

Total RNA extraction

Total RNA was extracted using the reagent Trizol (Invit-

rogen, Carlsbad, CA, USA). Cells were lysed directly in

wells containing 1 mL of Trizol per 10 cm2. The extraction

followed the manufacturer’s protocol. Total RNA was

quantified by the NanoDrop 1000 Spectrophotometer

(Thermo Fisher Scientific, Wilmington, DE) at 260 and

280 nm wavelengths.

Real-time reverse transcription polymerase chain

reaction

Complementary DNA (cDNA) was synthesized from 1 lg

of total RNA with Oligo (DT)12–18 primer, using the

SuperScript First-Strand Synthesis System for RT-PCR

(Invitrogen, Carlsbad, CA, USA), according to the manu-

facturer’s protocol.

RT-PCR was performed using Platinum� SYBR� Green

qPCR SuperMix-UDG (Invitrogen, Carlsbad, CA, USA).

cDNA samples were amplified on StepOnePlusTM Real-

Time PCR System (Applied Biosystems, Foster City, CA,

USA) in a total volume of 12.5 lL [6.25 lL of SuperMix,

1 lL of 50 lmol/L Rox dye, 0.1 lL of each primer

(10 lmol/L forward and 10 lmol/L reverse)], 1 lL of

1009 diluted sample, and 4.05 lL of water. Quantification

of amplified samples was performed based on amplification

of a standard curve (serial dilution of 4 ng/lL standard

cDNA).

Primer design

Primers were designed with PrimeTime qPCR Assay Entry

(IDT, Integrated DNA Technologies, Coralville, Iowa, USA),

except for the androgen receptor primer, which was designed

with Primer3 [21] and synthesized by IDT (Table 1).

The genes included in the study were: aminolevuli-

nate, delta-, synthase 1 (ALAS1); beta-actin (ACTB);

beta-2-microglobulin (B2M); glyceraldehyde-3-phosphate

dehydrogenase (GAPDH); hypoxanthine phosphoribosyl-

transferase 1 (HPRT1); succinate dehydrogenase complex,

subunit A, flavoprotein (Fp) (SDHA); TATA box binding

protein (TBP); ubiquitin C (UBC); tyrosine 3-monooxy-

genase/tryptophan 5-monooxygenase activation protein,

zeta polypeptide (YWHAZ). All these genes have been

previously evaluated in different tissues and sample types

[12, 22].

Statistical analysis

Analysis of quantification data was done with the Norm-

Finder [23] algorithm, which is a Visual Basic application

for Microsoft Excel. Data were subdivided into control

group (control samples, non-transfected cells) and trans-

fected group (androgen receptor siRNA or negative con-

trol). The data of androgen receptor mRNA quantification

were normalized by each reference gene data and also by a

combination of two genes. The data of androgen receptor

expression of the transfected group of each culture was

relativized to the control group data and analyzed using

Kruskal–Wallis test (Dunn’s multiple comparisons post

hoc test) in the SPSS Statistics 20.0 (SPSS Inc).

Results

To identify the best reference gene for sample normaliza-

tion in gene expression studies in primary culture of

prostate cancer cells, we amplified nine genes commonly

used as control genes (ALAS1, ACTB, B2M, GAPDH,

HPRT1, SDHA, TBP, UBC, and YWHAZ). The samples

were diluted 1009 and nevertheless the sample CT values

for the ubiquitin C gene extrapolated the highest concen-

tration point of the standard curve; thus it was excluded

from the analysis. Mean CT values, standard deviation

(SD), coefficient of variation (CV), and maximum fold

change (MFC-ratio of the maximum and minimum values)

are showed in Table 2, in ascending order of CV. These

values represent the first analysis of dispersion data, and

could suggest the least variable gene. However, as dem-

onstrated by the minimum and maximum values, none of

the genes had a constant expression, which may indicate

that the dispersion data is not sufficient to identify an

adequate reference gene in primary culture of prostate

cancer cells transfected with siRNA.

We proceed the analysis using NormFinder [23] for

quantification data (in ng). This algorithm directly esti-

mates the variation in the expression of each candidate

gene, considering systematic differences between sample

subgroups [23]. The expression stability of a candidate

gene is indicated by its stability value. NormFinder dem-

onstrated that SDHA was the most stable gene, with the

lowest stability value (Fig. 1a), also showing the smallest

intergroup variation (Fig. 1b). The algorithm also sug-

gested the best combination of the two most stable genes to

compensate the fluctuation of experimental data in gene

expression variations in response to a treatment [24]. This
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algorithm considered SDHA and GAPDH as the best

combination of two genes. Table 3 shows the stability

values of candidate genes, and also the stability value of

the combination SDHA and GAPDH.

One of the main target genes in our studies is the

androgen receptor (AR) gene. We evaluate the expression

of the AR mRNA in control and transfected groups. The

quantified data from amplification of the AR mRNA were

normalized by each of the eight candidate reference genes

and also by the combination of the two genes suggested by

NormFinder. The ratio AR/control gene was relativized to

the control group value in each culture. Figure 2 shows the

AR gene expression in the transfected group (androgen

receptor siRNA or negative control) compared with the

control group for the combination of GAPDH and SDHA

genes. Only when normalized by the combination of SDHA

and GAPDH the AR mRNA expression in the siAR group

showed statistical difference between the control and

negative control groups. We also accessed the PSA mRNA

expression in samples with 48 h of transfection, and, as

Fig. 1 Intra- (a) and intergroup

variation (b) of eight reference

genes in samples of primary

culture of prostate cancer cells,

as determined by NormFinder,

showing SDHA as the gene with

the smallest (most stability) and

YWHAZ with the highest

variation (less stability). Control
group cells without transfection

protocol, transfected group cells

transfected with siRNA (against

AR or inespecific control)

Table 3 Stability values of eight candidate reference genes and of

the combination of two genes for normalization of RT-qPCR in pri-

mary culture of prostate cancer cells, as calculated by NormFinder

Ranking order Gene name Stability value

1 SDHA 0.035

2 SDHA and GAPDH 0.070

3 GAPDH 0.127

4 TBP 0.132

5 ACTB 0.161

6 HPRT1 0.171

7 BMG 0.220

8 ALAS1 0.237

9 YWHAZ 0.297

Fig. 2 AR relative gene expression in primary culture of prostate

cancer cells with normalization to the combination of two reference

genes (SDHA and GAPDH). The bars represent the median of the

groups relativized to control. Control-control group (non-transfected);

siAR group-transfected with specific RNA to androgen receptor; siNC

group-transfected with non-specific siRNA (negative control). *Sta-

tistically significant difference in gene expression between siAR and

control group, P \ 0.05 (Kruskal–Wallis test, Dunn’s post hoc test

Table 2 Dispersion data of raw

CT values for eight candidate

control genes

a SD standard deviation
b CV coefficient of variation

(ratio of SD and mean)
c MFC maximum fold change

(ratio of maximum and

minimum values)

Gene Mean SDa CVb (%) Minimum Maximum MFCc

ALAS1 29.83 2.25 7.55 27.36 34.59 1.26

YWHAZ 24.77 2.05 8.26 20.66 29.62 1.43

HPRT1 31. 40 2.65 8.43 27.21 35.96 1.31

SDHA 29.43 2.50 8.49 26.35 35.19 1.34

B2M 21.15 1.86 8.78 18.82 25.09 1.33

GAPDH 21.97 2.13 9.68 19.62 26.45 1.35

ACTB 22.35 2.39 10.71 18.78 27.12 1.44

TBP 30.33 3.39 11.17 24.99 36.86 1.47
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expected, the quantity of PSA mRNA was lower in cells

transfected with siRNA against the AR (not shown).

Discussion

According to the current consensus on the use of reference

genes to accurately quantify gene expression, there is not

one single gene that is a ‘‘real’’ universal housekeeping

gene. Different approaches have been proposed to identify

gene expression stability and indicate the best control

genes under various experimental conditions and using

different cell types, such as the algorithms geNorm and

NormFinder [8, 23, 25–27]. However, because these

strategies are based on different algorithms and analytical

procedures, each software produces a different set of top

ranked housekeeping genes [26], and the recommendation

is the use of only one of the tools available to choose stable

housekeeping genes [28]. We decided to use NormFinder

to analyze our data of prostate cancer cells.

geNorm ranks the genes according to the pairwise var-

iation with all other control genes and defines a measure of

gene stability (M value) of a particular gene compared with

all other genes [27]. However, this software analyzes all

samples, regardless of the differences between control

samples and experimental samples. NormFinder, on its

turn, provides the overall expression variation and also the

variation across subgroups of samples, top ranking the

candidates with minimal estimated intra- and intergroup

variation [23]. According to Andersen et al. [23], discrep-

ancies in the results of these two strategies are caused by

the differences between the approaches. As NormFinder

considers intra- and intergroup variation in order to top

rank the most stable genes, we suggest that SDHA may be

the best choice for normalization of mRNA levels ampli-

fied by quantitative RT-PCR in primary culture of prostate

cancer cells, since these cultures are performed to evaluate

the influence of a given treatment on gene expression, thus

generating subgroups of samples.

Algorithms like geNorm indicated the optimal number

of reference genes to generate an accurate NF for nor-

malization, while NormFinder only shows the best com-

bination of two genes. In spite of the recommendation to

use more than one reference gene for an accurate normal-

ization in animal and vegetal species [26, 27, 29], it may

not be feasible when few target genes are being studied or

when there is limited amount of RNA available [6, 23].

Cell cultures from a limited tissue sample or a biopsy

sample are examples of such conditions. Andersen et al.

[23] also showed that the normalization is not necessarily

improved by the use of a normalization factor (NF), gen-

erated by the use of two or more control genes. The use of a

NF is recommended only when the candidate reference

genes show significant variation. When this is the case,

those genes with opposite-directed intergroup variation

should be selected to provide accurate normalization.

In order to evaluate the impact of the use of one or two

reference genes on our model, we amplified the androgen

receptor mRNA, which was silenced in the cultures (veri-

fied by the absence of the AR protein by western blot

analysis). We found a statistical difference between the

siAR group compared to control group only after normal-

ization by the combination of SDHA and GAPDH (Fig. 2).

However, all cultures showed decreased AR mRNA levels

in the siAR group when normalized by any candidate gene,

as expected, despite the lack of statistical significance

(when normalized by SDHA alone, P = 0.061).

Some studies have reported the evaluation of the best

reference gene to be used in prostatic tissues, but none of

them has performed primary culture of prostate cancer cells

[11, 12, 22, 30]. Also, many studies accessing gene

expression profiles in prostate cancer samples have used

only one gene to normalized the target gene expression

(ACTB, GAPDH, TBP, HPRT1, and others) without a

previous evaluation of their stability [22]. Nevertheless, the

studies conducted to identify the adequate control gene for

prostate samples used different types of samples, such as

commercially available cDNA [11], normal, prostatic

hyperplasia, and prostatic tumor tissues [12], paired

malignant and nonmalignant prostatic tissue [22], and

LNCaP cells [30]. Therefore, distinct results were found:

RNA polymerase II [11], HPRT1 [12], HPRT1 alone or the

combination of HPRT1 and ALAS1, or HPRT1, ALAS1 and

K-ALPHA-1 [22], and ribosomal highly-basic 23 kDa

protein, RPL13A [30].

We found SDHA alone or in combination with GAPDH

as the most appropriate combination of two genes for

normalization in our model using NormFinder. The relative

expression of AR shown a decrease in the group siAR, as

expected, but only when there was normalization by the

combination of SDHA and GAPDH there was a statistical

significant difference. In spite of some studies do not rec-

ommend the use of GAPDH as a reference gene because it

is involved in a direct pathway of carbohydrate metabo-

lism, which may be altered in some cancers [31, 32], our

results suggests that when only cancer cells are being

analyzed, GAPDH could shown a satisfactory stability. In

fact, many studies have being done using GAPDH, besides

other genes like b-actin, TBP and HPRT, in samples of

prostate cancer [33–36].

In conclusion, the results of the present study suggest

that SDHA or the combination of SDHA and GAPDH

should be used for normalization purpose in gene expres-

sion analysis in primary culture of prostate cancer cells

submitted to siRNA transfection procedure. In addition, we

recommend that a preliminary evaluation of the expression

2960 Mol Biol Rep (2013) 40:2955–2962
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stability of several candidate control genes is performed in

order to avoid inaccurate normalization and unnecessary

expenditures.
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