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Abstract

Quantitative polymerase chain reaction (QPCR) is the most specific and reliable method for
determination of mMRNA gene expression. Crucial point for its accurate normalization is the
choice of appropriate internal control genes (ICGs). In the present work we determined

and compare the expression of eight commonly used ICGs in lymphocytes from 26 patients
with amyotrophic lateral sclerosis (ALS) and 30 control subjects. Peripheral blood mononu-
clear cells (PBMCs) before and after immortalization by EBV transfection (lymphoblast cell
lines—LCLs) were used for gPCR analysis. LCLs were studied before and after liquid nitro-
gen cryopreservation and culturing (groups LCL1 and LCL2, respectively). gPCR data of 8
ICGs expression was analyzed by BestKeeper, NormFinder and geNorm methods. All stud-
ied genes (18SRNA, ACTB, B2M, GUSB,GAPDH, HPRT1, MT-ATP6 and RPS17) were
expressed in PBMCs, whereas only first four in LCLs. LCLs cryopreservation had no effect
on ICGs expression. Comprehensive ranking indicated RPS17 with MT-ATP6 as the best
ICGs for gPCR in PBMCs of control and ALS subjects, and RPS17 with 18RNA or MT-
ATP6in LCLs from ALS. In PBMCs 18RNA shouldn’t be used as ICG.

Introduction

Amyotrophic lateral sclerosis (ALS) is a rare, incurable and fatal neurodegenerative disease
characterized by progressive degeneration and loss of motor neurons, causing skeletal muscle
weakness, wasting and death within 3-5 years from the first symptom onset [1]. The number
of cases newly diagnosed with ALS each year is 1-3 per 100,000. About 90% of all diagnosed
cases are sporadic (SALS) mostly of unknown origin, and the remaining 10% of individuals,
with at least one other family member affected, have familial (FALS) [2]. Definitive diagnosis
is difficult in early stages of ALS and its confirmation requires a period of observation [3].
There is no single, specific biochemical marker of ALS. Genetic testing may be helpful in
diagnosis of FALS and its discrimination from SALS. Peripheral blood mononuclear cells
(PBMCs) and human immortalized lymphoblast cell lines (LCLs) derived from PBMCs are a
good and long-lasting source of nucleic acids for this type of studies.
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At present, quantitative polymerase chain reaction (qQPCR) is the most sensitive, specific,
reliable and quick method for determination of mRNA gene expression [4]. However, alterna-
tions in the amount of starting material, RNA extraction, efficiency of reverse transcription
and amplification may result in quantification errors [5]. Hence, the most important point for
accurate normalization is the choice of appropriate internal control genes (ICGs) [6]. Initially,
the housekeeping genes, the expression of which was supposed to be constant in different con-
ditions, were used as ICGs. There are studies indicating that the mRNA expression of house-
keeping genes may undergo regulation and significant changes during cell differentiation,
pathological processes (malignancy, hypoxia) and may vary between patients [7-10].

Among the most commonly ICGs used for normalization in qPCR experiments are
18SRNA, beta-actin (ACTB), beta-2-microglobulin (B2M), beta-glucuronidase (GUSB), glycer-
aldehyde-3-phosphate dehydrogenase (GAPDH), hypoxanthine phosphoribosyl transferase 1
(HPRT1I), ATP synthase subunit 6 (MT-ATP6) and ribosomal protein S17 (RPS17) [4, 11-24].
They are frequently used without a proper validation of their expression stability. Many studies
reported that the use of unstable ICGs leads to incorrect results [25-28].

To date, there are no studies concerning validation of ICGs for qPCR analysis in human
lymphoblast cell lines. Thus, the aim of the present work was to determine and compare the
expression of eight commonly used ICGs in PBMCs and LCLs (before and after liquid nitro-
gen storage) obtained from ALS patients.

Materials and methods
Patients and control subjects

The studies were conducted on peripheral blood mononuclear cells (PBMC) from 26 ALS pa-
tients diagnosed at the Department of Neurology, Medical University of Warsaw (13 women
and 13 men), and from 30 age- and gender-matched control individuals without neoplastic
and neurodegenerative disorders (14 women and 16 men). The mean age was 57.3 + 14.5 for
the patients and 57.3 + 5.8 for control subjects. The controls were enrolled during a regular
check up visit at their general practitioner.

Both the study protocol and the consent procedure were approved by the Bioethics Com-
mittee of the Medical University of Warsaw. Prior to enrollment to the study, each participant
was given detailed “Information for the study participant” and signed an informed consent in
2 copies, one for each party.

Separation of peripheral blood mononuclear cells

Venous blood samples from ALS patients and controls were collected in EDTA tubes and sep-
arated using a density gradient with Gradisol (AquaMed Poland). PBMCs were washed three
times in PBS and used either for direct RNA isolation or for EBV transfection and a subse-
quent generation of immortalized primary lymphoblast cell lines (LCLs).

Cell culture

LCLs were cultured at 37°C in a 5% CO, atmosphere using RPMI-1640 medium (Invitrogen)
supplemented with 20% FBS (Pan-Biotech), and antibiotics (pencillin 1%, streptomycin 1%,
Sigma-Aldrich). On the fourth day, cyclosporine A (Sandimmun, Sandoz) was added to a final
concentration of 1 ug/ml. The medium was changed twice a week for 4-6 weeks until the
culture density reached 1-2 x 10° cells/ml. The cell samples were divided and used either for
RNA isolation (group LCLs1) or for liquid nitrogen cryopreservation in Bambanker freezing
medium (Nippon Genetics) (group LCLs2). After at least 2 weeks in liquid nitrogen, the group
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LCLs2 was quickly thawed in 37°C water bath, washed with RPMI medium with 20% FBS and
reconstituted by seeding on RPMI with 20% FBS. The cells were then cultured up to 1-2 x 10°
density and used for RNA isolation.

RNA isolation and qPCR. The total RNA was isolated from fresh PBMC using TriRea-
gent solution (Ambion) according to manufacturer’s instructions. LCLs were suspended in
TriReagent and homogenized in FastPrep-24 instrument (MP Biomedicals) using Lysing
Matrix C (MP Biomedicals). To improve the isolation efficacy, 3 pl of Precipitation Carrier
(MRC Inc) was added to each sample prior to isopropanol precipitation.

The total mRNA concentration was measured at 260 nm, and the purity assessed from
absorbance ratio 260 nm/280 nm. Two g of total RNA was reverse transcribed to a single-
stranded cDNA according to the manufacturer’s instructions (Invitrogen, USA). Quantitative
real-time PCR was performed in the StepOnePlus instrument (Applied Biosystems) using 400
ng of cDNA and a custom TagMan® Array Plate. Internal control assays are listed in Table 1.

Statistically-based methods. The validation of expression stability was calculated for each
gene using Ct values and BestKeeper, NormFinder and geNorm statistical methods [29-31].

BestKeeper algorithm uses raw Ct values and calculates the variations (SD and CV). Unsta-
ble genes show SD > 1 and are considered unacceptable for further calculations. Determina-
tion of the most stable genes is based on the correlation coefficient (r) of their expression to
the BestKeeper Index, which is the geometric mean of Ct values of the highly correlated candi-
date reference genes.

NormFinder is a model-based approach and works on both inter- and intragroup variations
in gene expression, which are combined into a stability (S) value calculated for each single
gene independently. The most stable candidate genes are characterized by the lowest S value.

GeNorm algorithm is based on the assumption that the expression ratio of the best two
genes is stable in all studied samples. The software defines stability value (M), which is
described as an average pair-wise variation of a gene of interest with all other tested genes. The
gene with the lowest stability value has the most stable expression. GeNorm default threshold
for stability value is 1.5.

Comprehensive ranking was calculated for individual ICGs as the geometric mean based
on their weight according to all statistical methods used.

Results

All studied genes were expressed in PBMCs of control and ALS cases and used for validation.
The mean Ct value of studied genes is shown in Fig 1. It was similar in control and ALS cases
ranging from 12 to 31 and from 12 to 35, respectively (Fig 1A and 1B).

In LCLs1 and LCLs2 of ALS patients the expression of only for four genes (GAPDH,
I8SRNA, MT-ATP6 and RPS17) was detectable (Fig 1C and 1D). In LCLs1 the expression of

Table 1. Internal control assays on TagMan® Array Plate.

Gene name

18S ribosomal RNA

Actin, beta

Beta-2-microglobulin

Glucuronidase, beta
Glyceraldehyde-3-phosphate dehydrogenase
Hypoxanthine phosphoribosyltransferase 1
Mitchondrially encoded ATP synthase 6
Ribosomal protein S17

https://doi.org/10.1371/journal.pone.0174317.t001

Gene symbol Assay ID
18SRNA Hs99999901_s1
ACTB Hs99999903_m1
Bam Hs99999907_m1
GUSB Hs99999908_m1
GAPDH Hs99999905_m1
HPRT1 Hs99999909_m1
MT-ATP6 Hs02596862_g1
RPS17 Hs00734303_g1
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Fig 1. Ct values for candidate internal control genes (ICGs). The expression was studied as described in
Material and Method section and expressed as medians (25th-75th percentile).

https://doi.org/10.1371/journal.pone.0174317.g001

PLOS ONE | https://doi.org/10.1371/journal.pone.0174317 March 22,2017 4/10


https://doi.org/10.1371/journal.pone.0174317.g001
https://doi.org/10.1371/journal.pone.0174317

@° PLOS | ONE

gPCR reference genes in lymphocytes from amyotrophic lateral sclerosis patients

Table 2. Validation of internal control genes in PBMCs from control subjects.

Gene Stability value Comprehensive ranking
BestKeeper NormFinder GeNorm
SD r p M

RPS17 0.75 0.98 0.455 0.346 1.26
MT-ATP6 0.73 0.96 0.565 0.346 1.71
B2M 0.97 0.97 0.532 0.485 2.62
GUSB 1.13 n/c 0.541 0.578 3.91
HPRT1 1.22 n/c 0.554 0.556 4.58
GAPDH 1.39 n/c 0.727 0.613 6.32
ACTB 1.13 n/c 1.023 0.840 5.81
18SRNA 1.61 n/c 2.336 1.239 8.00

n/c—not calculated

https://doi.org/10.1371/journal.pone.0174317.t1002

HPRT1, ACTB and B2M was very low and detectable only in 3, 8, and 13 samples out of 26,
respectively. In LCLs2 HPRT1 was present only in 1, ACTB in 4 and B2M in 3 samples. GUSB
expression was undetectable in neither LCL. The mean Ct value was higher in LCLs compared
to PBMCs but similar in both groups (20-39 for LCLs1, 22-42 for LCLs2). LCLs cryopreserva-
tion had no effect on ICGs expression (Fig 1).

BestKeeper analysis

In both the control and ALS PBMCs, there were three stable genes (SD < 1): RPS17,
MT-ATP6, B2M and RPS17, MT-ATP6, GUSB, respectively. The strongest correlation was
found for RPS17 and MT-ATP6 in both groups, while in controls additionally for B2M
(r > 0.9, p < 0.005) (Tables 2 and 3).

Only RPS17 and MT-ATP6 exhibited SD < 1.0 in LCLs1 but the correlation (see chapter
Statistically-based methods) was weaker but still strong (r > 0.6, p < 0.001) (Table 4). In LCLs2
for all genes were unstable (SD > 1.0), thus the correlation was not calculated (Table 5.).

NormFinder analysis

The most stable genes in control PBMCs were RPS17 and B2M while in ALS—MT-ATP6 and
HPRTI (p < 1). The expression of 18SRNA was the most variable (p > 3) (Tables 2 and 3). In

Table 3. Validation of internal control genes in PBMCs from ALS patients.

Gene Stability value Comprehensive ranking
BestKeeper NormFinder GeNorm
SD r P M

MT-ATP6 0.58 0.91 1.542 0.580 1.19
RPS17 0.70 0.93 1.817 0.580 1.86
HPRT1 1.81 n/c 1.331 1.876 2.94
GUSB 0.95 0.88 2.202 0.783 3.46
B2M 1.24 n/c 2.806 1.318 4.68
GAPDH 3.03 n/c 2.711 2.528 5.73
ACTB 3.63 n/c 3.054 2.971 7.00
18SRNA 4.50 n/c 3.901 3.323 8.00

n/c—not calculated

https://doi.org/10.1371/journal.pone.0174317.t1003
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Table 4. Validation of internal control genes in LCLs1 from ALS patients.

Gene Stability value Comprehensive ranking
BestKeeper NormFinder GeNorm
SD r [o] M
RPS17 .83 0.66 0.678 0.938 1.26
18SRNA .09 n/c 0.613 0.938 1.44
MT-ATP6 .83 0.69 1.046 1.126 2.08
GAPDH .44 n/c 1.328 1.336 4.00

n/c—not calculated

https://doi.org/10.1371/journal.pone.0174317.t1004

contrast, in LCLs1 and LCLs2 the 18SRNA was ranked on the first and the second position
(respectively) as compared to other studied genes. In both LCLs the RPS17 and MT-ATP6
were also stable, whereas GAPDH was unstable (last position) (Tables 4 and 5).

GeNorm analysis

All studied genes were stable (M < 1.5) in PBMCs of control samples, with the best being
RPS17 and MT-ATP6. In ALS cases only four genes were stable, with the best results of
MT-ATP6 and RPS17, too (Tables 2 and 3). In both PBMCs the 18SRNA showed the lowest sta-
bility. In LCLs1 and LCLs2 all genes were stable. The 18SRNA showed better stability in LCLs
compared to PBMCs (Tables 4 and 5).

Discussion

Real-time PCR has become a standard method for quantification of gene expression in differ-
ent experimental conditions. For reliable and accurate analysis of qPCR data, it is critical to
select proper ICGs able to eliminate non-biological variations [6, 32]. There are no universal
ICGs, the expression of which is stable among different tissues and various conditions. Thus,
identification and validation of control genes is an absolutely essential step before experimen-
tal settings [33]. The guidelines of MIQE (Minimum Information for Publication of Quantita-
tive Real-Time PCR Experiments), recommend normalization against more than one
reference gene at a time [34].

Despite a high number of studies, the molecular mechanisms of sporadic ALS remain
unclear and a specific disease marker is still lacking [35, 36]. Restricted access to human ner-
vous tissue has promoted the use of transgenic animals with ALS-like symptoms [37-39].
Although very useful, they do not always reflect the clinical and pathological changes present
in human subjects. Studies on biological markers are therefore conducted in human CSF and

Table 5. Validation of internal control genes in LCLs2 from ALS patients.

Gene Stability value Comprehensive ranking
BestKeeper NormFinder GeNorm
SD r [} M
18SRNA 1.24 n/c 0.302 0.348 1.26
RPS17 1.28 n/c 0.174 0.348 1.44
MT-ATP6 1.26 n/c 0.400 0.398 2.62
GAPDH 1.90 n/c 0.914 0.677 4.00

n/c—not calculated

https://doi.org/10.1371/journal.pone.0174317.t005
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blood serum [40, 41]. Also the lymphocytes are an easily accessible source of material both for
genetic and molecular studies. Moreover, establishment of LCLs (by EBV transfection) poten-
tially provides an unlimited source of biologic material. The LCLs can be either cultured and
used for immediate studies, or frozen and preserved for future experiments. However, it is not
known whether the procedures, which lead to generation of LCLs from PBMCs, have any
influence on the expression of commonly used ICGs, and—as a consequence—on the final
results obtained by qPCR.

Although there is a number of papers concerning the validation of ICG in lymphocytes [42,
43], there are no reports addressing this issue in LCLs. Moreover, to our knowledge, there
have been no studies comparing the stability of ICG between the fresh PBMCs and LCLs
obtained from the same individuals.

In the present study we evaluated eight commonly used ICGs for their usefulness in gene
expression analysis by qPCR in PBMCs and LCLs before and after freezing. All studied genes
(18SRNA, ACTB, B2M, GUSB, GAPDH, HPRT'1, MT-ATP6 and RPS17) were expressed in
PBMCs, whereas only the first four in LCLs. LCLs cryopreservation had no effect on ICGs expres-
sion. According to the comprehensive ranking, the expression of RPS17 and MT-ATP was the
most stable in PBMCs of both ALS and control subjects. The most variable genes were ACTB and
18SRNA, which had previously been used as ICGs in studies performed in PBMCs of patients
with ALS and other diseases [12-15]. Our result on the variability of ACTB are in agreement with
the latest studies of Zhang et al. [19] who classified them as unstable in PBMC of patients with
chronic hepatitis B. According to Zhang, the best pair of ICGs for their studies were GAPDH and
beta-tubulin, however in our ranking the GAPDH was localized on the sixth position in both ALS
and control PBMCs. Barber et al. [44], who studied GAPDH as a housekeeping gene in 72 human
tissues, showed a 15-fold difference in its expression. As in our PBMCs, the expression of ACT,
18SRNA, and GAPDH was also found to vary considerably in asthmatic airways [20].

In LCL1 and LCL2 (before and after liquid nitrogen cryopreservation), unlike in the
PBMCs, the expression of HPRT1, ACTB, B2M, and GUSB was very low or undetectable. Even
though B2M was used as ICGS in some previous studies [16, 17, 45], we found it unsuitable for
gqPCR normalization in LCLs. Also the GAPDH, which appeared unstable in our LCLs, served
as the ICG earlier [45]. Our study showed that due to a high stability, the 18SRNA, RPS17, and
MT-ATP6 are good reference genes for qPCR studies in LCLs. The 18SRNA, stable in LCLs,
should not however be considered in studies performed simultaneously in PBMCs and LCLs.

Interestingly, we found the mitochondrial gene MT-ATPS, rarely used as ICG, to be very
stable in PBMCs. It was ranked on the first position in ALS, the second in the controls, and the
third in both LCLs. MT-ATP6 was also one of the most stably-expressed control genes among
32 studied by Jones et al. in eight human tissues [21]. The RPS17, earlier described among the
most stably expressed genes in carcinoma cells [23], was highly stable in control PBMCs and
LCL1 (the first position in the comprehensive ranking), as well as in PBMCs of ALS and LCL2
(the second position).

To sum up, we recommend using MT-ATP6 and RPSI7 as the best pair of reference genes
for expression in PBMCs, 18SRNA and RPS17 in LCLs, whereas RPS17 and MT-ATP6 in stud-
ies concomitantly performed in PBMCs and LCLs.

Supporting information

S1 Table. Mean Ct values for reference genes candidates in control and ALS PBMCs
(XLS)

$2 Table. Mean Ct values for reference genes candidates in LCLs
(XLS)

PLOS ONE | https://doi.org/10.1371/journal.pone.0174317 March 22,2017 7/10


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0174317.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0174317.s002
https://doi.org/10.1371/journal.pone.0174317

@° PLOS | ONE

gPCR reference genes in lymphocytes from amyotrophic lateral sclerosis patients

Author Contributions

Conceptualization: MK-K EU BG.

Data curation: EU MK-K.

Formal analysis: EU MK-K AB-K.

Funding acquisition: MK-K.

Investigation: EU BK.

Methodology: EU BK BG.

Project administration: MK-K.

Resources: MK-K BK.

Software: EU.

Supervision: MK-K AB-K.

Validation: EU BK.

Visualization: EU BK.

Writing - original draft: EU AB-K.

Writing - review & editing: EU AB-K BK BG MK-K.

References

1.

10.

11.

Haverkamp LJ, Appel V, Appel SH. Natural history of amyotrophic lateral sclerosis in a database popu-
lation. Validation of a scoring system and a model for survival prediction. Brain. 1995; 118:707-719.
PMID: 7600088

Rowland LP, Shineider NA. Amyotrophic lateral sclerosis. N Engl J Med. 2001; 344:1688-1700. https://
doi.org/10.1056/NEJM200105313442207 PMID: 11386269

Gordon PH. Amyotrophic lateral sclerosis: pathophysiology, diagnosis and management. CNS Drugs.
2011; 25:1-15.

de Jonge HJ, Fehrmann RS, de Bont ES, Hofstra RM, Gerbens F, Kamps WA, et al. Evidence based
selection of housekeeping genes. PLoS One. 2007; 2:€898. https://doi.org/10.1371/journal.pone.
0000898 PMID: 17878933

Fleige S, Pfaffl MW. RNA integrity and the effect on the real-time gRTPCR performance. Mol Aspects
Med. 2006; 27:126—139. https://doi.org/10.1016/j.mam.2005.12.003 PMID: 16469371

Bustin SA. Absolute quantification of mRNA using real-time reverse transcription polymerase chain
reaction assays. J Mol Endocrinol. 2000; 25:169-193. PMID: 11013345

Shimokawa T, Kato M, Ezaki O, Hashimoto S. Transcriptional regulation of muscle-specific genes dur-
ing myoblast differentiation. Biochem Biophys Res Commun. 1998; 246:287—292. https://doi.org/10.
1006/bbrc.1998.8600 PMID: 9600108

Bhatia P, Taylor WR, Greenberg AH, Wright JA. Comparison of glyceraldehyde-3-phosphate dehydro-
genase and 28S-ribosomal RNA gene expression as RNA loading controls for northern blot analysis of
cell lines of varying malignant potential. Anal Biochem. 1994; 216:223-226. https://doi.org/10.1006/
abio.1994.1028 PMID: 8135355

Zhong H, Simons JW. Direct comparison of GAPDH, beta-actin, cyclophilin, and 28S rRNA as internal
standards for quantifying RNA levels under hypoxia. Biochem Biophys Res Commun. 1999; 259:523—
526. https://doi.org/10.1006/bbrc.1999.0815 PMID: 10364451

de Leeuw WJ, Slagboom PE, Vijg J. Quantitative comparison of mRNA levels in mammalian tissues:
28S ribosomal RNA level as an accurate internal control. Nucleic Acids Res. 1989; 17:10137-10138.
PMID: 2602132

Kuchipudi SV, Tellabati M, Nelli RK, White GA, Perez BB, Sebastian S, et al. 18S rRNA is a reliable nor-
malisation gene for real time PCR based on influenza virus infected cells. Virol J. 2012; 9:230. https://
doi.org/10.1186/1743-422X-9-230 PMID: 23043930

PLOS ONE | https://doi.org/10.1371/journal.pone.0174317 March 22,2017 8/10


http://www.ncbi.nlm.nih.gov/pubmed/7600088
https://doi.org/10.1056/NEJM200105313442207
https://doi.org/10.1056/NEJM200105313442207
http://www.ncbi.nlm.nih.gov/pubmed/11386269
https://doi.org/10.1371/journal.pone.0000898
https://doi.org/10.1371/journal.pone.0000898
http://www.ncbi.nlm.nih.gov/pubmed/17878933
https://doi.org/10.1016/j.mam.2005.12.003
http://www.ncbi.nlm.nih.gov/pubmed/16469371
http://www.ncbi.nlm.nih.gov/pubmed/11013345
https://doi.org/10.1006/bbrc.1998.8600
https://doi.org/10.1006/bbrc.1998.8600
http://www.ncbi.nlm.nih.gov/pubmed/9600108
https://doi.org/10.1006/abio.1994.1028
https://doi.org/10.1006/abio.1994.1028
http://www.ncbi.nlm.nih.gov/pubmed/8135355
https://doi.org/10.1006/bbrc.1999.0815
http://www.ncbi.nlm.nih.gov/pubmed/10364451
http://www.ncbi.nlm.nih.gov/pubmed/2602132
https://doi.org/10.1186/1743-422X-9-230
https://doi.org/10.1186/1743-422X-9-230
http://www.ncbi.nlm.nih.gov/pubmed/23043930
https://doi.org/10.1371/journal.pone.0174317

@° PLOS | ONE

gPCR reference genes in lymphocytes from amyotrophic lateral sclerosis patients

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

Courth LF, Ostaff MJ, Mailander-Sanchez D, Malek NP, Stange EF, Wehkamp J. Crohn’s disease-
derived monocytes fail to induce Paneth cell defensins. Proc Natl Acad Sci USA. 2015; 112:14000—
14005. https://doi.org/10.1073/pnas.1510084112 PMID: 26512113

Gupta PK, Prabhakar S, Abburi C, Sharma NK, Anand A. Vascular endothelial growth factor-A and che-
mokine ligand (CCL2) genes are upregulated in peripheral blood mononuclear cells in Indian amyotro-
phic lateral sclerosis patients. J Neuroinflammation. 2011; 8:114. https://doi.org/10.1186/1742-2094-8-
114 PMID: 21906274

Gupta PK, Prabhakar S, Sharma NK, Anand A. Possible association between expression of chemokine
receptor-2 (CCR2) and amyotrophic lateral sclerosis (ALS) patients of North India. PLoS One. 2012; 7:
e38382. https://doi.org/10.1371/journal.pone.0038382 PMID: 22685564

Lin ZW, Wu LX, Xie Y, Ou X, Tian PK, Liu XP, et al. The expression levels of transcription factors T-bet,
GATA-3, RORyt and FOXP3 in peripheral blood lymphocyte (PBL) of patients with liver cancer and their
significance. Int J Med Sci. 2015; 12:7-16. https://doi.org/10.7150/ijms.8352 PMID: 25552913

Pinto N, Gamazon ER, Antao N, Myers J, Stark AL, Konkashbaev A, et al. Integrating cell-based and
clinical genome-wide studies to identify genetic variants contributing to treatment failure in neuroblas-
toma patients. Clin Pharmacol Ther. 2014; 95:644—652. https://doi.org/10.1038/clpt.2014.37 PMID:
24549002

Shlapatska LM, Kovalevska LM, Gordiienko IM, Sidorenko SP. Intrinsic defect in B-lymphoblastoid cell
lines from patients with X-linked lymphoproliferative disease type 1. Il. receptor-mediated Akt/PKB and
ERK1/2 activation and transcription factors expression profile. Exp Oncol. 2014; 36:162—169. PMID:
25265348

Valente V, Teixeira SA, Neder L, Okamoto OK, Oba-Shinjo SM, Marie SK, et al. Selection of suitable
housekeeping genes for expression analysis in glioblastoma using quantitative RT-PCR. BMC Mol Biol.
2009; 10:17. https://doi.org/10.1186/1471-2199-10-17 PMID: 19257903

Zhang H, Guan ZS, Guan SH, Yang K, PanY, Wu YY, et al. Identification of suitable candidate refer-
ence genes for gene expression analysis by RT-gPCR in peripheral blood mononuclear cells of CHB
patients. Clin Lab. 2016; 62:227-234. PMID: 27012054

Glare EM, Divjak M, Bailey MJ, Walters EH. beta-Actin and GAPDH housekeeping gene expression in
asthmatic airways is variable and not suitable for normalising mRNA levels. Thorax. 2002; 57:765-770.
https://doi.org/10.1136/thorax.57.9.765 PMID: 12200519

Jones NR, Lazarus P. UGT2B gene expression analysis in multiple tobacco carcinogen-targeted tis-
sues. Drug Metab Dispos. 2014; 42:529-536. https://doi.org/10.1124/dmd.113.054718 PMID:
24459179

Vaiphei ST, Keppen J, Nongrum S, Chaubey RC, Kma L, Sharan RN. Evaluation of endogenous control
gene(s) for gene expression studies in human blood exposed to 60Co y-rays ex vivo. J Radiat Res.
2015; 56:177—-185. https://doi.org/10.1093/jrr/rru074 PMID: 25271263

Ersahin T, Carkacioglu L, Can T, Konu O, Atalay V, Cetin-Atalay R. Identification of novel reference
genes based on MeSH categories. PLoS One. 2014; 9:€93341. https://doi.org/10.1371/journal.pone.
0093341 PMID: 24682035

Thellin O, Zorzi W, Lakaye B, De Borman B, Coumans B, Hennen G, et al. Housekeeping genes as
internal standards: use and limits. J Biotechnol. 1999; 75:291-295. PMID: 10617337

Henn D, Bandner-Risch D, Perttunen H, Schmied W, Porras C, Ceballos F, et al. Identification of refer-
ence genes for quantitative RT-PCR in ascending aortic aneurysms. PLoS One. 2013; 8:e54132.
https://doi.org/10.1371/journal.pone.0054132 PMID: 23326585

Bas A, Forsberg G, Hammarstrém S, Hammarstrom ML. Utility of the housekeeping genes 18S rRNA,
beta-actin and glyceraldehyde-3-phosphate-dehydrogenase for normalization in real-time quantitative
reverse transcriptase-polymerase chain reaction analysis of gene expression in human T lymphocytes.
Scand J Immunol. 2004; 59:566-573. https://doi.org/10.1111/j.0300-9475.2004.01440.x PMID:
15182252

Dheda K, Huggett JF, Chang JS, Kim LU, Bustin SA, Johnson MA, et al. The implications of using an
inappropriate reference gene for real-time reverse transcription PCR data normalization. Anal Biochem.
2005; 344:141-143. https://doi.org/10.1016/j.ab.2005.05.022 PMID: 16054107

Tricarico C, Pinzani P, Bianchi S, Paglierani M, Distante V, Pazzagli M, et al. Quantitative real-time
reverse transcription polymerase chain reaction: normalization to rRNA or single housekeeping genes
is inappropriate for human tissue biopsies. Anal Biochem. 2002; 309:293-300. PMID: 12413463

Pfaffl MW, Tichopad A, Prgomet C, Neuvians TP. Determination of stable housekeeping genes, differ-
entially regulated target genes and sample integrity: BestKeeper—Excel-based tool using pair-wise cor-
relations. Biotechnol Lett. 2004; 26:509-515. PMID: 15127793

Andersen CL, Jensen JL, @rntoft TF. Normalization of real-time quantitative reverse transcription-PCR
data: a model-based variance estimation approach to identify genes suited for normalization, applied to

PLOS ONE | https://doi.org/10.1371/journal.pone.0174317 March 22,2017 9/10


https://doi.org/10.1073/pnas.1510084112
http://www.ncbi.nlm.nih.gov/pubmed/26512113
https://doi.org/10.1186/1742-2094-8-114
https://doi.org/10.1186/1742-2094-8-114
http://www.ncbi.nlm.nih.gov/pubmed/21906274
https://doi.org/10.1371/journal.pone.0038382
http://www.ncbi.nlm.nih.gov/pubmed/22685564
https://doi.org/10.7150/ijms.8352
http://www.ncbi.nlm.nih.gov/pubmed/25552913
https://doi.org/10.1038/clpt.2014.37
http://www.ncbi.nlm.nih.gov/pubmed/24549002
http://www.ncbi.nlm.nih.gov/pubmed/25265348
https://doi.org/10.1186/1471-2199-10-17
http://www.ncbi.nlm.nih.gov/pubmed/19257903
http://www.ncbi.nlm.nih.gov/pubmed/27012054
https://doi.org/10.1136/thorax.57.9.765
http://www.ncbi.nlm.nih.gov/pubmed/12200519
https://doi.org/10.1124/dmd.113.054718
http://www.ncbi.nlm.nih.gov/pubmed/24459179
https://doi.org/10.1093/jrr/rru074
http://www.ncbi.nlm.nih.gov/pubmed/25271263
https://doi.org/10.1371/journal.pone.0093341
https://doi.org/10.1371/journal.pone.0093341
http://www.ncbi.nlm.nih.gov/pubmed/24682035
http://www.ncbi.nlm.nih.gov/pubmed/10617337
https://doi.org/10.1371/journal.pone.0054132
http://www.ncbi.nlm.nih.gov/pubmed/23326585
https://doi.org/10.1111/j.0300-9475.2004.01440.x
http://www.ncbi.nlm.nih.gov/pubmed/15182252
https://doi.org/10.1016/j.ab.2005.05.022
http://www.ncbi.nlm.nih.gov/pubmed/16054107
http://www.ncbi.nlm.nih.gov/pubmed/12413463
http://www.ncbi.nlm.nih.gov/pubmed/15127793
https://doi.org/10.1371/journal.pone.0174317

@° PLOS | ONE

gPCR reference genes in lymphocytes from amyotrophic lateral sclerosis patients

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

M,

42,

43.

44,

45.

bladder and colon cancer data sets. Cancer Res. 2004; 64:5245-5250. https://doi.org/10.1158/0008-
5472.CAN-04-0496 PMID: 15289330

Vandesompele J, De Preter K, Pattyn F, Poppe B, Van Roy N, De Paepe A, et al. Accurate normalisa-
tion of real-time quantitative RT -PCR data by geometric averaging of multiple internal control genes.
Genome Biol. 2002; 3:research0034.1-0034.11.

Nolan T, Hands RE, Bustin SA. Quantification of mRNA using real-time RT-PCR. Nat Protoc. 2006;
1:1559-1582. https://doi.org/10.1038/nprot.2006.236 PMID: 17406449

Rubie C, Kempf K, Hans J, Su T, Tilton B, Georg T, et al. Housekeeping gene variability in normal and
cancerous colorectal, pancreatic, esophageal, gastric and hepatic tissues. Mol Cell Probes. 2005;
19:101-109. https://doi.org/10.1016/j.mcp.2004.10.001 PMID: 15680211

Bustin SA, Benes V, Garson JA, Hellemans J, Huggett J, Kubista M, et al. The MIQE guidelines: mini-
mum information for publication of quantitative real-time PCR experiments. Clin Chem. 2009; 55:611—
622 https://doi.org/10.1373/clinchem.2008.112797 PMID: 19246619

Kuzma-Kozakiewicz M. Pathogenesis of amyotrophic lateral sclerosis (ALS). Biomed Rev. 2011; 22:7—
14.

Pradat PF, Dib M. Biomarkers in amyotrophic lateral sclerosis: facts and future horizons. Mol Diagn
Ther. 2009; 13:115-125. https://doi.org/10.2165/01250444-200913020-00005 PMID: 19537846

Hafezparast M, Klocke R, Ruhrberg C, Marquardt A, Ahmad-Annuar A, Bowen S, et al. Mutations in
dynein link motor neuron degeneration to defects in retrograde transport. Science. 2003; 300:808-812.
https://doi.org/10.1126/science.1083129 PMID: 12730604

Dupuis L, Fergani A, Braunstein KE, Eschbach J, Holl N, Rene F, et al. Mice with a mutation in the
dynein heavy chain 1 gene display sensory neuropathy but lack motor neuron disease. Exp Neurol.
2009; 215:146-152. https://doi.org/10.1016/j.expneurol.2008.09.019 PMID: 18952079

Kuzma-Kozakiewicz M, Chudy A, Gajewska B, Dziewulska D, Usarek E, Baranczyk-Kuzma A. Kinesins
expression in the central nervous system of humans and transgenic hSOD1G93A mice with amyotro-
phic lateral sclerosis. Neurodegenerative Dis. 2012; 12:71-80.

Gajewska B, Kazmierczak B, Kuzma-Kozakiewicz M, Jamrozik Z, Baranczyk-Kuzma A. GSTP1 poly-
morphisms and their association with glutathione transferase and peroxidase activities in patients with
motor neuron disease. CNS Neurol Disord Drug Targets. 2015; 14:1328—-1333. PMID: 26295823

Tarasiuk J, Kutakowska A, Drozdowski W, Kornhuber J, Lewczuk P. CSF markers in amyotrophic lat-
eral sclerosis. J Neural Transm. 2012; 119:747-757. https://doi.org/10.1007/s00702-012-0806-y
PMID: 22555610

Oturai DB, Sgndergaard HB, Bornsen L, Sellebjerg F, Christensen JR. Identification of suitable refer-
ence genes for peripheral blood mononuclear cell subset studies in multiple sclerosis. Scand J Immu-
nol. 2016; 83:72-80. https://doi.org/10.1111/sji.12391 PMID: 26395032

Segundo-Val IS, Sanz-Lozano CS. Validation of reference genes in mRNA expression analysis applied
to the study of asthma. Methods Mol Biol. 2016; 1434:57-69. https://doi.org/10.1007/978-1-4939-
3652-6_5 PMID: 27300531

Barber RD, Harmer DW, Coleman RA, Clark BJ. GAPDH as a housekeeping gene: analysis of GAPDH
mRNA expression in a panel of 72 human tissues. Physiol Genomics. 2005; 21:389-395. https://doi.
org/10.1152/physiolgenomics.00025.2005 PMID: 15769908

Lee JE, Nam HY, Shim SM, Bae GR, Han BG, Jeon JP. Expression phenotype changes of EBV-trans-
formed lymphoblastoid cell lines during long-term subculture and its clinical significance. Cell Prolif.
2010; 43:378-384. https://doi.org/10.1111/].1365-2184.2010.00687.x PMID: 20590663

PLOS ONE | https://doi.org/10.1371/journal.pone.0174317 March 22,2017 10/10


https://doi.org/10.1158/0008-5472.CAN-04-0496
https://doi.org/10.1158/0008-5472.CAN-04-0496
http://www.ncbi.nlm.nih.gov/pubmed/15289330
https://doi.org/10.1038/nprot.2006.236
http://www.ncbi.nlm.nih.gov/pubmed/17406449
https://doi.org/10.1016/j.mcp.2004.10.001
http://www.ncbi.nlm.nih.gov/pubmed/15680211
https://doi.org/10.1373/clinchem.2008.112797
http://www.ncbi.nlm.nih.gov/pubmed/19246619
https://doi.org/10.2165/01250444-200913020-00005
http://www.ncbi.nlm.nih.gov/pubmed/19537846
https://doi.org/10.1126/science.1083129
http://www.ncbi.nlm.nih.gov/pubmed/12730604
https://doi.org/10.1016/j.expneurol.2008.09.019
http://www.ncbi.nlm.nih.gov/pubmed/18952079
http://www.ncbi.nlm.nih.gov/pubmed/26295823
https://doi.org/10.1007/s00702-012-0806-y
http://www.ncbi.nlm.nih.gov/pubmed/22555610
https://doi.org/10.1111/sji.12391
http://www.ncbi.nlm.nih.gov/pubmed/26395032
https://doi.org/10.1007/978-1-4939-3652-6_5
https://doi.org/10.1007/978-1-4939-3652-6_5
http://www.ncbi.nlm.nih.gov/pubmed/27300531
https://doi.org/10.1152/physiolgenomics.00025.2005
https://doi.org/10.1152/physiolgenomics.00025.2005
http://www.ncbi.nlm.nih.gov/pubmed/15769908
https://doi.org/10.1111/j.1365-2184.2010.00687.x
http://www.ncbi.nlm.nih.gov/pubmed/20590663
https://doi.org/10.1371/journal.pone.0174317

