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Aim: To construct a system for selecting reference genes (RGs) and to select the most optimal RGs for gene expression studies in

nasopharyngeal carcinoma (NPC).

Methods: The total RNAs from 20 NPC samples were each labeled with Cy5-dUTP. To create a common control, the total RNA from 15
nasopharyngeal phlogistic (NP) tissues was mixed and labeled via reverse transcription with Cy3-dUTP. cDNA microarrays containing
14 112 genes were then performed. A mathematical approach was constructed to screen stably expressed genes from the microarray
data. Using this method, three genes (YARS, EIF3S7, and PFDN1) were selected as candidate RGs. Furthermore, 7 commonly used
RGs (HPRT1, GAPDH, TBP, ACTB, B2M, G6PDH, and HBB) were selected as additional potential RGs. Real-time PCR was used to detect
these 10 candidate genes’ expression levels and the geNorm program was used to find the optimal RGs for NPC studies.

Results: On the basis of the 10 candidate genes’ expression stability level, geNorm analysis identified the optimal single RG (YARS

or HPRT1) and the most suitable set of RGs (HPRT1, YARS, and EIF3S7) for NPC gene expression studies. In addition, this analysis
determined that B2M, G6PDH, and HBB were not appropriate for use as RGs. Interestingly, ACTB was the least stable RG in our study,
even though previous studies had indicated that it was one of the most stable RGs. Three novel candidate genes (YARS, EIF3S7, and
PFDN1), which were selected from microarray data, were all identified as suitable RGs for NPC research. A RG-selecting system was
then constructed, which combines microarray data analysis, a literature screen, real-time PCR, and bioinformatic analysis.

Conclusion: We construct a RG-selecting system that helps find the optimal RGs. This process, applied to NPC research, determined
the single RG (YARS or HPRT1) and the set of RGs (HPRT1, YARS, and EIF3S7) that are the most suitable internal controls.
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Introduction
There is no universally accepted “best” method for choosing
a set of reference genes (RGs) for normalization. It has been
reported™ ? that RGs’ expression stability may vary under dif-
ferent types of cancer. House-keeping genes (HKGs) cannot
be used as internal controls in different tissues, develop-
mental stages!”, or experimental conditions®. Doing so could
yield conflicting results. Different experimental backgrounds
should be strictly considered when determining the best
RGB 681

In gene expression studies, RGs are usually selected on the
basis of previously published literature. However, these RGs
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are often used in very different experimental conditions and
lack validation. HKGs, such as GAPDH, ACTB, and HPRT1I,
are the most widely utilized genes in the calibration of gene
expression levels™. A growing number of studies have been
reporting that the expression level of RGs may vary in dif-
ferent organisms or experimental conditions. Even the most
commonly used HKG cannot be assumed to a universally
applicable RG; its behavior in different cancers, tissues, or
cells must be considered®". A set of RGs should be strictly
validated before their use. Here, we report an RG selection
system that could help to address such problems. nasopha-
ryngeal carcinoma (NPC) was used as an example to test the
efficiency of the system.

NPC is a prevalent tumor in Southeast Asia, particularly
among the Cantonese population of southern China. Its inci-
dence has remained high for decades”. Compared to other
malignant tumors of the upper aerodigestive tract, NPC is
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a special type of head and neck cancer in its epidemiology,
pathology, clinical presentation, and response to treatment.
The etiology of NPC involves multiple factors, including
genetic susceptibility, exposure to chemical carcinogens, and
Epstein-Barr virus (EBV) infection™.

We established a strategy to determine the most suitable
RGs for NPC studies. Similar studies in other forms of cancer,
including prostate cancer™, human bladder cancer!™, hepa-

tocellular carcinoma®, breast carcinomal"”!

[18]

, gastrointestinal
tumor™, and human renal cell carcinoma™, have previously
been carried out.

The goals of our study were (a) to develop an improved
strategy for selecting optimal RGs in gene expression stud-
ies and (b) to investigate a panel of potential RGs with regard
to their expression stability and therefore their suitability for
use as RGs in NPC research. Our findings are intended to
improve methods of normalization and the accuracy of gene

expression data.

Materials and methods

Tissue information, RNA isolation, and reverse transcription
Poorly differentiated squamous NPC tissue samples were
obtained from 37 NPC patients with consent, before treatment,
at the Institute of Nasopharyngeal Carcinoma, The People’s
Hospital of Guangxi Zhuang Nationality Autonomous Region,
Nanning, China. In addition, 20 nasopharyngeal phlogistic
(NP) tissues were obtained from patients without NPC at the
same hospital. All specimens were reviewed by an otorhino-
laryngologic pathologist. All fresh tissues were snap-frozen in
liquid nitrogen and stored at -80 °C until use.

Each specimen was ground into a fine powder in a 10 cm
ceramic mortar (RNase-free), and then RNA was isolated
following the manufacturer’s recommendation (Biostar,
Shanghai). RNA was resuspended in Milli-Q H,O. RNA con-
centrations were determined by spectrophotometry using a
GeneQuant II (Pharmacia Biotech). The integrity of the RNA
was verified by 1% agarose gel electrophoresis. Following
the manufacturer’s instructions, total RNA was reverse tran-
scribed with Oligo (dT) primers (Takara) and a Superscript III
RNase H-Reverse Transcriptase kit (Invitrogen). The resultant
synthesized cDNA was stored at -20 °C.

Gene expression profiles

Fluorescent cDNA probes were prepared through reverse
transcription of the isolated total RNA and then purified. The
total RNAs from 15 nasopharyngeal phlogistic tissues were
mixed and labeled with Cy3-dUTP by reverse transcription.
This mixture is the common control pool in our experiments.
RNA samples from 20 NPC patients were separately labeled
with Cy5-dUTP. 20 cDNA microarrays containing 14112
genes were then performed, following the manufacturer’s
instructions. The microarrays were scanned to detect emission
from Cy5 and Cy3 by ScanArray 4000 (Packard, Biochip Tech-
nologies) at two wavelengths, 635 nm and 532 nm, respec-
tively. The acquired images were analyzed using GenePix Pro
3.0 software. The intensities at the two wavelengths for each
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spot indicate the quantity of bound Cy3-dUTP and Cy5-dUTP.
Ratios of Cyb5 to Cy3 were computed by GenePix Pro 3.0 using
the median ratio method. Overall intensities were normal-
ized using the Lowess method. The specifics of the 20 cDNA
microarray (BioStarH-141s, Biostar, Shanghai) experiments,
including probe preparation, microarray hybridization, image
detection and data normalization, were carried out as in our

previous reports™ '],

Potential reference gene selection in microarray data

An equation based on the coefficient of variation was con-
structed to evaluate the data resulting from the 20 gene
expression profiles. In Equation 1, for two genes x and y,
a;; and a;, stand for their ratio from microarray i. Matrix A,,
consists of m elements that are log,-transformed ratios a;./a;,
which are calculated from the m=20 microarrays (Equation 1).
We defined the pairwise variation V,, for the two genes x and
v as the standard deviation of the matrix A, (Equation 2). The
gene stability measure S, for gene x was the arithmetic mean
of all pairwise variations V,, (Equation 3).

(Vx,ye[l,n], x#y and m=20):

A.ry = {Ing (alx jalng [aZx Ja ] Ing [am J} = {k)gz [aix J} (1
aly aZ,\’ amy ai)‘ i—lsm

V. =STDEV(A,)= \/ my A.x-_v( - (% 4,) .,
' ' m(m—

§ = 3)

Primer design and real-time quantitative PCR

PCR primer sequences were based on the NCBI database
(National Center for Biotechnology Information, [http://
www.ncbi.nlm.nih.gov/]) and Ensembl database ([http://
www.ensembl.org/]) and were designed using Primer Pre-
mier 5. BLAST analysis against genomic DNA was performed,
using both databases, to test the specificity of the primers.
Information about the primers is listed in Table 1. These prim-
ers were then used in quantitative real-time PCR, with the
ultimate purpose of determining the appropriate RGs. In the
real-time PCR experiments, ten housekeeping genes (YARS,
EIF3S7, PFDN1, HPRT1, GAPDH, TBP, ACTB, B2M, G6PDH,
and HBB) were replicated in triplicate using Sybr Green Mas-
termix on the ABI Prism 7900 Sequence Detection System
(Applied Biosystems, Foster City, CA). Each reaction con-
tained cDNA corresponding to 20 ng of RNA along with 400
nmol/L primers in a final volume of 10 pL. A reaction mixture
without cDNA template was used as a negative control. For
PCR, reaction mixtures were initially incubated at 95 °C for 15
min and then subjected to 40 cycles of 95 °C for 15 s and 60 °C
for 1 min. Melting curve analysis was performed on each
sample to ensure that a single amplicon was amplified in the
reaction. For each different pair of primers, efficiency of real-
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Table 1. Information on the primers used for real-time PCR.
. Forward primer sequence [5'—3'] Position Amplicon 5
Gene Accession No Gene name . ) ) E R
Reverse primer sequence [5'—3'] in cDNA size (bp)
GAPDH NM_002046  Glyceraldehyde-3-phosphate dehydrogenase GAA GGT GAA GGT CGG AGT C 2nd Exon 226 98.4 0.984
GAA GAT GGT GAT GGG ATT TC 4th Exon
G6PDH NM_000402  Glucose-6-phosphate dehydrogenase ATC GAC CAC TAC CTG GGC AA 6th Exon 191 100.3 0.971
TTC TGC ATC ACG TCC CGG A 7th/8th Exon*
HPRT1 NM_000194 Hypoxanthine phosphoribosyltransferase 1 GAC CAG TCA ACA GGG GAC AT 4th Exon 195 100.2 0.998
AAC ACT TCG TGG GGT CCTTTTC  7th Exon
TBP NM_003194 TATA box binding protein TTC GGA GAG TTC TGG GAT TGT A 3rd Exon 227 99.6 0.95
TGG ACT GTT CTT CACTCTTGG C ~ 5th/6th Exon*
ACTB NM_001101 Beta-actin CAT CGA GCA CGG CAT CGT CA 3rd Exon 211 101.2 0.99
TAG CAC AGC CTG GAT AGC AAC 4th Exon
B2M NM_004048  Beta-2-microglobulin GGC TAT CCAGCG TACTCCA 1st/2nd Exon* 247 104.0 0.998
ACG GCA GGCATACTCATCT 2nd Exon
HBB NM_000518 Hemoglobin, beta TGA GCT GCA CTG TGA CAA G 2nd Exon 175 97.2  0.999
TTA GTG ATA CTT GTG GGC CAG 3rd Exon
YARS NM_003680  Tyrosyl-tRNA synthetase TGA GCA CGT GTT TGT GAA G 12th Exon 211 98.2 0.997
AAG ATG CTG GGC TGG CTA 13th Exon
PFDN1 NM_002622 Prefoldin subunit 1 CTC GCA GAC ATA CAG ATT GA 2nd Exon 224 95.4 0.991
CGC TCCAGG TAG GACTTTT 4th Exon
EIF3S7 NM_003753 Eukaryotic translation initiation factor 3, TAT TGACCT TATTGTCCG TTG T 12th Exon 231 98.2 0.972
subunit 7 TCA GAT CCA GCC AGC AAA G 13th Exon

E is a measure of real-time PCR reaction efficiency and R? indicates reproducibility of the reaction.

time PCR (E), slope values, and correlation coefficients (R?)
were determined using serial 1:5 dilutions of template cDNA.
E was calculated with the equation (E=(10t"/9°P1-1)x100).

GeNorm analysis

The software program geNorm, version 3.4, was used to com-
pare the stability of candidate reference genes. It is a visual
basic application for Microsoft Excel ([http://medgen.ugent.
be/~jvdesomp/genorm/])*. The expression stability (M)
was calculated as the standard deviation of the logarithmically
transformed expression ratios™. This M value is the average
pairwise variation of one particular gene compared to all the
other control genes. Genes with the lowest M value had the
most stable transcription[zsl. The least stable gene, which is
the one with the highest M value, was automatically excluded
from the next calculation round. The cut-off value of M was
set at 1.5 71,

GeNorm also calculated the optimal set of RGs through
producing normalization factors (NF,), which are based on
the geometric mean of the n most stable reference genes’
expression levels™ *l. For example, a normalization factor
(NF,) was calculated as the geometric mean of the two most
stably expressed genes’ expression levels. The procedure then
continued to produce NF; to NF, by stepwise inclusion of
additional RGs. The optimal number of reference genes was
chosen by calculating the pairwise variation parameter V©* ",
which is defined as the pairwise variation between 2 sequen-
tial normalization factors for each normalization factor and its
predecessor. If the additional gene has a significant effect, it

will have a large variation and should be included in the RGs
set!!,

Results

RNA quality

All RNA was separately extracted from 37 NPC and 20 NP
tissues. From these, 20 NPC and 15 NP tissues were used to
perform cDNA microarray studies. The other 17 NPC and 5
NP tissues were prepared for real-time PCR experiments, for
which the RNA concentrations are listed (Table 2). RNA con-
centrations and purity were assessed using agarose gel electro-
phoresis and by determining the absorbance ratio of 260 nm to
280 nm (mean+SD, 1.91+0.03).

Potential reference genes selection

An equation (see Materials and Methods) was constructed to
evaluate the data resulting from the 20 gene expression pro-
files. The most stably expressed genes are listed in Table 3. In
addition, all HKGs " in the microarrays were analyzed. The
distribution of the HKGs" S scores is shown in Figure 1A. The
three HKGs (YARS, EIF3S7, and PFDN1) with the lowest S
values were selected as the candidate RGs.

MEDLINE was searched for Medical Subject Heading
(MeSH) terms “nasopharyngeal neoplasm” and “RT-PCR.”
We evaluated the entire set of 151 articles resulting from this
search and found 53 articles could be used (Figure 1B). Four
genes were selected as candidate RGs: GAPDH (27 times;
50.9%), ACTB (18 times; 34.0%), HBB (3 times; 5.7%),and
HPRT1 (2 times; 3.8%).

Acta Pharmacologica Sinica
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Table 2. RNA concentrations of NPC and NP samples for real-time PCR.

Samples RNA (ug/uL) Samples RNA (ug/uL) Samples RNA (ug/uL) Samples RNA (ug/uL)
NP1 9.48 NPC6 11.68 NPC12 6.32 NPC17 8.40
NP2 5.94 NPC7 6.68 NPC13 4.86 NPC18 5.28
NP3 6.20 NPC8 6.39 NPC14 4.96 NPC19 5.04
NP4 4.94 NPC9 6.09 NPC15 6.05 NPC20 3.16
NP5 9.87 NPC10 6.27 NPC16 7.75 NPC21 6.61

NPC11 6.78 NPC22 4.46

Table 3. The most stably expressed genes from microarray data. \ means the gene is HKG, while x means not.

Figure 1. Selecting potential reference genes.

Gene name Symbol HKG Accession No
Tyrosyl-tRNA synthetase YARS \ NM_003680
Prefoldin subunit 1 PFDN1 \ NM_002622
Eukaryotic translation initiationfactor 3, subunit D EIF3S7 v NM_014989
E2F transcription factor 4 E2F4 v NM_001950
Tetratricopeptide repeat domain 1 TTC1 v NM_003314
HCLS1 associated protein X-1 HAX1 \ NM_001018837
Glutathione peroxidase 7 GPX7 X NM_003753
Regulating synaptic membrane exocytosis 1 RIMS1 x NM_015696
COMM domain containing 2 COMMD2 X NM_016094
Component of oligomeric golgi complex 1 COG1 X NM_018714
Peptidylprolyl isomerase (cyclophilin)-like 3 PPIL3 x NM_032472
FAD-dependent oxidoreductase domain containing 1 H17 x NM_017547
General transcription factor IIH, polypeptide 4 GTF2H4 x NM_001517
Methylmalonic aciduria (cobalamin deficiency) cblA type MMAA x NM_172250
SMAD family member 2 SMAD2 X NM_001003652
Plexin domain containing 2 PLXDC2 X NM_032812
RUN and SH3 domain containing 1 RUSC1 X NM_001105203
Inhibitor of growth family, member 1 ING1 X NM_005537
polymerase (DNA directed) kappa POLK x NM_016218
Regulator of cohesion maintenance, homolog B APRIN X NM_015032
0.20 A B
0.15 [ GAPDH (27 times; 50.9%)
g(é, -
‘§ 0.10 ACTB (18 times; 34.0%)
5} EIF3S7%
B PFDN1y HBB :| (3 times; 5.7%)
0.05 YARS*
HPRT1 :| (2 times; 3.8%)
0.00

0.8 1.0 1.2 1.4

S score

According to gene expression levels, all housekeeping genes in cDNA microarrays were ranked by S

score. The distribution of the housekeeping genes’ S scores is shown here. This distribution includes the S scores of the three genes (YARS, EIF3S7,
and PFDN1) with the lowest S scores. In previously published NPC studies, the 4 genes used most frequently as internal control genes were GAPDH,
ACTB, HBB, and HPRT1.

Expression levels of candidate RGs
Real-time PCR was performed to detect the expression levels
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of the 10 candidate RGs in 17 NPC tissues and 5 NP tissues.
Ct values of candidate RGs were between 16 and 30, which is a
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Figure 2. Expression levels of candidate reference genes in NPC and NP
samples. Values are given as real-time PCR cycle threshold numbers (Ct
values). Boxes represent the lower and upper quartiles with medians;
bars represent the ranges for the data.

wide expression range for real-time PCR experiments (Figure
2).

GeNorm analysis

Gene expression stability was analyzed by geNorm™ *), which
calculated the measure of gene expression stability (M) based
on the average pairwise variation of all studied genes.

The gene with the lowest M value was considered the most
stable™ ™. The genes studied, in order from the most stable to
the least stable, were YARS and HPRT1, EIF3S7, GAPDH, TBP,
PFDN1, ACTB, B2M, G6PDH, and HBB (Figure 3A).

Furthermore, the optimal number of reference gene sets
was evaluated by comparing the pairwise variation between
sequential normalization factors (NFs) (Figure 3B). The results
show that the inclusion of the fourth gene had about the same
effect (V=0.298) on the NF as the inclusion of the third gene
(V=0.287) had. There is no significant improvement in the
normalization factor to be gained from using more than three
genes (HPRT1, YARS, and EIF3S7).

Discussion

In our strategy (Figure 4), there are two main steps to creating
the candidate RG pool. The first step involves screening genes
using microarray data. We established a mathematical basis
for screening genes based on microarray data and calculated
every gene’s S score using the relevant equations. The S score
for a gene represents the stability of that gene’s expression
level. The lower the S value is, the more stably the gene is
expressed. In those genes with relatively low S, we preferred
HKGs to be candidate RGs because they are a group of genes
that are required for the maintenance of basal cellular function
and are constitutively expressed in all cells. The second main
step in our strategy involves screening published literature
to identify frequently used control genes. Such a two-step
approach to select candidate RGs could provide more genes’
information and identify optimal RGs with greater accuracy to
help finding optimal RGs. We validated those candidate genes
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Figure 3. GeNorm analysis of 10 candidate genes. (A) The stability
parameter M, which was calculated for each gene in every calculation
round, is plotted on the Y axis. The X axis shows the 10 genes ranked
according to their expression stability. (B) geNorm calculated NF from
leastwise 2 genes to determine the optimal number of reference genes. V

is defined as the pairwise variation between 2 sequential NF, and NF,, .
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Figure 4. The strategy of selecting reference genes.

using the results of real-time PCR. Then geNorm, a widely
available program, was used to screen the best RGs from the
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real-time PCR data. The GeNorm program was used to vali-
date RGs by determining the most stably expressed candidate
gene based on each gene’s average expression stability (M). A
normalization factor (NF) was then generated by calculating
the geometric mean of the most stable RGs”.

Potential reference genes selection

The more stable the expression of a gene is, the lower that
gene’s S score. When n genes were ranked by S score, the
most unstable gene with the highest S score was then excluded
for the next round because this gene may cause significant bias
in the results. Then, a new S score of each of the remaining
n-1 genes was calculated in the second round. This procedure
was repeated until just two genes remained. Ultimately, every
gene in the gene expression profile was ranked according to
the stability of its expression. Three HKGs (YARS, EIF3S7,
and PFDN1) with the lowest S value were selected as the can-
didate RGs. The literature does not report previous use of
these genes as RGs.

We performed a MEDLINE search to identify RGs used in
previously published NPC studies . The results of this search
showed that no standard set of RGs for NPC expression stud-
ies currently exists. Four genes (GAPDH, ACTB, HBB, and
HPRT1) were then selected as candidate RGs. In addition, we
selected another three HKGs (TBP, B2M, and G6PDH) that
are frequently used as RGs in other cancer studies! !> ¥,
Then, the candidate RGs were narrowed down to ten HKGs.
Such an approach to select candidate RGs could provide more
genes’ information to help identify optimal RGs.

Expression levels of candidate RGs

Real-time PCR was then performed to find the expression level
of the 10 candidate RGs. In gene expression studies, it is bet-
ter to use RGs with similar expression levels to normalize the
target genes. In our study, Ct values of candidate RGs were
between 16 and 30, which is a wide expression range for real-
time PCR experiments (Figure 2). GAPDH, EIF357, and ACTB
were highly expressed, with Ct values below 21 cycles. YARS,
PFDN1, HPRT1, and TBP were expressed at relatively low lev-
els and had Ct values over 21 cycles. This set of genes could
be an effective reference for target genes with a large range of
gene expression levels.

GeNorm analysis

GeNorm calculated the measure of gene expression stability
(M). Following the procedure specified by geNorm, we con-
verted Ct values to linear quantities by 2 using the highest
expressed sample as a calibration sample. M is defined as
the average pairwise variation of one gene compared to each
of the others. Genes were ranked from the most stable to the
least stable as follows: YARS and HPRT1, EIF3S57, GAPDH,
TBP, PFDN1, ACTB, B2M, G6PDH, and HBB (Figure 3A). NPC
expression research required M values of 1.5 or less!"" *],
B2M, G6PDH, and HBB were not suitable for NPC expression
research because their M values were above the 1.5 threshold.
YARS and HPRT, both of which had the lowest M value of the
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group, were identified as the two most stably expressed genes.

In our studies, HPRT1 and YARS were identified by
geNorm!™ as the most appropriate internal control genes of 10
candidate RGs. Furthermore, 5 other genes (EIF3S7, GAPDH,
TBP, PFDN1, and ACTB) were also shown to be appropri-
ate RGs for NPC studies (Figure 3A). The three least stable
genes (B2M, G6PDH, and HBB) were all beyond the cut-off
value. Although these three genes have commonly been used
as RGs in other cancers, they should be avoided as internal
control genes in NPC. Interestingly, the results showed that
ACTB was not as stable as predicted. It had the lowest M
value of seven qualified RGs. To the best of our knowledge,
ACTB was one of the most commonly used RGs in previously
published NPC studies. According to the articles evaluated,
ACTB was used 18 times (34.0%), which was more frequently
used than other genes, second to GAPDH, which was used 27
times (50.9%). The relatively high variability of ACTB expres-
sion further demonstrates the problems of relying on com-
monly used RGs. Similar erroneous normalizations had been
reported by other researchers !, These examples indicate
that the absence of a thorough validation process for RGs
could result in imprecise normalization.

Furthermore, NFs were calculated for the two most stably
expressed genes by stepwise inclusion of a less stable RG. The
results showed there is no significant improvement in the nor-
malization factor when using more than three genes (HPRT1,
YARS, and EIF3S7). This result indicates that the three-gene
set is adequate for the normalization in NPC gene expression
studies. We strongly recommended that if conditions permit,
this three-gene set should be used instead of the single RG for
data normalization.

Advantages and limits to the RG-selecting system

The conventional approach to finding RGs involves only
screening earlier studies. There are 2 obvious defects in this
approach. The first defect is as noted above, a lack of any
systematic comparison of particular experimental contexts.
Simply using conventionally used RGs may result in a bias
of normalization. The second defect is that if no RGs appear
in the prior published research for the cancer or species to
be studied, then one is left with no method for choosing the
right RGs. Our strategy helps to remedy both of these defects
by including microarray data analysis as part of the method
for choosing RGs. Furthermore, the present study is the first
systematic comparison of the effectiveness of a set of potential
RGs for nasopharyngeal carcinoma research. No previous
studies have tried to validate optimal RGs in NPC. One pos-
sible reason this validation has not been done previously is
that NPC and nasopharyngeal phlogistic specimens are very
difficult to acquire because (a) most NPC are prevalent in
Southeast China; and (b) the size of the cancer tissue is very
small.

When we compared the cDNA microarray screen results to
the geNorm results, we found that HPRT1, one of the best con-
trol genes, was not identified in the screen of the microarray
data. The failure to identify it as microarray candidate RGs



may have biological and methodological reasons. One reason
might be that many genes in the microarray such as ribosomal
protein genes were stably expressed. Although HPRT1 was
not selected as candidate gene, it was still in the pool of stably
expressed genes with low T values. Another reason it was not
identified might be the fact that, to calculate T values, more
than 10000 genes were used to correct for each other, but only
a few candidate genes were used in geNorm. Furthermore,
real-time PCR data were thought to be more accurate than
c¢DNA microarray data. Methodological differences between
c¢DNA microarray and real-time PCR were also responsible for
the bias. We can conclude from this result that the literature
screen is an important complement to the microarray screen-
ing strategy.

We also reported here three new HKGs (YARS, PFDN1, and
EIF3S), which were all shown to be appropriate RGs for NPC
gene expression studies. These genes were identified directly
from the 20 microarray data sets. The current study is the first
report of these genes as potential RGs in NPC. The current
study also shows that the strategy of screening microarray
data for suitable candidate RGs is feasible. The process for
finding candidate RGs shown in this study may help research-
ers who wish to find RGs for a new species, tissue, or cell type
that has no record of proven RGs.
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