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ABSTRACT: This study attempts to identify a suitable endogenous control gene for real-time RT-

PCR in nonsmall cell lung cancer (NSCLC) tissues.

Expression of seven common endogenous control genes (glyceraldehyde-3-phosphate

dehydrogenase (GAPDH), v-abl Abelson murine leukaemia viral oncogene homologue 1, beta-

2-microglobulin, hypoxanthin phosphoribosyltransferase 1 (HPRT1), phosphoglycerate kinase 1,

peptidylprolyl isomerase A, and ribosomal protein, large, P0) in 18 heterogenous NSCLC tumour

specimens, 10 normal lung tissues and six NSCLC cell lines were analysed by quantitative RT-

PCR. The variances and correlation coefficients of cycle threshold (Ct) value of each control gene

in three tissue groups and subgroups were compared. The difference and correlation coefficients

between the Ct value for each control gene and the mean Ct value of the remaining control genes

were calculated.

The GAPDH gene transcript showed the least variance and linear regression analysis

demonstrated that GAPDH and HPRT had the strongest correlation in pooled tumour and normal

lung tissues. Furthermore, GAPDH expression value showed stringent correlation and had the

lowest difference with the mean expression value of the remaining endogenous control genes.

Among the seven common endogenous control genes, glyceraldehyde-3-phosphate dehydro-

genase is the most suitable for quantitative RT-PCR reaction in nonsmall cell lung cancer tissue

samples.
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L
ung cancer is the leading cause of death
from cancer among males and females in
the world [1]. More people die each year

from lung cancer than of colon, breast and
prostate cancer combined. Nearly 7,000 people
in Taiwan die from lung cancer each year [2].
Despite advances in treatment between 1995–
2005, long-term survival for patients with non-
small cell lung cancer (NSCLC) remains poor.
The overall 5-yr survival rate remains ,20%, as
most patients present with advanced disease [3].
To increase survival rates, lung cancer must be
detected as early as possible. Real-time quantita-
tive PCR technology has recently been applied
avidly in quantifying circulating DNA for early
lung cancer diagnosis [4]. Additionally, quanti-
tative PCR has been used in the study of lung
cancer to identify molecular characteristics [5],
the target gene and its expression [6], and
predicting prognosis [7]. However, to accurately
quantify gene expression, parallel amplification
of the target gene with one or more endogenous
control gene is a critical issue. An ideal endo-
genous control gene always shows the same level
of expression across all tissue samples, cells,

experimental treatments and designs. Unfor-
tunately, such a universal endogenous control
gene either does not exist [8] or it has not yet been
found [9–14]. Therefore, the constant expression
of an endogenous control gene chosen for the
experimental setup required testing and valida-
tion before any reliable data could be obtained. A
few reports have already validated one or more
suitable endogenous control genes for RT-PCR in
specific organs or tissues such as: Ableson gene
for leukaemia [15]; protein kinase cyclic guano-
sine monophosphate (cGMP)-dependent type-
1 (PGK1) for both T- and B-cell lymphoma
[16]; human acidic ribosomal protein for
pulmonary tuberculosis [17]; 18s rRNA and
cyclophilin for renal biopsies [18]; ubiquitin
B, glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) and translationally controlled tumour
protein for colon cancer [19]; heat shock 90 kD
protein 1b, testis enhanced gene transcript; and
adenosine tiphosphate synthase for bladder
cancer [19].

Recent lung cancer studies have employed
various endogenous control genes, such as
GAPDH [20], b-actin [21], TATA-binding protein
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[22], 18s-rRNA [23] and phenylalanine hydroxylase [24], for
RT-PCR. However, no endogenous control gene has been
validated in lung cancer and normal lung tissues. Therefore,
this study attempted to identify an endogenous control gene
suited for investigation of experimental designs covering
various stages and types of NSCLC tumours, normal lung
tissues and NSCLC cell lines. The gene expression levels of
seven commonly used endogenous control genes were
assessed by quantitative RT-PCR. The variances of each gene
and correlation coefficients between control genes were
analysed.

MATERIAL AND METHODS
Tumour tissues and cell lines
Primary tumour samples (n518) and corresponding nonma-
lignant lung tissues (n510) were obtained from NSCLC
patients (nine males and nine females, aged 28–81 yrs, mean
63¡9 yrs) who had been treated with curative resectional
surgery at Chung Gung Memorial Hospital (Taoyuan, Taiwan,
Republic of China (ROC)) between June 2000 and March 2003.
There were 14 adenocarcinomas, three squamous carcinomas,
one large cell carcinoma (12 stage I, two stage II and four stage
III) and 10 normal lung tissues. Surgically removed samples
were immediately frozen in liquid nitrogen and stored at -80uC
until used. Frozen surgical specimens were sectioned and
mounted onto slides. After fixation, the cells were stained with
haematoxylin and eosin stain. The slides were carefully
examined for pathology by two of the authors. Areas of
contaminating stroma cells in these tumoural samples were
calculated under low- and high-powered microscope magnify-
ing fields. The percentage of stromal cells was 11.95¡8.06 (4–
35%). Six NSCLC cell lines were used: NCI-H23, NCI-H226,
NCI-H460, and NCI-H1299. These were obtained from G.M.
Tsai (Taipei Veteran General Hospital, Taiwan, ROC). Calu-1
was a generous gift from S.H. Liau (Chang Gung University
TaoYuan, Taiwan, ROC) and NCI-A549 was obtained from
Y.C. Liu (Chang Gung Memorial Hospital). All NSCLC cell
lines were grown and propagated in Royal Park Memorial
Institute medium-1640 supplemented with 10% foetal calf
serum (Invitrogen, Carlsbad, CA, USA). The study was
approved by the ethical committees at the Chang Gung
Memorial Hospital and informed consent was obtained from
each patient.

RNA purification and cDNA preparation
Total RNA was isolated with Trizol reagent (Invitrogen,
Carsbad, CA, USA) according to the manufacturer’s instruc-
tion. The amount of total RNA was quantified by spectro-
photometric OD260 measurement. First-strand cDNA synthesis
was carried out using the M-MLV reverse transcriptase
method (Invitrogen). Both 8 mg of total RNA and an adequate
amount of diethyl pyrocarbonate water in a total volume of
21 mL were incubated for 5 min at 95uC. After adding 2.74 mL
of 0.3 mg?mL-1 random primers, 4 mL of 0.1 M dithiothreitol
(DTT), 8 mL of 56reverse-transcription (RT) buffer, 1 mL of
RNase-out 40 U?mL-1 and 2 mL of Moloney murine leukaemia
virus (M-MLV) reverse transcriptase (200 U?mL-1) in a total
volume of 40 mL, the RNA mixture was incubated at 37uC
overnight. The cDNA was then diluted 1:16 for application in
RT-PCR.

RT-PCR
Seven endogenous control genes (v-abl Abelson murine
leukaemia viral oncogene homologue 1 (ABL1; NM-007313),
beta-2-microglobulin (B2M; NM-004048), hypoxanthine phos-
phoribosyltransferase 1 (HPRT1; NM-000194), GAPDH (NM-
002046), PGK1 (NM-000291), peptidylprolyl isomerase A
(PPIA; NM-021130), and ribosomal protein, large, P0 (RPLP0;
NM-001002)) were measured by quantitative RT-PCR using the
59 nuclease technology on an ABI PRISM 7700 sequence
detection system (Applied Biosystems, Foster City, CA, USA).
The sequences of the probes were labelled with FAM1 dye-
MGB (Applied Biosystems). Specific primers and probes of
HPRT1, PGK1, PPIA and RPLP0 (Applied Biosystems) were
Human TaqMan1 (Applied Biosystems) predeveloped endo-
geneous controls or designed virtually by means of primer
express software to select those primers and probes that met
the TaqMan1 PCR requirements. The sequences designed for
the primers and probes are shown in table 1.

The PCR reactions were prepared in a final volume of 25 mL,
with a final concentration of 16TaqMan1 Universal PCR
Master Mix (Applied Biosystems) together with 400 nm?L-1 of
each forward and reverse primer, and 100 nm?L-1 probe
(TaqMan). Then, 62.5 ng of cDNA were added, and samples
were processed under the following cycling parameters. The
thermal cycling condition comprised an initial incubation at
50uC for 2 min, 95uC for 10 min, followed by 40 cycles of
denaturation at 95uC for 15 s, and annealing and extension at
60uC for 1 min. Each measurement was performed in duplicate
and the threshold cycle (Ct) was determined. No template was
used as a control, and a standard curve of four to five serial
dilutions of a cDNA mixture were performed for all runs.

Statistical analysis
All data were analysed using standard computer software.
Independent samples tests were performed with Levene’s test
for equality of variance and paired t-test for equality of means
between Ct values of tumour subgroups (adenocarcinoma and
other pathological types). Correlations were determined by
Pearson’s test. All p-values ,0.001 were considered statisti-
cally significant.

RESULTS
Variable expression of seven endogenous control genes
Differential expression levels and dispersion of individual Ct
values from the mean Ct value of seven endogenous control
genes in NSCLC tumours, normal lung tissues, and NSCLC
cell lines were identified (fig. 1). Data are presented as
mean¡SD. The lowest expression level (the highest Ct value
(mean¡SD)) was seen for the HPRT1 gene (Ct526.87¡0.93)
and the highest expression was for the PPIA gene
(Ct520.22¡1.44) in NSCLC tumours. The lowest and the
highest expression levels seen in the normal lung tissues,
respectively, were, HPRT1 gene (Ct526.53¡0.60) and B2M
gene (Ct520.16¡0.66). The lowest and the highest expression
levels in the NSCLC cell lines, respectively, were ABL1 gene
(Ct523.51¡1.38) and PPIA (Ct517.43¡0.66) (table 2). There
was a trend that all endogenous control genes, except B2M,
expressed higher in NSCLC cell lines than in lung tumours and
normal lung tissues. The variances of Ct value of each
endogenous control gene were compared across different
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sample groups (table 3). GAPDH (0.71) expression, showed the
smallest variance for NSCLC tumours (n518) followed by that
of RPLP0 (0.76). The smallest variability in normal lung tissues
(n510) was HPRT1 (0.36) or ABL1 (0.36) expressions, followed
by that of GAPDH (0.40). In NSCLC cell lines (n56), RPLP0
(0.75) expression had the smallest variance, followed by that of
GAPDH (0.31). However, the smallest variance observed in
NSCLC tumours and normal lung tissues combined (n528)
was for the expression of GAPDH (0.59), followed by that of
HPRT1 (0.69) and RPLP0 (0.71). Conversely, the B2M expres-
sion showed the largest variance in lung tumour and normal
lung tissues combined (2.17, table 3). To investigate whether
pathologically different tumours affect the systemic variation,
the NSCLC tumours were further divided into two subgroups
according to their histopathological patterns: adenocarcinoma
(AD; n514) and the remaining other pathological types (three
squamous cell carcinomas, one large cell carcinoma). The
expression of GAPDH had the smallest variance for both
subgroups (0.67 and 0.57), and the B2M and PGK1 expression
had the largest variance (1.69 and 2.57; table 3). Overall, it
seemed that the expression of GAPDH had the smallest
variance and B2M had the largest variance among the seven
endogenous control genes. Variations of the subgroup had
minimal affect on systemic variation.

Correlation between endogenous control genes
Although different expression levels were noted for the
endogenous control genes in NSCLC tumour samples, normal
lung tissues and NSCLC cell lines, some endogenous control
genes expressed were strongly correlated (table 4). The
strongest correlation was between GAPDH and HPRT1
(r50.9328, p,0.0001) in pooled NSCLC tumours and normal
lung tissues (fig. 2 and table 4) and between the Ct value of
endogenous control genes in NSCLC tumours or normal lung
tissues (data not shown). However, the Ct values of B2M
showed weak correlation with other endogenous control genes
in lung tumours, normal lung tissue, NSCLC cell lines and the
pooled lung tumour and normal lung tissues (table 4).

Linear regression and difference plot of Ct and mean Ct
To examine whether the expression of a single gene can
represent the mean expression of the whole cluster of seven
genes, the Ct value of each individual endogenous control gene
versus the mean Ct of the remaining six endogenous control
genes for tumour and normal lung tissue samples was plotted.
Coefficients of correlation (r-value) were then calculated for

lung cancer, normal lung tissues and combined tumour and
normal lung tissues (table 5). The expression of GAPDH
showed a high correlation coefficient for lung cancer tissues
(r50.8382, p,0.001), normal lung tissues (r50.9702, p,0.001),
and combined lung cancer and normal lung tissues (r50.8605,
p,0.001). The GAPDH expression in NSCLC cell lines was
weakly correlated with the mean Ct value of the remaining six
endogenous control genes (r50.77, p50.073, data not shown)
The mean difference between the Ct of each gene and the mean
Ct of the remaining six genes was also calculated. The mean
difference referred to fixed distance between the expression of
each endogenous control gene and the mean expression of the
remaining genes. Clearly, GAPDH expression had the lowest
mean difference, i.e. its expression was almost equal to the
mean expression of the remaining six endogenous control
genes. Most importantly, the accuracy (26SD) represents the
degree of diversion from the expression of each endogenous
control gene to that of the remaining genes. Again, GAPDH
expression only maximally deviates ¡0.47 Ct (PCR cycles)
from the expression measurement of other genes combined
(for 95% of the tissue samples) in pooled lung cancer and
normal lung tissues (fig. 3).

DISCUSSION
The main findings of the present study are as follows: 1)
GAPDH mRNA expression had the least variance in pooled
lung tumour and normal lung tissue samples, adenocarci-
noma, and other pathological type subgroup; 2) GAPDH
mRNA expression had strong correlation with the mRNA
expression of each of the six other endogenous control genes in
lung tumour and in normal lung tissue samples (data not
shown); 3) GAPDH mRNA expression had the strongest
correlation with that of the remaining six endogenous control
genes in pooled lung tumour and normal lung tissue samples;
and 4) GAPDH mRNA expression had the lowest mean
difference and the highest accuracy with that of the remaining
six endogenous control genes in pooled lung tumour and
normal lung tissue samples.

This study analysed, by quantitative RT-PCR assay, the gene
expression of seven common endogenous control genes in
NSCLC tumours, normal lung tissues and NSCLC cell lines. In
general, the expression levels of these seven endogenous
control genes were lower in tissue specimens than in NSCLC
cell lines (tables 2 and 3). This phenomenon is also noted in
leukaemia cell lines [16]. A possible mechanism for high
endogenous control gene expression in cell lines is that serum

TABLE 1 The sequences designed for the primers and probes

ECG Probe Primer

Forward Reverse

GAPDH CAAGCTTCCCGTTCTCAGCC GAAGGTGAAGGTCGGAGTC GAAGATGGTGATGGGATTTC

ABL1 CCATTTTTGGTTTGGGCTTCACACCATT TGGAGATAACACTCTAAGCATAACTAAAGGT GATGTAGTTGCTTGGGACCCA

B2M CCTCCATGATGCTGCTTACATGTCTC GAGTATGCCTGCCGTGTG AATCCAAATGCGGCATC

All sequences are written in 5’–3’ sequence. ECG: endogenous control genes; GAPDH: glyceraldehyde-3-phosphate dehydrogenase; ABL1: v-abl Abelson murine

leukaemia viral oncogene homologue 1; B2M: beta-2-microglobulin.
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stimulation influences the expression of several common
endogenous control genes [25]. The mechanism of this
phenomenon requires further study. To identify the appro-
priate endogenous control genes for RNA quantity normal-
isation, two criteria were adopted for selection of the most

suitable endogenous control gene: 1) the lowest variance in
NSCLC tissue gene expression; and 2) the most strongly
correlated gene expression among seven endogenous control
genes.

To select the most suitable endogenous control gene in NSCLC
cell lines for RT-PCR, the two selection criteria were applied.
The mRNA expressions of seven endogenous control genes
were evaluated in six different NSCLC cell lines. Expressions
of RPLP0 (0.13) and GAPDH (0.31) had the least variability of
these NSCLC cell lines. Correlation analysis demonstrated that
the Ct values of the RPLP0 gene correlated strongly with most
Ct values of the remaining six genes. The Ct values of the
GAPDH gene correlated strongly with those of the B2M,
HPRT1, PGK1 and RPLP0 genes, and poorly with those of
ABL1 and PPIA genes (data not shown). Furthermore, the Ct
values of the RPLP0 gene correlated best with the mean Ct
values of the remaining six genes (r50.8407). The accuracy of
the RPLP0 gene was as good as that of the GAPDH gene (0.84).
We concluded that the RPLP0 gene is the most suitable for
endogenous control in NSCLC cell lines. This analytical result
is compatible in other cell lines, as the RPLP0 gene is the most
suitable for endogenous control in B- and T-cell lines [16].

In lung tumours, the normal lung tissue group and the NSCLC
cell line group, the gene GAPDH expression had the second
lowest variance (0.72, 0.40 and 0.31). However, in pooled lung
tumour and normal lung tissue group, GAPDH expression had
the lowest variance (0.59). The GAPDH was also the gene with
the lowest variance both in adenocarcinoma and other
pathological type subgroups (tables 2 and 3). The expression
of GAPDH has exhibited marked variability among normal
colon epithelium [8], human prostate carcinoma [26] and
normal human cells [27]. However, analytical results showed
that GAPDH gene expression had the lowest variance in
pooled NSCLC tumours and normal lung tissues (table 2).
Alternatively, B2M, an integral part of the histocompatibility
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FIGURE 1. Differential mRNA expression of seven endogenous control genes

in three different groups of lung tissues. a) The lung tumour tissue group. b) The

normal lung tissue group. c) The nonsmall cell lung cancer cell lines. The horizontal

bar represents the mean cycle threshold (Ct) value of each endogenous control

gene in each specific tissue group. Numbers above the dot plots represent variance

of expression of a particular gene among the samples. GAPDH: glyceraldehyde-3-

phosphate dehydrogenase; ALB1: v-abl Abelson murine leukaemia viral oncogene

homologue 1; B2M: beta-2-microglobulin; HPRT1: hypoxanthin phosphoribosyl-

transferase 1; PGK1: phosphoglycerate kinase 1; PPIA peptidylprolyl isomerase A;

RPLP0: ribosomal protein, large, P0.

TABLE 2 Comparison of mean cycle threshold (Ct) value
across different sample groups and subgroups

GAPDH ABL1 B2M HPRT1 PGK1 PPIA RPLP0

T 22.89 25.03 20.79 26.80 22.89 20.22 20.84

N 22.73 24.98 20.16 26.53 23.21 20.25 20.84

CL 17.93 23.51 21.21 23.37 20.34 17.43 18.21

T+N 22.83 25.01 20.57 26.75 23.01 20.23 20.84

AD 22.72 24.73 20.41 26.79 22.74 20.01 20.75

OT 23.46 26.10 22.13 27.15 23.41 20.98 21.14

Data are represented as mean Ct values of each endogenous control gene in

different sample groups and subgroups. GAPDH: glyceraldehyde-3-phosphate

dehydrogenase; ALB1: v-abl Abelson murine leukaemia viral oncogene

homologue 1; B2M: beta-2-microglobulin; HPRT1: hypoxanthin phosphoribo-

syltransferase 1; PGK1: phosphoglycerate kinase 1; PPIA: peptidylprolyl

isomerase A; RPLP0: ribosomal protein, large, P0; T: lung tumours (n518),

N: normal lung tissues (n510); CL: nonsmall cell lung cancer cell lines (n56);

T+N: pooled lung tumour and normal lung tissue samples (n528); AD:

adenocarcinoma (n514); OT: other pathological types of tumours (n56).
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leukocyte antigen (HLA) class I complex, was a strongly
affected endogenous control gene in NSCLC tumours and
NSCLC cell lines. This result is compatible with the dramatic
changes of B2M in different lymphoma [28, 29].

Variance represents the degree of deviation from the mean. It
is possible that one endogenous control gene, which expresses
the least variance of the Ct value, does not have to correlate
well with the other endogenous control gene. Analysis by
correlation coefficient method only has shortcomings.
Correlation coefficients may be unsuited to analysing the
expression stability of the tested control genes because the data
range between the minimum and maximum expression levels,
or any outlying value, could have a dramatic influence on the
slope of the regression line and, consequently, on the value of
the correlation coefficient [8]. Take GAPDH, for example: a

lineal regression measurement was performed by plotting Ct
values of the expression levels between each two endogenous
control genes in NSCLC tumours, normal lung tissues, NSCLC
cell lines and three pooled groups of tissues. The GAPDH had
an obvious strong correlation with other endogenous control
genes (table 4). However, GAPDH did not have a lower
variance of Ct value in pooled lung tumours, normal tissues
and lung cancer cell lines. This finding is due to the Ct values

TABLE 3 Comparison of variance across different sample
groups and subgroups

GAPDH ABL1 B2M HPRT1 PGK1 PPIA RPLP0

T 0.71 2.04 3.07 0.86 1.89 2.10 0.76

N 0.40 0.36 0.44 0.36 1.02 0.58 0.71

CL 0.31 1.90 1.62 0.72 0.77 0.44 0.13

T+N 0.59 1.41 2.17 0.69 1.56 1.51 0.71

AD 0.67 1.34 1.69 0.96 1.33 1.53 0.90

OT 0.57 1.79 1.95 0.70 2.57 0.75 0.64

Data are represented as variances of cyclic threshold values of each

endogenous control gene in different sample groups and subgroups.

GAPDH: glyceraldehyde-3-phosphate dehydrogenase; ALB1: v-abl Abelson

murine leukaemia viral oncogene homologue 1; B2M: beta-2-microglobulin;

HPRT1: hypoxanthin phosphoribosyltransferase 1; PGK1: phosphoglycerate

kinase 1; PPIA peptidylprolyl isomerase A; RPLP0: ribosomal protein, large, P0;

T: lung tumours (n518); N: normal lung tissues (n510); CL: nonsmall cell lung

cancer cell lines (n56); T+N: pooled lung tumour and normal lung tissue

samples (n528); AD: adenocarcinoma (n514); OT: other pathological types of

tumours (n56).

TABLE 4 Correlation between seven endogenous control
genes in pooled tumour and normal lung tissues

ECG ABL1 B2M HPRT1 PGK1 PPIA RPLP0

GAPDH 0.7183 0.5801 0.9328 0.6595 0.6771 0.7890

ABL1 0.6174 0.6782 0.7399 0.8004 0.3594

B2M 0.5205 0.5152 0.5169 0.3183

HPRT1 0.5684 0.5798 0.6775

PGK1 0.9066 0.5768

PPIA 0.5903

Data are represented as coefficients (r-value) between each two endogenous

control genes. ECG: endogenous control genes; GAPDH: glyceraldehyde-3-

phosphate dehydrogenase; ALB1: v-abl Abelson murine leukaemia viral

oncogene homologue 1; B2M: beta-2-microglobulin; HPRT1: hypoxanthin

phosphoribosyltransferase 1; PGK1: phosphoglycerate kinase 1; PPIA pepti-

dylprolyl isomerase A; RPLP0: ribosomal protein, large, P0.
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FIGURE 2. Scatter plot of the quantitative RT-PCR of endogenous control

gene expression results. A correlation coefficient was calculated as r-value

(r50.9328), glyceraldehyde-3-phosphate dehydrogenase (GAPDH; y-axis) versus

hypoxanthin phosphoribosyltransferase 1 (HRPT1; x-axis) mRNA expression value.

In this correlation, 28 samples (18 lung tumours, 10 normal lung tissues) were

examined. Ct: cyclic threshold.

TABLE 5 Coefficients of correlation and independent
relationship between each individual gene and
the mean cyclic threshold (Ct) of the remaining
six genes

Control

genes

Coefficients of correlation

MD T+N AC T+N

T N T+N

GAPDH 0.8382 09702 0.8605 0.09 0.94

ABL1 0.8116 0.8364 0.8049 2.63 1.41

B2M 0.6630 0.3579 0.6010 -2.53 2.35

HPRT1 0.7302 0.9863 0.7660 4.66 1.22

PGK1 0.8253 0.8972 0.8106 0.29 1.48

PPIA 0.8289 0.9212 0.8361 -2.80 2.40

RPLP0 0.5661 0.8672 0.6161 -2.20 1.61

Data are represented as Pearson’s correlation coefficients (r-value). The mean

difference (Ct-mean Ct) represents the difference in height of expression,

whereas the accuracy represents 26SD. T: lung cancer tissues; N: normal lung

tissues; T+N: pooled lung cancer and normal lung tissues; MD: mean

difference; AC: accuracy; GAPDH: glyceraldehyde-3-phosphate dehydrogen-

ase; ALB1: v-abl Abelson murine leukaemia viral oncogene homologue 1; B2M:

beta-2-microglobulin; HPRT1: hypoxanthin phosphoribosyltransferase 1; PGK1:

phosphoglycerate kinase 1; PPIA peptidylprolyl isomerase A; RPLP0: ribosomal

protein, large, P0.
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of the lung cancer cell lines being located in the left lower end
of the regression line (data not shown). The current authors,
therefore, conducted both variance analysis and lineal regres-
sion measurement by plotting Ct values of the expression
levels and calculating their variances between endogenous
control genes in NSCLC tumours and normal lung tissues. The
data showed that the Ct value of GAPDH had the lowest
variance and correlated strongly with other endogenous
control genes in pooled NSCLC tumour and normal lung
tissues (tables 2 and 3, fig 2).

The GAPDH mRNA expression was also compared with b-
actin mRNA and 18S-rRNA expressions in NSCLC. The results
demonstrated that the GAPDH mRNA expression had the
least variance (0.017), 18S-rRNA expression variance was next
(0.031) and the b-actin mRNA expression had the greatest
variance (0.4143). The GAPDH mRNA expression correlated
best with 18S-rRNA expression and b-actin mRNA expression
correlated poorly with 18S-rRNA expression (data not shown).
Although 18S-rRNA expression had a low variance, it has
limitations [16]. The 18S-rRNA gene is more stable and is less
affected by degradation than most other genes; it is not
expressed as mRNA, thus limiting its usage as an endogenous
control. Overall, when applying the same methods (variance
and correlation) to compare GAPDH mRNA, b-actin mRNA
and 18S-rRNA expressions, the most suitable gene to serve as
an internal RNA quality and quantity control in NSCLC
specimens was GAPDH.

ANDERSEN et al. [19] stated that the variation, on average, of
multiple genes is smaller than the variation in individual
genes. In spite of this fact, the use of multiple normalisation
genes, rather than a single gene, does not imply improved
normalisation. It is of particular importance with regard to the
clinical point of view as the choice of one single gene suitable
for endogenous control is more economical and convenient
than multiple genes in dealing with high throughput of
heterogenous clinical samples. Therefore, to select a simple
gene that could replace multiple gene measurements, the

current authors tested the correlation between the expression
of each single endogenous control gene and the mean
expression of the remaining six genes. The results showed
that GAPDH expression is strongly correlated with the mean
expression of the other six endogenous control genes, both in
lung cancer and normal lung tissues (table 5). In addition,
GAPDH had the lowest mean difference (Ct-mean Ct) and
accuracy (26SD). In difference plot, an accuracy of ¡0.47 PCR
cycles (Ct) implies that normalisation may differ only 1.5-fold
(20.48), using the expression of GAPDH instead of the mean
expression of all genes.

In conclusion, the authors propose that GAPDH is the most
suitable endogenous control among these seven genes for RNA
quality and quantity control in both lung tumours and normal
lung tissues. In clinical practice, when only a small amount of
RNA from clinical samples is available (e.g. after microdissec-
tion or needle biopsies) and the gene of interest has a high
expression, the high-expression GAPDH is suitable for the
endogenous control gene. Alternatively, when the gene of
interest has intermediate or low expression or in all situations
when sufficient cells are present, a low-copy housekeeping
control (best for RNA isolation efficiency, RNA quality, and
RT-efficiency, HPRT1, for example) is the choice after GAPDH.
Based on findings in this investigation, the expression of the
genes of interest in different samples of NSCLC should be
normalised by concomitant measurement of the GAPDH gene
products in order to eliminate or lower systemic bias.
Compared with previously published procedures for identify-
ing suitable normalisation genes by purely mathematical
modelling [19], the present approach provides more direct
measures, takes into account systematic differences between
sample subgroups and is less tedious.

The authors suggest that glyceraldehyde-3-phosphate dehy-
drogenase can be used as an endogenous control gene for real-
time quantitative PCR in studies of gene expression in
nonsmall cell lung cancer tumours and normal lung tissue
samples.
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