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Abstract. Gene transcription analysis is important in cancer
research, and reverse transcription-quantitative polymerase
chain reaction (RT-qPCR) has been demonstrated to be an
effective method to evaluate gene transcription in cancer.
RT-qPCR requires an internal reference gene with a consis-
tent level of mRNA transcription across various experimental
conditions. However, it has been suggested that different
treatments, including anticancer therapy, may influence the
transcriptional stability of internal reference genes. Paclitaxel
(PTX) and 10-hydroxycamptothecin (HCPT) are widely
used to treat various types of cancer, and a suitable internal
reference gene is required in order to analyze the transcrip-
tion profiles of the cells following treatment. In the current
study, the transcriptional stability of 30 candidate reference
genes was investigated in cancer cells following treatment
with PTX and HCPT. The two ovarian cancer cell lines,
UACC-1598 and SKOV3, were treated with PTX and HCPT
for 24 and 48 h, and the transcriptional levels of the candidate
reference genes were subsequently evaluated by RT-qPCR
analysis. The transcriptional stability of the selected genes
was then analyzed using gbase* and NormFinder software. A
total of 9 genes were demonstrated to exhibit high transcrip-
tional stability and one of these genes, ribosomal protein
L13a (RPL13A), was identified to exhibit high transcriptional
stability in every group. The current study identified various
reference genes suitable under different circumstances, while
RPLI13A was indicated to be the most suitable reference gene
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for analyzing the transcription profile of ovarian cancer cells
following treatment with PTX and HCPT.

Introduction

Gene transcription analysis is important in understanding
the gene transcription profile in order to reveal complex
mechanisms involved in disease initiation, progression and
drug resistance (1,2). Reverse transcription-quantitative poly-
merase chain reaction (RT-qPCR) is a sensitive method for the
analysis of gene transcription in tissues or cells. This method
requires reference genes that are not differentially transcribed
across various tissues and experimental conditions, in order
to evaluate target gene transcription (3). However, previous
studies have suggested that several reference genes have vari-
able levels of transcription, and that different treatments may
influence the stability of the reference genes: Schmittgen and
Zakrajsek (4) reported that the transcription of ACTB and
GAPDH increased significantly following serum stimulation
and that the most suitable internal control genes for this exper-
imental condition were B2M and 18S RNA. Caradec et al (5)
observed that certain cell lines required multiple different
internal reference genes at different oxygen concentrations.
This suggests that the utilization of certain internal reference
control genes may adversely affect results and that suitable
control reference genes should be determined to successfully
analyze gene transcription in any experimental context. An
additional study demonstrated that experimental results were
highly dependent on the reference gene used (6).

In cancer research and clinical studies, paclitaxel
(PTX) has been widely used to improve patient prognosis
in the treatment of various types of gynecological cancer,
including ovarian, cervical and endometrial cancer, in addi-
tion to breast, gastric and non-small-cell lung cancer (7-9).
PTX interferes with spindle microtubules, resulting in
depolymerization delay, which then triggers cell cycle arrest
and cellular apoptosis (10). PTX is also able to directly bind
to Bcel-2 and induce apoptosis (11). Camptothecin (CPT), a
chemotherapeutic drug, has been reported to be efficient at
inhibiting the growth of ovarian, hepatic, gastric, colorectal
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and breast cancer (12-16). CPT and its derivatives are able
to inhibit the replication and transcription of DNA and
mitosis by acting on type-I DNA topoisomerase (17,18). The
CPT derivative, 10-hydroxycamptothecin (HCPT) exhibits
increased activity and is less toxic than other derivatives,
which are all widely used and studied anticancer drugs.
Therefore, if these anticancer treatments influence the
transcriptional stability of the internal reference gene, the
results of the investigation may be adversely affected. Thus,
in the current study the transcriptional stabilities of several
candidate reference genes were investigated, in order to
determine the appropriate reference gene for the quantifica-
tion of alterations in gene transcription following treatment
of cancer cells with PTX and HCPT.

Materials and methods

Cell lines and cell culture. The human ovarian cancer cell
line UACC-1598 was obtained from Dr Xin-Yuan Guan at
the University of Hong Kong (Pok Fu Lam, Hong Kong).
The human ovarian cancer cell line SKOV3 was obtained
from the Cell Bank of the Type Culture Collection of the
Chinese Academy of Sciences (Shanghai, China). These cells
were cultured in RPMI-1640 (Invitrogen Life Technologies,
Grand Island, NY, USA) containing 10% fetal bovine serum
at 37°C in a 5% CO, humidified atmosphere. UACC-1598 and
SKOV3 cells were treated with 0.5 ng/ul PTX (ICs, x 0.5;
Knowshine Pharmachemicals, Inc., Shanghai, China) and
1.0 ng/ul HCPT (ICs, x 0.5; Knowshine Pharmachemicals,
Inc.) for 24 and 48 h each.

Total RNA isolation and RT. Total RNA from the cultured
cells was extracted using TRIzol reagent (Invitrogen Life
Technologies) according to the manufacturer's instructions. The
integrity of RNA was confirmed by electrophoresis (Bio-Rad
Laboratories, Inc., Hercules, CA, USA) on a 1% agarose
gel (Gene Tech Co., Ltd, Shanghai, China). The concentra-
tions of the isolated RNA were determined by measuring the
Ase/Asgy and A,qi/A 5, absorbance ratios with a DU 800 spec-
trophotometer (Beckman Coulter, Brea, CA, USA).

The concentration of RNA was adjusted to 500 ng/ul with
nuclease-free water (Sigma-Aldrich, St. Louis, MO, USA). A
total of 1 ug total RNA was reverse-transcribed into cDNA
using Transcriptor Fisrt Strand cDNA Synthesis Kit (Roche
Diagnostics, Indianapolis, IN, USA) in a total reaction volume
of 20 ul by incubation at 50°C for 60 min, followed by 85°C
for 5 min.

Gene selection, primer design and efficiency evaluation. A
total of 30 candidate cancer-associated internal control genes
were selected according to previous studies (Table I) (19-25)
Certain primer sequences were selected from these studies
and others were designed using Gene Runner software,
version 3.05 (www.generunner.net); they are summarized in
Table I. The RT-qPCR efficiencies for all primers were detected
using serial 10-fold dilutions of the same cDNA sample.
Amplification efficiencies were calculated automatically from
raw fluorescence data by the LightCycler 480 software (version
1.5) in the Light Cycler® 480 Real-Time PCR System (Roche
Diagnostics).
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RT-gPCR.RT-qPCR was performed using the LightCycler 480
SYBR Green I Master mix (Roche Diagnostics). The RT-qPCR
reaction mix consisted of 0.5 M forward and reverse primers
(Table I), 10 ul Master mix, 100 ng cDNA and nuclease-free
water up to a 20 pl reaction volume. All experiments were
performed in triplicate and a no-template control (reaction mix
without cDNA) was used in each assay. RT-qPCR assays were
conducted at 95°C for a 5 min pre-incubation, then 45 cycles of
denaturation at 95°C for 10 sec, primer reannealing at 58-62°C
for 20 sec and extension at 72°C for 30 sec. The RT-qPCR
reaction was followed by melting curve analysis at 95°C for
5 sec and 65°C for 1 min.

Data analysis. For a stability comparison of the candidate refer-
ence genes, two pieces of software were used, gbase* (version
2.0; http://www.biogazelle.com/gbaseplus; Biogazelle, Ghent,
Belgium) and the Microsoft Excel add-in program NormFinder
(version 19; http://moma.dk/normfinder-software; Department
of Molecular Medicine, Aarhus, Denmark).

Results

RNA extraction and gene transcription. Total RNA was
extracted from the two cell lines following treatment with PTX
and HCPT for 0, 24 and 48 h, then the integrity was confirmed
by the ratios of 28S to 18S ribosomal RNA with agarose gel
electrophoresis (data not shown). It was determined that all
samples had A,q/A,g, ratios >1.9 and A, /A,;, ratios >1.5,
which indicates that the extracted RNA was of sufficient
purity for the experiments. The levels of the 30 candidate
genes were then evaluated using RT-qPCR in the samples of
ovarian cancer cells treated with PTX or HCPT. The cycle
threshold values for these genes were 12.11-28.65, which indi-
cated that every selected gene had appropriate transcription
(data not shown). Preliminary analysis of the transcriptional
stability of each gene with or without treatment was conducted
using a one-way analysis of variance. A total of 12 genes were
identified in which the levels of transcription remained stable
following treatment with PTX, and 10 transcriptionally stable
genes were identified following HCPT treatment. The selected
genes, which are presented in Table I, were further analyzed
using the gene transcription software described.

Analysis of the stability of gene transcription in
UACC-1598 cells. gbase* software was used to identify suitable
reference genes via the analysis of the transcriptional stability
of the selected genes in ovarian cancer cells treated with PTX
and HCPT. gbase* software utilizes a pairwise comparison of
variation to compute a geNorm M value for each gene and
an average geNorm M. A geNorm M value < the average
geNorm M value was considered to indicate high transcrip-
tional stability. The lower the geNorm M value of the internal
reference gene is, the greater the transcriptional stability it will
have. gbase* software also calculates a geNorm V value, which
represents the optimal number of reference genes to combine
in one experiment. In the UACC-1598 cells treated with PTX,
gbase* analysis calculated the geNorm M for each gene, with
an average of 0.200 (Fig. 1A). The genes with a lower than
average geNorm M value [B2M (f3-2-microglobulin), ribo-
somal protein L13a (RPL13A), GAPDH and phosphoglycerate
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kinase 1 (PGK1)] were considered to have high transcriptional
stability. Furthermore, B2M, which had the lowest geNorm M
value (0.109) was identified as the most stable reference
gene in UACC-1598 cells treated with PTX. The data from
UACC-1598 cells was also analyzed using NormFinder soft-
ware which yielded similar results, identifying B2M as the
optimal internal reference gene (data not shown). The optimal
number of genes selected in transcriptional studies was identi-
fied to be two, the results indicating that it is not necessary to
include more than two control genes for analysis (Fig. 1B). The
optimal normalization factor was calculated as the geometric
mean of the reference combination B2ZM and RPLI13A.
Determination of the optimal number of control genes for
normalization was performed on the basis of a pair-wise
variation (Vn/n + 1) analysis. V2/3 was the first value typically
lower than the cutoff value 0.150, indicating that there was
no need to include the third gene in order to determine the
optimal number of reference genes.

For UACC-1598 cells treated with HCPT, gbase* analysis
demonstrated that five genes with a geNorm M lower than
average (GAPDH, RPL13A, G6PD, ALAS and ABLI) had
high reference target stability (Fig. 2B). GAPDH exhibited the
lowest geNorm M value (0.090) and thus was identified as the
most stable reference gene in HCPT-treated UACC-1598 cells
(Fig. 2A). The optimal normalization factor was two, as illus-
trated in Fig. 2B and the best reference gene combination was
GAPDH and RPLI3A (Fig. 2B).

The reference genes with high transcriptional stability in
PTX- or HCPT-treated UACC-1598 cells varied, suggesting
that stimulation with different chemotherapeutic drugs has
a varied effect on the gene transcription profile in the same
cell line. The widely used reference gene ACTB presented
poor transcriptional stability in PTX- and in HCPT-treated
cells. However, in PTX- and HCPT-treated UACC-1598 cells,
RPLI13A remained transcriptionally stable, thus it was
concluded that RPL13A is a suitable reference gene in
UACC-1598 cells for gene transcription analysis.

Analysis of the stability of gene transcription in SKOV3 cells.
The transcriptional stabilities of the selected genes were then
investigated in the SKOV3 ovarian cancer cell line following
treatment with PTX and HCPT. gbase* analysis revealed that
the average geNorm M was 0.500 (Fig. 3A). The RPLI3A,
IPO8, YWHA and ALAS genes all presented geNorm M
values lower than the average, and exhibited high transcrip-
tional stability following treatment with PTX. The optimal
reference gene combination was observed to be RPL13A and
IPOS (Fig. 3B).

In the analysis of SKOV3 cells treated with HCPT, gbase*
analysis identified four genes that presented high transcriptional
stability (RPL13A, G6PD, PPIA and B2M; Fig. 4A), and the best
reference gene combination was RPL13A and G6PD (Fig. 4B).

The results obtained in SKOV3 cells were consistent
with those of UACC-1598 cells, with RPL13A exhibiting
a high transcriptional stability in the two cell types, when
treated with PTX or HCPT. Together, these results suggest
that different cell lines originating from the same organ may
exhibit different transcription profiles following drug treat-
ment. Although the different cell lines may exhibit stable
transcription of different internal reference genes, RPL13A
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Figure 1. Ranking of the internal reference genes in UACC-1598 cells treated
with PTX. (A) Transcriptional stability of the selected genes was evalu-
ated by gbase* software. A total of four genes were identified to have high
transcriptional stability (average geNorm M < the average). X axes, internal
reference genes. (B) gbase* analysis computes a geNorm V as the variability
between sequential normalization factors to determine the optimal number
of reference genes. Additional genes are included when the variation exceeds
the cutoff value, which is typically set at 0.150. V2/3 was < 0.150 thus the
optimal normalization factor is 2, and an appropriate combination of refer-
ence targets is RPL13A and B2M. X axes, pairwise variations.
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Figure 2. Ranking of the internal reference genes in UACC-1598 cells treated
with HCPT. (A) Transcriptional stability of the selected genes was evaluated
using gbase* software. A total of five genes were identified to have high target
reference stability (average geNorm M < the average). X axes, internal reference
genes. (B) The optimal normalization factor can be calculated as the geometric
mean of reference targets GAPDH and RPL13A. X axes, pairwise variations.
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Figure 3. Ranking of the internal reference genes based on gbase* software in
the samples of SKOV3 cells treated with PTX. (A) A total of four genes were
identified to have high target reference stability (average geNorm M < the
average). (B) Evaluation of the optimum combination of reference genes
for normalization. V2/3 < 0.150 indicates the optimal normalization factor
is 2 and that an appropriate combination of reference targets is IPO8 and
RPLI13A.
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Figure 4. Ranking of the internal reference genes based on gbase* software in
the samples of SKOV3 cells treated with HCPT. (A) A total of four genes were
identified to have high target reference stability (average geNorm M < the
average). (B) Evaluation of the optimum of reference genes for normaliza-
tion. V2/3 <0.150 indicates the optimal normalization factor is 2 and that an
appropriate combination of reference targets is G6PD and RPL13A.
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Table II. Stability of internal reference genes in UACC-1598
and SKOV3 cells under different conditions.

UACC-1598 SKOV3
Gene PTX HCPT PTX HCPT
B2M + +
RPLI13A + + + +
GAPDH + +
PGK1 +
G6PD + +
ALAS + +
1PO8 +
YWHAZ +
PPIA +

+ indicates the genes have transcriptional stability in that condition.
PTX, paclitaxel; HCPT, 10-hydroxycamptothecin.

is a suitable reference gene for gene transcription analysis in
ovarian cancer cells following PTX or HCPT treatments.

Discussion

RT-qPCR is widely used to analyze gene transcription in cells.
To evaluate the differences in the transcription of target genes,
it is necessary to eliminate the differences in RNA quality
and quantity, in addition to variations in RT efficiency. One
method to overcome this problem is to adjust the transcription
of the target genes using an internal reference gene. An ideal
reference gene has consistent transcription in all experimental
conditions. A previous study that focused on internal reference
genes for ovarian cancer identified GUSB, PPIA and TBP
as stably transcribed genes and suggested that GUSB and
PPIA be used in combination as internal reference genes to
normalize the transcriptional levels of other target genes (26).
An additional study suggested that the genes RPL4, RPLPO
and HSPCB presented the most stable transcription in ovarian
cancer tissues, and thus recommended RPL4 and RPLPO as
reference genes for normalization (25). This research illus-
trates that there are different appropriate reference genes for
different ovarian cancer samples. These observations support
the theory that following anticancer drug treatment, ovarian
cancer cells require different reference genes.

In the current study, the transcriptional levels of 30 candi-
date genes were analyzed, and the genes that transcribed
differently following drug treatments were eliminated from
the search at a preliminary stage. The stability of transcrip-
tion for the selected genes was then evaluated using gbase*
and NormFinder software. Approximately four genes were
identified to have high transcriptional stability in each experi-
mental group. The identified genes in the different groups
were compared and a total of nine genes were indicated to
have high transcriptional stability. In addition, there were
five genes that presented high transcriptional stability in
>2 groups. RPL13A was observed to exhibit high transcrip-
tional stability in all groups (Table II). It was concluded from



the data collected that treatment with PTX and HCPT did not
influence the transcriptional stability of RPL13A. The results
of the present study suggest that the transcriptional stability of
genes fluctuates when the cells are exposed to different condi-
tions, such as drug treatment. A previous study evaluated the
transcriptional stability of 11 genes following treatment with
tamoxifen, revealing that gene transcription was significantly
altered except for that of RPL13A, TFRC and GUSB (27). This
observation suggests that treatment with anticancer drugs may
influence the transcriptional stability of the majority of internal
reference genes, which is consistent with the observations of
the current study. With pharmacological stimulation, the tran-
scriptional profile of cancer cells may be altered greatly. The
present study demonstrated that with the exception of the gene
RPL13A, which had comparable transcriptional stability in the
two cell lines investigated, the other genes were ranked differ-
ently in their transcriptional stability prior to and subsequent
to drug treatment. The results support the theory that genes
are not stably transcribed in all types of carcinoma, including
cells from similar tissues, following treatment with the same
drug. In view of the fact that different drugs influence the tran-
scriptional stability of genes in different ways, it is necessary
to determine the best reference gene prior to analysis of the
transcription profile of cells receiving treatment. The current
study demonstrated for the first time that following treatment of
ovarian cancer cells with PTX and HCPT, different reference
genes are stably transcribed in the different cells. It is notable
that RPL13A is a suitable reference gene for normalizing gene
expression of ovarian cancer cells following anticancer drug
treatment.
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