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Intraoperative Quantitative Detection of CEA mRNA in the
Peritoneal Lavage of Gastric Cancer Patients with Transcription
Reverse-transcription Concerted (TRC) Method. -

A Comparative Study with Real-time Quantitative RT-PCR
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Abstract. Background: Real-time quantitative reverse
transcriptase-polymerase chain reaction (qRT-PCR) for
detection of carcinoembryonic antigen (CEA) mRNA in the
peritoneal lavage of gastric cancer patients is now recognized
as a useful method for the prediction of peritoneal recurrence
after curative surgery. One problem with this method is that it
is time-consuming and difficult to perform an intraoperative
diagnosis, which is essential for intraperitoneal adjuvant
chemotherapy. Patients and Methods: In order to overcome
these problems, we introduced a transcription-reverse
transcription concerted reaction (TRC), which is a non-PCR-
based, isothermal mRNA amplification method, as an ultra-
rapid diagnostic method, and compared its diagnostic power
with qRT-PCR for peritoneal washes from 112 gastric cancer
patients. Results: TRC measurement could be completed
within 1.0-1.5 h and showed the same detection sensitivity
ranging from 102 to 10° copies for standard CE4A mRNA as
qRT-PCR. The CEA mRNA copy number, as determined by
TRC, was well correlated with the depth of tumor invasion (pT
category), similar to the result obtained using gRT-PCR. With
CEA mRNA copy numbers of 100 as a TRC cut-off value, the
resultant sensitivity and specificity of TRC (85% and 100%,
respectively) were higher than for cytology (62%, 100%) and
comparable to qRT-PCR (92%, 100%). Conclusion: TRC has
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a diagnostic power almost equivalent to qRT-PCR but with the
advantage of ultra-rapid detection. TRC would therefore be
available for intraoperative sensitive diagnosis of occult tumor
cells in the peritoneal cavity of gastric cancer patients.

The prognosis for advanced gastric cancer has not improved
drastically despite recent advances in multimodal treatment
strategy. Peritoneal carcinomatosis is the most frequent
pattern of recurrence after curative surgery, and therefore
the most important prognostic factor (1-3). We previously
demonstrated from animal = models of peritoneal
micrometastasis that only early onset of chemotherapy
targeting micrometastasis could effectively eliminate
peritoneal metastasis and improve survival of mice

remarkably, or effect a complete cure in some animals 4,

5). Therefore, development of a sensitive detection method
for a small number of cancer free cells or micrometastases
in the peritoneal cavity is essential for the prevention of
peritoneal relapse and for establishing individualized
therapy for high-risk populations of gastric cancer patients
who may benefit from adjuvant chemotherapy after
macroscopically complete surgical resection.

Cytological examination of the peritoneal washes sampled
for the prediction of peritoneal recurrence is already an
established prognostic factor (6, 7). However, conventional
cytology lacks sensitivity and peritoneal recurrence has been
predicted in only 50% of patients by this modality (8-10). This
is because of the difficulty of detecting a small number of
tumor cells at the micrometastasis level in the peritoneal
washes. Qualitative and quantitative RT-PCR (qRT-PCR)
with carcinoembryonic antigen (CEA) as a genetic marker is
recognized to be ‘the most reliable method to allow such
sensitive detection (11-13). Cumulative evidence from fnany
retrospective studies, as well as a prospective study, indicate
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Figure 1. Schematic representation of the principles of the TRC reaction for detection of CEA mRNA. It consists of a sequence of steps including trimming
of mRNA with scissor probe and RNaseH activity of RT, complementary DNA (cDNA) synthesis with RT, double-stranded DNA (dsDNA) synthesis by
DNA polymerase activity of RT and subsequent transcription (mRNA amplification) of promoter-bearing dsDNA with T7 RNA polymerase. Detection of
amplified CEA mRNA is achieved with a CEA-specific intercalation activating fluorescence (INAF) hybridization probe. RT: Reverse transcriptase.

reaction mixture simultaneously (excitation wavelength, 470 nm
and emission wavelength, 520 nm).

Each run consisted of patient samples with unknown CEA
mRNA concentrations (up to 12 samples), a negative control without
a template and CEA mRNA standards. Standard mRNA containing
the near full-length CEA mRNA was synthesized via in vitro
transcription of promoter bearing double-stranded DNA as a
template with SP6 RNA polymerase. Two external CEA mRNA
standards (low copy standard: 1x102 copies and high copy standard:
1x106 copies) were used for making a calibration curve. Quantitation
of CEA'mRNA in each sample was performed automatically by
reference to this standard curve constructed each time using the
TRCR-160 software. With this software, the samples calculated
below 10 copies are displayed <10, because the dynamic range for
the detection of CEA mRNA was from 102 to 1x106 copies.

Real-time quantitative RT-PCR. cDNA was synthesized from total
RNA using random hexanucleotide primers (Pharmacia, Biotech,
Uppsala, Sweden) and SuperScript II RNase H-reverse
transcriptase (Invitrogen, Carsbad, CA, USA) according to the
manufacturer’s instructions. The resultant first-strand cDNA was
stored at ~80°C until analysis.

Single-step real-time RT-PCR for CEA mRNA was performed
using CEA-specific oligonucleotide primers and two fluorescent
hybridization probes on the LightCycler instrument (Roche

—138—

Table 1. Oligonucleotide sequence of promoter primer, antisense primer,
scissor probe and INAF probe for TRC method used in this study

Promoter primer (1508-1530)2 23 mer
5°-AAT TCT AAT ACG ACT CAC TAT AGG GAG ACC AAC
ATC ACT GAG AAG AAC AGC-3

Antisense primer (1668-1687) 20 mer
5’-GTT CAC AGG TGA AGG CCA CA-»

Scissor probe (1490-1513) 24 mer
5-TGT TGG AGA TAA AGA GCT CTT GTG-¥

INAF probe (1582-1601) 20 mer
5*-ACT GTG ATT GTC TTG ACT GT-3’

2Numbers in parentheses indicate corresponding position of the target
genome sequences (GeneBank Accession No. M29540); sequence of the
promoter primers in italics is the T7 RNA polymerase binding sequence.

Diagnostics, Mannheim, Germany) as described elsewhere (13). To
quantify and demonstrate the integrity of the isolated RNA,
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was also
analyzed with real-time'RT-PCR using the appropriate primers and
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Figure 3. Comparison of CEA mRNA expression of peritoneal washes from gastric cancer patienits measured with TRC and qRT-PCR according to the
depth of invasion (pT category). () CEA mRNA copies quantitated with TRC. (B) Relative CEA mRNA values assessed with qRT-PCR. In the TRC
method, samples with CEA mRNA less than 10 copies are represented as 10< en bloc, not as real values determined by the exploration of the curve.
Definition of pT category is as follows: T1, mucosal to submucosal invasion; T2, muscularis propria to subserosal invasion; T3, serosal invasion and T4,

invasion to adjacent tissues.

1x102 to 1x10° copies of CEA mRNA, indicating the proof
of quantification of sample with unknown messages by this
TRC method.

Comparison of detection sensitivity and time between TRC and
gRT-PCR. Standard CEA mRNA (1x10° copies) and cDNA
synthesized from this mRNA preparation with reverse
transcriptase were serially diluted (1x10-1x10° copies) and
then subjected to measurement with TRC and qRT-PCR,
respectively. Figure 2C shows the log-linear correlation of
CEA mRNA values measured by both TRC and gRT-PCR
ranging from 1x102-1x10° copy, indicating almost the
equivalent detection sensitivity and dynamic range of both
methods. Total assay time for RT-PCR, including
pretreatment of peritoneal washes (10 min), RNA extraction
and ¢cDNA synthesis (90 min), along with amplification and
subsequent real-time data analysis (70 min), was
approximately 3 hours, whereas the entire reaction time with
TRC,; including pretreatment of peritoneal washes (10 min),
RNA extraction (30-50 min), amplification and subsequent
real-time data analysis (20 min), was only 1.0-1.5 hours, less
than half the period required for QRT-PCR.

CEA mRNA level in peritoneal washes according to depth of
tumor invasion (pT category). The average CEA mRNA copy
numbers of the peritoneal washes as measured by TRC (T1:
7.2, T2: 1,700, T3: 105,027 and T4: 147,051) were well
correlated with the depth of tumor invasion (Figure 3A),
similar to the average CEA mRNA values (T1: 0.29, T2: 14.4,
T3: 1,755 and T4: 1,368) as determined using qRT-PCR
(Figure 3B). Median CEA mRNA copies as assessed using
TRC and qRT-PCR were (T1: 0, T2: 10, T3: 51 and T4: 10)
and (T1, T2, T3: 0 and T4: 37.18), respectively. The mean
relative CEA mRNA value of peritoneal washes as measured
with TRC in the 9 mucosa-confined gastric cancer patients,
which were considered clinically benign in terms of peritoneal
metastasis and therefore as negative controls in this study,
was 11.9+28.5 (SD). No CEA mRNA was detected using
TRC in the peripheral blood leukocytes from 10 healthy
volunteers or primary human cultured mesothelial cells, the 2
major cellular constituents in peritoneal washes. CEA mRNA
values of the patients with synchronous peritoneal metastasis
with TRC ranged from 10 to 1,000,000.

Cut-off value of the TRC method. In the present study, the
cut-off value of CEA mRNA copies with the TRC method
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